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Background: Optimal breathing occurs when using the diaphragm muscle, 
which is known as diaphragmatic breathing. Any disruption or faulty habit of 
this breathing pattern would result in breathing pattern disorders (BPDs).

Objectives: The aim of this review is to shed light on the importance of 
detecting the presence and extent of asymptomatic functional anomalies of 
cervical segments among individuals with breathing pattern disorders.

Materials and methods: This narrative review was performed by searching 
in MEDLINE using terms related to phrenic nerve and cervical functional, 
interdependence, and sensorimotor anomalies. Additionally, articles regarding 
this topic were extracted in full for a comprehensive and critical analysis. Any 
study design, such as observational studies, systematic reviews, or narrative 
reviews, was included. The results were narratively synthesized and described.

Results: Breathing is a physiological process that occurs without any conscious 
effort. Optimal breathing utilizes the deep diaphragmatic muscles, which lead 
to filling the lungs with air more efficiently. However, breathing pattern disorders 
may result from inadequate diaphragm use. BPDs can lead to structural 
musculoskeletal pathologies, including neck, low back, temporomandibular 
joint pain, and/or scapular dyskinesis. BPDs cause motor reflexive changes in 
the cervical spine, which may contribute to pain, restriction, and functional 
impairments.

Conclusion: Early identification of this faulty habitual suboptimal breathing is 
required to minimize its adverse effect, which can be disruptive to the motor 
control mechanism.

1Zayed Military Hospital, Al Batayih, Sharjah, United Arab Emirates. 
2Department of Physical Therapy, Faculty of Medical Rehabilitation Sciences, King Abdulaziz University, Jeddah, Saudi Arabia.

Introduction
	 Breathing is an essential and constant series 
of oxygen and carbon dioxide gas exchanging cyclic 
activity humans do, yet most individuals are unaware 
of how breathing persistently happens, and little 
attention is often paid to it throughout the day. Optimal 
breathing is referred to diaphragmatic breathing, 
which is three-dimensional in nature, and it utilizes the 
diaphragm muscle to perform adequate functionality1 
(Figure 1). Also, it involves synchronous movement 
of the abdomen and lower rib cage.2 Normal eupneic 
breathing can be affected by multiple factors, including 
biomechanical, biochemical, and psychological, etc..3-6

	 However, faulty/suboptimal breathing patterns 
occur when the diaphragm is not adequately used for 
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breathing, and it results in breathing pattern disorders 
(BPDs) or hyperventilation syndrome (HVS). BPD is 
defined as inappropriate breathing that is persistent 
enough to cause symptoms with no apparent organic 
cause.7 However, a paradoxical breathing pattern, 
which is considered the most extreme form of BPDs, 
is often accompanied with muscle imbalance and/or 
dysfunction and cervical spine pain.8,9 It is postulated 
that BPDs have a detrimental effect on functional 
movements by affecting the motor control of cervical, 
scapular, and lumbar segments.10 As like poor 
posture, a poor breathing pattern is not a disease but 
a disorder. BPDs, which are habitual, can lead to 
various faulty functional adaptations, which in turn may 
cause structural musculoskeletal pathologies, such 
as neck,11 low back,12 temporomandibular joint pain,13 
and scapular dyskinesis.3 BPDs functional anomalies 
cause reflexive changes in cervical structure, which 
are insidious and without pain. Moreover, these faulty 
habitual patterns act physically and physiologically 
against biologically sustained patterns and, in a vicious 
cycle, promote abnormal function and alter structure, 
which then prevents the return to normal function. 
	 The adaptation reflex continues to progress up 
to a point where the adaptive capacity is exhausted 
and symptoms inevitably emerge involving pain, 
restriction, impairments, and structural breakdown.14 
Early identification of these reflexive motor control 
changes in the cervical region due to BPD is imperative 
to preclude the incidence of further debilitating 
cervical structural anomalies. Up to our knowledge, no 
studies have been conducted to find out the presence 
and extent of asymptomatic functional anomalies of 
cervical segments among individuals with BPDs. Also, 
its extended adverse effects have not been further 
studied in this population.                                              

Diaphragm and breathing pattern disorder
	 Literature explained breathing as a constant, 
fundamental, and automatic act of supplying oxygen 
through physiological respiration and mechanical 

Figure 1. Diaphragmatic Breathing/Belly Breathing.

ventilation. Respiration is the exchange of gas between 
lungs-alveoli and capillaries, whereas ventilation is 
the process of inhalation and exhalation, i.e., air goes 
in and out of the pulmonary system. On the contrary, 
breathing is not a mere oxygen supply process only, but it 
is also associated with the well-being of the entire body 
system, maintaining allostasis8 along with providing 
biomechanical stability and mobility of the trunk and 
spine.2 The diaphragm, which is the primary respiratory 
muscle, contributes to 70-80% of respiratory force, 
and it has also been evaluated for its role as postural, 
sphincteric, visceral, and metabolic functions.8,14 This 
horizontal dome-shaped muscle is a repertoire having a 
primary role in respiration,8 and a secondary role in the 
trunk and postural stability,10 spinal decompression,15 
emotional regulation,16 visceral mobility,17 and fluid 
dynamics.18

	 Among the general population, BPDs are more 
common than reported.8 It is estimated that 10% of 
the population is affected by BPD, which escalates to 
30% with asthma sufferers and 83% in individuals with 
anxiety.14 An average of 10% of patients in a population 
are diagnosed with HVS.19 However, suboptimal 
breathing is more prevalent in women (14%) than in 
men (2%).20 Many individuals breathe inefficiently by 
having shallow breathing or using upper chest muscles 
instead of utilizing diaphragm muscles, which do not 
meet the physiological needs of humans (Figure 2). 
These breathing pattern changes are unnoticed as it 
is subtle, yet clinically significant.20 BPDs may range 
from simple upper chest breathing to hyperventilation 
to the most extreme form of paradoxical breathing 
(Figures 3 & 4).21 In paradoxical breathing, the chest 
and abdominal muscle functions are in an opposite 
pattern, i.e., the patient inhales using the chest 
muscles.22 When breathing becomes dysfunctional, 
a general sequence of progressive, adaptive changes 
results from BPDs.14 The sensory-motor system often 
utilizes the secondary respiratory muscles, which 
are over-activated. These accessory and superficial 
muscles (Sternocleidomastoid, Scalenus, Upper 
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trapezius, Pectoralis Minor and Major, and Levator 
scapulae) become hypertonic,13 which can lead to the 
development of trigger points24 that become fibrotic, 
and will also be palpable and observable. As a result, 
the head is protruded forward, and the shoulders 
are hunched anteriorly and pulled forward.24,25 

Progressively, the lower cervical spine becomes rigid 
with fixed lordosis and decreased mobility of the second 
cervical segments and second rib.26 Figure 5 shows the 
etiopathogenesis of PBDs affecting the cervical motor 
control mechanism.25

Figure 3. Paradoxical inspiration. Figure 4. Paradoxical expiration.

Figure 5. Flow chart showing the etiopathogenesis of breathing pattern disorders affecting cervical motor control.

Figure 2. Chest breathing.
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Cervical disorders
	 The cervical spine is a mobile segment providing 
a wide range of movement. Usually, activities of daily 
living (ADL) utilize 30% to 50% of cervical ROM.27

In regard to neck stability, muscle strength is critical to 
maintain proper alignment, smooth movement, 
and stabilization. Nevertheless, cervical structural 
and functional pathologies exhibit an increasing 
prevalence in the present-day population, and it is 
associated with a significant morbidity rate. As a great 
number of individuals are becoming accustomed 
to electronic gadgets and indulging in tabletop jobs, 
neck pain and related symptoms are reported to be the 
most common disorders which affect approximately 
66% of the population at some stage of their lives.28,29 
Even though a large population suffers from neck 
pain, people may not experience a complete recovery 
of symptoms as it is difficult to be diagnosed and 
managed.30 Secondary muscle activation in BPD is 
linked to neck pain,11 trigger point formation,31 and 
scapular dyskinesis.32 Chronic neck pain is usually 

diagnosed without a history of trauma, structural 
involvement, and poor posture, which is referred as 
mechanical neck pain.  
	 Functional neurology delineates the phrenic 
nerve and cervical neural interconnectivity through 
the cervical from C1 to C4 and brachial from C5 to T1 
plexus, sharing its roots for the phrenic nerve from 
C3 to C6, which supplies the diaphragm. BPDs induce 
aberrant neural drive that can cause symptoms like 
motor control dysfunction in the neck, shoulder, and 
arm, along with brachialgia and thoracic outlet syndrome 
(TOS), etc. (Figures 6 and Figure 7).33,34 Furthermore, the 
central or rural portion of the diaphragm is innervated 
by vagus nerve, thus diaphragm dysfunction will affect 
the cervical base, floor of the mouth, eyes, and the 
dura matter via vagal connection to the trigeminal 
nucleus through the medial longitudinal fasciculus.35,36 
The trigeminal nucleus is connected to C2-C4 nerve 
roots,35,37,38 rectus capitis posterior minor,39 and nuchal 
ligament, which is directly connected to dura.40

Figure 6. Phrenic nerve and its relation to the brachial plexus.

Figure 7. Phrenic Nerve and its branches.
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Somatosensory alteration 
	 Humans are born with a basic movement control 
system called primitive reflexes, balance, and righting 
reactions. Through both asymmetric tonic neck reflex 
(ATNR) and symmetric tonic neck reflex (STNR), the 
cervical spine facet proprioceptors/mechanoreceptors 
contribute to the function and protection of the cervical 
spine,41 postural stability,42 and they play a significant 
role in cervical pain.43 Small and slender suboccipital 
muscles have more proprioceptive receptors than 
those of lower extremity large muscles, such as the 
gluteus maximus.44,45 Excessive neural drive due to 
BPD primarily affects the lower threshold tonic motor 
neurons supplying deep cervical muscles, which are 
crucial in maintaining stability, motor control, and the 
optimal instantaneous axis of rotation (OIAR). BPD 
induces neural dysfunction, which causes anomalies 
in suboccipital muscles, triggers neck pain, and 
radiates pain in the relevant dermatome or myotome 
distribution pattern.46  
	 These breathing disruptions induce cervical, 
neural, and muscular mechanisms that remain 
sub-clinical as functional instability for months and 
years until symptoms eventually emerge. Functional 
instability is defined as the sensation of instability 
or recurrent sprain (or both) due to proprioceptive 
neuromuscular deficit,47 which is clinically exhibited 
as recurrent neck knots (wry neck), neck sprain, 
chronic neck pain, cervicogenic headaches, suboccipital 
muscular atrophy,48 and standing balance deterioration.49 
The movement control system is functioning by  
controlled and coordinated activity of three 
subsystems, i.e., the motor control system (CNS), 
the passive support system (Skeletal System), and 
the active movement system (Muscular System). 
Dysfunction of any of these subsystems debilitates 
stability and causes pain.50 This functional instability 
of any of the subsystems is compensated by the 
higher motor system using one or more subsystems, 
which is achieved by altering muscle activation and 
movement patterns. Eventually, it becomes ingrained 
in the motor cortex, and later individuals may find it 
difficult to retrain to normal, even with conventional 
rehabilitation approaches. The long-term utilization of 
these adaptive mechanisms leads to the inception of 
irreversible structural pathologies. Thus, BPDs can be 
disruptive to the motor control mechanism.

Anomalies of the autonomic nervous system
	 Human body allostasis is effectively regulated by 
the autonomic nervous system (ANS) through various 
involuntary systems in the body, like the respiratory, 
muscular, circulatory, lymphatic, and endocrine 
systems.51,52 ANS with its branches, sympathetic 
nervous system (SNS) and parasympathetic nervous 
system (PNS), responds to different perceptions such 
as pain, fear, anxiety, and other emotional stressors 
by adjusting breathing, muscle tone, heart rate, blood 

pressure, and hormones.53,54 Generally, the ANS passes 
the diaphragm through the central crural region.55,56 
This suggests that any anomalies in the diaphragm, 
such as spasm or atrophy, will have deleterious 
effects on ANS in both up and downward directions, 
affecting the visceral organs as well as the metamers 
innervated by the ANS plexus such as muscles 
and vertebral facets leading to chronic pain.57-59

“Up-regulation” is referred to as the heightened and 
aroused response of the sympathetic nervous system.60 
Continuous “Up-regulation” of SNS predisposes to 
alteration in breathing pattern by changing the motor 
control pattern and also the respiratory muscle 
recruitment pattern61 leading to BPD, acute or chronic 
musculoskeletal pain. 
	 Persistent body function with an “up regulated” 
ANS leads to hypersensitivity to touch, hyper-reflexia, 
and exaggerated pain perception. Normal palpation 
or stimulus causes increased pain perception and 
withdrawal or removal of the body part in a pattern 
for protection.60 These hyperactive startle responses 
theoretically delineate the cause and perpetuation 
of musculoskeletal pain without an organic cause in 
patients with BPDs.62 This stage is very challenging for 
the therapist to approach patients, as any attempt will 
be excruciating for the subject.63 

Regional interdependence 
	 There is a growing awareness about the concept 
of regional interdependency. Human body systems 
are integrated and interconnected as fascio-neuro-
skeletally to depend upon each other locally, 
regionally as well as globally. The concept of regional 
interdependence began with the underlying thought 
process, which describes the human body as a kinetic 
chain.64 This theory suggests that if one part of the 
kinetic chain is unable to perform any motor pattern 
sufficiently, another part of the body will compensate 
for the deficiency.64

	 Though muscles function individually, they are 
functionally interconnected across the body with 
fascial webbing traced as “myofascial meridians”. 
These fascial meridians distribute and transmit tension, 
strain, fixation, stability, resilience, and postural 
compensation to other remote portions of the body. 
The deep front line (DFL) myofascial meridian better 
explains the relationship between the diaphragm and 
cranio-cervical region. DFL through its upper posterior 
line, upper middle line, and upper anterior line connects 
the diaphragm to the cranio-cervical region.65 The 
upper posterior line connects the posterior diaphragm, 
anterior longitudinal ligament, and longus coli to 
longus capitis while the upper middle line connects 
the central tendon of the diaphragm, pericardium, 
mediastinum, parietal pleura, fascia prevertebralis to 
scalenes. However, the upper anterior line connects the 
anterior diaphragm, transversus thoracis, infrahyoid, 
and suprahyoid to the jaw muscles. 
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	 The dysfunctional breathing patterns might create 
a variety of negative physiological and biomechanical 
adverse effects on the entire myofascial line. Decreased 
diaphragm mobility causes cervical erector spinae 
hypertonicity, ribcage hypomobility, and thoracic 
prevertebral muscle tightness, which may lead to 
exaggerated thoracic kyphosis, cervical hyperlordosis, 
and capital extension.

Conclusion	
	 It is axiomatic that in chronic neck conditions, pain 
and movement dysfunctions are not always due to the 
structural theory of pain-spasm-pain; on the contrary, 
pain results from muscular adaptation due to breathing 
pattern disorder mediated by the CNS. Hypertonicity 
of accessory muscles of respiration due to constant 
activation, eliciting a muscle imbalance syndrome (not 
a symptom) because of functional pathology leading 
to cervical motor control disorder. A breathing pattern 
assessment in patients with neck pain can attribute to a 
differential diagnosis between structural and functional 
cervical disorders. Pain is a protective response to 
muscle overuse or trauma, which has to be addressed 
and corrected promptly. Future research should 
investigate the effect of breathing pattern retraining on 
musculoskeletal pain syndrome to provide clinicians 
with evidence for integrating breathing retraining into 
their clinical practices.
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Background: Single time-point (STP) dosimetry has become a practical and 
efficient approach for personalised radioligand therapy (RLT), with 48-hours 
post-injection identified as optimal for kidney dose estimation in ¹⁷⁷Lu-PSMA  
therapy for prostate cancer. However, segmentation accuracy remains a critical 
factor affecting dosimetry reliability. AI-based segmentation has recently been 
integrated into commercial software to improve efficiency and reduce variability.

Objectives: This study aims to quantify kidney absorbed doses in patients receiving 
¹⁷⁷Lu-PSMA therapy using STP dosimetry and to compare the accuracy and 
consistency of AI-based segmentation versus manual segmentation techniques.

Materials and methods: Eight treatment cycles from 5 patients of ¹⁷⁷Lu-PSMA 
were retrospectively analysed. In this work, whole-body SPECT/CT imaging was 
performed approximately 48 hours post-injection. Then, kidney dosimetry was 
calculated using voxel-based STP (Hänscheid method) within MIM SurePlan™ 
MRT software. Kidney volumes of interest (VOIs) were segmented using three  
approaches: 1) AI-based automatic segmentation, 2) AI-based with manual 
refinement, and 3) fully manual segmentation. Mean absorbed doses and 
VOI volumes were compared across methods. Statistical analyses included  
ANOVA, Dice Similarity Coefficient (DSC), and Jaccard Similarity Coefficient (JSC).

Results: No significant differences in mean kidney absorbed doses were found 
across segmentation methods (p=0.964), while kidney VOI volumes showed 
significant variation (p<0.05). AI-based segmentation achieved high concordance 
with manual delineation (DSC: 0.898±0.019; JSC: 0.816±0.031).

Conclusion: AI-based segmentation provides comparable absorbed dose results 
to manual segmentation, with reduced time and inter-observer variability. 

1Master of Science Program in Medical Physics, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand.
2Division of Nuclear Medicine, Department of Diagnostic and Therapeutic Radiology, Faculty of Medicine Ramathibodi Hospital, 
Mahidol University, Bangkok, Thailand.

Introduction
	 While the Medical Internal Radiation Dose  
(MIRD) Committee recommends multi-time-point 
(MTP) imaging to determine time-integrated activity 
(TIA)    and absorbed dose accurately, MTP protocols are 
often impractical in routine clinical settings due to time 
and resource constraints.8 To address this, Hänscheid 
et al. proposed a simplified single time-point (STP) 
method that estimates absorbed dose using one 
single quantitative SPECT/CT image and an assumed 
effective half-life to address.9 Recent studies,  
including those by Brosch-Lenz et al.,10 have validated 
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the accuracy of kidney absorbed dose estimation 
using STP at approximately 48 hours post-injection, 
showing minimal deviation compared to MTP-derived 
references for 177Lu-PSMA in prostate cancer patients, 
which was in the same way as other related STP 
dosimetry studies.11-13

	 One of the primary sources of uncertainty in image- 
based dosimetry is organ segmentation. Accurate  
delineation of the kidneys directly impacts the volume  
and activity quantification, and thus the calculated 
absorbed dose.14,15 Although widely used, manual  
segmentation is time-consuming and operator- 
dependent, leading to inter-observer variability and 
potential inconsistencies.16-18 In contrast, artificial 
intelligence (AI)-based segmentation, particularly using 
deep learning (DL), offers the potential for rapid,  
reproducible, and standardized delineation, and has 
been increasingly integrated into commercial dosimetry 
platforms such as MIM SurePlan™ MRT (version 7.3.6) and 
Hermes Voxel-based Dosimetry (version 3.0).18-20

	 Therefore, this study aims to quantify kidney absorbed 
doses in patients receiving ¹⁷⁷Lu-PSMA therapy using STP 
dosimetry and to compare the accuracy and consistency 
of AI-based segmentation versus manual segmentation 
techniques.
 
Materials and methods
Patient selection
	 This study was conducted on eight treatment cycles  
in five 177Lu-PSMA patients treated at the Department 
of Nuclear Medicine, Faculty of Medicine, Ramathibodi 
Hospital, Bangkok, Thailand, from January 2024 to  
December 2024. This retrospective study was approved 
by the local ethics committee of the Faculty of Medicine 
Ramathibodi Hospital, Mahidol University. Patients 
were aged 58-88 years (mean: 67.49±11.56 years). The 
mean administration activity was 6731.57±1026.49 
MBq. Whole-body single time-point SPECT/CT scans 
were performed approximately 48 hours post-injection 
(mean: 49.18±2.61 hours post administration) as shown 
in Table 1. Patient data were tabulated.  

Table 1. Patient demographic Information.

Overall (N=8) Age (years) Administration activity
(MBq)

Acquisition time point
(h p.i.)

Mean±SD 67.49±11.56 6731.57±1026.49 49.18±2.61

Median 65.00 6710.15 50.22
Range 58.00-88.00 5607.70-8103.00 43.77-51.95

Image acquisition protocol
	 A dual-head hybrid SPECT/CT scanner (GE 
Discovery 870 DR, GE Healthcare, MI, USA) equipped 
with a Medium Energy General Purpose (MEGP) 
collimator was used for image acquisition. Each bed 
position was acquired using 60 frames per head at 5 
seconds per frame, resulting in a total acquisition time 
of approximately 7 minutes.
	 Quantitative image reconstruction was performed 
using an Ordered Subset Expectation Maximisation 
(OSEM) algorithm in Hermes Hybrid Recon 3.0 (Hermes 
Medical Solutions, Sweden), with 16 iterations, 9 subsets, 
and a matrix size of 128×128.
	 To correct for collimator-detector response, 
a Gaussian model was applied during reconstruction, 
and the specific parameters for the MEGP collimator of 
the GE Discovery 870 DR were entered into the software. 
CT images for attenuation correction were acquired 
using a low-dose protocol to minimise additional 
radiation exposure.

Voxel-based single time-point dosimetry
	 Voxel S-value dosimetry for the kidneys was 
performed using MIM SurePlan™ MRT dosimetry software 

(version 7.3.6; GE Healthcare, MI, USA). Single time-point 
dosimetry, which estimates the time-integrated activity 
(TIA) based on monoexponential decay fitting using 
the effective half-life (Teff), was applied as proposed by 
Hänscheid et al.10 as shown in Equation 1.
	 If the imaging time point  was interval 0.75 to 2.5, STP 
TIA had less than 10% error compared with the MTP TIA.10,11 
STP TIAs were calculated using the measured activity  at 
approximately 48 hours post-injection for 177Lu-PSMA.
	 For kidneys STP dosimetry, the volume of interest 
(VOI) was contoured, limited to the renal cortex on each 
axial slice as illustrated in Figure 1. This VOI was used to 
determine both the organ volume (in mL) and the mean 
absorbed dose (in Gy).
	 To evaluate the effect of segmentation methods on 
dosimetric outcomes, three different approaches were 
applied for kidney delineation:

(a) AI-based automatic segmentation
	 This method utilized the deep learning algorithm 
Contour ProtégéAI®, integrated within MIM SurePlan™ 
MRT software (version 7.3.6). The segmentation process 
was fully automated and initiated upon image import. 
The AI algorithm was trained to segment normal organs 
(including kidneys) based on CT datasets, providing 
a consistent and time-efficient alternative to manual 
contouring.(1)
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(c) Manual segmentation (reference standard)
	 Full manual segmentation was performed on CT 
images by a medical physicist with one year of experience 
in dosimetry. The segmentation was conducted slice-
by-slice, with careful delineation of the renal cortex. 
This method served as the reference standard for 
comparison. Importantly, all manual segmentations 
were performed independently and blinded to the  
AI-generated results, ensuring unbiased evaluation.

(b) AI-based segmentation with manual modification
	 In this approach, the automatically generated VOIs 
from Contour ProtégéAI® were reviewed and manually 
adjusted by a trained operator to improve anatomical 
accuracy, particularly in regions where the AI model 
may have under- or over-segmented the renal cortex. 
This method represents a hybrid of AI support with 
human expert refinement.

	 Each segmentation method was subsequently 
used to calculate the kidney absorbed dose using 
the MIM SurePlan MRT dosimetry workflow, which 
incorporates quantitative SPECT/CT data and voxel- 
based dose computation. The comparison among 
segmentation methods aimed to assess the consistency 
in dosimetric outcomes and segmentation accuracy. 
Specifically, the mean absorbed dose and contouring 
volume of the kidneys were compared across the three 
segmentation techniques using percentage difference. 
For evaluating segmentation accuracy, Dice Similarity 
Coefficient (DSC) and Jaccard Similarity Coefficient 
(JSC) were calculated to quantify the overlap between 
segmented volumes. These metrics were computed using 
Python (Version 3.13.2).

Statistical analysis
	 Following kidneys dosimetry, dosimetric 
parameters from each segmentation method, including 
absorbed dose and contouring volume, were reported. 

Figure 1. Kidneys contouring. Left: AI-based segmentation, and right: manual segmentation.

Comparisons of kidney absorbed doses and contouring 
volume across segmentation methods were conducted 
using One-way analysis of variance (ANOVA) in IBM 
SPSS Statistics. The p<0.05 was considered statistically 
significant.

Results
Kidney dosimetry and contouring volume
	 The kidney mean-absorbed dose, estimated using 
the single time-point (STP) method, along with 
corresponding contouring volumes, was evaluated 
using three segmentation approaches: manual, AI-
assisted, and AI-assisted with manual adjustment. 
Details of these measurements, including percentage 
differences compared to manual segmentation (used 
as the reference), are presented in Table 2. Additionally, 
segmentation performance was assessed using Dice 
Similarity Coefficients (DSC) and Jaccard Similarity 
Coefficients (JSC), as shown in Table 3.
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Table 2. Mean absorbed dose (Gy) and kidney volume (mL), including percentage differences (%), derived from 
manual segmentation and two alternative methods: AI-based segmentation and AI-based segmentation with 
manual modification, for each patient.

Study No.

Mean absorbed dose (Gy)
(Percentage difference)*

Contouring volume (mL)
(Percentage difference)*

AI-based with AI-based with

Manual 
segmentation

Manual 
modification 

segmentation

AI-based 
segmentation

Manual 
segmentation

Manual 
modification 

segmentation

AI-based 
segmentation

1 1.82 2.00 (9.42) 2.04 (11.40) 446.13 366.85 (-19.50) 332.13 (-29.30)
2 1.84 1.93 (4.77) 1.95 (5.80) 376.59 337.62 (-10.91) 321.49 (-15.79)
3 1.61 1.70 (5.44) 1.72 (6.61) 404.33 363.63 (-10.60) 347.34 (-15.16)
4 2.57 2.71 (5.30) 2.76 (7.13) 290.12 254.82 (-12.96) 247.96 (-15.67)
5 5.17 5.37 (3.80) 5.37 (3.80) 342.36 267.60 (-21.25) 276.60 (-24.51)
6 2.89 3.05 (5.39) 3.11 (7.33) 303.30 271.01 (-11.24) 254.67 (-17.43)
7 2.47 2.49 (0.81) 2.50 (1.21) 354.79 351.57 (-0.91) 346.92 (-2.24)
8 2.09 2.21 (5.58) 2.22 (6.03) 367.13 337.98 (-8.27) 329.44 (-10.82)

Mean±SD 2.39±1.41 2.52±1.17 2.54±1.16 357.46±50.91 315.79±46.47 309.94±39.08
Note: The number in brackets quantifies the relative change as a percentage derived  from manual segmentation.

Table 3. Dice similarity coefficient and Jaccard similarity coefficient comparing manual segmentation with 
two alternative methods—AI-based segmentation and AI-based segmentation with manual modification—for 
kidney volumes in each patient.

Study No.

Dice similarity coefficient (DSC) Jaccard similarity coefficient (JSC)

AI-based 
segmentation

AI-based with 
manual modification 

segmentation
AI-based segmentation AI-based with manual 

modification segmentation

1 0.867 0.881 0.765 0.788
2 0.913 0.928 0.840 0.866
3 0.920 0.933 0.849 0.875
4 0.908 0.915 0.831 0.844
5 0.905 0.926 0.826 0.862
6 0.913 0.930 0.839 0.869
7 0.873 0.890 0.774 0.802
8 0.893 0.903 0.807 0.824

Mean±SD 0.898±0.019 0.9131±0.020 0.816±0.031 0.840±0.033

Comparison of absorbed dose and contouring volume
	 Figures 2 and 3 show the distribution of kidney 
absorbed dose across the three segmentation techniques, 
both overall and for individual cases. The AI-assisted method 
yielded the highest mean absorbed dose (2.54±1.16 Gy), 
followed closely by the AI-assisted with manual adjustment 
(2.52±1.17 Gy), while the manual method resulted in 
a slightly lower mean value (2.39±1.41 Gy).
	 A similar trend was observed in kidney contouring 
volumes (Figure 4). The manual approach produced 
the largest volume (357.46±50.91 mL), followed by AI 
with manual adjustment (315.79±46.47 mL), and then 
AI-only segmentation (309.94±39.08 mL).

	 DSC and JSC values, which reflect how well 
the automated contours matched the manually 
segmented ones, are summarised in Table 3. Overall, 
segmentation with manual adjustment outperformed 
AI-only: the average DSC improved from 0.898±0.019 
to 0.913±0.020, and the JSC from 0.816±0.031 to 
0.840±0.033. These differences are visualised as box 
plots in Figures 5 and 6.

Statistical comparison
	 A one-way ANOVA was conducted to examine 
differences in absorbed dose and kidney volume among 
the three segmentation methods, as shown in Table 4. 
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Figure 2. Comparison of the mean kidney absorbed dose (±SD) obtained using three different 
segmentation methods: AI-based segmentation, AI-based segmentation with manual modi-
fication, and manual segmentation.

Figure 3. Comparison of the mean kidney absorbed dose obtained using three segmentation methods: AI-based 
segmentation, AI-based segmentation with manual modification, and manual segmentation across individual 
studies.

While the absorbed dose did not significantly differ 
between methods (p>0.05), kidney volumes did show 
statistically significant differences (p<0.05), particularly 
between manual and AI-only segmentation. This suggests 

that while absorbed dose estimates remained consistent, 
the accuracy of kidney contouring varied depending on 
the segmentation approach used.
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Figure 4. Comparison of the mean kidney contouring volume (±SD) obtained using three segmentation 
methods: AI-based segmentation, AI-based segmentation with manual modification, and manual 
segmentation.

Figure 5. Box plot of dice similarity coefficient (DSC) for kidney contouring volumes obtained from 
AI-based segmentation and AI-based segmentation with manual modification.
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Statistical comparison
	 A one-way ANOVA was conducted to examine 
differences in absorbed dose and kidney volume among 
the three segmentation methods, as shown in Table 4. 
While the absorbed dose did not significantly differ 
between methods (p>0.05), kidney volumes did show 

statistically significant differences (p<0.05), particularly 
between manual and AI-only segmentation. This 
suggests that while absorbed dose estimates remained 
consistent, the accuracy of kidney contouring varied 
depending on the segmentation approach used.

Figure 6. Box plot of Jaccard Similarity Coefficient (JSC) for kidney contouring volumes obtained from AI-based 
segmentation and AI-based segmentation with manual modification.

Table 4. The p values from one-way ANOVA comparing kidney mean absorbed dose and contouring volume 
obtained using manual segmentation, AI-based segmentation, and AI-based segmentation with manual 
modification.

﻿ Manual vs
AI-based

Manual vs 
AI with manual 

modification

AI-based vs 
AI with manual 

modification

All segmentation 
methods

Mean absorbed dose 0.813 0.821 0.992 0.964
Contouring volume p<0.05 0.074 0.477 p<0.05

Discussion
	 In this study, three different kidney segmentation 
approaches for single time-point (STP) dosimetry in 
patients treated with ¹⁷⁷Lu-PSMA was investigated: 
manual segmentation by a medical physicist, fully 
automated segmentation, and automated segmentation 
with manual refinement.
	 When comparing these methods, the mean 
absorbed dose to the kidneys did not show  
a statistically significant difference (p>0.05). The 
percentage difference in absorbed dose between 
AI-based segmentation and manual segmentation 
was approximately 6% (range: 0%-11%), while the 

difference between AI-only and AI with manual  
modification was about 5% (range: 0%-9%).
	 These findings align with previous work by Dewaraja 
et al. who evaluated deep-learning-based kidney 
segmentation against manual contours in a multiple 
time-point (MTP) SPECT/CT study following ¹⁷⁷Lu-PRRT.21 
They reported mean absorbed dose differences of 3% 
for CNN-only segmentation and 2% (range: 0%-4%) 
with manual segmentation. The slightly higher variability 
observed in our study may be attributed to the use 
of STP dosimetry based on time-integrated activity 
(TIA) estimation from a STP approach, while the 
previous study used MTP. Nonetheless, our results 
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demonstrated that STP dosimetry performed around 
48 hours post-injection can achieve a mean error of 
less than 10%, consistent with the recommendation by 
Hänscheid et al.,9 and supported by Resch et al.,22 as 
a practical alternative to MTP approach.
	 In terms of segmentation accuracy, our study 
reported average DSC values of 0.898 for AI-only 
segmentation and 0.913 for AI with manual modification 
when compared with manual segmentation. These 
results are comparable to those reported by Dewaraja 
et al. who found a DSC of 0.91 for deep-learning-only 
segmentation and 0.93 when manual refinement was 
included.21

	 Despite the similar absorbed dose estimates, 
a statistically significant difference was found in the 
kidney contouring volumes, particularly between 
manual and AI-only methods. Manual contours tended 
to include larger volumes, likely due to added margins 
to account for spill-out activity, limited spatial 
resolution (partial volume effects), and CT-related 
artefacts. These factors may lead to underestimation 
of the absorbed dose when smaller volumes are 
contoured, potentially impacting dose-response 
evaluations. This observation is supported by Nazari 
et al. who reported interobserver variability in manual 
segmentation due to inconsistent inclusion of 
spill-out activity beyond CT-defined anatomical 
boundaries in kidney and liver VOIs during deep- 
learning dosimetry evaluation. 23

Limitations
	 This study has several limitations. First, the 
patient cohort was relatively small, which may limit the 
generalisability of the findings. Second, single time-
point (STP) dosimetry was not validated against multi-
time-point (MTP) dosimetry, as MTP was not routinely 
performed at our institution as a baseline for voxel-
based dosimetry. Lastly, manual segmentation was 
conducted by a single observer, which may introduce 
observer bias and limit assessment of interobserver 
variability.

Conclusion
	 This study demonstrated that single time-point 
(STP) dosimetry is a promising approach for voxel-based 
dosimetry in ¹⁷⁷Lu-PSMA therapy and can be feasibly 
implemented in routine clinical practice. While 
different segmentation methods resulted in variations, 
particularly in the segmented kidney volume, the 
absorbed dose estimates remained comparable across 
methods. AI-based segmentation produced results 
consistent with manual segmentation, while offering 
significant advantages in terms of time efficiency, 
reliability, accuracy, and consistency, making it a robust 
alternative for clinical dosimetry workflows.
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Background: Bacterial vaginosis (BV) is a common vaginal dysbiosis associated 
with systemic inflammatory responses. However, its hematological impact in 
postmenopausal women remains unclear. This study investigates hematological 
parameters in postmenopausal women with BV to assess potential systemic 
inflammatory alterations.

Objectives: This study aimed to investigate various hematological parameters 
across different BV conditions to better understand their potential role in BV 
diagnosis and pathophysiology.

Materials and methods: A total of twenty-five postmenopausal women were 
recruited and categorized into three groups: bacterial vaginosis (BV), intermediate 
vaginal microbiota, and healthy vaginal microbiota based on Nugent scoring. 
Vaginal samples were collected aseptically with the participants in the lithotomy 
position by swabbing the vaginal walls circumferentially near the cervical fornix. 
Nugent scoring was performed on Gram-stained smears to classify the subjects. 
Subsequently, Verify® urinalysis reagent strips were directly applied to the vaginal wall 
to measure pH, protein, and glucose levels. Additionally, hematological parameters 
including leukocyte count, lymphocyte, eosinophil, neutrophil, monocyte, 
basophil, platelet counts, and platelet-to-lymphocyte ratio (PLR) were assessed 
from peripheral blood samples. All data were statistically analysed and compared 
among the three groups using ANOVA and Kruskal–Wallis tests, with a significance 
level set at p<0.05.

Results: The prevalence of BV in postmenopausal women was 72%. Hematology 
parameters did not show significant differences across BV, intermediate, and 
healthy groups (p>0.05). Leukocyte, neutrophil, and PLR values were slightly higher 
in BV cases, but not to a statistically significant degree. These findings suggest 
that BV in postmenopausal women may not elicit strong systemic inflammatory 
responses compared to premenopausal populations. Additionally, pH, glucose, 
and protein levels did not differ significantly among the groups, highlighting the 
need to reconsider standard vaginal health biomarkers in postmenopausal 
women due to physiological changes induced by menopause.

Conclusion: The prevalence of bacterial vaginosis (BV) in this study was higher 
than that reported in previous studies; however, it was not associated with 
significant hematological alterations. Further research is needed to identify 
reliable systemic and vaginal biomarkers for BV diagnosis in this population, 
considering the potential influence of hormonal and immunological factors.



19Purnamasari Y. et al. Journal of Associated Medical Sciences 2026; 59(1): 18-23

Introduction
	 In postmenopausal women, the reduction in 
estrogen levels contributes to vaginal atrophy, decreased 
lactobacilli colonization, and a higher susceptibility to 
bacterial vaginosis (BV). It is characterized by an imbalance 
in the vaginal microbiota, where the dominance of 
Lactobacillus species is replaced by anaerobic bacteria 
such as Gardnerella vaginalis, Atopobium vaginae, and 
Mobiluncus species. This dysbiosis leads to an increased 
vaginal pH and a reduction in protective lactic acid 
production, which predisposes women to secondary 
infections and inflammatory conditions.1,2 Although we 
understand the burden of BV in women of reproductive 
age, much less is known about the burden of BV in 
postmenopausal women.
	 The prevalence of BV varies globally, with estimates 
ranging from 2% to 57% among postmenopausal 
women, depending on the diagnostic criteria used.3,4 
While BV is often asymptomatic, it has been associated 
with serious health consequences, including an 
increased risk of sexually transmitted infections (STIs), 
pelvic inflammatory disease, and adverse pregnancy 
outcomes. Despite its clinical relevance, BV remains 
underdiagnosed in menopausal women due to the 
overlap of symptoms with other vaginal conditions 
such as atrophic vaginitis.4

	 Gold standard diagnostic methods for BV, such as 
Amsel’s criteria and Nugent scoring, rely on clinical 
symptoms and microscopic evaluation.5 However, 
these methods may be challenging to apply in 
postmenopausal women due to the discomfort 
associated with swab collection, which is exacerbated 
by vaginal atrophy.6,7 Additionally, some postmenopausal 
women may find it difficult to assume the lithotomy 
position required for swab collection due to age-related 
musculoskeletal limitations. BV not only disrupts the 
vaginal microbiota and compromises vaginal health 
but may also contribute to systemic inflammatory 
responses, as indicated by alterations in hematological 
parameter. Although BV is primarily considered 
a localized condition of the lower genital tract, emerging 
evidence suggests that it may also elicit systemic 
inflammatory responses. Several studies have reported 
elevated serum levels of inflammatory markers such 
as C-reactive protein (CRP) and pro-inflammatory 
cytokines (e.g., IL-6, TNF-α) in women with BV, 
indicating a potential systemic immune activation 
beyond the vaginal environment.8 However, studies 
explain hematological parameters in BV remain limited 
and inconclusive. In this study, we aim to investigate 
various hematological parameters across different BV 
conditions to better understand their potential role in 
BV diagnosis and pathophysiology.

Materials and methods
	 This cross-sectional study aims to evaluate the 
hematological profile as an indicator of BV status. The 
study population recruited menopausal women who 

attended the obstetrics and gynecology polyclinic 
of an independent clinic in Kendari City, Southeast 
Sulawesi, Indonesia, between April and June 2024 and 
consented to participate as research subjects. During 
the study period, 78 postmenopausal women attended 
the sampling site. Of these, 25 met the inclusion and 
exclusion criteria and were defined as the accessible 
population. All eligible subjects were recruited using a 
total sampling.  We collected 25 samples with inclusion 
criteria consisted of menopausal women without a 
history of systemic disease and without symptoms 
indicative of reproductive tract infection, with 
menopause defined as the absence of menstruation 
for a minimum of 12 consecutive months. 

Subject information and sample collection 
	 Vaginal fluid specimens were obtained from 
participants using sterile cotton-tipped swabs using 
ESwab (COPAN Diagnostics, Murrieta, CA, USA) during 
a pelvic examination. Participants were placed in the 
lithotomy position to facilitate sample collection and 
direct application Vaginal swab at the vaginal wall with 
approximately 2 inches depth. The Verify® Urinalysis 
Reagent Strips (Verify®, Indonesia) were employed to 
evaluate vaginal secretions for pH, glucose, and protein 
levels. 

BV assessment
	 Obstetricians and gynaecologists collected vaginal 
swabs according to established protocols. We performed 
Gram staining on all vaginal swabs to determine the 
Nugent score. The gram-stained smears were heat-fixed, 
and sequentially stained with crystal violet, iodine 
solution, decolorized with alcohol, and counterstained 
with safranin. The stained slides were examined under 
a microscope at 1000x magnification to assess the 
presence of Lactobacillus morphotypes and other 
which were then scored based on the Nugent criteria.9 

pH, glucose and protein levels
	 A single reagent strip was directly applied to 
the lateral vaginal wall, ensuring contact between 
the reagent pads and the vaginal secretions for 
approximately 1-2 seconds. Care was taken to fully 
moisten the pads corresponding to pH, glucose, 
and protein parameters. The reagent strip was then 
withdrawn and held horizontally to prevent mixing 
of the reagents. Colour changes on the pads were 
compared to the manufacturer’s reference colour chart 
at 60 seconds. The resulting colour intensities were 
recorded and categorized based on the manufacturer’s 
semi-quantitative scale.

Hematological assessment
	 We collected venous blood samples to evaluate 
hematological parameters, including leukocytes, 
eosinophils, basophils, neutrophils, lymphocytes, 
monocytes, and platelets. Blood samples were drawn 
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from the antecubital vein using a sterile technique and 
collected into ethylenediaminetetraacetic acid (EDTA) 
tubes to prevent coagulation. Routine hematological 
analysis was performed using an automated haematology 
analyser to determine complete blood counts (CBC).  
The PLR was calculated by dividing the absolute platelet 
count by the absolute lymphocyte count. We need no 
specific patient preparation, such as fasting, was required 
prior to blood collection. All samples were processed 
promptly to ensure accuracy and reliability of the results.

Data analysis
	 Statistical analysis was performed to compare 
biochemical and hematological parameters among the 
BV, intermediate, and healthy groups. The associations 
between BV status and pH, protein, and glucose levels 
were analysed using the Chi-square test or Fisher’s 
exact test, as appropriate. Hematological variables were 
compared using one-way ANOVA or the Kruskal–Wallis 
test, depending on data distribution. A p<0.05 was 
considered statistically significant.

Results
	 This study involved 25 postmenopausal women  
who consented to participate. The baseline characteristics 

of the participants are summarized in Table 1. We 
performed the BV diagnosis using the Nugent score, 
a well-established scoring system for classifying vaginal 
microbiota status based on Gram-stain microscopy. 
Bacterial vaginosis assessment according to Nugent 
score microscopy.9 Health (score 0-3) defined as Gram-
positive rods (lactobacilli) predominate representing 
normal vaginal flora; Intermediate (score 4-6) when 
decreased lactobacilli with increased presence of small 
Gram-variable rods (Gardnerella vaginalis) and Gram-
negative curved rods; BV (score 7-10) when significant 
depletion of lactobacilli with predominance of Gram-
variable coccobacilli (Gardnerella vaginalis) and curved 
Gram-negative rods (Mobiluncus species), characteristic 
of bacterial vaginosis (Figure 1). 
	 This microscopic assessment serves as the 
gold standard for BV diagnosis according to Nugent 
criteria, which quantifies bacterial morphotypes to 
determine vaginal flora status. The shift from lactobacilli 
dominance to mixed anaerobic flora represents the 
hallmark dysbiosis of bacterial vaginosis. The results 
indicated that we categorized 18 samples (72%) as 
BV-positive, 5 samples (20%) as intermediate, and 2 
samples (8%) as health (Table 2).

Characteristic Total (N) Percentage (%)

Age (year)
<50 5 23.07
>50 20 76.92

Menopause age (year)
<50 13 53.85
>50 12 46.15

Menopause duration (year)
<2 5 23.07
>2 20 76.92

Estradiol level (pg/mL)
<20 23 84.61
>20 4 15.38

Occupation
Housewife 10 38.46
Employee 15 61.53

Education
Middle 10 38.46
Hight 15 61.53

Parity
<4 15 61.53
>4 10 38.46

Table 1. Characteristics of the participants.
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Discussion
	 The elevation of vaginal pH associated with the 
depletion of Lactobacillus in postmenopausal women 
creates a favourable environment for the proliferation 
of anaerobic pathogens. In postmenopausal women, 
decreased estrogen levels lead to a significant reduction 
in glycogen content within the vaginal epithelium. As a  
result, the growth of Lactobacillus species-key producers 
of lactic acid that help maintain an acidic vaginal  
environment-is impaired. The subsequent decline 
in Lactobacillus populations causes an elevation in  
vaginal pH, creating a more alkaline environment. This 
shift favours the proliferation of anaerobic and facultative 
anaerobic pathogens that are normally suppressed by 
the acidic milieu, thereby increasing the risk of bacterial 

BV state N (%) pH Glucose Protein

<5 >5 Negative Positive ≤2 >2

BV 18 (72%) 12 (66.7%) 6 (33.3%) 17 (94.4%) 1 (5.6%) 9 (50%) 9 (50%)

Intermediate 5 (20%) 4 (80%) 1 (20%) 5 (100%) 0 (0%) 4 (80%) 1 (20%)

Health 2 (8%) 2 (100%) 0 (0%) 2 (100%) 0 (0%) 1 (50%) 1 (50%)

p value 0.551 0.817 0.482

Figure 1. Bacterial vaginosis assessment based on Nugent scoring. Arrows indicate of Lactobacillus sp 
(100x magnification), A: non BV (Lactobacillus-dominant), B: intermediate (Lactobacillus with others), 
C: BV (Lactobacillus-absent).

Table 2. BV State and vaginal charge examination.

Table 3. Variable analysis test with Anova. 

Variable BV (N=18) Intermediate (N=5) Health (N=2) p value

Leucocyte 7.67±1.60 7.14±2.15 6.48±1.05 0.576

Lymphocyte 34.89±6.94 38.90±3.88 37.55±6.29 0.453

Eosinophil 3.50±1.94 3.66±1.24 3.30±1.13 0.970

Neutrophil 56.07±6.37 52.32±4.62 53.75±7.85 0.472

Monocyte 5.53±0.94 5.06±0.63 5.35±0.35 0.565

Basophil* 0.07±0.12 0.06±0.08 0.05±0.05 0.999

Platelet 281.28±61.39 231.20±14.62 231.50±14.85 0.143

PLR 8.66±3.60 5.96±0.26 6.22±0.46 0.156
*Kruskal wallis

vaginosis and other vaginal infections. The combined 
assessment of vaginal pH, glucose, and protein profiles 
offers valuable diagnostic insight and contributes to a 
deeper understanding of the complex pathophysiological 
mechanisms underlying bacterial vaginosis.10-12 
	 In our study, we observed a higher prevalence 
of bacterial vaginosis (BV) among postmenopausal 
women compared to several previous reports.4 

Notably, our analysis did not reveal significant 
differences in vaginal pH, glucose, or protein levels 
among the BV, intermediate, and healthy groups. 
This finding may be attributed to the physiological 
changes associated with menopause, particularly the 
decline in estrogen levels, which leads to a naturally 
elevated vaginal pH and a reduction in Lactobacillus 
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species. These alterations can obscure the typical pH 
distinctions observed between BV and non-BV cases in 
premenopausal women. 
	 The differential white blood cell (WBC) count 
reflects various components of the immune response. 
Neutrophils and lymphocytes, in particular, are key 
indicators of systemic inflammation and immune 
status. An increased neutrophil count often reflects 
acute inflammatory responses, while lymphocyte 
levels are associated with adaptive immunity. Changes 
in the ratio between these cell types-such as the 
neutrophil-to-lymphocyte ratio (NLR) or PLR-have 
been proposed as accessible biomarkers of systemic  
inflammation, including in gynaecologic and infectious 
conditions.13 
	 A notable study published in Scientific Reports 
found that women with BV exhibited higher systemic 
inflammation markers, characterized by increased 
total WBC and lymphocyte counts suggest a link 
between BV and systemic inflammatory responses.14 
The analysis of hematological parameters in this study 
reveals no statistically significant differences among 
the BV, intermediate, and healthy groups (Table 3). 
Leukocyte counts were slightly higher in the BV group 
(7.67±1.60) compared to the intermediate (7.14±2.15) 
and healthy groups (6.48±1.05), but the difference was 
not significant (p=0.576). This finding suggests that 
systemic inflammatory responses in BV may not always 
be reflected in routine leukocyte counts. However, some 
studies have reported elevated leukocytes in BV cases, 
particularly in younger, premenopausal populations, 
possibly due to a more active immune response in the 
presence of bacterial dysbiosis.13 Similarly, lymphocyte, 
eosinophil, neutrophil, monocyte, and basophil counts 
showed no significant variations among the groups, 
suggesting that BV-related inflammation may not 
elicit a marked systemic hematological response in 
postmenopausal women. 
	 Notably, platelet levels were slightly higher in the 
BV group (281.28±61.39) compared to the intermediate 
(231.20±14.62) and healthy groups (231.50±14.85), 
though the difference was not statistically significant 
(p=0.143). The PLR, an emerging inflammatory marker, 
was also higher in the BV group (8.66±3.60) but did 
not reach statistical significance (p=0.156). PLR may 
reflect systemic inflammatory responses in various 
infectious and chronic conditions.14,15 Its cut-off values 
vary depending on the condition, typically ranging from 
121 to 232 cells/µL.16 In our study, PLR values did not 
exceed the inflammatory thresholds reported in previous 
studies. Nevertheless, the noticeable differences 
observed between groups highlight the need for further 
investigation into its relevance in bacterial vaginosis, 
particularly in postmenopausal women.
	 Estrogen acts as an important immunomodulatory 
hormone, promoting anti-inflammatory responses 
and maintaining immune homeostasis. Its reduction 
leads to an increase in proinflammatory cytokines 
such as TNF-α, IL-1β, and IL-6, while decreasing anti-

inflammatory mediators like IL-10. Additionally, menopause 
is characterized by immunosenescence, marked by 
a decline in naïve T cells, accumulation of memory T cells, 
and dysregulation of T-cell subsets, including increased 
effector T cells and decreased regulatory T cells. These 
changes contribute to a heightened risk of inflammatory 
and autoimmune conditions and may alter systemic and 
mucosal immune responses to infections, including 
bacterial vaginosis. Furthermore, menopause affects 
B-cell function, antibody production, and natural killer 
(NK) cell activity, collectively impacting the overall 
immune competence of postmenopausal women.17,18

	 The absence of significant hematological changes 
across the groups suggests that BV in postmenopausal 
women may not trigger the same systemic inflammatory 
response observed in younger populations. This could 
be due to the hormonal and immunological changes 
associated with menopause, which may alter the host 
response to bacterial imbalances. 

Limitations
	 This study is limited by its small sample size and 
the use of a non-probability sampling technique, 
which may restrict the generalizability of the findings. 
However, considering the challenges in recruiting 
postmenopausal women for invasive procedures, the 
current sample represents the maximum achievable 
cohort under ethical and practical constraints. 

Conclusion
	 The prevalence of bacterial vaginosis (BV) in 
this study was higher than that reported in previous 
studies; however, it was not associated with significant 
hematological alterations. Further research is needed to 
identify reliable systemic and vaginal biomarkers for BV 
diagnosis in this population, considering the potential 
influence of hormonal and immunological factors.
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ABSTRACT

Background: Hemoglobin is composed of globin polypeptide chains, which 
serve as immunogens to induce the production of antibodies. 

Objectives: This review article aims to describe the use of antibodies against 
human hemoglobins for the identification of thalassemia and hemoglobinopathies. 

Materials and methods: Literature review to discusses the nature of normal human 
hemoglobin, hemoglobin switching, thalassemia and hemoglobinopathies, 
laboratory diagnosis, general properties of antibodies, production of antibodies 
against human hemoglobins, and clinical applications of these antibodies in 
identifying thalassemia and hemoglobinopathies.Antibody-based detection of 
hemoglobin is highly useful in diagnosing thalassemia and hemoglobinopathies. 

Results: Polyclonal antibodies against HbF have been applied in sandwich 
ELISA to accurately detect HbF levels. Monoclonal antibodies against HbH 
and Hb Bart’s have been produced and utilized in sandwich ELISA for detecting 
α-thalassemia. In addition, monoclonal antibodies against hemoglobin containing  
α-globin chains were developed and applied in sandwich ELISA to identify  
infants with Hb Bart’s hydrops fetalis, a condition in which no α-globin chains 
are produced. For detecting β-thalassemia carriers, monoclonal antibodies 
against HbA2 were produced, and sandwich ELISA was employed to measure 
HbA2 levels, which are elevated in these individuals.

Conclusion: Antibody-based diagnosis of thalassemia and hemoglobinopathies 
enhances the quality of screening platforms and makes diagnosis of these  
disorders more reliable.
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Introduction
In human, hemoglobin is the major protein 

in erythrocyte playing a major role in transporting 
oxygen from lung to tissue and carbon dioxide from 
tissue to lung. Hemoglobin naturally is composed to 
globin polypeptide chain, imbedded inside with heme 
molecule.1 Two types of globin chains are produced 
along human developmental stage, including α-like 
globin chain (ζ and α-globin chains) and β-like globin 
chains (ε, γ, δ and β-globin chains). Functionally 
active hemoglobin molecule of human is of tetrameric 
structure composing of 2 α-like globin chains and 
2 β-globin chains. Normal synthetic ratio of α-like 
globin chain and β-like globin chain is approximately 
equal, namely balanced globin chain synthesis. 
Normal hemoglobin composition in humans varies 
across developmental stages. During the embryonic 
stage (1–3 months of gestation), when hematopoiesis 
occurs in the yolk sac, the predominant hemoglobin is 
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Hb Gower I (ζ₂ε₂), followed by smaller amounts of Hb 
Gower II (α₂ε₂), trace amounts of Hb Portland I (ζ₂γ₂), 
and very limited amounts of Hb Portland II (ζ₂β₂). In 
the fetal stage (4-6 months of gestation), with the liver 
and spleen serving as primary sites of hematopoiesis, 
approximately 90% of hemoglobin is HbF (α₂γ₂), and 
about 10% is HbA (α₂β₂). During the third trimester, HbA 
and HbF are produced in roughly equal proportions. 
At birth, a reciprocal shift occurs in the levels of HbF 
and HbA, and a small amount of HbA₂ (α₂δ₂) begins 
to appear. By around two years of age, the typical 
hemoglobin composition is approximately 95% HbA, 
2.5% HbA₂, and less than 1% HbF.1-3

Thalassemia and hemoglobinopathies
Thalassemia is a group of genetic disorder caused 

by reduction or absence of globin chain production, 
leading to a condition termed imbalanced globin 
chain synthesis in which the normally synthesized 
globin chains become excessive. Hemoglobinopathy 
is also genetic disorder, but caused by production 
of abnormal globin chains, leading to production of 
abnormal hemoglobins. The abnormal hemoglobins 
may become either neutral or abnormal in physical and 
electrochemical properties.3,5,6 

Several types of thalassemia have been identified, 
depending on globin chains that are reduced or 
absent. However, two main types of thalassemia have 
been found worldwide, including α-thalassemia and 
β-thalassemia. α-thalassemia is characterized by 
reduced or absent α-globin chain, while decreased or 
absent β-globin chain is unique in β-thalassemia. In 
α-thalassemia, α-globin chain containing hemoglobins, 
including Hb Gower II (α2ε2), HbF (α2γ2), HbA (α2β2), and 
HbA2 (α2δ2) are decreased or absent. In β-thalassemia, 
only HbA (α2β2), the β-globin chain containing 
hemoglobin, is decreased. Two types of α-thalassemia 
are found; α+ thalassemia or α-thalassemia 2 and α0-
thalassemia or α-thalassemia 1.7  There are also 2 types 
of β-thalassemia; β+-thalassemia and β0-thalassemia.8  
Some α-globin chains are still produced in α+-
thalassemia, while no α-globin chains are produced in 
α0-thalassemia. In the same way, some β-globin chains 
are still produced in β+-thalassemia, while no β-globin 
chains are produced in β0-thalassemia
	 Hemoglobinopathies, sometimes referred to 
as structural variants, are categorized into two main 
types: α-structural variants and β-structural variants.9 
α-hemoglobinopathies, or α-structural variants, involve 
abnormal hemoglobins formed by the assembly of 
abnormal α-globin chains with normal β-globin chains, 
such as Hb Constant Spring (α2

CSβ2) and Hb Pakse’ 
(α2

PSβ2). As of now, approximately 841 structural variants 
have been identified worldwide.10 Although some 
α-structural variants have a normal rate of synthesis, 
others exhibit reduced production, resulting in a 
phenotype resembling α+-thalassemia. For example, Hb 
Constant Spring (CS) is an α-structural variant caused 

by a point mutation at codon 142 of the α2-globin gene 
(HBA2:c.427T>C). The mutated CS mRNA is unstable, 
leading to reduced synthesis of the CS α-globin 
chain. This makes Hb Constant Spring clinically like 
α+-thalassemia. Clinical and hematological studies 
have shown that Hb Constant Spring presents a more 
severe clinical and hematological phenotype than 
deletional α+-thalassemia. Patients with HbH disease 
due to Hb Constant Spring (HbH-CS disease) often 
experience more severe symptoms than those with 
deletional HbH disease and are particularly prone 
to severe hemolytic crises during infections. For this 
reason, Hb Constant Spring is classified as a severe 
α+-thalassemia, and careful screening for thalassemia 
and hemoglobinopathy carriers is essential.11-15 
β-hemoglobinopathies, or β-structural variants, are 
abnormal hemoglobins formed by the combination of 
normal α-globin chains with abnormal β-globin chains, 
such as HbS (β^6Glu→Val) and HbE (β^26Glu→Lys). 
To date, approximately 958 β-structural variants have 
been identified worldwide.10

Abnormal globin genes that cause thalassemia 
and hemoglobinopathies are inherited in an 
autosomal recessive fashion. Those having these 
genes in heterozygous and doubly heterozygous 
forms are carriers or so-called traits of the disease. 
These carriers are clinically asymptomatic, requiring 
no medical care. Those homozygous or compound 
heterozygous for genes of severe types of thalassemia 
and hemoglobinopathies (- -/ - - for α-thalassemia 
and β0/β0 for β-thalassemia) are affected and need 
serious medical attention. Chance of having affected 
offspring of the heterozygous couples is definitely 25%. 
Therefore, screening for the carriers of thalassemia and 
hemoglobinopathies in the population is essential in 
controlling and preventing birth of the patients of this 
disease, especially in region rich of thalassemia and 
hemoglobinopathies.

Screening for carriers for thalassemia and 
hemoglobinopathies

Screening for carriers of α-thalassemia, 
β-thalassemia and abnormal hemoglobin such as HbE 
and Hb Constant Spring are crucial for preventing birth 
of babies with thalassemia diseases such as Hb Bart’s 
hydrops fetalis (Homozygous α0-thalassemia; - -/- -), 
transfusion dependent homozygous β0/β0-thalassemia, 
transfusion dependent compound heterozygous β0/
β+ thalassemia and transfusion dependent compound 
heterozygous β0/βE thalassemia. Red blood cell 
indices including mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH), one-tube 
osmotic fragility test (OFT), dichlorophenol indophenol 
precipitation (DCIP) test are among the tests performed 
to seek for carriers of α-thalassemia, β-thlassemia and 
HbE.16-25  These screening techniques have quite high 
sensitivity, but all of them lack specificity with low 
positive predictive value (PPV). 
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Antibody 
Antibodies (Ab), also known as immunoglobulins 

(Ig), are specialized serum proteins belonging to the 
γ-globulin fraction that identify and neutralize foreign 
invaders such as bacteria, viruses, and toxins. They 
are produced and secreted by plasma cells derived 
from B lymphocytes, which are part of the humoral 
immune system. Immunoglobulins are naturally 
Y-shaped proteins composed of two main regions:
the Fc region at the C-terminal domain and the Fab
region at the N-terminal domain. The Fc region binds
to receptors on the surface of target cells, while the
Fab region, or antigen-binding site, binds to epitopes
on target antigens. Antibodies are formed by two
types of polypeptide chains: heavy chains and light
chains. The Fab region contains both heavy and light
chains, whereas the Fc region is composed only of
heavy chains. The tips of the “Y” structure contain
variable regions that specifically bind to antigens,
which represent the epitope molecules of invading
pathogens (Figure 1).There are five major classes
of immunoglobulins, distinguished by their heavy

chains: IgG (γ-heavy chain), IgA (α-heavy chain), 
IgM (μ-heavy chain), IgE (ε-heavy chain), and IgD 
(δ-heavy chain). Both humans and mice possess all 
five classes, while rabbits lack IgD in their serum.26-28 
In general, antibodies can be classified into two main 
types: polyclonal antibodies (pAb) and monoclonal 
antibodies (mAb). The two differ in their production 
and specificity. Monoclonal antibodies are derived 
from a single B-cell clone, producing highly specific 
antibodies that bind to only one epitope on an antigen. 
In contrast, polyclonal antibodies are generated from 
multiple B-cell clones, resulting in a heterogeneous 
mixture of antibodies capable of binding to multiple 
epitopes on the same antigen. The production of 
polyclonal antibodies involves simpler procedures, 
whereas monoclonal antibody production requires the 
hybridoma technique, followed by limiting dilution to 
isolate a single hybridoma clone capable of producing 
the monoclonal antibody of interest. Because of their 
high specificity, monoclonal antibodies are particularly 
well suited for diagnostic applications and targeted 
therapies.29

Figure 1. Structure of antibody (Ab) or immunoglobulin (Ig).
(modified from https://www.news-medical.net/life-sciences/Types-of-Antibodies.aspx)



Tatu T. and Jugnam-ang W. Journal of Associated Medical Sciences 2026; 59(1): 24-32 27

Antibody-based detection of thalassemia and 
hemoglobinopathies 

Antibody-based detection of hemoglobins can 
specifically identify hemoglobins that accurately indicate 
presence of thalassemia and hemoglobinopathies in 
blood samples. This capacity is superior to the conventional 
thalassemia screening tests which can only indicate 
chance of existing thalassemia and hemoglobinopathies 
in blood samples. Therefore, including the antibody-
based detection of hemoglobins in screening protocol 
for thalassemia and hemoglobinopathies would 
increase effectiveness of the screening protocol of 
thalassemia and hemoglobinopathies. 

As hemoglobins have globin polypeptide chains in 
the structure, they certainly can serve as immunogen 
to activate production of antibodies against them. The 
produced antibodies are then subsequently used to 
invent hemoglobin detection tools such as sandwich 

ELISA, flow cytometry, immunochromatographic 
strip test. Two types of antibodies against human 
hemoglobins have been produced, i.e. polyclonal 
antibody (pAb) and monoclonal antibody (mAb). 

Production of pAb involves several laboratory 
techniques. As described by Kerdpoo and colleagues, 
the production of pAb against HbF (α2γ2) involved 
the technique of HbF separation and purification by 
medium pressure liquid chromatography (MPLC), 
followed by immunizing the 2-month-old New Zealand 
White rabbits with purified HbF, mixed with complete 
Freund’s adjuvant at the first injection and incomplete 
Freund’s adjuvant in the second and third injections. 
Lastly, blood sample was collected from the marginal 
ear vein via incision technique and antiserum was 
obtained for further purification with protein G affinity 
chromatography (Figure 2).30 

Figure 2. Schematic presentation of procedure for production of polyclonal antibody for hemoglobin.

Figure 3. Schematic presentation of procedure for production of hemoglobin-specific monoclonal antibody.

Production of mAb against human hemoglobins 
also involves several steps as described by Pakdeepak 
and co-workers.31  The first step is also separation and 
purification of hemoglobins by the MPLC, followed by 
injecting the purified hemoglobin mixed with complete 
Freund’s adjuvant at the first injection and incomplete 

Freund’s adjuvant in the second and third injection, 
into 2 six-week-old BALB/c mice, followed by spleen 
cell collection and fusion of spleen cells with P3-
x63Ag8.653 myeloma cells to establish hybridoma 
clones capable of producing mAb specific to the 
immunized hemoglobin (Figure 3).

Application of polyclonal antibody (pAb) in thalassemia 
and hemoglobinopathies

Polyclonal antibody by itself reacts with most 
types of hemoglobin. As shown in the study of Kerdpoo 
and colleagues that the pAb obtained after immunized 
the rabbits with purified HbF reacted with HbA (α2β2), 
HbA2(α2δ2), HbE (α2β2

E), HbF (α2γ2), Hb Bart’s (γ4) and Hb 
Portand (ζ2γ2).30  With this reason, this pAb could not 
be applied in inventing the hemoglobin detection kit. 
However, Kerdpoo and co-workers used this pAb as a 
fluorescently labelled second antibody in the modified 
sandwich ELISA they invented and found that the new 
modified sandwich ELISA was effective in measuring 

HbF levels in the presence of minute amount of Hb 
Bart’s in carriers of α-thalassemia (0.09-0.18 mg/mL).32  
Therefore, this pAb could be utilized to accurately 
measure HbF levels to identify a condition of hereditary 
persistence of fetal hemoglobin (HPFH) in area where 
α-thalassemia carriers are commonly encountered.  

Application of monoclonal antibody (mAb) in thalassemia 
and hemoglobinopathies
	 In contrast to polyclonal antibodies (pAb), 
monoclonal antibodies (mAb) are highly suitable 
for detecting thalassemia and hemoglobinopathies 
due to their high specificity. Several studies have 



Tatu T. and Jugnam-ang W. Journal of Associated Medical Sciences 2026; 59(1): 24-3228

attempted to produce monoclonal antibodies against 
hemoglobins, the levels or presence of which may 
indicate thalassemia or hemoglobinopathies.

		 For α-thalassemia, presence of HbH (β4) or Hb 
Bart’s (γ4) indicates α-thalassemia. Shyamala and co-
workers in 1992 produced mAb against HbH used for 
diagnosis of HbH disease by the technique of enzyme 
immunoassay.33  The mAb they produced was highly 
specific to HbH and was able to quantify HbH level in 
HbH disease. However, there was no study utilizing 
mAb to HbH for detecting α-thalassemia carriers. It 
might be because HbH which is unstable has low level 
in the carriers of α-thalassemia. In contrast, significant 
amount of Hb Bart’s was demonstrated in neonates 
with α0-thalassemia carriers (--/αα).7 Therefore, mAb 
to Hb Bart’s was produced, followed by inventing 
the diagnostic tests utilizing this mAb. Monospecific 
antibody to Hb Bart’s was produced by Garver and 
colleagues in 1984.34 The established ELISA test utilizing 
this mAb to Hb Bart’s showed that the carriers of 
α-thalassemia had average level of Hb Bart’s was 6.10%, 
being significantly higher than that in normal individual 
whose Hb Bart’s level was 0.25%. Monoclonal antibody 
against Hb Bart’s was also produced by Tayapiwatana 
and co-workers in 2009 and immunochromatographic 
(IC) strip test was developed.35 The IC strip test 
developed by Tayapiwatana and colleagues showed 
positive results in α0-thalassaemia carriers (- -/αα), 
HbH disease (- -/- α), HbH-Constant Spring (H-CS) 
disease (- -/αCSα), Hb Constant Spring EABart’s disease 
(- -/αCSα + βEβN), and homozygous α+-thalassaemia 
(-α/-α). This IC strip test was not able to detect 
heterozygous α+ thalassemia (- α/αα) and some 
α-structural variants such as Hb Westmead (HBA2: 
c.369C>G), Hb Jax (HBA2: c.44G>C), and Hb J-Buda
[α61(E10)Lys → Asn, AAG > AAT].36-38 The IC strip test did 
not show a negative result with all β-thalassemia and
β-hemoglobinopathies. It could show positive results in
individuals with elevated HbF levels or other coexisting
hemoglobinopathies such as δβ-thalassemia and
β-thalassemia (heterozygotes, homozygotes and HbE/
β-thalassemia).35,39,40 This IC strip test for Hb Bart’s has
been evaluated by several centers across the world.
Wanapirak and colleagues evaluated this IC strip test
in diagnosis of α0-thalassemia in 499 pregnant women
visiting antenatal care clinic at Maharaj Nakorn Chiang
Mai hospital, Chiang Mai, Thailand and demonstrated
100% sensitivity and 89% specificity of this test. The
falsely positive results observed in this study should
be due to α+-thalassemia (heterozygote or homozygote) 
which is also common in the northern Thailand.41 In
addition, Prayalaw and co-workers assessed this IC
strip in 300 blood samples having positive thalassemia
screening results and found that this IC strip had
100% sensitivity and 73.1% specificity in detecting
α0-thalassemia. This group postulated that all forms
of α+-thalassemin caused falsely positive results as
this genotype also had Hb Bart’s in blood.42 Also,
Sudjaroen and co-workers tested this IC strip in 414

pregnant women for α0-thalassemia at Kudjab Hospital 
located in Udornthani Province, Thailand and found 
that this test had 92.6% sensitivity, 95.1% specificity 
and 94.9% efficiency.43 This IC strip was also used by 
4 laboratories in Thailand and Australia in screening 
for α-thalassemia by Winichagoon and colleagues 
who demonstrated 97% sensitivity and suggested this 
test to replace HbH inclusion body test in screening 
for α-thalassemia.44 Recently, Bunkall and colleagues 
compared capability of the IC strip test and HbH 
inclusion body test in detecting α thalassemia in 67 
blood samples. They showed that the IC strip test was 
extremely more sensitive than the HbH inclusion body 
test (76% vs 24% sensitivity, respectively) in screening 
for the α-thalassemia and blood samples stored in 4 oC 
was still good for the IC strip test.45 

Beside mAb against Hb Bart’s, mAbs against 
ζ-globin chain was also produced. Presence of 
the ζ-globin chain in hemolysate indicates the α0-
thalassemia of Southeast Asian (SEA) type.46,47 Chui and 
co-workers produced murine hybridoma cells secreting 
mAb to the ζ-globin chain which was subsequently 
used in slot blot immunobinding assay in to screen 
for the SEA-α0 thalassemia.47 In 1993, Ireland and 
colleagues successfully used anti-ζ-immunobinding 
tetrazolium dye test to identify the α0-thalassemia of 
SEA type in 225 blood samples they tested. 48 In 2008, 
Lafferty and colleagues employed commercial ζ-globin 
enzyme-linked immunosorbent assay (ELISA) to screen 
for SEA-α0-thalassemia and found its sensitivity and 
specificity to be 1 and 0.94, respectively. 49 Pata and 
colleagues, in 2014, were successful in producing 
mAb to ζ-globin chain. This mAb was used to set up 
special platform of poly-l-lysine ELISA test which was 
proven to specifically detect the αO-thalassemia of 
SEA type.50  Immunostick coated with mAb to ζ-globin 
chain to detect the ζ-globin chain in hemolysate was 
subsequently developed by Pata and co-workers.51 They 
demonstrated 100% sensitivity and 82% specificity of 
this novel immunostick test for the ζ-globin chain in 
identifying the SEA-α0-thalassemia. Falsely positive 
results of this immunostick test was assumed to be 
due to cross reactivity of anti-ζ globin chain mAb with 
other globin chain.51  In the same year, the IC strip test 
for detecting the ζ-globin chain was invented by Pata 
and colleagues and tested in combination with IC 
strip test for Hb Bart’s in blood samples having MCV  
<80 fL and MCH <27 pg.52 The analysis showed that the 
sensitivity, specificity, positive predictive value (PPV) 
and negative predictive value (NPV) of ζ-globin chain 
IC strip test in identifying the SEA-α0 thalassemia in 
these blood samples were 100%, 65.2%, 90.7%, 100%, 
respectively. This result indicated that the IC strip test 
for the ζ-globin chain can only be used as the screening 
test, not diagnostic test. 

This study then proposed that blood samples to 
be screened for the SEA-α0 thalassemia must be first 
evaluated for mean corpuscular volume (MCV), mean 
corpuscular hemoglobin (MCH) and Hb typing results. 
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Only samples having low MCV, low MCH and Hb typing 
of A2A were assayed by the IC strip test for the ζ-globin 
chain. Only samples having positive result for the IC 
strip test for the ζ-globin chain are further assayed by 
Gap-PCR.52 Cross reaction of anti-ζ globin chain mAb 
to other globin chains was expected as a cause of 
falsely positive results. 

In addition to identifying presence of HbH and 
Hb Bart’s in α-thalassemia, however, Pakdeepak and 
colleagues showed by using mAb against α-globin 
chain containing hemoglobins (HbA; α2β2, HbA2; 
α2δ2, HbF;α2γ2) that the levels of these hemoglobins 
in HbH disease were less than normal significantly.31  
The authors anticipated that this platform should be 
applied in detecting Hb Bart’s hydrops fetalis babies in 
which no α-globin chain is produced at all. 

As state previously, Hb Constant Spring (Hb Cs) 
is the abnormal hemoglobin that can cause severe 
transfusion-dependent Hb H disease. Therefore, 
identifying Hb Cs by antibody-based assay would 
improve efficiency in screening this abnormal 
hemoglobin. So-far, no study was found to describe 
production of antibody against Hb Constant Spring. 
However, with advancement of hemoglobin purification 
and hybridoma technologies at present, production of 
antibody against Hb Constant Spring is challenging.   

For detection of β-thalassemia/hemoglobinopathies, 
mAb to HbA2 was produced by several laboratories. 

Shyamala and co-workers successfully produced 
murine mAb against δ-globin chain of HbA2 and the 
rapid ELISA test was invented.53  They showed by 
this rapid ELISA test that the mean HbA2 levels in 
β-thassemia carriers was 5.4%, being higher than 
normal individuals whose mean HbA2 levels by this 
platform was 2.5%. Recently, Kuntaruk and colleagues 
produced murine mAb against HbA2 which was 
utilized subsequently to set up the sandwich ELISA for 
measuring Hb A2 in hemolysate.54  They showed that 
under their developed sandwich ELISA, the mean HbA2 
levels in β-thalassemia carriers was 4.4%, being higher 
than the non β-thalassemia carriers (HbE carriers, 
HbE homozygote and α thalassemia carriers) whose 
mean HbA2 levels by this platform ranged from 1.5% 
to 1.9%. They established 2.5% of HbA2 level as cut-
off values for identifying β-thalassemia carriers whose 
HbA2 levels are higher than 2.5%. This 2.5% HbA2 
cut-off value was shown to be effective in detecting 
the β-thalassemia carriers by 100% sensitivity, 95% 
specificity, 82.3% positive predictive value and 100% 
negative predictive value. Therefore, when sandwich 
ELISA is performed, 2.5% cut-off HbA2 values are used. 
However, for the routine laboratory diagnosis of the 
β-thalassemia carriers, the conventional HbA2 cut-off 
value of 3.5% is still reliable.55,56 Table 1 summarizes the 
studies that applied mAb to hemoglobin for detecting 
α-thalassemia and β-thalassemia.

Table 1. Summary of application of antibody-based detection of thalassemia/hemoglobinopathies.

Thalassemia mAbs against Invented diagnostic tools Limitation References

α HbH Sandwich ELISA A 33

Hb Bart’s Sandwich ELISA A 34

Hb Bart’s Immunochromatographic (IC) 
strip

B 35, 41, 42, 
43, 44, 45

α Hemoglobins that contain α-globin chain Sandwich ELISA B 31

ζ-globin chain Poly-l-Lysine ELISA C 50

ζ-globin chain Immunostick test C 51

ζ-globin chain and Hb Bart’s 
simultaneously

Immunochromatograpgic (IC) 
strip test

C 52

β HbA2 Sandwich ELISA A 53, 54
Note:  A; many steps of operation, B: cannot detect specific type of α-thalassemia, C: not completely specific to SEA-α0-thalassemia.

The techniques for α-thalassemia listed in 
Table 1 had very high sensitivity for detecting the α0-
thalassemia. Therefore, in the national thalassemia 
screening Guideline of Thailand, they should be used 
in replacement of the conventional HbH inclusion 
body test which is the screening test for α-thalassemia. 
Modifying the α-thalassemia screening protocol using 
the mAb-based approach will increase efficiency 
and accuracy of α0-thalassemia screening protocols. 
In contrast, the sandwich ELISA techniques were 
developed to quantify HbA2 levels in blood lysates to 
help diagnosis of β-thalassemia carriers. Although this 

approach should replace cation-exchange HPLC or 
CZE in determining HbA2 levels, the sandwich ELISA 
was suitable for only population-based screening for 
β-thalassemia carrier and testing in an individual is less 
possible. Therefore, at present, HbA2-based diagnosis 
of β-thalassemia solely relies on HPLC-based or CZE-
based enumeration of HbA2 levels. 

Limitations 
Antibody-based identification of hemoglobins for 

the diagnosis of thalassemia and hemoglobinopathies 
currently focuses only on the qualitative analysis of 
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hemoglobins. Quantitative determination using this 
approach remains challenging, and further studies on 
this platform are encouraged.

Conclusion
Monoclonal antibodies (mAbs) against human 

hemoglobins and the ζ-globin chain become 
increasingly attractive for identifying α-thalassemia 
and β-thalassemia in both carrier and disease 
forms.  With the invention of lateral flow IC strip or 
cassette-based immunological test kit utilizing these 
mAbs, the screening for carriers of thalassemia/
hemoglobinopathies will become reliable and greatly 
beneficial to the patients. 
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ABSTRACT
Background: Laboratory test results are critical to clinical decision-making, 
including patient screening, diagnosis, treatment planning, and monitoring 
therapeutic responses. Therefore, laboratory errors can significantly impact 
patient care and outcomes.

Objectives: To identify and quantify the types and frequencies of errors in the 
total testing process of the medical laboratory department, with the goal of 
reducing preventable errors and improving overall quality.

Materials and methods: This retrospective descriptive study analyzed error 
records, incident reports and nonconformities from January 2021, to December, 
2023. Errors were categorized by testing phase: pre-analytical, analytical and 
post-analytical. Specimen sources were classified as outpatient, inpatient, or 
external (outside hospital). Data were summarized using descriptive statistics, 
including frequencies, percentages and Six Sigma performance scale values.

Results: A total of 2,261,729 specimens were received during the study 
period. The overall error rate was 0.197% (4,460 errors). Error rates by phase 
were 0.116% for pre-analytical, 0.077% for analytical, and 0.004% for post-
analytical. Six Sigma performance scores were 4.60 (pre-analytical), 4.70 
(analytical), and 5.50 (post-analytical), all within acceptable quality thresholds 
(>4.15, >3.85 and >4.80, respectively). The most common pre-analytical error 
was clotted samples (1,233 cases). Analytical errors were dominated by 
unacceptable internal quality control results (1,088 cases). The most frequent 
post-analytical error was excessive turnaround time (54 cases). Pre-analytical 
errors occurred most frequently in inpatient specimens (76.90%), with clotted 
samples accounting for 41.49% of those cases. Six Sigma values by specimen 
source were 4.20 for inpatients, 4.90 for outpatients and 4.90 for external 
sources.

Conclusion:    Most laboratory errors occurred in the pre-analytical phase, 
primarily due to specimen collection issues related to quality and volume, 
particularly in the inpatient setting. Targeted preventative measures-especially 
in pre-analytical processes-are essential to minimize errors and improve 
patient safety. Analytical errors were primarily due to unacceptable IQC, EQA. 
For quality control improvement, training program laboratory staff on quality 
control, sigma metrics, risk assessment and quality goal index (QGI), including 
selection and application of Westgard’s rules, is important. The integration of 
sigma metrics with QGI, risk management and systematic quality control 
can enhance laboratory performance and reliability of analytical results.
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Introduction
	 The Medical Laboratory Department at Queen 
Savang Vadhana Memorial Hospital, under the Thai 
Red Cross Society, performs approximately 3,000,000 
tests annually. It offers diagnostic services in 
hematology, clinical microscopy, clinical biochemistry, 
microbiology, immunology, molecular biology and 
blood banking. Most of these analyses are conducted 
using fully automated analyzers, with manual testing 
comprising less than 5% of the total. The laboratory is 
accredited under ISO 15189:2022 and ISO 15190:2020 
standards, underscoring its commitment to quality and 
safety in laboratory medicine.

Accurate, precise and high-quality laboratory 
testing is essential to the healthcare system and plays 
a critical role in clinical decision-making. Physicians 
depend on laboratory results for diagnosis, monitoring 
and prognostication. However, several factors, both 
within and beyond the laboratory’s control, can 
compromise test quality. Such errors can result in 
misleading results and inappropriate clinical decisions, 
leading to repeated testing, patient discomfort, wasted 
resources and increased healthcare costs. In severe 
cases, diagnostic errors may even contribute to patient 
complications or fatalities.1

Errors in the laboratory testing process may occur 
at any stage, namely the pre-analytical, analytical 
and post-analytical phases. Studies have shown 
that the majority of these errors occurred during 
the pre-analytical phase (46-68%), followed by the 
post-analytical (18-47%) and analytical phases (7-
13%).2,3 The high incidence of pre-analytical errors is 
largely attributed to human factors and process steps 
occurring outside the laboratory’s direct oversight.2-5 
These errors often necessitated specimen recollection, 
resulting in patient discomfort and diagnostic delays.6-12  
Currently, laboratory error rates are commonly 
assessed using the Six Sigma scale, calculated with 
Westgard’s calculator, to quantify process quality and 
identify areas for improvement.13 Previous studies in 
Thailand and internationally have documented varying 
types and frequencies of laboratory errors. The present 
study aims to investigate the nature and distribution of 
laboratory errors at each testing phase, Early detection 
and mitigation of such errors are crucial to ensuring 
timely and accurate patient care.

Materials and methods
	 This descriptive study was conducted at the 
Medical Laboratory of Queen Savang Vadhana Memorial 
Hospital over a three-year period (January 2021, to 
December 2023). The study focused on errors recorded 
across the total testing process in various laboratory 
units, including clinical microscopy, hematology, 
clinical chemistry, immunology, molecular biology, 
microbiology and phlebotomy.

The study population consisted of documented 

error records, including risk incident reports, patient  
complaints, nonconformities with regulatory requirements, 
quality control failures, equipment maintenance issues, 
and other relevant deviations in laboratory operations.

Inclusion criteria
	 All errors that occurred during the pre-analytical, 
analytical and post-analytical phases of the medical 
laboratory testing process were included.

Exclusion criteria
	 Errors unrelated to the medical laboratory testing 
process, such as administrative or clerical errors not 
affecting test quality, were excluded.

Research instruments
Laboratory errors were classified into the following 

three phases: 
1) Pre-analytical phase: Includes clotted 

specimens, hemolyzed samples, insufficient sample 
volume, incorrect test requests, misidentification, 
unlabeled specimens, incorrect or wrong sample 
collection and errors in specimen registration. The 
source of the sample-whether from inpatients, 
outpatients, or external facilities-was also recorded.

2) Analytical phase: Includes discrepancies 
between current and previous test results, quality 
control failures and instrument malfunctions.

3) Post-analytical phase: Includes excessive 
turnaround times, incorrect test reporting, incomplete 
results, failure to communicate critical values. All 
data were recorded using Microsoft Excel for further 
statistical analysis.

Statistical analysis
	 Data were analyzed separately for the pre-
analytical, analytical and post-analytical phases. 
Sample sources were categorized as originating 
from inpatients, outpatients or external healthcare 
facilities. Descriptive statistics were used to 
summarize the frequency and percentage of errors. 
Additionally, Six Sigma metrics were calculated 
using Westgard’s calculator13 to evaluate the quality 
performance of each testing phase.

Results
	 Over the three-year study period (2021-2023), 
a total of 2,261,729 specimens were received by the 
laboratory. Of these, 4,460 errors were recorded, 
representing an overall error rate of 0.197%. The 
distribution of errors across the three laboratory phases 
was as follows: 2,615 pre-analytical phase errors 
(0.116%); 1,738 analytical phase errors (0.077%); 107 
post-analytical phase errors (0.004%). Performance 
based on the Six Sigma scale showed values of 4.60 for 
the pre-analytical phase, 4.70 for the analytical phase, 
and 5.50 for the post-analytical phase, all exceeding 
the minimum acceptable thresholds (>4.15, >3.85 and 
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>4.80, respectively, (Table 1)13,18,19

As detailed in Table 2, the most common pre-
analytical errors were clotted samples (47.15%) and 
hemolyzed samples (22.64%). In the analytical phase, 
internal quality control (IQC) results outside acceptable 
ranges accounted for 62.60% of errors, followed by 
external quality assessment (EQA) failures (18.64%). 
For post-analytical errors, excessive turnaround time 
was the most frequent (50.47%), followed by incorrect 
test results (28.97%) and incomplete reports (17.76%).

Among the 2,615 pre-analytical errors, 2,011 
(76.90%) were associated with inpatient specimens, 
575 (21.99%) with outpatient specimens, and 29 

Table 1. Percentage of error in pre-analytical, analytical and post-analytical phase.       

Year (N)
Pre-analytical phase Analytical phase Post-analytical 

phase Total

N (%) Sigma N (%) Sigma N (%) Sigma N (%) Sigma

2021 (675,019) 1,021 (0.151) 4.50 484 (0.072) 4.70 34 (0.005) 5.40 1,539 (0.228) 4.40

2022 (763,927) 702 (0.092) 4.70 527 (0.069) 4.70 37 (0.005) 5.40 1,266 (0.166) 4.50

2023 (822,783) 892 (0.108) 4.60 727 (0.088) 4.70 36 (0.004) 5.50 1,655 (0.201) 4.40

Total(2,261,729) 2,615 (0.116) 4.60 1,738 (0.077) 4.70 107 (0.004) 5.50 4,460 (0.197) 4.40

Table 2. Type of error in pre-analytical, analytical and post-analytical phase.

Type of error
2021 2022 2023 Total

N % N % N % N %

Pre-analytical phase

      Clotted sample 487 31.64 334 26.38 412 24.89 1,233 47.15

      Hemolyzed sample 251 16.31 140 11.06 201 12.15 592 22.64

      Inadequate sample 103 6.69 52 4.11 130 7.85 285 10.90

      Incorrect test request 38 2.47 87 6.87 60 3.63 183 7.00

      Incorrect identification 74 4.81 39 3.08 60 3.63 173 6.62

      Unlabeled sample 22 1.43 17 1.34 14 0.85 53 2.03

      Incorrect sample 22 1.43 21 1.66 9 0.54 52 1.99

      Wrong sample received 10 0.66 4 0.33 2 0.12 16 0.61

      Collected sample with wrong patient 7 0.45 5 0.39 1 0.06 13 0.49

      Error in patient registration 7 0.45 3 0.23 3 0.18 13 0.49

      Subtotal 1,021 66.34 702 55.45 892 53.90 2,615 100

Analytical phase

      IQC unacceptable range 312 20.27 406 32.07 370 22.36 1,088 62.60

      EQA unacceptable range 98 6.37 114 9.01 112 6.77 324 18.64

      Test results not correlated 
      with previous results

53 3.45 3 0.23 231 13.95 287 16.52

      Equipment malfunction 21 1.36 4 0.32 14 0.85 39 2.24

      Subtotal 484 31.45 527 41.63 727 43.93 1,738 100

(1.11%) with samples from external sources. The 
error rate for inpatient specimens was 0.37%, with 
a corresponding Six Sigma value of 4.20. Outpatient 
and external samples had error rates of 0.04% and Six 
Sigma values of 4.90, respectively (Table 3).

Detailed breakdowns of pre-analytical errors by 
source are presented in Table 4. In inpatient samples, 
clotted specimens (41.49%) and hemolyzed specimens 
(14.53%) were the most common errors. In outpatient 
samples, hemolysis was the leading issue (7.84%), 
followed by clotted specimens (5.51%). For external 
samples, incorrect patient identification (0.38%) and 
hemolysis (0.27%) were the primary issues.
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Type of error
2021 2022 2023 Total

N % N % N % N %

Post-analytical phase

      Excessive turnaround time 17 1.11 19 1.50 18 1.09 54 50.47

      Incorrect test result 10 0.65 14 1.11 8 0.48 32 29.91

      Incomplete test report 6 0.39 4 0.31 9 0.54 19 17.76

      Failure to notify critical value 1 0.06 0 0 1 0.06 2 1.86

      Subtotal 34 2.21 37 2.92 36 2.17 107 100

Total 1,539 1,266 1,655
 Note:  IQC: internal quality control, EQA: external quality assessment.

Table 3. The source of error in pre-analytical phase.  

Source
Error (N) Sample (N) Total

Sigma
2021 2022 2023 2021 2022 2023 Error Sample %

Inpatients 755 568 688 174,581 184,060 191,360 2,011 550,001 0.37 4.20

Outpatients 262 124 189 477,070 548,501 604,697 575 1,630,268 0.04 4.90

Outside-hospital 4 10 15 23,368 31,366 26,726 29 81,460 0.04 4.90

Total 1,021 702 892 675,019 763,927 822,783 2,615 2,261,729 0.12 4.60

Discussion
	 This study found that pre-analytical errors 
accounted for 53.90% to 66.34% of total annual errors 
over the three-year period-consistent with previous 
research that reported rates ranging from 42.80% to 
71.80%.1,14-16 One study even reported pre-analytical 
errors as high as 80.95%.17 In our study, the overall 
pre-analytical error rate was 0.12%, slightly lower 

than previously reported rates of 0.16-0.17%.18,19 
The majority of pre-analytical errors originated from 
inpatient specimens (76.90%), with clotted samples 
being the most common (41.49%). These findings 
align with Arechep et al., who reported that 82.00% 
of pre-analytical errors were from inpatients and 
predominantly due to clotted blood.19 Clotting can 
result from improper blood-to-anticoagulant ratios or 

Table 4. Percentage of pre-analytical error inpatient, outpatient and outside-hospital samples. 

Type of error
Inpatients Outpatients Outside hospital

N % N       % N %

Clotted samples 1,085 41.49 144 5.51 4 0.15

Hemolyzed samples 380 14.53 205 7.84 7 0.27

Inadequate samples 206 7.88 79 3.02 0 0.00

Incorrect identification 116 4.44 47 1.80 10 0.38

Incorrect test request 155 5.93 28 1.07 2 0.08

Incorrect samples 24 0.92 26 0.99 2 0.08

Collected sample from 
wrong patient

8 0.31 5 0.19 0 0.00

Wrong sample received 7 0.27 9 0.34 0 0.00

Error in patient registration 1 0.03 12 0.47 0 0.00

Unlabeled sample 29 1.10 20 0.76 4 0.15

Total 2,011 76.90 575 21.99 29 1.11

Table 2. Type of error in pre-analytical, analytical and post-analytical phase. (Continue)
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insufficient mixing post-collection. Hemolysis, another 
frequent error, often results from poor collection 
technique, such as not removing the needle before 
transferring blood into the tube or using excessive 
suction. The Six Sigma score for overall pre-analytical 
errors was 4.60, which is like values reported in other 
studies (Six Sigma score 4.50).18,19

Analytical errors constituted 31.45% to 43.93% 
of total annual errors. Contrary to several reports 
where post-analytical errors were more common than 
analytical errors,1-4, 16-18 our findings align with others 
who also observed a higher proportion of analytical 
errors.14,15 The overall analytical error rate in this 
study was 0.077%, lower than the 2.39% reported 
by Choosongsang et al., who analyzed data over five 
years.18 The leading analytical error in our study was 
IQC failure. These errors often require repeat testing 
and can delay result reporting. The Six Sigma value 
for analytical errors was 4.70, lower than the 5.40 
reported in some prior studies.18 Result from the root 
cause analysis showed that the root cause of internal 
quality control (IQC) and external quality assessment 
(EQA) being out of the acceptable range were due to 
laboratory staff not following work instructions and 
standard procedures, insufficient knowledge and skills 
of control material preparation for IQC and unknown 
material preparation for EQA. For improvement, training 
programs to enhance laboratory staff’s competency on 
quality control and sigma metrics are required, along 
with the selection of suitable quality control rules for 
testing programs and interpretation of quality control 
results. Then, implementation with sigma metrics to 
evaluated performance on test items and choosing 
suitable quality control rules for testing programs must 
follow. Testing with sigma metric <4 was assessed using 
quality goal index (QGI) combined with risk assessment 
by risk matrix. Testing with moderate or high-risk impact 
levels must be examined by root cause analysis for 
conducting quality control plans. QGI analysis reveals 
issues with precision, accuracy or both. This must be 
followed by the implementation of specific quality 
control improvement and reassessment. 

Post-analytical errors accounted for only 2.17% 
to 2.92% of total annual errors, significantly lower than 
rates of 11.68% to 24.30% reported elsewhere.14-17 The 
overall post-analytical error rate was 0.004%, again 
lower than the 0.06% found by Choosongsang et al.18 
The higher Six Sigma score of 5.50 in this study may be 
attributed to the hospital’s computerized system that 
ensures automated transfer of results from analyzers 
to the Laboratory Information System (LIS) and 
subsequently to the Hospital Information System (HIS), 
thereby minimizing transcription errors, and LIS show 
warning message when current analytical results not 
correlated previous analytical results in same patients 
to prevent mistake results reporting.

Limitations
	 As a retrospective study, data collection was 
limited by the completeness and consistency of 
existing records. Manual documentation practices 
may have led to underreporting or misclassification 
of errors. Future research should utilize a centralized 
electronic Healthcare Risk Management System on 
Cloud (HRMS on Cloud) for real-time error tracking. 
Additionally, data should be stratified by inpatient ward 
types (e.g., general vs. special wards) to better account 
for the differences in collection technique and staff 
training.

Conclusion
The overall laboratory error rate in this study was 

0.197%, with the highest incidence in the pre-analytical 
phase (0.116%). This relatively low rate compared 
with previous reports may reflect the effectiveness of  
personnel responsible for specimen screening prior to 
analysis. Analytical and post-analytical error rates were 
0.077% and 0.004%, respectively. Six Sigma scores 
for all three phases were within acceptable quality 
standards: 4.60 (pre-analytical), 4.70 (analytical) and 
5.50 (post-analytical). 

Most pre-analytical errors stemmed from improper 
specimen collection-both in quality and volume-particularly 
among inpatient samples, which were typically collected 
by nursing staff. These errors often necessitated  
recollection, causing patient dissatisfaction, delays and 
increased workload and cost. Preventative strategies 
should include structured training for nursing and 
phlebotomy staff, focusing on proper tube selection, 
collection techniques and adherence to the correct  
order of draw.

Analytical errors were primarily due to unacceptable 
IQC and EQA results. Although these were resolved before 
patient testing, they contributed to time loss and resource 
consumption. For quality control improvement, training 
program for laboratory staff on quality control, sigma 
metrics, risk assessment and quality goal index (QGI), 
including selection and application of Westgard’s 
rules, is critical. The integration of sigma metrics with 
QGI, risk management and systematic quality control 
can enhance laboratory performance and reliability of 
analytical results. Quality control improvement provides 
cost reduction and resource optimization due to 
decreased unnecessary repeated tests, control material 
and reagent wastage, reducing turnaround time for 
analysis results and reducing the clinical testing workload.

Post-analytical errors were rare, with turnaround 
delays being most frequent issue. These errors were 

caused by manual handling and transcription 
risks. Implementation of LIS-HIS system integration, an 
automated warning system that cross-checks previous 
patient results, and dashboards for turnaround  
monitoring, resulted in an enhancement in the accuracy 
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and timeliness and overall reliability of reporting. Overall, 
these findings underscore that continuous monitoring, 
targeted staff training, and system-level interventions 
are essential to minimize laboratory errors, improve 
efficiency, and ensure high-quality patient care.
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ABSTRACT

Background: Tinnitus is a perception of a noise in the ears. Individuals with 
tinnitus symptoms may experience disrupt daily life activities and mental 
health issues such as stress and depression.

Objectives: This study aimed to examine the relationship between the 
tinnitus symptoms and mental health conditions – stress and depression – in 
individuals with subjective tinnitus.

Materials and methods: This was an analytical cross-sectional study,  
involved 139 participants with subjective tinnitus aged between 18 and 70 
years. All participants underwent clinical hearing tests. The tinnitus severity 
level was assessed by the Tinnitus Handicap Inventory in Thai version (THI), 
while the Stress Test 5 (ST-5) and the nine-question depression screening test 
(9Q) were used to assess stress and depression, respectively.

Results: After adjusting for tinnitus-related variables, the overall THI scores 
showed significantly positively associated with both the ST-5 and 9Q scores. 
Additionally, gender was also significantly positively associated with the 9Q 
scores. In contrast, other tinnitus-related factors including age, affected ear, 
tinnitus pattern and duration and average hearing thresholds in the affected ear, 
showed no statistically significant correlations with the ST-5 and 9Q scores.

Conclusion: This study highlights a significant association between the THI 
scores and both ST-5 and 9Q, indicating that tinnitus severity is closely linked 
to the development of stress and depression. Therefore, it is essential to monitor 
and manage psychological distress in patients with tinnitus.
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Introduction
	 Tinnitus is recognized as a condition in which 
individuals perceive sound that is not generated by an 
external source.1 The global incidence of tinnitus ranges 
from 5.10 to 42.70%, with its occurrence increasing in 
association with noise exposure and advancing age.2 
The pathophysiological mechanisms of tinnitus may 
result from dysfunction in the peripheral or central 
auditory systems or from somatosensory dysfunction.3,4 
Tinnitus can occur in individuals regardless of their 
hearing condition, with prevalence rates ranging from 
85 to 96%.4 Furthermore, tinnitus can significantly 
impact the daily lives of patients, with approximately 
20% experiencing severe effects that lead to mental 
health issues.2 Studies show that 31.29 to 65.00% of 
individuals with tinnitus experience stress,5,6 while 
48.80 to 74.00% suffer from depression.7–9
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	 The clinical diagnostic approach includes taking 
a case history, conducting audiology assessments, 
evaluating the severity of tinnitus, and applying 
management strategies that vary according to the 
severity of symptoms in each patient. According to 
the internal statistical data of Nopparat Rajathanee 
Hospital, approximately 80% of patients visiting the 
outpatient clinic for hearing tests report tinnitus. 
Furthermore, 25-30% of these patients return with 
recurring tinnitus symptoms.10 Some patients might 
experience or develop anxiety related to the tinnitus 
condition, which negatively affects their daily lives. 
Recognizing the importance of mental health for 
tinnitus patients, alongside audiological assessments, 
individuals should be screened and monitored for their 
mental health status. This study utilized: the Tinnitus 
Handicap Inventory (THI) – a 25 item self-administered 
questionnaire to assess the severity of tinnitus in Thai 
version,11 Stress Test 5 (ST-5) – a five question to assess 
current stress level12 and the nine-question depression 
screening test (9Q) – a widely used self-administered 
questionnaire to assess depression.13 Therefore, this 
study aimed to examine the relationship between 
tinnitus symptoms and mental health status – stress 
and depression – in patients with subjective tinnitus.

Materials and methods
Participants
	 This cross-sectional analytical study included 139 
patients aged 18-70 years with subjective tinnitus who 
received care at the Department of Otorhinolaryngology, 
Nopparat Rajathanee Hospital. Inclusion criteria 
were subjective tinnitus in at least one ear, age 18-70 
years, and adequate communication skills, including 
the ability to read and write in Thai. Exclusion criteria 
were: conductive or mixed hearing loss, retrocochlear 
pathology, diagnosed psychiatric disorders, or inability 
to cooperate with hearing tests or complete all 
three questionnaires. Written informed consent was 
obtained from all participants prior to enrollment.

Ethics committee
	 This study received approval from the Research 
and Ethics Committee of Nopparat Rajathanee Hospital 
on July 3, 2024 (Certificate number: 41/2567).

Examination and evaluation
	 Audiological assessments included otoscopy 
to examine the ear canal and tympanic membrane, 
followed by pure tone audiometry to measure air 

conduction (250-8,000 Hz) and bone conduction (500-
4,000 Hz) thresholds. Participants completed the Thai 
versions of the THI, ST-5, and 9Q questionnaires, which 
were self-administered with clarification available if 
needed.
	 The THI evaluates the severity of tinnitus impact 
on daily life, with total scores ranging from 0 to 100, 
classified into five categories: slight (0-16), mild (18-
36), moderate (38-56), severe (58-76), and catastrophic 
(78-100).11 The ST-5 assesses the level of stress, where 
higher total scores indicate greater stress severity, 
categorized as low (0-4), moderate (5-9), high (10-
14), and severe stress (15-21).12 The 9Q screens for 
depressive symptoms, with total scores interpreted 
as minimal (0-6), mild (7-12), moderate (13-18), and 
severe depression (19 or above).13 The entire process 
was completed within the same day, with no follow-up 
required. 

Statistical analysis
	 Descriptive statistics, including frequency counts, 
percentages, means, and standard deviations, were 
used to summarize characteristics data, hearing 
thresholds, THI scores, ST-5 scores, and 9Q scores. 
To examine the relationships between tinnitus 
symptoms, stress, and depression three main models 
were performed separately using simple and multiple 
linear regression applied to investigate the crude odd 
ratios for a single independent variable, while multiple 
linear regression was used to adjust for potential 
confounders, including sex, age, tinnitus ear, pattern of 
tinnitus, duration of tinnitus, average hearing threshold 
and THI scores.

Results
	 Among 139 tinnitus patients (62 males, 77 
females, mean age 50.37 years, and SD±13.14 years) 
found that the left ear exhibited tinnitus more frequently 
than the right ear. Most participants experienced 
tinnitus for a duration of 0-3 months, accounting for 
64.03% (89 cases). The average hearing thresholds are 
30.99 and 33.78 dB HL for the frequency ranges of 500-
2,000 Hz and 500-4,000 Hz, respectively, indicating 
mild hearing loss. The overall mean THI-score was 
44.12 (SD=26.38), classified as moderate tinnitus 
severity level. Meanwhile, the mean ST-5 score was 
4.57 (SD=3.71), indicating a moderate stress level, and 
the mean 9Q score was 5.39 (SD=4.90), suggesting no 
to very mild depression (Table 1).
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Table 1. Characteristics of tinnitus patients (N=139).

Characteristics (N=139) N (%)

Sex

     Male 62 (44.60%)

     Female 77 (55.40%)

Age (years), mean±SD 50.37±13.14

Tinnitus ear

     Right ear 68 (48.92%)

     Left ear 71 (51.08%)

Pattern of tinnitus

     Intermittent tinnitus 61 (43.88%)

     Continuous tinnitus 78 (56.12%)

Duration of tinnitus (days), mean±SD 273.31±493.54

     0-3 months 89 (64.03%)

     >3-6 months 5 (3.60%)

     >6-12 months 20 (14.39%)

     >12 months 25 (17.99%)

Average hearing threshold (dB HL), 
mean±SD

     Frequency 500-2,000 Hz 30.99±22.28

     Frequency 500-4,000 Hz 33.78±22.20

THI score, mean±SD

     Function subscale 19.01±12.79

     Emotion subscale 13.64±10.88

     Catastrophic subscale 11.47±5.01

     Overall THI score 44.12±26.38

ST-5 score, mean±SD 4.57±3.71

9Q score, mean±SD 5.39±4.90

	 Simple linear regression revealed that individuals 
with continuous tinnitus reported significantly higher 
stress scores than those with intermittent tinnitus 
(ß=1.334, 95% CI: 0.096-2.572). THI scores were also 
positively associated with stress, with each 1-point 
increase corresponding to a 0.095-point rise in stress 
scores (ß=0.095, 95% CI: 0.078-0.113). After adjusting 
for tinnitus-related variables, the association between 
continuous tinnitus and stress was attenuated and 
no longer significant (ß=0.308, 95% CI: -0.685-1.301), 
while the THI–stress relationship remained significant 
and stable (ß=0.094, 95% CI: 0.075-0.113). Other 
factors—including age, sex, affected ear, tinnitus 
pattern and duration, and average hearing thresholds—
were not significantly associated with stress scores (Table 2).

	 The unadjusted analysis showed a significant 
positive association between tinnitus severity and 
depression, with each 1-point increase in THI score 
linked to a 0.128-point rise in depression score 
(ß=0.128, 95% CI: 0.106-0.151). This association 
remained unchanged after adjusting for tinnitus-
related variables (ß=0.128, 95% CI: 0.104-0.152). 
Female gender was also significantly associated with 
higher depression scores in both models—2.070 points 
higher than males in the unadjusted model (ß=2.070, 
95% CI: 0.448-3.692), decreasing to 1.312 points after 
adjustment (ß=1.312, 95% CI: 0.063-2.574). Other 
factors, including age, affected ear, tinnitus pattern and 
duration, and average hearing thresholds, showed no 
significant association with depression scores (Table 3).
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Table 2. Association between tinnitus characteristics and stress scores (ST-5).

Variable
Unadjusted results Adjusted results

ß 95% CI ß 95% CI

Age -0.024 -0.071-0.024 -0.025 -0.062-0.012

Sex

   Male Reference Reference

   Female 0.910 -0.337-2.156 0.245 -0.745-1.236

Tinnitus ear

   Right ear Reference Reference

   Left ear 0.278 -0.970-1.526 -0.092 -1.062-0.877

Pattern of tinnitus

   Intermittent tinnitus Reference Reference

   Continuous tinnitus 1.334* 0.096-2.572 0.308 -0.685-1.301

Duration of tinnitus -0.001 -0.002-0.001 0.000 -0.001-0.001

Average hearing threshold at 
frequency 500-2,000 Hz 0.012 -0.016-0.040 0.017 -0.100-0.135

Average hearing threshold at 
frequency 500-4,000 Hz 0.007 -0.021-0.035 -0.022 -0.141-0.096

THI scores 0.095* 0.078-0.113 0.094* 0.075-0.113
Note: *p<0.05.

Table 3. Association between tinnitus characteristics and depression scores (9Q).

Variable
Unadjusted results Adjusted results

ß 95% CI ß 95% CI

Age -0.039 -0.101-0.024 -0.046 -0.093-0.001

Sex

   Male Reference Reference

   Female 2.070* 0.448-3.692 1.312* 0.063-2.574

Tinnitus ear

   Right ear Reference Reference

   Left ear 1.048 -0.592-2.689 0.437 -0.792-1.666

Pattern of tinnitus

   Intermittent tinnitus Reference Reference

   Continuous tinnitus 1.423 -0.222-3.067 -0.106 -1.365-1.153

Duration of tinnitus -0.001 -0.002-0.001 0.001 -0.001-0.002

Average hearing threshold at 
frequency 500-2,000 Hz 0.022 -0.015-0.059 -0.056 -0.205-0.093

Average hearing threshold at 
frequency 500-4,000 Hz 0.018 -0.019-0.055 0.061 -0.089-0.211

THI scores 0.128* 0.106-0.151 0.128* 0.104-0.152
Note: *p<0.05.
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Discussion
Relationship between tinnitus characteristics and 
stress
	 Simple linear regression analysis revealed that 
individuals with continuous tinnitus reported stress 
scores that were 1.334 points higher than those with 
intermittent tinnitus. However, this study did not observe 
a relationship between the characteristics of tinnitus and 
stress scores after adjusting for potential confounders. 
This is consistent with previous study investigating the 
relationship between the characteristics of tinnitus and 
problems, which indicated that stress was presented in 
both intermittent and continuous tinnitus meaning that 
tinnitus status was not significantly associated with 
stress.14 Another study measuring cortisol to assess 
HPA axis reactivity found that individuals with tinnitus 
exhibited a blunted cortisol response, similar to other 
stress-related conditions, suggesting a link between 
tinnitus and stress.15 Unfortunately, this study did not 
classify tinnitus status. As there is limited study on the 
relationship between tinnitus, and with limited research 
on its relationship with stress, further studies are 
needed for stronger evidence. Additionally, THI scores 
showed a significant positive correlation with stress, 
indicating that greater tinnitus severity is associated 
with higher stress levels. These findings support earlier 
studies linking tinnitus severity to stress. Assessing 
both tinnitus severity and mental health is crucial to 
mitigate its impact on quality of life. This association 
persists across different stress measurement tools.16,17 
	 Other variables, including sex, age, tinnitus ear, 
duration of tinnitus, and average hearing thresholds 
in the affected ear, showed no statistically significant 
correlation with ST-5 scores. Although some previous 
studies have reported results consistent with these 
findings, others have demonstrated contradictory 
outcomes, highlighting the complexity and variability 
of factors associated with stress in tinnitus patients. 
Jae Hee Lee et al.16 reported that neither tinnitus 
loudness nor frequency was significantly associated 
with tinnitus-related distress. However, younger 
patients showed significantly higher levels of stress 
and anxiety, indicating that reduced tolerance to 
tinnitus may exacerbate psychological distress in 
this group. Furthermore, Murtaza et al.17 found no 
significant link between stress and tinnitus duration, 
type, or perception, but did observe a correlation 
with the affected ear, suggesting lateralization may 
influence stress responses. Discrepancies between 
their findings and those of the present study may 
stem from differences in psychological assessment 
tools and statistical methods employed. Moreover, 
several studies have demonstrated that  hearing 
loss contributes to increased stress, with greater 
impairment linked to higher stress levels in individuals 
with tinnitus.18-21

Relationship between tinnitus characteristics and 
depression
	 In the present study, THI scores were found to 
be significantly associated with depression scores 
(9Q), indicating that greater tinnitus severity is 
correlated with higher prevalence and intensity of 
depressive symptoms. Several previous studies 
have demonstrated a consistent positive association 
between tinnitus severity, measured by THI scores, 
and depressive symptoms, despite using different 
depression assessment tools.22-27 These consistent 
findings across various tools reinforce the robust link 
between tinnitus severity and depression.
	 Previous studies have linked tinnitus to mental 
health disorders, particularly through the limbic system, 
which regulates emotion and behavior. Functional 
imaging shows limbic activation in both tinnitus and 
anxiety, suggesting neurobiological overlap with 
auditory processing.28 Additionally, elevated cortisol 
levels—common in anxiety and depression—are often 
found in tinnitus patients, possibly due to inner ear 
glucocorticoid receptors. This supports a feedback 
loop where cortisol exacerbates tinnitus symptoms.29

	 Besides gender was another demographic factor 
that significantly associated with depression. Females 
were more likely to experience depression compared to 
males, which may reflect gender-specific differences 
in neural processing. Recent investigations have 
highlighted the roles of estrogen and progesterone in 
cochlear function. Estrogen and progesterone modulate 
cochlear function and neural signaling, influencing 
excitatory–inhibitory balance in the auditory pathway. 
These hormonal effects may contribute to tinnitus 
onset and severity.30 However, it is worth nothing that 
the relationship between gender and depression is 
controversial. Some studies found that tinnitus severity 
is closely associated with depressive symptoms, 
with a stronger link observed in males. These findings 
underscore the need to explore how gender influences 
the link between tinnitus severity and depression.31,32

	 Other variables—including age, tinnitus ear, 
duration of tinnitus, and average hearing thresholds 
in the affected ear—were not significantly associated 
with 9Q scores. This finding is consistent with previous 
researches 7,26 reported no statistically significant 
association between depressive symptoms and 
tinnitus-related characteristics. One previous study 
found that while the affected ear of tinnitus was 
significantly associated with depression, there was 
no significant correlation between depression and the 
duration and type of tinnitus.17 However, several other 
studies have demonstrated significant associations 
between tinnitus characteristics and depression. For 
example, Zhang et al. reported that higher pure-tone 
average thresholds were significantly correlated with 
the depression scale, linking hearing loss to increased 
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depression severity.8 In addition, Prolonged tinnitus 
has been consistently associated with an elevated risk 
of depression, indicating that its chronic nature may 
substantially contribute to psychological distress.33,34

Limitations
	 This study lacks analysis of other factors that 
may affect stress and depression, such as medical 
conditions, medication use, and socioeconomic status. 
Future studies should include these variables and use 
longitudinal designs to clarify the temporal and causal 
relationships between tinnitus and psychological 
distress.

Conclusion
	 This study investigated tinnitus-related factors 
influencing stress and depression. After adjusting for 
relevant covariates, the overall THI score was positively 
correlated with both ST-5 and 9Q scores, indicating that 
greater tinnitus severity is associated with higher stress 
and depression levels. These findings highlight the 
importance of assessing symptom severity and mental 
health in individuals with tinnitus to mitigate potential 
impacts on quality of life.
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Background: Glucose-6-phosphate dehydrogenase (G6PD) deficiency is an 
X-linked recessive disorder that affects over 400 million people worldwide. The 
deficit causes individuals susceptible to hemolysis during oxidative stress. In 
newborns, G6PD deficiency can lead to hyperbilirubinemia, bilirubin-induced 
neurologic dysfunction, and kernicterus, making early detection and screening 
crucial.

Objectives: This study aimed to compare the diagnostic performance of three 
rapid screening tests for G6PD deficiency in newborns: the fluorescent spot 
test (FST), G6PD rapid test kit, and SD Biosensor, using spectrophotometry as 
the gold standard.

Materials and methods: Blood samples from 70 newborns were tested using 
these three methods. The diagnostic performances, including sensitivity, 
specificity, positive predictive value (PPV), negative predictive value (NPV), 
and efficiency of each method were analyzed.

Results: Both the FST and G6PD rapid test kit exhibited higher specificity, PPV, 
and efficiency compared to the SD Biosensor. Nonetheless, the SD Biosensor 
exhibited superior sensitivity and NPV, but it was unable to identify G6PD 
activity in 16.4% of instances due to elevated hemoglobin concentrations.

Conclusion: The FST and G6PD rapid test kit are reliable and suitable for 
G6PD deficiency screening in newborns, especially in settings with limited 
resources, due to their high efficiency, specificity, and rapid results. The SD 
Biosensor remains a valuable tool in clinical contexts requiring high sensitivity. 
For newborns with high hemoglobin levels, the FST or G6PD rapid test is 
recommended for accurate screening. Further studies with larger sample sizes 
are necessary to confirm the reliability of these tests in diverse populations.

1Department of Medical Technology, Faculty of Associated Medical Sciences, Chiang Mai University, Chiang Mai Province, Thailand.
2The Office of Disease Prevention and Control Region 1 Chiang Mai, Chiang Mai Province, Thailand.
3Department of Medical Technology, Nakornping Hospital, Chiang Mai Province, Thailand.

Introduction	
Glucose-6-phosphate dehydrogenase (G6PD) 

deficiency is the most prevalent human enzyme 
deficit, exhibiting an X-linked recessive inheritance 
pattern, affecting over 400 million individuals globally, 
particularly among those of African, Asian, and 
Mediterranean ancestry.1 The global prevalence of 
G6PD-deficient variants mirrors the geographical 
distribution of malaria, supporting the hypothesis that 
G6PD deficiency provides some level of protection 
against malaria.2,3 In Thailand, several studies indicated 
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a significant prevalence of G6PD deficiency, impacting 
roughly 16.9% of the population.4-7 The previous reports 
revealed that the prevalence of G6PD deficiency among 
neonates at Rajavithi Hospital Bangkok, Thailand from 
May 1995 to July 1998 was 5.1%7 and at King Memorial 
Chulalongkorn Hospital, Bangkok, Thailand from 
February to August 2021 was 6.5%.8

	 G6PD plays a crucial role in the first step of the 
hexose monophosphate pathway, also known as the 
pentose phosphate pathway (PPP). In this process, 
G6PD converts glucose-6-phosphate (G-6-P) into 
6-phosphogluconolactone (6-PG), while also reducing 
nicotinamide adenine dinucleotide phosphate (NADP) 
to NADPH. In red blood cells, the PPP is the only source 
of NADPH, which is vital for protecting the cells from 
oxidative damage. This protection is mainly carried out 
by glutathione in its reduced form (GSH). The NADPH 
is essential for the regeneration of GSH by the enzyme 
glutathione reductase. Therefore, the primary function 
of NADPH in red blood cells is to maintain the reduced 
state of glutathione, which helps prevent oxidative 
damage to the cells. Individuals with deficiency are 
particularly susceptible to hemolytic events during 
infections or after exposure to fava beans and certain 
medications.9 The G6PD deficiency in newborns 
presents an increased risk of hyperbilirubinemia, which 
may rapidly escalate and lead to bilirubin-induced 
neurologic dysfunction (BIND), potentially resulting in 
kernicterus, a permanent and devastating neurological 
damage. Therefore, screening for G6PD deficiency and 
close monitoring of affected infants are important.10	
	 Bilirubin is primarily produced from the breakdown 
of hemoglobin in red blood cells. While small amounts of 
bilirubin serve as antioxidants, excessive accumulation 
can be cytotoxic, necessitating timely excretion from the 
body.11 In neonates, bilirubin production is significantly 
higher than in adults due to the higher turnover and 
shorter lifespan of their erythrocytes.12 However, their 
ability to eliminate bilirubin is less efficient than that of 
adults.13 The combination of high bilirubin production 
and limited elimination capacity puts newborns at 
risk of developing neonatal hyperbilirubinemia, which 
if severe and untreated,  can lead to kernicterus.14 
Fortunately, kernicterus is almost always preventable, 
but it requires timely and accurate detection of 
hyperbilirubinemia in newborns.15 One of the most 
common causes of neonatal hyperbilirubinemia is 
G6PD deficiency.16

	 In hospital laboratories, the measurement of G6PD 
enzyme levels in blood for diagnosing G6PD deficiency 
can be performed using several methods. The gold 
standard for quantifying G6PD activity in red blood cells 
is the spectrophotometric assay, which measures G6PD 
activity by detecting the formation of NADPH, based on 
the difference in absorbance of the sample at 340 nm 
over time.17,18 However, due to various limitations, such 
as budget constraints, many hospitals are unable to 
perform enzyme activity tests for G6PD deficiency using 

standard methods. In several hospitals, the fluorescent 
spot test (FST), which is endorsed by the International 
Committee of Standardization in Hematology (ICSH)19, 
is still commonly used as a reliable screening method 
for G6PD deficiency. Additionally, many hospitals are 
increasingly adopting rapid test and biosensor devices 
for G6PD screening. In particular, the biosensor, 
which allows for quantitative measurement of G6PD 
enzyme levels, has gained prominence in screening 
practices. The SD Biosensor (STANDARD G6PD test, 
Suwon, Korea) is a new point-of-care device that 
provides a quantitative G6PD measurement, adjusted 
for hemoglobin levels, making it accessible for use 
in smaller clinics and laboratories.20,21 Nevertheless, 
there is still limited research on the effectiveness of 
biosensor and rapid test methods. Further studies are 
needed to evaluate the accuracy and efficiency of these 
methods for G6PD deficiency screening, to establish 
their reliability as standard diagnostic tools. The aim of 
this study is to evaluate the efficacy of three rapid test 
kits for screening G6PD deficiency in neonates: FST, 
G6PD rapid test kit, and SD Biosensor, utilizing data 
from the spectrophotometry method as the reference.

Materials and methods 
Blood samples
	 At Nakornping Hospital, 0.5 mL whole blood samples 
of newborns were collected in ethylenediaminetetraacetic 
acid (EDTA) anticoagulated tubes. The G6PD activity 
was measured using the G6PD kit (GPD0204, Mindray, 
Shenzhen, China) and an automated UV enzymatic 
analyzer (BS-360E, Mindray). The principle of the test 
kit is mainly based on light absorption. The NADP is 
reduced to NADPH by G6PD with the presence of its 
specific substrate, G-6-P. The enzyme activity can be 
determined by measuring the changes in absorbance 
rate at 340 nm due to the reduction of NADP. Based on 
the manufacturer’s instructions, the blood samples 
which had G6PD enzymatic activity <3.8 U/gm Hb 
were diagnosed as G6PD deficiency. This technique 
was used as a reference method. The over-left blood 
samples were aliquoted into microcentrifuge tubes 
and sent to the Associated Medical Sciences-Clinical 
Service Center (AMS-CSC), Chiang Mai University, 
Chiang Mai, Thailand. The whole blood samples were 
stored in a refrigerator at 4 oC until used. The samples size 
was calculated using the Yamane’s formula22 as follow:

n = N / (1 + Ne²)
	 n: represents the required sample size.
	 N: represents the total population size of neonates 
requiring G6PD activity assessment at Nakornping 
Hospital each month (83 samples).
	 e: represents the desired margin of error (0.05).
	 The required sample size (n) was 69 samples. As 
a result, whole blood samples from 70 babies were 
taken for this study and the flowchart illustrating the 
experimental process is shown in Figure 1.
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G6PD activity measurement using the SD Biosensor 
	 The principle of SD Biosensor (STANDARD G6PD 
test, Suwon, Korea) is based on a colorimetric detection 
system for the automatic calculation of G6PD activity 
on the code chip for each test device. G6PD catalyzes 
the first step in the PPP, oxidizing G-6-P to 6-PG and 
reducing NADP to NADPH. When NADPH is generated 
by G6PD, the 5-bromo-4-3-indolyl-phosphate (BCIP) 
and nitro blue tetrazolium (NBT) are reduced by the 
diaphorase reaction to yield a violet color. The rate of 
the color production is directly proportional to the 
concentration of G6PD present in the specimen. The 
color intensity can be measured through reflectance 
photometry of the reduced BCIP and NBT. For the 
test, begin by removing the chip and inserting it into 
the device. Pipette 10 µL of whole blood using a 
STANDARD Ezi tube+ into the buffer tube that contains 
the extraction buffer. Mix with the STANDARD Ezi tube+ 
8-10 times. Then, apply 10 µL of the mixed specimen 
using the STANDARD Ezi tube+ to the application hole 
of the test device. The result will appear on the screen 
after 2 minutes. The measuring ranges of the tests were 
as follows: total Hb 4-25 gm/dL and G6PD 0-20 U/g Hb. 
Interpretation of the test results was done according 
to the manufacturers’ reference ranges: G6PD activity 
≤4.0 U/g Hb was interpreted as G6PD deficiency for 
both males and females, G6PD activity ≥4.1 U/gm Hb 
was interpreted as normal for males while G6PD activity 
between 4.1 and 6.0, and  ≥6.1 U/gm Hb was interpreted 
as G6PD intermediate and normal, respectively for 
females.

Detection of G6PD deficiency using the fluorescent 
spot test (FST)
	 The principle of FST is based on the G6PD 
enzyme’s ability to oxidize G-6-P into 6-PG and reduce 
NADP to NADPH. The amount of NADPH generated 
is directly proportional to G6PD activity, observable 

through its fluorescence when excited by UV light at 
340 nm.23 For the test, 5 µL of whole blood was pipetted 
into test tube that contained 100 µL of G6PD screening 
reagent (Sigma-Aldrich, MO, USA) and positive control 
tube that contained 100 µL of NADP free reagent. 
The reagents were incubated at room temperature, and 
10 µL of the mixture was spotted onto Whatman filter 
paper after incubation for 5 and 15  minutes. The spots 
were air-dried and then examined under ultraviolet light 
with a wavelength range of 340 nm. The blood samples 
with control reagent showed no fluorescence. Positive 
results, indicating G6PD deficiency, occur when the 
spot shows no fluorescence at both 5 and 15 minutes. 
Negative results, indicating normal G6PD activity, are 
determined when the spot fluoresces under UV light 
at both 5 and 15 minutes. In addition, the intermediate 
G6PD activity can be interpreted when the spot shows no 
fluorescence at 5 minutes but fluorescence at 15 minutes

Detection of G6PD deficiency using G6PD rapid test kit 
	 The principle of G6PD rapid test kit (Hysen Biotech, 
Seoul, South Korea) is based on the G-6-P substrate 
colorimetric method. In the presence of NADP, G-6-P 
is oxidized by G6PD enzyme in the sample, resulting in 
the production of 6-PG and NADPH. The light yellow 
NBT is reduced to insoluble blue-purple crystalline 
formazan in the reaction between NADPH and phenazine 
methosulfate (PMS). The experiment was conducted 
in accordance with the manufacturer’s instructions. 
Specifically, 300 µL of buffer was introduced into the tube 
containing the reagent pad, which was subsequently 
shaken to dissolve the colored substance from the pad 
into the buffer. Following this, 10 µL of whole blood 
samples were added to the tube. The sample-reagent 
mixture was incubated for 10 minutes. The card was 
then taken out and the reacted buffer was deposited 
into the designated hole of the card. After approximately 
1 minute, the liquid was fully absorbed, allowing for 

Figure 1. The flowchart illustrating the experimental process.
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result interpretation. Positive results, indicative of G6PD 
deficiency, manifest as pink, white, or yellow coloration 
in the center of the card. Conversely, negative results, 
signifying normal G6PD activity, present as blue, blue-
purple, or black coloration in the center of the detection 
card.

Statistical analysis
	 Statistical analyses were performed using 
Microsoft Excel version 2021. The sensitivity, specificity, 
positive predictive value (PPV), negative predictive value 
(NPV), and efficiency of each approach were estimated 
based on the definitions of positive and negative 
results, which correspond to G6PD deficient and non-
deficient outcomes, respectively. The formulas were as 
follows:
	 Sensitivity = true positive/(true positive + false 
negative) × 100%
	 Specificity = true negative/(true negative + false 
positive) × 100%
	 Positive predictive value (PPV) = true positive/(true 
positives + false positive) × 100%
	 Negative predictive value (NPV) = true negative/(true 
negative + false negative) × 100%

	 Efficiency = (true positive + true negative)/(true positive 
+ true negative + false positive + false negative) × 100%

Results
	 Venous blood samples in EDTA anticoagulated 
tubes were collected from 70 newborns for this study. 
Their characteristics and hematological data, including 
total Hb and reticulocyte counts and G6PD enzymatic 
activity assessed by gold standard method are shown in 
Table 1.  Based on the ultraviolet (UV) spectrophotometric 
method, a gold standard method, the G6PD deficiency 
was found in 22 (31.4%) newborns, while 48 (68.6%) 
newborns had normal G6PD enzyme activity. 
	 The screening results for G6PD deficiency using 
the FST and G6PD rapid test kit of 70 newborns showed 
identical outcomes, detecting G6PD deficiency in 
22 newborns, while 48 newborns had normal G6PD 
enzyme activity. Among those, there was one false 
positive and one false negative case. Thus, the 
sensitivity, specificity, PPV, NPV, and efficiency were 
calculated, with the results shown in Table 2.
	 Among the 70 samples, the SD Biosensor was 
conducted on 67 neonates due to insufficient blood 
samples from three individuals for testing. Moreover, 

Table 1. Characteristics and hematological data of samples. 

Characteristics and hematological data (N=70) Reference ranges

Age (days) 3.5±2.9 (1-17) 1-28

Gender: Male/Female 45 / 25

Total Hb (g/dL) 17.3±2.3 (11.5-21.9) 17.0-20.0

Reticulocyte counts (%) 5.0±1.9 (1.7-8.9) 2.0-6.0

G6PD activity measured by gold standard method (U/gm Hb) 18.6±12.9 (1.3-45.5)  ≥3.8
Note: The values are presented as mean±SD (ranges).

Table 2. Performances of three methods.
Reference Method

Total Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%) Efficiency

Deficiency Normal
FST (N=70)
Deficiency 21 1 22

95.4 97.9 95.4 97.9 97.1Normal 1 47 48
Total 22 48 70
G6PD rapid test kit (N=70)
Deficiency 21 1 22

95.4 97.9 95.4 97.9 97.1Normal 1 47 48
Total 22 48 70
SD Biosensor (N=56)
Deficiency 20 4 24

100.0 88.9 83.3 100.0 92.8Normal 0 32 32
Total 20 36 56
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results were indeterminate for 11 of 67 (16.4%) 
individuals because their total Hb levels exceeded the 
upper detectable limits (>25 gm/dL) of the SD Biosensor. 
Based on the gold standard method, 36 of 56 remaining 
samples had normal G6PD enzyme activity and 20 were 
G6PD deficiency. 
	 The G6PD deficiency analysis conducted by SD 
Biosensor revealed that 32 samples had normal G6PD 
enzyme activity, while 20 samples demonstrated G6PD 
deficiency. Furthermore, one female identified by SD 
Biosensor demonstrated intermediate enzyme activity 
(4.7 u/gm Hb). However, the reference method lacks 
a defined threshold for intermediate activity, and the 
G6PD enzyme activity of this sample, analyzed by the 
gold standard method at 30.3 U/g Hb, was within normal 
values. Consequently, this case was categorized 
into the G6PD false positive group for performance 
evaluations. Additionally, three other false positive 
cases were identified by SD Biosensor. Thus, the 
sensitivity, specificity, PPV, NPV, and efficiency were 
calculated, with the results presented in Table 2.
	 The performances of each test were analyzed by 
using the diagnostic results obtained from the gold 
standard method as references. The results showed 
that the FST and G6PD rapid test kit had a higher 
specificity, PPV, and efficiency than the SD Biosensor. 
However, the former methods had a lower sensitivity 
and NPV than the later method (Table 2).

Discussion
	 In this study, we evaluated the performance of FST 
(Sigma-Aldrich), G6PD rapid test kit (Hysen Biotech), 
and SD Biosensor (STANDARD™ G6PD Test) for 
screening G6PD deficiency in newborns by comparing 
their diagnostic results with those of enzymatic assay, 
which is considered the gold standard method. The 
results indicated that both FST and the G6PD rapid 
test kit exhibited higher specificity, PPV and efficiency 
compared to the SD Biosensor (Table 2). In contrast, 
the SD Biosensor demonstrated the highest sensitivity 
and NPV (Table 2), consistent with previous studies 
on biosensor-based methods. Pal et al found that 
the SD Biosensor performed similarly to a reference 
assay, with a sensitivity of 95.5-100% and specificity of 
97%, making it a reliable option for diagnosing G6PD 
deficiency in both males and females across diverse 
clinical settings, including resource-limited areas.20 
Similarly, the study by Adu-Gyasi et al. reported that 
the CareStart G6PD deficiency RDT, a biosensor-based 
method, demonstrated a sensitivity of 100% and a 
specificity of 72.1%.24 In the present study, the overall 
detection rate of the SD Biosensor was 83.6% for all 
neonates, with 11 tests (16.4%) failing to detect G6PD 
activity due to high Hb levels. This failure is particularly 
relevant in newborns, who tend to have higher Hb levels 
that exceed the detectable range of the SD Biosensor 
(Hb 4-25 gm/dL). An elevated Hb level (>25 gm/dL) not 
only affects the absorbance of the colorimetric reaction 

but can also retard the rate of G6PD enzymatic activity, 
potentially leading to false positive results as found in 
four cases (1 intermediate and 3 deficiencies) (Table 
2). The G6PD activity in these four cases, as evaluated 
by the reference method, exceeded the cutoff value 
(3.8 U/g Hb) for G6PD deficiency, ranging from 19.1 to 
30.3 U/g Hb. Consequently, to prevent uncorrected 
outcomes, the device displayed unanalyzed results 
in samples with elevated Hb levels, as observed in 
11 samples. This makes it less optimal for use as a 
screening tool in newborns, as accurate screening in 
this population is crucial. Despite these limitations, 
the SD Biosensor remains a viable option for detecting 
G6PD deficiency in other contexts where high sensitivity 
is essential. However, additional confirmation may be 
required to avoid false positives.
	 Both the FST and G6PD rapid test kit are highly 
suitable for clinical use due to their excellent 
specificity, PPV, and efficiency; ease of use; and quick 
turnaround times, approximately 20 minutes and 15 
minutes, respectively, for each sample. These methods 
are particularly advantageous in settings where rapid 
screening and diagnosis are required, such as newborn 
care or regions with limited healthcare access. 
	 Several studies have evaluated the performance 
of the FST in screening for G6PD deficiency. Jiang et 
al confirmed that the FST is a reliable and convenient 
screening method, demonstrating high sensitivity (92-
100%) and specificity (98%).25 Similarly, Keihanian 
et al. reported that the FST performed well in clinical 
settings, with a sensitivity of 91.4%, specificity of 
99.9%, NPV of 99.4%, and PPV of 97.7%.26 Overall, 
these studies indicate that the FST provides acceptable 
sensitivity and specificity for detecting G6PD activity 
in newborns. However, there are certain challenges 
with this approach. For example, the process requires 
scientific expertise and UV light.
	 A study by Tinley et al. evaluated the BinaxNOW® 
G6PD test, a rapid qualitative enzyme chromatographic 
test (ECT) that detects G6PD activity by reducing nitro 
blue tetrazolium dye to a blue formazan product, like 
the G6PD rapid test kit. The test demonstrated high 
sensitivity (98%) and specificity (97-98%).27

	 In clinical settings, the enzymatic assay remains 
the gold standard for confirming G6PD deficiency.26 
However, for hospitals with limited equipment or 
resources, both FST and the G6PD rapid test kit are 
reliable alternatives. They provide high sensitivity 
and specificity, and their quick results make them 
an excellent choice for rapid screening in newborn 
care settings. On the other hand, the G6PD rapid 
test kit offers a faster turnaround time compared to 
FST, making it an attractive option for hospitals with 
budgetary constraints. Furthermore, even though FST is 
a qualitative method, it can potentially identify samples 
with G6PD intermediate activity. Consequently, in clinical 
practice, the G6PD test should be initially conducted 
using the FST or G6PD rapid test kit, followed by 
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quantification of G6PD enzymatic activity in deficient 
samples using the SD Biosensor or an automated UV 
enzymatic analyzer at the central laboratory.  

Limitations
	 The limitation of this study is a small sample size 
(70 newborns), which may limit the generalizability 
of the results to larger or more diverse populations. 
Therefore, to verify the validity of these tests across 
a range of demographics, more research with larger 
sample sizes and/or a multi-center study is required. 

Conclusion
	 The FST and G6PD rapid test kit are reliable and 
suitable for G6PD deficiency screening in newborns, 
especially in settings with limited resources, due to 
their high efficiency, specificity, and rapid results. 
The SD Biosensor remains a valuable tool in clinical 
contexts requiring high sensitivity. For newborns with 
high hemoglobin levels, FST and G6PD rapid test kit are 
recommended for accurate screening. Further studies 
with larger sample sizes are necessary to confirm the 
reliability of these tests in diverse populations.
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ABSTRACT

Background: Intellectual disability (ID) is associated with balance and motor 
coordination challenges, leading to increased fall risk and limitations in daily 
activities. Traditional occupational therapy interventions have shown efficacy 
in addressing these issues, but there is a growing interest in integrating modern 
technologies, such as exergaming, into therapeutic programs. Exergaming 
combines physical activity with interactive video games, potentially enhancing 
motivation and engagement among children with ID. This study focuses on 
assessing the impact of exergaming on improving balance in children with ID, 
an area that remains underexplored in the Indian context.

Objectives: This study aimed to determine the effect of an exergaming 
intervention on improving balance in clients with intellectual disabilities.

Materials and methods: The study involved 30 children aged 6-12 years diagnosed 
with mild to moderate ID. Participants were randomly divided into two groups: 
the experimental group (N=15) received exergaming-based balance training, 
and the control group (N=15) underwent conventional occupational therapy. 
Both groups participated in 36 sessions over three months, each lasting 45 
minutes. Balance was assessed using the Pediatric Balance Scale (PBS) before 
and after the intervention. The PBS includes 14 tasks that evaluate balance 
through various daily activities, with scores ranging from 0 (unable to perform) 
to 4 (independent).

Results: The results demonstrated a significant improvement in balance for 
both groups. However, the experimental group, which engaged in exergaming, 
showed a more substantial improvement in PBS scores, increasing from a 
mean of 29.07 to 41.93. In contrast, the control group’s mean PBS score increased 
from 28.13 to 33.73. Statistical analysis confirmed that the improvement in 
the experimental group was significantly more significant (p<0.001), indicating 
the added benefit of exergaming in enhancing balance among children with ID.

Conclusion: The results indicate that exergaming is an effective intervention  
for improving balance in children with intellectual disabilities, as it offers  
engaging, challenging, and play-based therapy. Enhancing balance and postural  
control may also lead to broader physical and cognitive benefits, such as  
improved cardiovascular health, muscular strength, and cognitive processing. 
These improvements can further support functional independence, promoting 
inclusivity and better community engagement. Ultimately, this study highlights 
the potential of exergaming to empower individuals with intellectual disabilities, 
fostering their overall well-being and quality of life.

Journal of Associated
Medical Sciences

Corresponding contributor.
Author’s Address: Department of Occupational 
Therapy, Saveetha College of Occupational 
Therapy, Saveetha Institute of Medical and 
Technical Sciences, Saveetha Nagar Thandalam, 
Chennai, Tamil Nadu, India.
E-mail address: sivapriyas.scot@saveetha.com
doi: 10.12982/JAMS.2026.008
E-ISSN: 2539-6056

*

Volume 58 Number 3 September -December 2025 E-ISSN: 2539-6056

Introduction
	 Occupational therapists provide support to 
individuals with intellectual disabilities (ID) throughout 
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their lives and in a variety of practice settings. However, 
more needs to be done by the profession to address the 
specific needs of this marginalized population. ID is 
one kind of developmental disability that frequently co-
occurs with other developmental disorders like autism 
spectrum disorder (ASD) or cerebral palsy.1

	 The World Health Organization reports that 
approximately 2% of Indians of all ages have an 
intellectual handicap based on surveys conducted 
among the country’s general population. However, if 
the issue is limited to children (those under the age 
of 18), then roughly 3% of all the children in the same 
community who are under the age of 18 will have an 
intellectual handicap. Based on a comprehensive 
analysis of individual prevalence studies conducted 
over the past six decades, the established prevalence 
of ID in India is 2%.2

	 A strategic element of coordination capacities 
called balance ability depends on several variables. 
Individuals with ID frequently experience falls that 
result in injuries, which can be attributed to their poor 
balancing abilities, which could be a sign of incomplete 
development. The most noticeable impairments in 
balance and motor skills are seen in inactive adults 
with ID, who may be more vulnerable to a loss of 
basic functioning and have less autonomy in daily life 
activities.3

	 Reduced postural stability has been observed 
in individuals with ID.4-8 This has been linked to 
increased body sway and/or higher sway velocity during 
quiet stance,9 an increased fall risk,10,11 abnormal 
gait patterns,12,6,13 delayed responses to balance 
perturbations,14 and using fewer effective strategies for 
maintaining balance. Postural instability has also been 
linked to a disrupted central integration of multisensory 
information in this population.15 

	 Exergaming is the practice of mixing video game 
technology with physical activity to promote an active 
and healthy lifestyle.16 Exergames, often known as 
active video games, have user interfaces that call for 
active participation and physical effort from players. 
Players can have fun while exercising with these 
fitness games, which are made to track body motion. 
The effectiveness of these games for rehabilitation or 
exercise has been the subject of numerous studies.17

	 A waiting-list control group was contrasted with 
the exergaming intervention. Microsoft’s Xbox Kinect 
implemented the exergaming intervention (Microsoft, 
Redmond, WA). This game console has an input device 
that detects motion. Users move their bodies to control 
and interact with the console.23 Active video games 
that double as exercise are referred to as exergaming. 
Exergaming has the potential to support preschool 
children’s PA, even if it is screen-based. Exergaming 
has been employed increasingly recently in school-
based settings as a creative and enjoyable way to 
encourage an active lifestyle with encouraging and 
hopeful outcomes.18-20

Materials and methods
	 The study was ethically approved by the 
Institutional Review Board of Saveetha College of 
Occupational Therapy (SCOT/ISRB/061/2023) and was 
conducted at Aadhuraa Special School, Kanchipuram, 
India. A quasi-experimental quantitative study design 
was employed, involving 30 children with mild to 
moderate intellectual disabilities aged 6 to 12 years. 
The participants were divided equally into experimental 
and control groups, with 15 children in each group. 
The experimental group received balance training 
using exergaming intervention and conventional 
occupational therapy consisting of 45-minute sessions 
held three times per week over approximately 3 months, 
totaling around 36 sessions. The control group received 
only conventional occupational therapy for the same 
duration. The Pediatric Balance Scale was used to 
measure balance levels in both groups through pre-test 
and post-test assessments.

Participants
	 Thirty children aged 6 to 12 years, 10 females and 
20 males diagnosed with mild to moderate intellectual 
disability, participated in this study to enhance their 
balance skills. Initially, all participants underwent a 
pre-assessment of their balance using the Pediatric 
Balance Scale. Following the pre-assessment 
conducted during the first two sessions of the study, the 
children were randomly allocated into an experimental 
group (N=15) and a control group (N=15). The inclusion 
criteria for this study were 1) children diagnosed with 
mild (Intelligence Quotient 55-70) and moderate ID 
(Intelligence Quotient 40-55), 2) children aged from 
6 to 12 years, both males and females included, and 
3) children with poor balance scores above 20. The 
exclusion criteria for this study were 1) children with 
poor comprehension skills, 2) children with poor visual 
foundation skills, and 3) children using wheelchairs 
and walking aids.

Instruments
	 The Pediatric Balance Scale (PBS) is a refined 
version of the Leaflet Scale designed to assess 
functional balance in school children with mild to 
moderate disabilities.21 This assessment consists 
of 14 tasks that repeat daily activities, and each task 
is evaluated on a five-point scale (0 to 4). A score of 0 
indicates no ability to act independently, while a score 
of 4 indicates high independence. The qualification 
criteria assess factors such as the duration of position 
maintenance, the distance to the upper extremities, 
and the time required to complete the task with a 
maximum score of 56.22 A reliability analysis conducted 
with a group of twenty 5- to 15-year-old children with 
varying degrees of movement disorders showed high 
interrater reliability (ICC=0.997) and reliability of test-
retest (ICC=0.998).21 A valid test including 30 children 
with cerebral palsy, 4 to 10 years old and classified 
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GMFCS levels I-III, there is a strong relationship 
between PBS and movement (r=0.82, p<0.001) and 
self-care (r=0.73) showed, p<0.001) dimensions of 
the Disability Evaluation Questionnaire (PDEI).22 In 
addition, a descriptive study with 23 children aged 6 
to 15 years with cerebral palsy (hemiplegia or diplegia) 
showed a significant correlation between PBS and the 
Selective Lower Extremity Control Evaluation.

Procedure
	 The experimental group participated in a balance 
training program that combined exergaming with 
conventional occupational therapy. In contrast, the 
control group received standard occupational therapy 
sessions. Both groups underwent 36 sessions, each 
lasting 45 minutes, conducted three times per week 
over 12 weeks. To assess the efficacy of the exergaming 
intervention in enhancing balance among children with 
intellectual disabilities, the Pediatric Balance Scale 
was administered post-intervention to both groups.
	 The exergaming intervention utilized an interactive 
system designed to improve balance using dynamic 
light and sound cues. The system consisted of three 
towers, each approximately 6 feet tall and arranged in 
a triangular formation, with 10 lights per tower. Lights 
were illuminated in random sequences, accompanied 
by corresponding tones, prompting participants to 
touch the lit targets. The program advanced through 
three graded levels:

	 Grade 1:	Participants touched the lights while 
walking.

	 Grade 2:	Participants touched the lights while 
hopping.

	 Grade 3:	Participants performed the task while 
standing on one leg.

	 Participants earned one point for each correct 
light touched. Upon achieving 8 or more points, they 
progressed to the next grade.
	 The experimental group’s exergaming intervention 
not only targeted motor control but also engaged 
cognitive domains such as executive function (e.g., 
planning, attention, and working memory), visual-
motor coordination, and decision-making. For example, 
during the exergaming tasks, children had to remember 
target sequences, shift attention between lights, and 
respond to visual and auditory cues stimulating their 
cognitive flexibility and processing speed. In contrast, 
the control group’s task-oriented interventions 
emphasized structured physical activities such as 
reaching tasks and balance exercises without the same 
level of cognitive engagement.
	 The control group received standard occupational 
therapy in a special school setting, which focused on 
balance training through conventional methods. This 
included recreational activities aimed at improving 
standing and sitting balance and performing activities 
of daily living (ADLs). Interventions included task-
oriented training, perceptual exercises, task-specific 
reaching, visual feedback, balance biofeedback, 
and multisensory training. Table 1 listed below the 
intervention procedure for experimental group and 
control group.

Table 1. Intervention procedure for experimental group and control group.
Step Component Experimental group Control group

1 Type of 
intervention

Exergaming + conventional occupational therapy Conventional occupational therapy only

2 Session duration 45 minutes 45 minutes

3 Frequency 3 sessions per week 3 sessions per week

4 Total sessions 36 sessions over 12 weeks 36 sessions over 12 weeks

5 Exergaming setup Interactive system with 3 towers (6 feet tall) 
arranged in a triangle, each with 10 lights; lights 
flash randomly with sound cues

Not applicable

6 Exergaming tasks Grade 1: Walking while touching lit targets
Grade 2: Hopping to targets
Grade 3: Touching targets while standing on one leg

Not applicable

7 Progression 
criteria

Earn ≥8 points to progress to next grade level Not applicable

8 Balance training 
activities

Integrated balance training with exergaming tasks 
like dynamic and static balance training by using 
hip and ankle strategies and leaning and reaching 
forward, lateral and backward.

Task-oriented interventions, perceptual 
exercises, visual feedback training, balance 
biofeedback, and multisensory training
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	 Figure 1 illustrates the customized exergaming 
tower designed for children with intellectual disability. 
The setup includes vertically aligned light units with 
motion sensors. These lights are programmed to 
illuminate in specific sequences to encourage targeted 
motor responses such as reaching, stepping, or 
shifting weight. The tower’s height and light placement 
were adjusted based on each child’s functional ability 

as shown in Figure 1A. The child actively engaging with 
the exergaming tower is demonstrated in Figure 1B. The 
task requires the child to maintain balance on a foam 
surface or balance board while responding to randomly 
activated lights by touching or stepping toward them. 
This dynamic task integrates both balance control and 
cognitive processing such as attention, visual tracking, 
and response inhibition. 

Figure 1. Exergaming intervention setup. A: exergaming tower setup, B: child performing balance task using exergaming.

Step Component Experimental group Control group

9 Exergaming 
with traditional 
occupational 
therapy

Exergaming was blended with traditional 
occupational therapy by incorporating balance 
boards, foam surfaces, and interactive light cues 
to enhance gross motor, balance, sensory, and 
cognitive skills in a game-like setup that boosts 
motivation and participation.

Children in the control group received 
conventional occupational therapy focusing 
on balance and coordination using activities 
like standing on foam pads, stepping over 
obstacles, and catching balls, guided 
directly by the therapist without the use of 
digital or exergaming tools.

10 Functional focus Balance improvement via interactive gaming and 
traditional methods

Balance training integrated with activities of 
daily living (ADLs)

11 Outcome measure Pediatric Balance Scale (PBS), 
pre- and post-intervention

Pediatric Balance Scale (PBS), pre- and 
post-intervention

Table 1. Intervention procedure for experimental group and control group (continued).

Statistical analysis
	 This study used inferential statistical methods to 
evaluate the effect of a physical activity intervention 
on the balance of children with intellectual disabilities. 
Descriptive statistics, including mean and standard 
deviation, were used to summarize data and evaluate 
the distribution of participants. Due to the small 
sample size (30 people) and the nature of the data, 
non-parametric statistical methods were used. 
Wilcoxon signed rank scores were used to evaluate 
differences between pre-and post-test test scores 
in the experimental and control groups. The analysis 
showed a significant improvement in balance scores 
for the control group (Z=-3.425, p=0.001). Accordingly, 
the experimental group showed substantially increased 
balance scores (Z=3.425, p=0.001). The Mann-Whitney 

U test was used to compare the effectiveness of the 
interventions between the control and experimental 
groups. The results after the test showed a significant 
difference between the two groups (Z=-4.646, p<0.001), 
which shows that the intervention of physical activity 
has a significant effect in improving the remainder 
were treated with conventional occupational therapy. A 
significance level of p<0.05 was used for all statistical 
analyses.

Results
	 The study demonstrated that the exergaming 
intervention led to a significant improvement in 
balance among children with intellectual disabilities 
when compared to conventional occupational therapy. 
The experimental group, which engaged in exergaming, 
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showed a substantial increase in their Pediatric Balance 
Scale (PBS) scores from a pre-test mean of 29.07 to a 
post-test mean of 41.93. Conversely, the control group, 
which received standard occupational therapy, showed 
a more modest improvement, with scores increasing 
from 28.13 to 33.73. Statistical analysis confirmed 
that the improvement in the experimental group was 
significantly more significant than that in the control 
group.
	 Table 2 shows that the p value of 0.001 is less than 
0.05, so the alternate hypothesis is accepted. Hence, 
there is a statistically significant difference between 
the pre-test and post-test scores in the PBS control 
group. This suggests that the intervention received by 
the control group had a significant improvement.

	 Table 3 shows the p value of the experimental 
group is 0.001 is less than 0.05, alternate hypothesis is 
accepted. Hence, there is a highly statistically signifi-
cant difference in the experimental group between pre-
test and post-test scores of PBS. This suggests that the 
intervention received by the experimental group had 
significant improvement.
		  Table 4 shows a p value of 0.00 is less than 
0.05; an alternate hypothesis is accepted. Hence, there 
is a highly statistically significant difference in post-test 
scores between the experimental and control groups of 
the PBS. This suggests that the intervention received 
by the experimental group showed more improvement 
than the control group.

Table 2. Statistical analysis of pre-test and post-test in control group.

Test Mean SD N Z value p value

Pre-test 28.1333 2.89992 15
-3.425 0.001*

Post-test 33.7333 2.49189 15
Note: *significant at 5% alpha level.

Table 3. Statistical analysis of pre-test and post-test in the experimental group.

Test Mean SD N Z value p value

Pre-test 29.0667 2.25093   15
-3.425    0.001*

Post-test 41.9333 1.43759   15
Note: *significant at 5% alpha level.

Table 4. Statistical analysis between the post-test scores of the control and experimental group.

Group Mean SD N Z value p value

Control group 33.7333 2.49189   15
-4.645 0.00*

Experimental group 41.9333 1.43759   15
Note: * Significant at 5% alpha level

Discussion
	 This study aimed to evaluate the effectiveness of 
exergaming interventions in enhancing balance among 
children with intellectual disabilities. Specifically, the 
study aimed to compare the effects of exergaming 
with conventional occupational therapy on balance 
improvement in a sample of 30 children, who were 
evenly divided into control and experimental groups. 
This investigation supports prior research by Hilton et 
al. which emphasized the necessity of a control group 
in determining the efficacy of balance interventions.17

	 The current study analyzed pre-test and post-
test scores using the Pediatric Balance Scale (PBS) to 
assess improvements in balance and postural control 
abilities among the participants. The analysis revealed 
a statistically significant improvement in the control 
group’s balance, as indicated by the pre-test and 
post-test scores (p=0.001). This improvement can be 
attributed to the conventional occupational therapy 
provided to the control group, consistent with findings 

from Lourenco et al. which highlighted the positive 
impact of organized and systematic interventions on 
motor proficiency, including balance, in children with 
autism spectrum disorder (ASD).24

	 The results in the experimental group 
demonstrated a statistically significant difference 
between pre-test and post-test scores (p=0.001), 
suggesting that the exergaming intervention was 
particularly effective in enhancing balance and 
motor skills. This result has been supported by the 
previous articles by Nikolaos et al. which showed 
that exergaming interventions effectively stimulate 
a wide range of fundamental motor skills.25 Hanley 
et al. conducted a study on autism and exergaming: 
impacts on cognitive processes and repetitive actions 
in that study, two pilot studies examined the potential 
behavioral and cognitive advantages of exergaming.26 
A dozen kids with Pilot I involved teens with autism 
spectrum disorders and involved a control task and 
an acute bout of Dance Dance Revolution (DDR); 
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Pilot II involved ten more teenagers and an acute 
bout of cybercycling. Executive function and repeated 
behaviors were evaluated both before and after each 
activity. After the exercise, compared to the control 
condition, repeated behaviors decreased, and Digits 
Backwards performance improved. Although Hanley et 
al.  studied children with autism spectrum disorders, 
the findings on executive function and reduced 
repetitive behaviors provide indirect support for the 
cognitive benefits of interactive exergaming.26 While 
our primary outcome was balance improvement, 
these cognitive domains are often impaired in children 
with intellectual disabilities as well and stimulating 
them through exergaming may contribute to improved 
postural control. Schmidt et al. determined a study on 
effect of exergaming on executive function in attention 
deficit hyperactivity disorder.27 The study was a parallel 
group randomized trial, 51 children between 8-12 years 
diagnosed with ADHD were assigned either to an 8-week 
exergaming intervention group or a waiting-list control 
group. The core executive functions such as inhibition, 
switching, updating, parent ratings of symptoms, and 
motor abilities were assessed before and after the 
intervention. Finding of the study was exergaming 
intervention group improved in specific executive 
functions, general psychopathology as well as motor 
abilities compared to control group. Claudia list Hilton 
et al. conducted a pilot study investigated the impact of 
Makoto arena training on children with autism spectrum 
disorder (ASD).17 Results showed improved response 
speed, Executive Function (EF), and motor skills. Strong 
correlations were found between EF and motor scores. 
Participants demonstrated increased reaction speed 
(effect size = 1.18). Significant enhancements were 
observed in working memory, metacognition, strength, 
and agility. Exergaming, particularly the Makoto arena, 
could complement standard interventions for ASD 
children with motor and EF deficits.
	 Moreover, the comparison between the post-test 
scores of the control and experimental groups (p=0.00) 
revealed a significantly greater improvement in the 
experimental group. This underscores the superior 
efficacy of exergaming interventions over conventional 
therapy in improving balance among children with 
intellectual disabilities. These findings are consistent 
with Hilton et al.,17 which demonstrated the positive 
effects of exergaming on various outcomes, including 
motor skills and executive function, in children with 
developmental disorders.

Limitations
	 The study is subject to limitations due to its small 
sample size and the limited number of sessions, which 
may constrain the generalizability of the findings. 
Additionally, the reliance on a convenience sampling 
method introduces potential selection bias and affects 
the sample’s representativeness. These limitations 
should be carefully considered when assessing the 
applicability of the results to broader populations.

	 The study did not statistically compare pre-test 
PBS scores between the two groups to confirm baseline 
equivalence. While mean values were similar, a formal 
test (e. g., Mann-Whitney U test) could strengthen the 
assumption of comparability.
Although random assignment was used, the distribution 
of participants based on the severity of intellectual 
disability (mild vs moderate), age, and gender was not 
stratified. This could have influenced the intervention 
outcomes.
	 Pre- and post-assessments were conducted by 
the research team, and blinding was not implemented. 
This could introduce observer bias and affect the 
objectivity of the outcome evaluation.

Conclusion
	 The findings of this study underscore the efficacy 
of exergaming as an innovative therapeutic intervention 
for improving balance in children with intellectual 
disabilities. Exergaming was more effective than 
conventional occupational therapy alone, suggesting 
that it could be a valuable addition to therapeutic 
programs aimed at enhancing motor skills and 
functional independence in this population. This 
approach improves physical outcomes and provides 
a more engaging and motivating form of therapy. 
The results advocate for the broader application of 
exergaming in occupational therapy and suggest that 
further research should explore its long-term benefits 
and potential in various pediatric populations.
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Introduction

Background: Ionizing radiation is essential in medical imaging and therapy, but 
it also poses health risks to medical staff and patients. Traditional shielding 
materials like lead are effective but toxic, while concrete lacks transparency. 
Therefore, glass systems incorporating high-Z oxides offer a promising alternative 
by combining optical clarity with enhanced radiation shielding performance.

Objectives: This study aims to develop and investigate germanoborate glasses 
doped with Gd2O3, with a particular focus on their photon attenuation properties. 
The findings are intended to development of transparent, lead-free radiation 
shielding materials suitable for medical and industrial applications.

Materials and methods: The Gd2O3 added germanoborate glasses in the system 
(60-x)B2O3-GeO2-x Gd2O3 (with x=10, 20, 30 and 40 mol%) were synthesized via 
melting at 1400 oC followed by melt quenching method. The densities were 
measured by Archimedes’ method. The mass attenuation coefficients (μm), 
the effective atomic number (Zeff), the effective electron density (Neff), and 
half-value layers (HVL) were computed using the WinXCom program (NIST 
XCOM Database) to assess shielding properties. PHITS Monte Carlo simulations 
were employed to calculate the effective dose rate.

Results: The addition of Gd2O3 increased the glass density from 3.7546 gm/cm³ 
to 5.4604 gm/cm3. Replacing B2O3 with Gd2O3 enhanced the mass attenuation 
coefficients (μm), effective atomic number (Zeff) and effective electron density 
(Neff). HVL values decreased, Pb equivalent values increased, and the effective 
dose was reduced.

Conclusion: The incorporation of Gd2O3 into germanoborate glasses significantly 
enhances their gamma-ray attenuation capabilities, confirming their effectiveness 
as lead-free shielding materials. The developed glasses exhibit optimized 
radiation protection properties, highlighting their potential for transparent 
shielding applications in medical, industrial, and nuclear fields. and infliximab 
exert protective effects on liver function in acetic acid induced UC model. These 
findings suggest potential benefits of these therapies in mitigating liver damage 
associated with UC, highlighting the importance of considering liver health in UC 
management.

	 Ionizing radiation is essential in modern diagnostic 
imaging and radiation therapy. However, its use involves 
potential risks of radiation dose received by both  
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healthcare professionals and patients. Accordingly, 
the development and implementation of effective 
radiation protection methods are essential to minimize 
exposure and ensure safety in environments where 
radiation is routinely used.1 The effectiveness of a 
shielding material is largely determined by its density 
and atomic composition. Materials with high atomic 
number (Z) and high density present more electrons 
per unit volume, leading to a higher probability of photon 
interactions. In the energy range used for medical 
imaging and therapy, the dominant photon interactions 
are the photoelectric effect and Compton scattering  
High-Z, high-density materials strongly enhance  
photoelectric absorption, while Compton scattering 
depends mainly on total electron density.2 Lead (Pb) 
is a commonly used shielding material due to its high  
density, low cost, and ease of fabrication. Nevertheless, 
the toxic nature of lead poses serious environmental 
and health concerns, prompting the need for alternative, 
ecofriendly shielding materials.3 As a result, lead free 
shielding materials have gained considerable attention. 
Concrete is another traditional bulk shielding material. 
It is inexpensive, easily cast into walls or blocks, and 
has good mechanical strength. Ordinary concrete is 
effective for gamma shielding partly because it can  
incorporate heavy aggregates to raise its density.  
However, its opacity limits its use in certain medical  
applications that require visibility. 
	 Glass materials have emerged as a promising 
alternative due to their transparency, chemical versatility, 
and ability to be tailored for specific radiation shielding 
applications. By incorporating heavy metal oxides into 
the glass matrix, their density and photon attenuation 
capabilities can be significantly enhanced. Thus, by  
incorporating heavy metal oxides into transparent 
glasses, it is possible to create shields that approach 
the performance of lead while still allowing light to 
pass through.4 Borate glasses are valued as host  
materials because they form stable, dense networks 
with desirable thermal and mechanical performance. 
They exhibit high thermal stability and excellent glass 
forming ability. In practice, borate glasses can incorporate 
modifiers to further increase density and hardness 
without crystallization. These features make borate 
matrices resistant to cracking and thermal shock, and 
well suited for optical transparency.5

	 Adding GeO2 is known to improve network  
connectivity and optical transmission in borate glasses. 
GeO₂ is a relatively dense glass former (ρ = 4.25 g/cm³) 
characterized by a high refractive index and a broad 
infrared transmission window. GeO₂ doped glasses 
generally exhibit lower phonon energies (800-975 cm¹) 
compared to borate-based glasses. As a result, the 
incorporation of GeO₂ into a glass matrix effectively 
reduces the overall host phonon energy. As a result, 
germanoborate glasses can exhibit higher refractive 
index and broader optical transparency, as well as 
increased glass transition temperature, all of which 

strengthen the network.4 For radiation shielding, 
Gadolinium oxide is an especially attractive dopant 
for gamma shielding. Gd has a high atomic number 
(Z=64) and density (7.895 g/cm³), which contribute 
to enhanced photoelectric absorption and Compton 
scattering interactions with gamma photons. 
Importantly, Gd₂O₃ does not induce radiation related 
 color centers in glass. In fact, several studies have 
reported that Gd₂O₃ acts as a heavy metal modifier, 
increasing the glass density and enhancing gamma-ray 
attenuation while maintaining optical transparency.6 
Moreover, PHITS Monte Carlo simulation was employed 
to simulate radiation transport and assess absorbed 
dose distributions in the context of modern diagnostic 
imaging and radiation therapy.
	 In this work, the Gd2O3 added germanoborate 
glasses were fabricated using a melt quenching 
technique. The obtained samples were analyzed for 
their density, structure, and radiation properties. The 
photon attenuation parameters were determined using 
WinXCom software, which extracts data from the NIST 
database. WinXCom is an accepted reference for X-ray 
and gamma ray interaction coefficients and has been 
widely used in glass shielding studies.7

Materials and methods
Theoretical background
	 The gamma ray attenuation in materials follows 
the exponential Beer-Lambert law:

 0
−= xI I e µ , (1)

	 where I  and 0I   are the transmitted and incident 
intensities,µ is the linear attenuation coefficient (cm-¹), 
x and is the thickness (cm).The mass attenuation 

coefficient (  ) is calculated by normalizingµ to the 
material’s density, and provides a density independent 
measure of attenuation:

			 

( )= ∑m i i iw µµ
ρ

mµ

	 When iw  is the fractional weight, and mµ  is 
the mass attenuation coefficient of each element. 
Theoretical calculations can be performed using 
the WinXCom software, which provides tabulated 
photoncross sections based on composition and 
energy.8

	 The total atomic cross section, ( aσ ), can be 
evaluated from the values of the total mass attenuation 
coefficients by the following

 			 

=
∑

a
i

A
i i

wN
A

µσ

			 

,(2)

,(4)

	 Similarly, the total electronic cross section, ( eσ ), 
is given by the following formula	
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the effZ , is formulated as follows.9

 			 

	 The half value layer ( HVL ), defined as the 
thickness of material required to reduce the intensity 
by half, it is given by:

						    

	 where µ  is the linear attenuation coefficient. 

in alumina crucibles by an electrical furnace for about 
3 hrs, at 1400 oC and poured into the graphite mold at 
room temperature and annealed at 500 oC for 3 hrs. All 
glass samples were cut and polished into a size about 1 
cm × 1.5 cm x 0.3 cm for more investigations.

WinXCom program
	 WinXCom is a software implementation of the 
NIST XCOM photon cross-section database. It provides 
theoretical mass attenuation coefficients and partial 
interaction cross sections (photoelectric absorption, 
Compton scattering, pair production) for any element, 
compound or mixture over a wide photon energy range 
(approximately 1 keV to 100 GeV). Users simply specify 
the material’s composition (by chemical formula or 
elemental mix) and the energy range of interest, and 
WinXCom computes the attenuation data. The output 
includes not only the mass attenuation coefficients but 
also allows derivation of composite parameters such 
as the effective atomic number and effective electron 
density, which are standard metrics for quantifying 
gamma-ray shielding effectiveness. The main advantages 
of WinXCom are its speed and versatility: it can rapidly 
generate attenuation data for a vast range of materials 
and energies, greatly aiding the design and optimization of 
novel radiation shields. For these reasons it has become 
an essential tool in shielding research.12

PHITS Monte Carlo simulation
	 To investigate the absorbed radiation dose, the 
adult male mesh-type reference computational phantom 
(MRCP-AM) was implemented in PHITS. The MRCP-AM 
dataset comprises MRCP-AM.node (nodal data), 
MRCP-AM.ele (element connectivity), MRCP-AM.cell 
(geometric configuration, spatial location, and density 
information), and MRCP-AM.material (material  
composition), as illustrated in Figure 1. The primary 
objectiv e was to evaluate the absorbed and effective 
dose rates within the MRCP-AM phantom, both prior 
to and following the inclusion of shielding glass, 
using Monte Carlo simulation techniques. The  
phantom model was imported into PHITS via the 
[Surface], [Cell], and [Materials] sections to accurately 
define the anatomical structure of the entire human 
body.13 The irradiation source and anterior-posterior 
(AP) geometry was defined within the [Source] section, 
with the source placed at coordinates (0, 0, -60). The 
shielding glass was defined using the [Surface], [Cell], 
and [Materials] sections, with dimensions of 60.0 cm × 
1.0 cm × 200.0 cm and located at (0, 0, -40). Organ-specific 
absorbed dose distributions were calculated using the 
[T-Deposit] section with a “reg” mesh, while effective dose 
rates, based on ICRP Publication 103 recommendations 
for AP irradiation geometry,14 were determined using 
the [T-Track] section with an “xyz” mesh and the “-202” 
weighting factor in the [Multiplier] section.15 A total of 
100 million primary photons were simulated to ensure 
sufficient statistical accuracy.

	 where if  and iZ  are respectively the fractional 
abundance and the atomic number of each element.
For compound materials, the effective atomic number 

1 
 

=   
∑ ∑ i i

e i
i iA i

f A w
N Z

σ ,(5)

( effZ ), is defined as the ratio between the total atomic 
effective cross section and the total electronic effective 
cross section.

σ
σ

= a

el
effZ ,(6)

	 The effective electron density ( effN ) defines 
the electrons number per unit mass, which is related to 

=
∑

eff
eff A

i

i i

Z
N N w

A

,(7)

0.693HVL
µ

= ,(8)

HVL  is a practical parameter for assessing and 
comparing the shielding effectiveness of different 
materials.10

	 Lead equivalent thickne ss refers to the thickness 
of lead that would provide an identical shielding 
performance against radiation as the material under 
investigation, under the same specified conditions. 
The degree of shielding can be evaluated through 
the material’s transmission factor. For photons of a 
particular energy passing through a certain thickness 
of material or lead, the relationship between the linear 
attenuation coefficient (LAC) and thickness allows for 
the estimation of the equivalent lead thickness.11 This 
can be expressed as:

	 where pbµ  denotes the LAC of lead, pbd   
represents the calculated lead equivalent thickness, 

= ×material
material

pb
pbd dµ

µ
,(9)

materialµ   is the LAC of the material, and materiald   is the 
thickness of that material.

Sample preparations
	 The Gd2O3 added germanoborate glasses to  
radiation shielding were prepared by melt quenching 
technique in compositions of (60-x)B2O3-GeO2-xGd2O3 
(with x=10, 20, 30 and 40 mol%). Each batch was melted 
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Result and discussions
Physical properties
	 The physical properties of the Gd2O3 added 
germanoborate glass system with the composition 
(60-x) B2O3-GeO2-xGd2O3 (where x=10, 20, 30, and 40 
mol%) were systematically investigated were shown 
in Figure 2. It was observed that the glass density 
increased from 3.7546 gm/cm³ (Gd10) to 5.4604 g/cm³ 
(Gd40) as the Gd2O3 content increased. This trend is  
primarily due to the replacement of B2O3, a low-density  
component, with Gd2O3 which contains Gd atoms 
of significantly higher atomic mass (157.25 gm/mol) 
compared to B (10.81 gm/mol), thereby increasing the 
overall density of the glass network. Meanwhile, the 

molar volume increased from 30.0711 cm³/mol (Gd10) 
to 37.3287 cm³/mol (Gd30), reflecting the network 
expansion due to the formation of non-bridging oxygen 
(NBO) sites induced by Gd2O3. However, a slight 
decrease in molar volume was observed at 36.7679 
cm³/mol for Gd40, possibly indicating network 
compaction. This behavior suggests that at high  
concentrations, Gd3+ ions acting as network modifiers 
with a relatively large ionic radius may disrupt the open 
structure typically promoted by NBO formation and 
instead lead to a denser packing.17,18 These findings 
demonstrate the structural impact of Gd2O3 substitution 
on the glass network connectivity and packing in Gd2O3 
added germanoborate glasses.

Figure 1. The MRCP-AM models from PHITS.16

Figure 2. The density and mola r volume of Gd2O3 added germanoborate glasses.



Chanthima N. et al. Journal of Associated Medical Sciences 2026; 59(1): 62-7266

Radiations shielding properties
	 Figure 3. illustrates the dominant photon interaction 
mechanisms in germanoborate glass added with 
40 mol% Gd2O3 over the photon energy range of 
0.015-15 MeV. The interactions are categorized into 
three primary sub processes the photoelectric effect, 
Compton scattering, and pair production. In the low 
energy region (below 0.1 MeV), the photoelectric 
effect is the predominant attenuation mechanism. This 
is consistent with the increased probability of photon 
absorption in high atomic number (Z) materials such 
as gadolinium (Z=64). Notably, a distinct absorption 
edge, or K-edge, appears near the binding energy of the 
K-shell electrons of Gd, reflecting a sharp increase in 
photon attenuation efficiency in this energy region. As 
photon energy increases into the intermediate range 
(0.1-1 MeV), Compton scattering becomes the principal 
interaction, characterized by the elastic scattering of 
photons. This process is closely related to the materials 

electron density and plays a critical role in applications 
requiring intermediate energy radiation shielding, 
particularly in medical diagnostics and industrial 
radiography. At higher photon energies (>1.02 MeV), 
pair production becomes increasingly significant. In 
this process, a high energy photon is converted into an 
electron-positron pair when interacting near the nucleus. 
The rising attenuation coefficient in this region indicates 
the material’s capability to manage high energy photons, 
which is essential for shielding applications involving 
linear accelerators and other high energy radiation 
sources. Overall, the total attenuation curve represents  
the cumulative contribution of all interaction 
mechanisms, exhibiting distinct variations as a  
function of photon energy. The addition of Gd2O3
significantly improves photon attenuation efficiency 
across all energy regions, particularly at lower energies 
due to the strong influence of the photoelectric effect 
and the prominent K-edge of Gd. 

Figure 3. The partial interac tion of Gd2O3 added germanoborate glasses.

	 The mass attenuation coefficient (μm) of 
germanoborate glasses with the composition (60-x)
B2O3-GeO2-xGd2O3 (where x=10, 20, 30, 40 mol%) was 
evaluated across a photon energy range of 0.015 to 
15 MeV using the WinXCom software were present in 
Figure 4. The results revealed that μm decreases with 
increasing photon energy, consistent with the dominant 
interaction mechanisms governing photon attenuation 
namely, the photoelectric effect, Compton scattering, 
and pair production. At low photon energies (<0.2 MeV), 
the photoelectric effect is the dominant interaction, 
resulting in a high μm value that rapidly decreases as  
energy increases. A pronounced peak in μm was 
observed around 0.05024 MeV, corresponding to the K- 
absorption edge of gadolinium (Gd), where photon energy 
is sufficient to eject K-shell electrons from Gd atoms, 

significantly enhancing attenuation. Following this 
sharp rise, μm declines steadily in the intermediate 
energy range (0.2-1 MeV), where Compton scattering 
becomes the predominant interaction. 
	 In the high energy region (>1.02 MeV), pair production 
becomes the leading mechanism, characterized by 
the conversion of high energy photons into electron 
positron pairs, altering the attenuation behavior based on  
interaction probability. Comparative analysis of the 
glasses indicated that increasing the Gd2O3 content 
leads to higher μm values, especially in the low energy 
region. This enhancement is attributed to the high atomic 
number (Z=64) and density of Gd, which significantly 
increases the probability of the photoelectric effect. 
However, at higher photon energies, the influence 
of Gd content on μm becomes less significant, as the 
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dominant interactions. Compton scattering and pair 
production are less sensitive to atomic number.19 These 
findings demonstrate that germanoborate glasses added 

with higher concentrations of Gd2O3 are particularly 
effective in attenuating gamma radiation, making them 
promising candidates for radiation shielding applications.

Figure 4. The mass attenuation  coefficient of Gd2O3 added germanoborate glasses.

	 Figure 5. illustrates the variation of the effective 
atomic number (Zeff) of germanoborate glasses with 
different Gd2O3 contents (10-40 mol%) over a photon 
energy range of 0.015 to 15 MeV. The Zeff values show 
a strong dependence on photon energy, governed 
by the underlying photon interaction mechanisms. 
At lower energies (below 0.1 MeV), Zeff exhibits relatively 
high values, particularly for glasses with higher Gd₂O₃ 
content. This enhancement is due to the photoelectric 
effect, which strongly favors high atomic number 
constituents such as gadolinium (Z = 64). As a result, the 
substitution of B₂O₃ with Gd2O3 significantly elevates 
the effective atomic number in this region.  A distinctive 
peak in Zeff is observed around 0.05024 MeV, which 
corresponds to the K-absorption edge of gadolinium. 
At this energy, photons possess sufficient energy to 
eject K-shell electrons, leading to a sharp rise in the 
interaction cross section and a corresponding sudden 
rise in Zeff. This localized increase reinforces the role 
of Gd in enhancing photoelectric absorption near its 
characteristic absorption edge. Beyond the absorption 

edge, Zeff values gradually decline with increasing  
photon energy, reaching a minimum in the intermediate 
range (approximately 0.2-2 MeV). This behavior  
corresponds to the dominance of Compton scattering, 
which is less sensitive to the atomic number and more 
dependent on the electron density of the material. 
In this range, the Zeff values for different Gd₂O₃ contents 
tend to converge, reflecting the diminished influence of 
high Z elements. At higher photon energies (>1.02 MeV), 
Zeff shows a slight upward trend, attributed to the onset 
of pair production, a process that becomes increasingly 
significant at high energies and is again influenced by 
the atomic number of the absorbing material. Overall, 
the variation of Zeff across the energy spectrum closely 
aligns with the trends observed in the μm, particularly 
in the photoelectric region. The incorporation of Gd₂O₃ 
not only elevates Zeff at low energies but also enhances 
the glass’s photon interaction potential across a broad 
energy range, confirming its suitability for applications 
requiring efficient gamma ray shielding.
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	 The variation of effective electron density (Neff) 
in Gd2O3 added germanoborate glasses, as shown in 
Figure 6., generally follows a trend similar to that of Um 
and Zeff, reflecting the dominant photon interaction 
mechanisms across energy ranges. However, it is 
noteworthy that (<0.05 MeV) the Neff values   show 
inversion from the 10 mol% and 40 mol% Gd2O3 samples, 
with the 10 mol% composition exhibiting the highest 
Neff values. This behavior may result from the complex 

Figure 5. The effective atomic number of Gd2O3 added germanoborate glasses.

interplay between the increase in atomic number and the 
corresponding mass increase, which affects the electron 
density per unit mass. Furthermore, a pronounced peak 
is evident near the K-absorption edge of Gd, attributed 
to the photoelectric effect. Overall, Neff values decrease 
gradually with increasing photon energy, ranging from 
higher values at low energies to lower values at high 
energies, consistent with the energy dependent nature 
of radiation-matter interactions.19

Figure 6. The effective electron density of Gd2O3 added germanoborate glasses.
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Figure 7. illustrates the Half Value Layer (HVL) values 
of Gd2O3 added germanoborate glasses at a photon 
energy of 662 keV, as a function of Gd2O3 concentration 
(10-40 mol%). It is evident that HVL values decrease 
progressively with increasing Gd2O3 content, indicating 
enhanced gamma ray attenuation capability. This trend 
can be attributed to the high atomic number (Z = 64) 
of gadolinium, which significantly increases the  
probability of photon interactions particularly the  
photoelectric effect and Compton scattering within 
the glass matrix. For comparative, the HVL values of 
the Gd2O3 added glasses are plotted alongside standard 
shielding materials, including commercial window 

glass,20 ordinary concrete,21 and PbO Based Glass 
(50% PbO).22 The results clearly demonstrate that all 
Gd2O3 added compositions possess superior shielding 
performance compared to both window glass and 
ordinary concrete. However, their HVL values remain 
higher than that of the PbO based glass, which is known for 
its excellent attenuation properties due to the high atomic 
number of lead (Z=82). Notably, the germanoborate glass 
sample containing 40 mol% Gd2O3 exhibits the lowest 
HVL among the studied compositions, highlighting its 
potential as a promising lead-free gamma ray shielding 
material.

Figure 7. The Half Value Layer  (HVL) values of Gd2O3 added germanoborate glasses.

	 The Pb equivalent of Gd2O3 added germanoborate 
glasses was determined for a thickness of 0.3 cm, as 
shown in Figure 8. From the results, the Pb equivalent 
of Gd2O3 added germanoborate glasses increases 
with the addition of Gd2O3. This trend indicates an 
enhancement in the materials radiation shielding 
capability, as higher Pb equivalent values correspond 

to greater attenuation effectiveness against ionizing 
radiation. When compared to standard reference 
shielding materials. The Pb equivalent values of the 
glasses are notably higher than those of commercial 
window glass,21 but remain slightly lower than those of 
PbO-based glass compositions. 22 

Figure 8. The Pb equivalent of Gd2O3 add ed germanoborate glasses. 
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The effective dose rate simulation
	 Figure 9 illustrates the effective dose rate (μSv/h) 
from gamma ray interactions with a computational 
phantom at an energy of 0.662 MeV. Simulations were 
performed using the PHITS software under anterior-
posterior (AP) irradiation geometry to evaluate the 
shielding performance of Gd₂O₃ added glass at 
40 mol%. The simulation results demonstrate 
a reduction in effective dose rate intensity when the 
Gd2O3 glass is used as a shielding material. Specifically, 
regions depicted in white, representing higher dose 
rates, are significantly diminished in the presence of 
40 mol% Gd2O3 glass, while darker regions, indicating 

lower dose rates, become more prominent. This visual 
transition from white to deep blue or black suggests 
a decrease in gamma ray penetration, confirming the 
enhanced attenuation capability of the Gd2O3 glass. 
Figure 8(A) shows the effective dose rate distribution 
without any glass shielding material, with a maximum 
dose rate of 31.57 μSv/hr and a minimum of 0.1040 
μSv/h. While Figure 8(B) which represents Gd2O3 glass 
at 40 mol%, shows a reduction in high dose regions, 
with dose rates ranging from 0.1315 μSv/hr (minimum) 
to 29.59 μSv/hr (maximum). These results highlight 
the effectiveness of Gd2O3 added glass in reducing 
radiation exposure in medical or shielding applications.

Figure 9. The effective dose rate (µSv/h) simulation of glass in the energy range of 0.662 MeV. 
A: no glass, B: with Gd₂O₃ glasses at 40 mol%.

Conclusion
	 In this work, the radiation shielding performance 
of Gd2O3 added germanoborate glasses with the 
composition (60-x)B2O3-GeO2-Gd2O3 (x=10, 20, 30 and 
40 mol%) was systematically investigated. The glasses 
were synthesized using the conventional melt quenching 
technique. Physical characterization revealed that 
increasing Gd2O3 content led to a rise in density from 
3.7546 to 5.4604 gm/cm³, while the molar volume 
initially increased. Radiation shielding parameters, 
including the mass attenuation coefficient (μm), 
effective atomic number (Zeff), and effective electron 
density (Neff), were evaluated over the energy range of 
0.015-15 MeV using the WinXCom program. The results 
showed that all parameters followed the expected 
photon interaction mechanisms, which are dominated 
by the photoelectric effect at low energies, Compton 
scattering at intermediate energies, and pair production 
at high energies. Increasing the concentration of Gd2O3 
resulted in higher values of these parameters, indicating 
improved radiation attenuation capability. From the 
HVL results, all Gd2O3 added germanoborate glasses 
exhibit superior shielding performance compared 

to commercial window glass and ordinary concrete, 
although their performance remains lower than that 
of PbO basedglass. Pb equivalent of glasses increases 
with Gd2O3 content, is significantly higher than that of 
commercial window glass, but remains slightly lower 
than PbO-based glass compositions. For the effective 
dose rate, the incorporation of 40 mol% Gd2O3 into the 
glass led to a noticeable reduction in high dose regions. 
These findings suggest that the incorporation of Gd2O3 
significantly enhances the glass radiation shielding 
performance. Overall, the developed germanoborate 
glasses exhibit favorable physical and shielding 
properties, demonstrating strong potential for use as 
lead free transparent materials in radiation protection 
applications across medical, industrial, and nuclear fields.
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Introduction
	 Ulcerative colitis (UC) is a chronic and debilitating 
inflammatory bowel disease characterized by recurring 
episodes of gastrointestinal inflammation and damage.1,2 
This condition affects millions worldwide, significantly 
impacting quality of life and morbidity. Emerging evidence 
suggests a complex relationship between UC and 
liver dysfunction, with studies indicating an increased 
risk of hepatotoxicity and liver-related disorders in UC 
patients.3,4

	 The liver plays a critical role in metabolizing 
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Background: Ulcerative colitis (UC) is a chronic inflammatory bowel disease 
characterized by recurring episodes of gastrointestinal inflammation and 
damage, affecting millions worldwide. Emerging evidence suggests a 
complex relationship between UC and liver dysfunction, with increased risk 
of hepatotoxicity and liver-related disorders.

Objectives: To investigate the effects of ciprofloxacin, prednisolone, and 
infliximab on liver function in an acetic acid-induced UC rat model.

Materials and methods: Fifty male Sprague-Dawley rats were divided into five 
groups of ten rats each: control, UC, ciprofloxacin, prednisolone, and infliximab 
group. UC was induced with 2 ml of 4% acetic acid solution transrectal. 
Liver function tests (AST, ALT, ALP), oxidative stress markers (MDA), protein 
synthesis (total protein, albumin), and bilirubin processing were evaluated, 
and histological examination of liver tissues was performed.

Results: The UC group showed significant increase in liver function enzymes 
(ALP, AST, ALT), oxidative stress markers (MDA) and significant decrease in total 
protein, albumin, total bilirubin and conjugated bilirubin level when compared 
with the control group. Respective treatment groups demonstrated improved 
liver enzyme levels, reduced oxidative stress, enhanced protein synthesis 
and bilirubin processing. Histological examination revealed improved liver 
architecture and reduced inflammation in treatment groups when compared 
with the UC group.

Conclusion: This study provides evidence that ciprofloxacin, prednisolone, 
and infliximab exert protective effects on liver function in acetic acid induced 
UC model. These findings suggest potential benefits of these therapies in 
mitigating liver damage associated with UC, highlighting the importance of 
considering liver health in UC management.
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drugs and toxins, regulating immune responses, and 
maintaining overall health. However, its dysfunction 
can exacerbate the severity of UC, leading to adverse 
reactions and compromised therapeutic outcomes.5 
The liver’s role in UC is multifaceted, involving the 
metabolism of pro-inflammatory cytokines, detoxification 
of bacterial products, and regulation of immune cell 
function.6

	 Current treatments for UC, including ciprofloxacin, 
prednisolone, and infliximab, have shown promise 
in mitigating intestinal inflammation. Ciprofloxacin 
target pathogenic bacteria, while prednisolone reduce 
inflammation and immune activity.2 Infliximab, particularly 
those targeting tumor necrosis factor-alpha (TNF-α), 
have revolutionized UC management by modulating 
immune responses.7

	 However, the impact of these treatments on 
liver function in the context of UC remains poorly 
understood. This knowledge gap is concerning, as 
ciprofloxacin and prednisolone are known to have 
hepatotoxic potential.8 Infliximab, while generally 
safe, may modulate liver immune responses in 
unpredictable ways, potentially affecting liver function. 
To address this critical knowledge gap, this study aims 
to investigate the effects of ciprofloxacin, prednisolone, 
and infliximab on liver function in a rat model of acetic 
acid-induced ulcerative colitis. 

Materials and methods
	 Fifty adult male Sprague-Dawley rats seven weeks 
old (weight = 180-200g) obtained from Animal House 
of the Olabisi Onabanjo University, Sagamu Campus, 
Ogun State, Nigeria were housed in a standard 
environment conditions with 12 hours light/dark cycle 
and air filtration. Animals have free access to water 
and feed. Experimental protocols met the Guideline of 
Animal Experimentation approved by Olabisi Onabanjo 
University Teaching Hospital Human Research Ethics 
Committee (approval number: OOUTH/HREC/746/2023 
AP). The animals were divided into five groups of ten 
rats each:

	 Group A: Normal control group
	 Group B: Ulcerative colitis group
	 Group C: Ciproflaxin-treated group
	 Group D: Prednisolone-treated group
	 Group E: Infliximab-treated group

Induction of ulcerative colitis
	 The induction of ulcerative colitis was done 
according to the method described by Al-Rejaie et al.,9. 
After 24 hours fast, the rats were anesthetized using 
1.75 mL ketamine (1 gm/mL) and 0.25 mL Xylazine 
(1 gm/mL) intra-peritoneal prior to ulcerative colitis 
induction. 2 mL of 4% acetic acid solution was  
administered transrectally using a (2.7 mm) soft  
pediatric catheter. Rats were held horizontally for 2 
min to prevent acetic acid leakage. Control group rats  
undergo the same procedure using equal volume of 

normal saline instead of acetic acid solution.

Administration of ciprofloxacin, prednisolone and 
infliximab
	 100 mg of ciprofloxacin was dissolved in 2.5 mL 
of distilled water to give a solution of 40 mg/ml, 40 mg/
kg of ciprofloxacin was administered every 72 hours 
for forty-two days orally,10. 10 mg of prednisolone was 
disoled in 5 mL of distilled water to give a solution of 
2 mg/mL, 2 mg/kg of prednisolone was administered 
every 72 hours for forty-two days orally,11. Five mg/kg  
body weight of infliximab was administered bi-weekly 
for forty-two days intra-peritoneal.12

Determination of liver function test
	 Serum alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) and alkaline phosphatase 
(ALP) activities were carried out according to the method 
of Reitman and Frankel.13 For Serum Alanine amino-
transferase (ALT) determination, diluted sample (0.01 
mL) was mixed with phosphate buffer (100mM, pH 7.4), 
L-alanine (200mM) and the mixture was incubated for 
exactly 30 minutes at 37 oC. An aliquot (0.5 mL) of 2, 4  
dinitrophenylhydrazine (2mM) was added to the reaction 
mixture and allowed to stand for exactly 20 minutes 
at 25 oC. NaOH (0.4 M, 5 mL) was then added, and 
the absorbance was read against reagent blank after 
5 minutes at 546 nm. Reagent blank was prepared as 
described above by replacing sample with 0.1 mL of 
distilled water.
	 For determination of Aspartate Aminotransferase 
(AST) activity, 0.1 mL of diluted sample was mixed with 
phosphate buffer (100 mM, pH 7.4), L-asparatate (100 mM), 
and α-Oxoglutarate (2 mM) and the mixture was incubated 
for exactly 30 minutes at 37 oC. An aliquot of 2, 4  
dinitrophenylhydrazine (2 mM, 0.5 mL)) was then added 
to the reaction mixture and allowed to stand for exactly 
20 minutes at 25 oC. Then, 0.5 mL of NaOH (0.4 M) was 
added and the absorbance was read against reagent 
blank after 5 minutes at 546 nm. Reagent blank was 
prepared as described above replacing sample with 
0.1 mL of distilled water.
	 Alkaline phosphatase (ALP) activities were  
determined using 2.2 mL of 0.1 M carbonate buffer (pH 
10.1), 0.1 mL of 0.1 M MgSO4.7H20, and 0.2 mL of the 
sample were mixed and incubated at 37 oC for 10 minutes. 
Thereafter, 0.5 mL of 19 mM of paranitrophenyl 
phosphate was added and again incubated at 37 oC for 
10 minutes. NaOH (2.0 mL) was added and mixed, and 
read against blank at 400 nm.
	 Serum protein concentration was determined using 
the Biuret method.14 Serum albumin was determined by 
the method of Doumas et al.,15 based on the ability 
of bromocresol green (BCG), pH 4.2, to bind albumin 
which results in the formation of a complex that exhibits 
optical properties different from dye. 
	 Following the method described by Tietz,16 serum 
total bilirubin and conjugated bilirubin was determined 
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based on the principle of bilirubin in the serum that is  
coupled with diazotized sulphanilic acid to form 
azobilirubin.

Determination of malondialehyde activity (lipid 
peroxidation)
	 The MDA activity was measured by the double 
heating method.17 One ml of tissue homogenate was 
combined with 2 mL of TCA-TBA-HCL and mixed 
thoroughly. The solution was heated for 15 minutes 
in a boiling water bath. After cooling, the fluorescent 
precipitate was removed by centrifugation at 1000g for 
10 mins. The absorbance of the sample was determined 
at 535 nm against a blank that contains all the reagents 
minus the sample. The malondialdehyde concentration 
of the sample was calculated using an extinction 
coefficeient of 1.56×10-5 M-1 Cm-1. Calculation of lipid 
peroxidation:

	 OD	= Absorbance (optical density) of sample
	 ∑	 = Molar extinction coefficient
	 V	 = Total volume of the reacting sample
	 V	 = Volume of the sample

Histological analysis
	 The organs were carefully removed, and then the 
fat was removed. After weighing, they were fixed in 10% 
formal saline right away. The tissues were fixed, placed 
in progressively higher alcohol grades, and finally 

cleansed in xylene. After embedding them in paraffin, 
5μm serial slices were produced. Hematoxylin and 
eosin were used to stain the sections. The slides were 
observed under a light microscope for the histological 
changes and morphometrical examination.

Statistical analysis 
	 All the values are expressed as mean±standard 
error of mean (SEM). Analysis of data was done using 
Graph Pad Prism version 5 for Windows. Differences 
between groups were analyzed by one-way ANOVA 
followed by  Bonferroni post-hoc test. Differences were 
considered significant at p<0.05.

Results
	 Results of liver function enzymes presented in 
figure 1 showed a significant increase in AST, ALT, and 
ALP in the ulcerative colitis group B (114.00±10.39, 
75.66±10.26, and 79.00±9.50, respectively) when 
compared with the control group A (79.33±5.20, 
39.00±1.52, and 38.66±14.43). Elevated AST, ALT 
and ALP levels indicate liver damage or dysfunction, 
hepatocellular damage or necrosis, and cholestasis 
or bone disorders respectively. Treatment group C, D, 
E showed a significant decrease in AST (88.00±2.64, 
84.00±3.05, and 72.66±5.33), ALT (32.00±1.00, 29.33±9.66,  
and 37.00±1.00), ALP (40.66±1.20, 33.33±2.02, 39.33±6.88)  
when compared with group B respectively. No significant 
difference was observed within the respective treatment 
group.  

﻿
Figure 1. The effect of ciprofloxacin, prednisolone and infliximab on liver function enzymes in 
acetic acid induced ulcerative colitis rat model. A-E: experimental groups, *p≤0.05.	

	 Results of some liver function markers and 
marker of oxidative stress presented in figure 2 showed 
a significant decrease in Total Protein, Albumin, Total 
Bilirubin, Conjugated Bilirubin in group B (2.30±1.28, 
1.24±0.99, 0.17±0.10, 0.21±0.16) when compared with 
group A (6.53±0.31, 3.60±0.34, 0.50±0.15, 0.60±0.25, 
respectively). The decrease in total protein and albumin 
may be attributed to inflammation-induced suppression 

of protein synthesis, malabsorption of amino acids due 
to intestinal inflammation, and increased catabolism 
of proteins due to systemic inflammation while total 
bilirubin and conjugated bilirubin decrease may be 
attributed to reduced hepatic uptake and conjugation 
of bilirubin due to inflammation and impaired bile duct 
function and bile flow. Also, there was a significant 
increase in liver MDA in group B (0.31±0.13) when 
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compared with group A (0.20±0.11) which indicates 
lipid peroxidation and cellular damage.
	 Treated group C, D, E showed a significant increase 
in TP (4.73±0.75, 4.16±1.16, 4.76±0.78), ALB (3.08±0.11, 
3.10±0.32, 3.21±0.12), TB (0.43±0.06, 0.39±0.03, 0.43±0.02), 
CB (0.32±0.05, 0.45±0.05, 0.51±0.03) and significant 

decrease in MDA (0.14±0.16, 0.06±0.03, 0.07±0.05) when 
compared with group B respectively. However, there was 
a significant decrease in conjugated bilirubin in group C 
compared to group E. More so, a significant increase was 
observed in liver MDA in group C compared to group D 
and E respectively.          

shows the effect of antibiotics, anti-inflammatory agent and monoclonal agent on some liver function markersand marker of 
oxidative stress in acetic acid induced ulcerative colitis rat model.

LEGEND: A= Group A, B= Group B, C= Group C, D= Group D, E= Group E *= statistically significant at p≤0.05
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Figure 2. The effect of ciprofloxacin, prednisolone and infliximab on some liver function markers and marker of 
oxidative stress in acetic acid induced ulcerative colitis rat model. A-E: experimental groups, *p≤0.05.	

Figure 3. Photomicrograph of hepatic tissue showing the effect of ciprofloxacin, prednisolone and infliximab in 
acetic acid induced ulcerative colitis rat model. (H&E Staining, x400 magnification). 
	 A: well differentiated and organized hepatocytes (yellow circle), sinusoids with Kupfer cells (black thin arrow) and 
clear central vein (black thick arrow),
	 B: congested central vein (yellow thick arrow), loss of hepatocytes (yellow circle) and constricted sinusoids (black 
thin arrow), 
	 C: Normal sinusoids (black thin arrow), clear central vein (red thick arrow) and slight loss of hepatocytes (yellow 
circle), 
	 D: clear central vein (black thick arrow), constricted sinusoids (red thin arrow) and hepatocytes (yellow circle), 
	 E: clear irregular central vein (blue thick arrow), hepatocytes (yellow circle) and constricted sinusoids (red thin 
arrow).



77Oyesola O.A. et al. Journal of Associated Medical Sciences 2026; 59(1): 73-79

Discussion
	 Aspartate transaminase (AST), a liver enzyme 
that catalyzes the conversion of aspartate and 
α-ketoglutarate to oxaloacetate and glutamate.18,19 
Elevated AST levels indicate liver damage or 
dysfunction.20 Alanine Aminotransferase (ALT), a 
cytosolic enzyme primarily found in hepatocytes, 
catalyzing the conversion of alanine and α-ketoglutarate 
to pyruvate and glutamate.18,19 Elevated ALT levels 
indicate hepatocellular damage or necrosis.20 
Alkaline Phosphatase (ALP), a membrane-bound 
enzyme, plays a crucial role in bile duct function and 
bone mineralization.21 Elevated ALP levels indicate 
cholestasis or bone disorders.22

	 In this study, AST, ALT, and ALP level (Figure 1) 
significantly increased in the ulcerative colitis group 
compared to the control group, suggesting liver 
impairment, bile duct dysfunction or inflammation. 
Previous study showed that this elevation may be 
attributed to the systemic inflammation and oxidative 
stress associated with ulcerative colitis,23 release of 
pro-inflammatory cytokines, such as TNF-α and IL-6, 
which induce hepatocellular damage.24 Additionally, 
the acetic acid-induced colitis model triggers oxidative 
stress, leading to liver damage.25

	 Treatment with ciprofloxacin, prednisolone, and  
infliximab significantly decreased AST, ALT, and 
ALP levels compared to the ulcerative colitis group. 
Based on previous findings, ciprofloxacin which is an 
antibiotic may likely reduce bacterial translocation 
and subsequent liver damage,26 prednisolone may 
decrease inflammation and oxidative stress27 and 
infliximab target TNF-α to reduce inflammation and 
improved liver function.28

	 Malondialdehyde (MDA) levels (Figure 2), a marker 
of oxidative stress, significantly increased in the 
ulcerative colitis group compared to the control 
group. Previous study has showed that increase MDA 
indicates lipid peroxidation and cellular damage.29 
prednisolone and infliximab treatment groups showed 
significant decreased MDA levels compared with UC 
group and ciprofloxacin treated group, suggesting 
reduced oxidative stress. The reduction in MDA levels 
may be attributed to the antioxidant properties of 
prednisolone, infliximab targeting TNF-α also mitigate 
oxidative stress by reducing inflammation according to 
Rutgeerts et al.28

	 Total protein and albumin are essential proteins 
synthesized by the liver, playing critical roles in 
maintaining blood volume, transporting hormones, 
vitamins, and minerals, and regulating fluid balance.16 
Decreased levels of total protein and albumin (Figure 2) 
in the ulcerative colitis group compared to the control 
group. These decrease according to previous studies 
may be attributed to inflammation-induced suppression 
of protein synthesis, malabsorption of amino acids due 
to intestinal inflammation, and increased catabolism of 
proteins due to systemic inflammation.30,31 Treatment 

with ciprofloxacin, prednisolone, and infliximab 
significantly increased total protein and albumin levels 
compared to the ulcerative colitis group. This may be 
due to reduced inflammation and oxidative stress,27 
improved intestinal absorption of amino acids,26 
enhanced protein synthesis and reduced catabolism.28

	 Total bilirubin and conjugated bilirubin are 
breakdown products of heme, primarily processed by 
the liver.32 Decreased levels in the ulcerative colitis 
group (Figure 2). The decrease may be attributed to 
reduced hepatic uptake and conjugation of bilirubin due 
to inflammation and impaired bile duct function and 
bile flow.22 Treatment groups showed increased total 
bilirubin and conjugated bilirubin levels, suggesting 
improved liver function and bilirubin processing. This 
may be due to reduced inflammation and oxidative 
stress, enhanced hepatic uptake and conjugation of 
bilirubin,28 and improved bile duct function and bile flow.
	 Histological examination of liver tissues (Figure 3) 
revealed significant alterations in the ulcerative colitis 
group compared to the control group. The control 
group exhibited well-differentiated and organized 
hepatocytes, patent sinusoids with intact Kupffer 
cells, and a clear central vein, indicative of normal liver 
architecture. In contrast, the ulcerative colitis group 
showed a congested central vein indicating increased 
blood pressure and inflammation, loss of hepatocytes 
suggesting hepatocellular damage or apoptosis, 
constricted sinusoid indicating reduced blood flow 
and increased oxidative stress. These changes are 
consistent with liver dysfunction in inflammatory bowel 
disease (IBD).24,33 The systemic inflammation and 
oxidative stress associated with ulcerative colitis likely 
contribute to liver damage.
	 Ciprofloxacin treatment groups demonstrated 
improved histological features such as a normal 
sinusoid indicating restored blood flow and reduced 
inflammation, clear central vein suggesting improved 
blood pressure and reduced congestion, and a slight 
loss of hepatocytes which indicates partial recovery of 
hepatocellular damage. Ciprofloxacin likely reduced 
bacterial translocation and subsequent liver damage, 
leading to improved histological features.34

	 Prednisolone treated group showed a clear 
central vein indicating reduced inflammation and 
improved blood pressure, constricted sinusoid which 
may indicate persistent oxidative stress, hepatocytes 
indicating preserved liver cell architecture. Prednisolone 
reduced inflammation and oxidative stress, preserving 
hepatocellular structure and function.27

	 Infliximab treatment group showed a clear 
irregular central vein which suggests improved blood 
pressure and reduced congestion, hepatocytes 
indicating preserved liver cell architecture, constricted 
sinusoid which may indicate persistent oxidative 
stress.25 Infliximab targeting TNF-α reduced systemic 
inflammation and oxidative stress, leading to improved 
liver histology.28
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Conclusion	
	 The results of this study demonstrate that treatment 
with ciprofloxacin, prednisolone, and infliximab regulate 
liver enzyme levels, reduced oxidative stress, and 
improve protein synthesis and bilirubin processing. 
Histological examination revealed improved liver 
architecture, reduced inflammation, and oxidative 
stress in treatment groups. These findings suggest 
that these treatments particularly infliximab may 
be beneficial in reducing bacterial translocation, 
decreasing inflammation and oxidative stress, 
enhancing protein synthesis, and improving bilirubin 
processing.
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ABSTRACT

Background: Hemoglobin (Hb) Malay is a common β-hemoglobinopathy in 
Malaysia resulting from an AAC to AGC mutation at codon 19, which produces 
an abnormal β-globin chain and manifests as a β+-thalassemia phenotype 
characterized by mild anemia and increased HbA2 levels. Although Hb Malay 
is commonly prevalent in Southern Thailand, there have been few reported 
cases in Northern Thailand.

Objectives: This study aims to report two cases of Hb Malay detected in 
Chiang Mai, Northern Thailand, highlighting the diagnostic complexities.

Materials and methods: Two female patients, aged 50 and 67, presenting with 
anemia were investigated. Initial hematological profiles, Hb analysis by HPLC 
(Case 1) and CE (Case 2), and iron studies were performed. Due to hypochromic- 
microcytic anemia and elevated HbA2 levels in both cases, genomic DNA was 
extracted. Multiplex real-time PCR with HRM analysis was performed to detect 
common α0-thalassemia deletions. Further genetic analysis was conducted  
using next-generation sequencing (NGS) targeting HBA1, HBA2, and HBB genes.

Results: Both cases were identified to carry the Hb Malay variant. Case 1, a 50- 
year-old female with mild anemia, was diagnosed with double heterozygosity  
for Hb Malay (βMalay/βA) and α+-thalassemia (-α3.7/αα). Case 2, a 67-year-old female 
with severe anemia and iron deficiency, was diagnosed with heterozygosity for 
Hb Malay (βMalay/βA).

Conclusion: The diagnosis of Hb Malay can be complicated especially when 
it coexists with other thalassemia traits or iron deficiency. Therefore, better  
understanding of the hematological and clinical characteristics, as well as  
the laboratory detection of this hemoglobin variant, would be beneficial for  
genetic counseling, particularly in areas with a high prevalence of thalassemia, 
hemoglobinopathy, and iron deficiency such as Northern Thailand.
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Introduction
	 β-thalassemia is a diverse group of inherited 
disorders prevalent in East Asian populations, 
characterized by point mutations or deletions affecting 
β-globin chain production. The two types are β0-
thalassemia, which involves the complete absence 
of β-globin chain production, and β+-thalassemia, 
resulting in reduced synthesis. Numerous β-globin 
gene mutations have been identified across countries 
such as India, Thailand, and China.1,2 In general, these 
mutations are population-specific, meaning each 
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ethnic group exhibits its set of common mutations.
	 In Thailand, the prevalence of β-thalassemia 
ranges from 3% to 9%. Common β-globin gene 
mutations include codons 41/42(–CTTT) (HBB: 
c.126_129delCTTT) and codon17(A>T) (HBB: c.52A>T), 
which are observed nationwide. Additionally, HbE 
(HBB: c.79 G>A) is frequently found in Southern 
and Northeastern Thailand, while  Hb Malay (HBB: 
c.59A>G) is more common in Southern Thailand.3  Hb 
Malay is caused by an AAC to AGC mutation in codon 
19, leading to Asn-Ser replacement and the production 
of an abnormal β-globin chain which first case was 
confirmed by DNA probe hybridization.1,4 The mutation 
activates a cryptic RNA splice site in exon 1 of the 
β-globin gene, leading to abnormal RNA processing 
and β+-thalassemia phenotype.5

	 Routine diagnostic methods such as dichlorophenol 
indophenol precipitation (DCIP) test, high-performance 
liquid chromatography (HPLC), and capillary 
electrophoresis (CE) are widely used to detect Hb 
variants. Screening for β-thalassemia typically relies on 
HbA2 level. However, borderline HbA2 samples should 
be performed DNA analysis to confirm carriers, as 
missed cases may increase the risk for at-risk couples 
having affected offspring.6 Hb Malay is one of the 
commonest β-globin gene mutations among individuals 
with borderline HbA2 (3.0-3.9%).6 Moreover, it can co-
elute or co-migrate with HbA on HPLC chromatogram 
and CE electrophoregram, complicating diagnosis.1,4 
Reverse-phase HPLC, peptide analysis, and DNA 
studies, and advanced molecular techniques such as 
Multiplex Amplification Refractory Mutation System 
(M-ARMS) PCR, allele-specific PCR, and reverse dot-
blot allele-specific oligonucleotide (ASO) hybridization 
are used to detect Hb Malay. 

	 Hb Malay has been reported as highly prevalent 
(2.0%) in Southern Thailand.7 However, a previous 
study in Northern Thailand documented four cases 
of HbE-β+-thalassemia (Hb Malay), of which only one 
case was clearly identified as co-inheritance with 
rare α+-thalassemia mutation (cap +14 C>G in the α2-
globin promoter).8 One of the present cases involves 
the co-inheritance of Hb Malay with the common α+-
thalassemia deletion (-α3.7/αα), a combination not 
previously reported in Northern Thailand. Therefore, 
this study reports two cases of Hb Malay detected 
in our thalassemia laboratory at the Associated 
Medical Sciences-Clinical Service Center (AMS-
CSC), Chiang Mai University, Chiang Mai, Thailand. 
The findings expand the documented spectrum of Hb 
Malay-associated thalassemia in the Northern region, 
highlighting the necessity for comprehensive molecular 
testing to ensure accurate diagnosis and effective 
genetic counseling.

Case report
Case 1
	 A 50-year-old woman presented with mild anemia 
detected during a health screening. Her hematological 
profile showed Hb 11.4 gm/dL, mean corpuscular volume 
(MCV) 78.0 fL, and mean corpuscular hemoglobin 
(MCH) 25.9 pg. Hemoglobin analysis using HPLC 
(VARIANT β-thalassemia Short Program; Bio-Rad 
Laboratories, Hercules, CA, USA) revealed HbA 84.3%, 
HbA2 5.4%, and HbF 0.8% (Figure 1A), which suggests 
that she has a β-thalassemia trait. Iron studies were 
within normal range: Ferritin 100 ng/mL, Serum iron 89 
µg/dL, TIBC 283 µg/dL, and Transferrin saturation 31% 
(Table 1). These findings indicated mild microcytic-
hypochromic anemia in the absence of iron deficiency.
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Figure 1. The HPLC chromatogram (A) for Case 1, and CE electrophoregram 
(B) for Case 2, without seeing the separate peak of Hb Malay.
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Table 1. The characteristics and hematological parameters of cases. 

Characteristics &hematological parameters Case No. 1 Case No. 2

Age (years) 50 67

Gender Female Female

α-globin genotype -α3.7/αα αα/αα

β-globin genotype βMalay/βA βMalay/βA

RBCs (x1012/L) 4.4 4.1

Total Hb (gm/dL) 11.4 6.4

PCV (L/L) 0.35 0.22

MCV (fL) 78.0 54.0

MCH (pg) 25.9 16.0

MCHC (gm/L) 325 290

RDW (%) 13.7 33.9

Ferritin (ng/mL) 100.0 12.1

Serum iron (mg/dL) 89.0 8.0

TIBC (mg/dL) 283 401

Transferrin saturation (%) 31.0 2.0

HbA (%) 84.3* 96.4#

HbA2 (%) 5.4* 3.6#

HbF (%) 0.8* 0.0#

Note: Normal range of adults: red blood cell counts (RBCs) 4.2-6.1x1012/L, total Hb 12.0-18.0 gm/dL, 
packed cell volume (PCV) 0.37-0.52 L/L, mean corpuscular volume (MCV) 80-100 fL, mean corpuscular 
Hb (MCH) 27.0-31.0 pg, mean corpuscular Hb concentration (MCHC) 320-360 gm/L, red cell distribution 
width (RDW) 11.0-16.0%, HbA 95.0-98.0%, HbA2 1.5-3.5%, HbF 0.0-1.0%, ferritin 4.6-204.0 ng/mL, serum 
iron 50.0-170.0 mg/dL, total iron-binding capacity (TIBC) 259-388 mg/dL, transferrin saturation 20.0-
50.0%. *Hb analysis by HPLC, #Hb analysis by CE.

Case 2
	 A 67-year-old woman presented with severe 
anemia discovered during a routine laboratory 
screening. Her Hb was 6.4 gm/dL, with marked 
microcytosis (MCV 54.0 fL), low MCH (16.0 pg), and a 
red cell distribution width (RDW) of 33.9%. Iron studies 
showed severe deficiency results (Table 1). However, 
Hb analysis by CE (Capillarys 2 Flex piercing, Sebia, 
Evry, France) showed HbA 96.4% and elevated HbA2 
level (3.6%) (Figure 1B).
	 Due to the presence of microcytic-hypochromic 
anemia and elevated HbA2 levels in both cases, 
genomic DNA was extracted from peripheral blood 
samples using the NucleoSpin® kit (Macherey-Nagel, 
KG., Duren, Germany) following the manufacturer’s 
instructions. Subsequently, a single-tube multiplex real-

time PCR with EvaGreen and high-resolution melting 
(HRM) analysis was performed to detect common α0-
thalassemia --SEA, --THAI, and --CR deletions, as previously 
described.9 Neither patient carried these deletions. 
Further genetic analysis was performed using next-
generation sequencing (NGS, BGI Group, Shenzhen, 
China),  targeting the coding regions of the HBA1, HBA2, 
and HBB genes as previously described.10 Both cases 
were found to carry the AAC to AGC mutation at codon 
19 of the β-globin gene, leading to the Hb Malay variant 
(Figure 2). Furthermore, Case 1 had a single α-globin 
gene deletion (-α3.7/αα), whereas Case 2 did not. Thus, 
Case 1 was diagnosed as double heterozygosity for Hb 
Malay (βMalay/βA) and α+-thalassemia (-α3.7/αα), while 
Case 2 was diagnosed with heterozygosity for Hb Malay 
(βMalay/βA) (Table 1).
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Figure 2. Representative of NGS results exported from the integrative genomics viewer (IGV)
of Hb Malay (HBB: c.59A>G).

Discussion
	 Hemoglobin Malay was first reported in 1989 in 
a 22-year-old Malay patient.4 The clinical features, 
hematological and biochemical findings in this patient 
and a sibling with homozygous Hb Malay showed 
mild to moderate hemolytic features consistent with 
thalassemia traits. Due to its HbA-like electrophoretic 
behavior with conventional electrophoresis, it was 
initially identified as β-thalassemia trait. However, 
unstable hemoglobin was detected in the patient and 
other family members, and a Hb variant eluting slightly 
later than the normal β-chains was seen by reverse-
phase HPLC. The new variant was subsequently 
confirmed by hybridization of amplified DNA and later 
designated as Hb Malay.1,4 In Thailand, hemoglobin 
variants are common and genetically heterogeneous 
among its population. Hb Malay is more prevalent in 

Southern Thailand and its detection in Northern cases 
may be related to historical migration or intermarriage 
with Southern populations. Even though an individual 
whose Hb typing appears normal or suggests a 
β-thalassemia trait with elevated HbA2 (>3.5%), the 
presence of β-globin variants should be considered 
including  Hb Malay.6 
	 In Case 1, a 50-year-old female, her slightly low Hb, 
MCV and MCH values raised suspicion of thalassemia. 
Besides, her Hb analysis showed an elevated HbA2 level 
(5.4%), suggestive of a β-thalassemia trait.  The previous 
study reported that samples with double heterozygous 
for β- and α-thalassemia are usually diagnosed as 
typical β-thalassemia carriers and α-thalassemia is 
usually ignored.11 However, there is no detectable 
common α0-thalassemia --SEA, --THAI, and --CR deletions in 
Case 1. Nonetheless, subsequent molecular analysis, 
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conducted to identify other Hb variants, revealed double 
heterozygosity for Hb Malay and α+-thalassemia (-α3.7). 
This case highlighted the possibility of misdiagnosis 
without further molecular study. In the previous study, 
the heterozygosity of Hb Malay without α-thalassemia 
co-inheritance showed MCV and MCH with 72 fL and 
23 pg respectively. However, these values increase up 
to 75 fL and 25 pg in double heterozygosity of Hb Malay 
and α+-thalassemia,7 which was  consistent  with our 
Case 1. This phenomenon could be due to the reducing 
the imbalance of α- and β-globin ratio.12 
	 In contrast, Case 2 showed severe anemia 
with marked microcytic-hypochromic erythrocytes. 
Although her Hb analysis did not indicate any risk of 
thalassemia, her HbA2 level was slightly increased, 
raising the possibility of β-thalassemia trait or a Hb 
variant. On the other hand, she was 67 years old, and 
her iron profile showed significantly deficient (Table 1) 
indicating iron deficiency anemia. Previous study has 
shown that iron deficiency anemia could reduce the 
level of HbA2, potentially masking β-thalassemia trait.13 
Although initial hematological findings did not strongly 
indicate thalassemia, molecular analysis confirmed 
heterozygosity for Hb Malay. This case highlights the 
diagnostic complexity when iron deficiency coexists 
with hemoglobinopathies. Previous studies have 
reported that patients with heterozygosity for Hb Malay 
are typically characterized by mild anemia or normal 
Hb level in some cases.1,14 However, Case 2 exhibited 
severe anemia (Hb 6.4 gm/dL). Thus, severe anemia in 
Case 2 was primarily due to iron deficiency anemia. 
Despite severe iron deficiency anemia, her red blood 
cell (RBC) count was nearly normal. This phenomenon 
may be attributed to the coexistence of β-thalassemia 
trait and iron deficiency anemia as previously reported.15

	 As Hb Malay exhibits HbA-like electrophoretic 
behavior, its diagnosis using conventional 
electrophoresis methods is challenging. Negligently 
interpreting such samples as normal could lead to 
at-risk couples giving birth to affected offspring. For 
accurate diagnosis of Hb Malay, techniques such as 
reverse phase HPLC, M-ARMS PCR, allele-specific 
PCR, and reverse dot-blot ASO hybridization can be 
applied. Furthermore, the NGS offers a comprehensive 
and robust diagnostic tool.

Conclusion
	 The diagnosis of Hb Malay can be complex, 
especially when accompanied by concurrent 
thalassemia characteristics or iron deficiency, resulting 
in misleading hematological profiles without molecular 
confirmation. Our findings highlight the importance 
of integrating hematological and molecular analyses 
for accurate diagnosis of this Hb variant, especially in 
regions where thalassemia, hemoglobinopathy and iron 
deficiency are prevalent such as Northern Thailand. 
Timely and accurate identification is essential for 
effective clinical management, prevention strategies, 
and genetic counseling.
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Introduction

Background: The global prevalence of dementia is projected to nearly double 
every 20 years, significantly impacting the quality of life for both individuals with 
dementia and their caregivers. Early detection is therefore critical, particularly 
in the context of Thailand’s rapidly aging population. The Visual Cognitive 
Assessment Test (VCAT) is a visual-based cognitive screening tool designed 
to overcome educational limitations commonly associated with traditional 
assessments. Widely adopted across Southeast Asia, the VCAT demonstrates 
high sensitivity in detecting cognitive impairments from the earliest stages.

Objectives: This study aims to evaluate the validity and reliability of the Thai 
version of the Visual Cognitive Assessment (VCAT: Th)

Materials and methods: This study employed a cross-sectional, psychometric 
design and included 98 participants, consisting of 31 healthy controls (HC), 
31 individuals with mild cognitive impairment (MCI), and 36 individuals with 
mild Alzheimer’s disease (AD). The HC group was recruited from community-
dwelling individuals residing in Bangkok and its surrounding metropolitan 
areas, while the MCI and mild AD groups were recruited from the Faculty 
of Medicine Ramathibodi Hospital, Mahidol University.  All participants 
completed the Thai version of the Visual Cognitive Assessment Test (VCAT: Th), 
which was culturally adapted from the original version to suit the Thai context. 
The collected data was then used to evaluate internal consistency, test–retest 
reliability, concurrent validity, and known-group validity.

Results: The VCAT: Th demonstrated strong psychometric properties. Internal 
consistency was highly acceptable (α=0.78), and test-retest reliability was 
excellent (ICC=0.95). Concurrent validity showed a strong and significant 
correlation with MoCA scores (r=0.79,p<0.001). Known-group validity revealed 
significant group differences with a large effect size (η²=0.53).

Conclusion: The VCAT: Th is a culturally adapted cognitive assessment tool 
that effectively identifies impairments typically present in the early stages of 
cognitive decline. It demonstrates acceptable psychometric properties and is 
appropriate for use within the Thai population.

	 Dementia is a major contributor to dependency 
among the elderly population. According to the World 
Health Organization, an estimated 55 million individuals 
were living with dementia worldwide in 2024,1 with 
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more than 60% residing in low- and middle-income 
countries. Each year, nearly 10 million new cases are 
identified globally, underscoring the increasing public 
health burden posed by dementia. According to the 
Diagnostic and Statistical Manual of Mental Disorders, 
5th Ed. (DSM-5), dementia is characterized by a 
decline in one or more cognitive domains, including 
executive function, complex attention, language, 
learning and memory, perceptual-motor function, or 
social cognition. This cognitive impairment interferes 
significantly with an individual’s ability to perform daily 
activities and occupational tasks, thereby diminishing 
overall quality of life. Individuals with dementia often 
face limitations in independent living due to these 
deficits. Previous studies have shown that individuals 
with dementia experience difficulties with scheduling 
appointments, locating personal items, remembering 
recent events, and following television programs. 
Additionally, they may struggle with managing 
finances, shopping, completing routine tasks, taking 
medications, maintaining household cleanliness, 
as well as driving and using public transportation.2-4 
Beyond the individuals affected, dementia imposes a 
significant burden on caregivers and family members, 
leading to broader social and economic consequences 
for both families and national healthcare systems.  
Managing cognitive decline and maintaining quality of 
life (QoL) are critical in dementia care.5 Occupational 
therapists play a key role in early detection, which 
helps delay dementia onset and enables timely 
intervention.  Occupational therapists contribute to the 
early identification of dementia by monitoring changes 
in individuals’ functional abilities and occupational 
performance during everyday activities. Through 
careful observation and the use of standardized 
assessments, they can differentiate cognitive changes 
from pathological decline. These evaluations provide 
essential insights that support timely diagnosis and 
enable the initiation of appropriate interventions.6

	 In Thailand, the screening test for cognitive 
impairment such as the Montreal Cognitive Assessment 
(MoCA) and the Mini-Mental State Examination (MMSE) 
are commonly used. However, these screening test have 
notable limitations, particularly regarding educational 
dependence, as they require reading, spelling, and 
arithmetic skills. Furthermore, they are not suitable 
for individuals with hearing impairments, a common 
issue in the aging population. The Visual Cognitive 
Assessment Test (VCAT) addresses these limitations 
by using visually based tasks, making it less dependent 
on education and auditory skills. The VCAT originally 
was developed in Singapore by Kandiah,7 and has been 
implemented in several Asian countries, including 
Malaysia, Indonesia, and the Philippines.8 Its use has 
since extended beyond Southeast Asia, with ongoing 
validation studies being conducted in a range of 
international settings, such as Brazil, Canada, China, 
Korea, and India.9 However, the VCAT remains a novel 

assessment tool and has not yet been widely recognized 
in Thailand. The original version of the VCAT also 
provides verbal instructions in English. Additionally, 
some of the pictures used in the assessment are not 
culturally relevant to the Thai context. Therefore, this 
study aims to examine the psychometric properties of 
the Thai version of the VCAT to ensure its applicability 
within the Thai context.
	 The Visual Cognitive Assessment Test (VCAT) is 
a visual-based cognitive screening tool designed for 
early detection of cognitive impairment. It evaluates 
five core cognitive domains: episodic memory, attention 
and working memory, executive function, visuospatial 
ability, and language. All components of the 
assessment are delivered through an image-based 
format, with visual stimuli specifically selected and 
validated for clarity and recognize ability in older 
adult populations.7 The VCAT has demonstrated high 
accuracy in differentiating individuals with cognitive 
impairment from cognitively healthy controls, as well 
as in distinguishing between mild cognitive impairment 
(MCI) and mild Alzheimer’s disease (AD). Compared 
with the Mini-Mental State Examination (MMSE) and 
the Montreal Cognitive Assessment (MoCA), the VCAT 
demonstrates superior discriminative capacity and 
performs in discriminating between healthy people, 
MCI, particularly in identifying early-stage dementia. 
Its diagnostic utility is especially evident in contexts 
requiring precise detection during the early phases of 
cognitive decline.10 

	 At present, the Visual Cognitive Assessment Test 
(VCAT) has not been implemented in Thailand, primarily 
due to certain test items being culturally inappropriate. 
In response to this limitation, the present study aims to 
evaluate the validity and reliability of the Thai version 
of the Visual Cognitive Assessment Test (VCAT: Th), 
which has been culturally adapted to align with the 
sociocultural characteristics of the Thai population.

Materials and methods
Design and participation
	 This study employed a cross-sectional, psychometric 
design and included a total of 98 participants, comprising 
31 healthy controls (HC), 36 individuals with mild 
cognitive impairment (MCI), and 31 individuals with 
mild Alzheimer’s disease (AD). The sample size was 
calculated using the G*Power program. The effect 
size (Cohen’s d) was derived from the mean and 
standard deviation reported in a comparative study 
of Visual Cognitive Assessment Test (VCAT) scores 
between normal participants and those with cognitive 
impairment.11 The resulting effect size was d=0.8. By 
setting the significance level (α error probability) at 0.05 
and statistical power (1-β error probability) at 0.80, the 
required sample size was determined to be 26 participants 
per group. To account for an anticipated dropout rate 
of 20%, the adjusted sample size was increased to 
approximately 31 participants per group. In addition, five 
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participants with MCI were recruited to participate in the 
pilot testing phase of the assessment. Inclusion criteria 
for all groups required participants to be aged 50 years 
or older, no significant visual or motor impairments, 
Thai nationality, and proficient in Thai language skills 
in listening, reading, and speaking. Participants in the 
HC group were recruited from community-dwelling 
individuals residing in Bangkok and its surrounding 
metropolitan areas. Eligibility for this group required 
a MoCA score of 25 or above. While individuals in 
the MCI and mild AD groups were recruited from the 
Faculty of Medicine Ramathibodi Hospital, Mahidol 
University.  For the MCI group, inclusion was based 
on a clinical diagnosis of mild cognitive impairment 
made by cognitive neurologists in accordance with the 
Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM-5).12  For the mild AD group, inclusion 
was based on a diagnosis of mild Alzheimer’s disease 
following the criteria established by the National 
Institute on Aging and the Alzheimer’s Association 
(NIA-AA).13,14 All participants were diagnosed by 
psychiatrists in a clinical setting. The demographics 
characteristics of participants are summarized in Table 3.

Procedures
Cultural adaptation and psychometric properties 
studies
	 The adaptation of the original Visual Cognitive 
Assessment Test (VCAT) into the Thai version involved a 
four-step process. The first step focused on modifying 
test content that was culturally inappropriate with 

the Thai context. Although the original version of the 
Visual Cognitive Assessment Test (VCAT) has been 
implemented in several countries,7,9,15 where cultural 
and lifestyle contexts are generally similar, certain 
contextual differences exist in Thailand particularly 
regarding food culture. As such, specific modifications 
to food-related test items were necessary to ensure 
cultural appropriateness and relevance for Thai people. 
To address this, the research team obtained formal 
permission from the original VCAT developers to make 
the required content adaptations for the Thai version, 
ensuring alignment with the sociocultural context 
of Thailand. One key modification was made to the 
Delayed Memory: Objects item. Specifically, the image 
of a hamburger was replaced with grilled chicken, and 
the accompanying cue images of French fries and 
cola in the test booklet were substituted with somtam 
(papaya salad) and sticky rice -foods that are widely 
recognized among the Thai population. In this method, 
the research team adapted the pictures to align with 
the sociocultural context of Thailand prior to expert 
evaluation. These modifications are detailed in Table 1.
	 The second step involved evaluating content validity. 
In this phase, three experts independently assessed 
each item using the Index of Item-Objective Congruence 
(IOC) method.16 All experts had more than ten years of 
professional experience, comprising two occupational 
therapists specializing in cognition and one professional 
psychiatric nurse. The results demonstrated a high level 
of agreement among the experts, with all items receiving 
an IOC score of 1.00. (Table 2) 

Table 1. The content modifications of the Visual Cognitive Assessment Test (VCAT) to align with the Thai cultural context.

Original version Culturally adapted version for the Thai context

Delayed memory: objects 
Visual stimuli for assessment

Cue images in test booklet
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VCAT-Th items IOC

Memory-Shapes 1

Memory-Objects 1

Memory-Scene 1*

Attention-Shape cancellation 1

Executive function-Gears 1

Executive function-Pattern 1

Executive function-Category 1

Visuospatial-Cube 1

Visuospatial-Grid 1

Language-Picture naming 1

Language-Semantic fluency 1
*Note: The IOC value was obtained after revision according to the experts’ recommendations.

	 The third step consisted of a pilot trial of the 
VCAT: Th with a sample of five participants clinically 
diagnosed with mild cognitive impairment (MCI). 
Feedback from this trial was used to further refine and 
adjust the assessment. This process resulted in the 
finalized version of the VCAT: Th.
	 The final step was to examine the psychometric 
properties of the VCAT: Th, including (1) internal 
consistency, (2) test–retest reliability, (3) concurrent 
validity, and (4) known-group validity.

Psychometric evaluation 
	 The psychometric properties of the Thai version of 
the Visual Cognitive Assessment Test (VCAT: Th) were 
examined using data from 93 participants, comprising 
31 healthy controls (HC), 31 individuals with mild 
cognitive impairment (MCI), and 31 individuals with 
mild Alzheimer’s disease (mild AD). Internal consistency 
was evaluated using the all-item scores of VCAT: Th 
derived from all participants. 

	 Test-retest reliability was assessed exclusively in 
the MCI group. This decision was based on the primary 
purpose of the VCAT: Th, which was developed as a 
screening tool for individuals with early-stage cognitive 
impairment. Administering the test-retest procedure in 
the healthy control group would likely result in a ceiling 
effect, as most individuals in this group are expected 
to achieve maximum or near-maximum scores. Such 
score clustering at the upper limit would eliminate 
meaningful variance, thereby precluding an accurate 
estimation of reliability. Conversely, administering the 
test–retest in the mild AD group may yield artificially 
low reliability estimates, given the inherent clinical 
instability and day-to-day fluctuations in cognitive 
performance associated with the disease. Thus, the MCI 
group was deemed the most appropriate population in 
which to evaluate test-retest reliability. Participants 

in this group completed the VCAT: Th twice, with a 
one-week interval between assessments. Intraclass 
correlation coefficients (ICCs) were calculated using 
total, subdomain and item scores from both time 
points to determine stability over time. 
	 To evaluate concurrent validity, the MoCA was 
administered to participants in the MCI and mild AD 
groups. The total scores from the MoCA and VCAT: 
Th were then compared using correlation analysis to 
determine the degree of association between the two 
assessments.
	 To assess known-groups validity, VCAT: Th scores 
were statistically compared across the three diagnostic 
groups-healthy controls (HC), mild cognitive impairment 
(MCI), and mild Alzheimer’s disease (AD)- to evaluate 
the instrument’s ability to distinguish between differing 
levels of cognitive impairment.

Measurements
	 The Visual Cognitive Assessment Test (VCAT) is 
a visually mediated cognitive screening instrument 
developed to facilitate the early identification of cognitive 
decline. Made up of 11 items, the VCAT is designed 
to be completed in approximately 15.7±7.3 minutes. 
It yields a total score ranging from 0 to 30, with higher 
scores indicating better cognitive performance. The 
development of the VCAT was informed by widely 
accepted diagnostic criteria for mild cognitive 
impairment (MCI) and Alzheimer’s disease (AD), 
with the test structured to assess five core cognitive 
domains: episodic memory, attention and working 
memory, executive function, visuospatial abilities, and 
language.7 Notably, the assessment places particular 
emphasis on episodic memory, given its strong 
association with progression to AD, thereby enhancing 
the tool’s sensitivity in early detection of the disease. 
In addition, greater weight is allocated to executive 

Table 2. Index of Item–Objective Congruence (IOC) for the items and scoring levels of the VCAT: Th.
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functioning to improve the identification of cognitive 
profiles associated with vascular dementia.10

	 The VCAT demonstrated strong discriminative 
ability in distinguishing individuals with cognitive 
impairment from those without, yielding an area 
under the curve (AUC) of 85.5%. In comparison, 
the MoCA and MMSE produced AUCs of 85.3% and 
79.5%, respectively. Furthermore, the VCAT effectively 
differentiated between individuals with MCI and those 
with mild AD, with an AUC of 84.2%, outperforming 
the MoCA (AUC=81.8%) and the MMSE (AUC=76.5%). 
Based on these findings, VCAT cut-off scores were 
established as follows: 23-30 for normal cognition, 
18-22 for MCI, and 0-17 for dementia.10 

Data analysis
	 Data analysis for this study was conducted using 
SPSS for Windows, version 23. Continuous variables 
were first assessed for normality using the Shapiro-Wilk 
test. For variables that followed a normal distribution, 
such as age, between-group comparisons were 
conducted using one-way analysis of variance (ANOVA). 
For non-normally distributed continuous variables, 
including MoCA scores, the Kruskal-Wallis test was 
applied. Categorical variables such as gender and 
education level were analyzed using chi-square (χ²) 
tests of independence.
	 Internal consistency of the VCAT: Th was evaluated 
using Cronbach’s alpha coefficient. Test-retest reliability 
was assessed using the Intraclass Correlation Coefficient 
(ICC), based on the ICC (3,1) model (two-way mixed- 
effects, single measurement).17 Given that the Shapiro- 
Wilk test indicated non-normal distribution for the VCAT 
scores (p<0.05), Spearman’s rank correlation coefficient 

was used to assess concurrent validity with the MoCA.  
While known-groups validity was evaluated through the 
Kruskal-Wallis test.

Ethical considerations
	 This study received ethical approval from the 
Human Research Ethics Committee of Mahidol 
University, under the reference number COA No. 
MU-MOU 2023/176.0612, granted in December 
2023. Participant rights were rigorously safeguarded 
throughout the research process, and all collected 
data were treated with strict confidentiality. Personal 
identifiers were excluded from all analyses; participant 
responses were fully anonymized and utilized solely in 
aggregated form for the purpose of this study.

Results
	 The sample included 93 participants. No significant 
gender differences were found between groups, though 
females were more prevalent in the HC group (67.70%), 
the MCI group (77.40%), and the mild AD group 
(67.70%).  In terms of age, participants in the mild AD 
group were significantly older (mean=77.90, SD=7.12) 
than those in the HC (mean=58.36, SD=6.33) and MCI 
groups (mean=73.81, SD=6.31). Most participants in  
the HC and MCI groups held a bachelor’s degree, 
whereas the majority in the mild AD group had 
completed a high vocational certificate. The three 
diagnostic groups showed significant differences in 
total MoCA scores, with the highest scores observed in 
the HC group (mean=26.29, SD=1.13), followed by the 
MCI group (mean=23.55, SD=3.95) and then the mild 
AD group (mean=15.87, SD=5.62). (Table 3)

Table 3. Demographic characteristics by group (N=93).

Characteristic or Test 
HC (N=31) MCI (N=31) Mild AD (N=31)

p value
N (%) N (%) N (%)

Gender1 0.625

Male 10 (32.30) 7 (22.60) 10 (32.30)

Female 21 (67.70) 24 (77.40) 21 (67.70)

Education1 <0.001

Elementary school 5 (16.10) 9 (29.00) 3 (9.70)

Junior high school 2 (6.50) 2 (6.50) 5 (16.10)

Senior high school 3 (9.70) 5 (16.10) 1 (3.20)

Vocational certificate 0 (0.00) 0 (0.00) 1 (3.20)

High vocational certificate 2 (6.50) 0 (0.00) 10 (32.30)

Bachelor Degree 14 (45.20) 11 (35.50) 3 (9.70)

Master Degree 5 (16.10) 4 (12.90) 1 (3.20)
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	 The internal consistency of the VCAT: Th was found 
to be highly acceptable (α=0.78)18. Test-retest reliability 
of the VCAT: Th was evaluated using intraclass 
correlation coefficients (ICCs) calculated for the total 
score, subdomain scores, and individual item scores. 
The total score demonstrated excellent reliability19, 
with excellent ICC values for the total VCAT-Th score 
(ICC= 0.95). Subdomain scores also showed good 

reliability, with ICCs ranging from moderate to 
excellent values (ICC = 0.64-0.89): 0.89 for episodic 
memory, 0.76 for attention/working memory, 0.88 for 
executive function, 0.88 for visuospatial function, and 
0.64 for language. At the item level, ICCs similarly 
indicated good reliability, reflecting moderate to excellent 
agreement across repeated administrations (ICC=0.56-
0.95). (Table 4)

Table 4.  Test-retest reliability of VCAT:Th  as demonstrated by intraclass correlation coefficients (ICC) and 
95% confidence interval (CI) (N=31).

ICC (3,1) (95% CI) p value

VCAT-Th total score  0.95  0.000

VCAT-Th  subdomains

Episodic Memory 0.89 0.000

Attention/Working Memory 0.76 0.000

Executive Function 0.88 0.000

Visuospatial 0.88 0.000

Language 0.64 0.004

VCAT-Th items

Memory-Shapes 0.81 0.000

Memory-Objects 0.88 0.000

Memory-Scene 0.56 0.013

Attention-Shape cancellation 0.76 0.000

Executive function-Gears 0.81 0.000

Executive function-Pattern 0.76 0.000

Executive function-Category 0.86 0.000

Visuospatial-Cube 0.63 0.004

Visuospatial-Grid 0.85 0.000

Language-Picture naming 0.80 0.000

Language-Semantic Fluency 0.95 0.000
Note: VCAT:Th: Visual Cognition Assessment Test: Thai version.

Characteristic or Test 
HC (N=31) MCI (N=31) Mild AD (N=31)

p value
N (%) N (%) N (%)

M (SD) M (SD) M (SD)

Age2 (years) 58.36 (6.33) 73.81(6.31) 77.90 (7.12) <0.001

MoCA3 26.29 (1.13) 23.55 (3.95) 15.87 (5.62) <0.001
Note: 1: χ2 test, 2:  ANOVA, 3: Kruskal–Wallis test.

Table 3. Demographic characteristics by group (N=93). (Continue)
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Table 5. Kruskal-Wallis test and effect size for known-group validity (N=93).

Range
M (SD)

Chi 
square (χ2) 

Effect size 
(η²)HC

(N=31)
MCI

(N=31)
Mild AD
(N=31)

VCAT:Th    total score 0-30 26.06 (2.66) 22.39 (4.49) 13.36 (6.22) 48.82*** 0.53

VCAT:Th    subdomains

Episodic 
Memory

0-13 11.61 (1.61) 10.13 (2.32) 4.90 (3.10) 49.80*** 0.54

Attention/WM 0-3 2.58 (0.99) 1.90 (1.35) 0.77 (1.26) 26.22*** 0.29

Executive 
Function

0-6 4.52 (1.26) 3.81 (1.74) 2.45 (1.59) 21.64*** 0.24

Visuospatial 0-3 2.48 (0.63) 2.13 (0.89) 1.55 (1.06) 14.53*** 0.16

Language 0-5 4.84 (0.37) 4.42 (0.89) 3.36 (1.02) 35.79*** 0.39

VCAT:Th items

Memory-Shapes 0-2 1.13 (0.99) 0.77 (0.81) 0.29 (0.59) 13.15*** 0.14

Memory-Objects 0-8 7.48 (1.06) 6.39 (1.98) 2.55 (2.14) 51.66*** 0.56

Memory-Scene 0-3 3.00 (0.00) 2.97 (0.18) 2.07 (0.96) 40.26*** 0.44

Attention-Shape 
cancellation

0-3 1.13 (0.99) 0.77 (0.81) 0.29 (0.59) 26.22*** 0.29

Executive 
function-Gears 

0-3 1.87 (1.23) 1.68 (1.19) 1.65 (1.08) 0.557 0.01

Executive 
function-Pattern 

0-2 1.65 (0.49) 1.42 (0.67) 0.48 (0.72) 33.76*** 0.37

Executive 
function-
Category

0-1 1.00 (0.00) 0.71 (0.46) 0.65 (0.49) 12.98** 0.14

Visuospatial-
Cube

0-1 0.61 (0.50) 0.39 (0.50) 0.19 (0.40) 11.28** 0.12

Visuospatial-
Grid 

0-2 1.87 (0.50) 1.74 (0.68) 1.36 (0.92) 9.09** 0.10

Language-
Picture naming 

0-3 2.97 (0.18) 2.94 (0.25) 2.68 (0.54) 10.91** 0.12

Language-
Semantic 
Fluency

0-2 1.87 (0.34) 1.48 (0.77) 0.68 (0.87) 30.03*** 0.33

Note: **p<0.01, ***p<0.001

Concurrent validity 
	 Spearman correlation coefficients between the 
total VCAT: Th scores and the total MoCA scores 
reported significantly strong correlations (r=0.79, 
p <0.001)20. These results provide for the hypothesis 
regarding the concurrent validity of VCAT: Th.

Known-group validity 
	 The results of the Kruskal-Wallis test assessing 
known-group validity and effect sizes are presented 

in Table 5. The total VCAT-Th score demonstrated 
a significant difference among groups, with a large 
effect size (η²=0.53).21 Subdomain scores also showed 
significant differences, with effect sizes ranging from 
small to large (η² = 0.16-0.54). At the item level, most 
VCAT-Th items showed significant differences with 
small to large effect sizes (η²=0.10-0.56), except for the 
Executive Function-Gears item, which did not reach 
statistical significance.
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Discussion 
	 This study aimed to examine the validity and 
reliability of the Thai version of the Visual Cognitive 
Assessment Test (VCAT: Th), which was culturally 
modified to suit the Thai population. The findings 
demonstrated excellent content validity, with an IOC 
of 1.00, indicating that the assessment effectively 
measures cognitive abilities as intended and is 
appropriate for use in the Thai context. This strong 
alignment may be attributed to the fact that individuals 
with dementia or MCI commonly exhibit pronounced 
deficits in domains such as visuospatial skills, 
attention, delayed recall, language, and executive 
function-all of which are core cognitive components of 
the VCAT.
	 In the process of cultural adaptation and 
psychometric evaluation, modifications were applied 
to the Delayed Memory: Objects item. Specifically, 
the image of a hamburger was replaced with grilled 
chicken, while the accompanying cue images of French 
fries and cola in the test booklet were substituted with 
somtam (papaya salad) and sticky rice, which are 
more culturally familiar to the Thai population. Testing 
instruments developed predominantly within Western 
paradigms frequently overlook cultural nuances, 
variations in educational background, and differences 
in language use, all of which may substantially 
influence test outcomes and compromise the accuracy 
of diagnostic conclusions. This challenge carries 
serious consequences, as reliance on instruments that 
neglect cultural factors may result in the erroneous 
diagnosis of intact patients with cognitive disorders, 
while simultaneously failing to identify individuals with 
actual cognitive impairment.22

	 The internal consistency of the VCAT: Th, indicated 
by a Cronbach’s alpha coefficient of 0.78, reflects a 
good level of reliability. This finding suggests that the 
test items are sufficiently correlated and consistently 
measure the underlying cognitive constructs. These 
results align with those of Low et al.,10 who reported 
a comparable internal consistency (α=0.74) for the 
original version of the VCAT in a study involving healthy 
controls, individuals with MCI, and patients with mild AD.
	 The cognitive domains assessed by the VCAT-
visuospatial ability, attention, delayed recall, language, 
and executive function-are known to be among the 
first areas affected in individuals with MCI. Prior 
research has consistently shown that individuals with 
MCI demonstrate significantly lower performance in 
visual attention and visuospatial tasks compared to 
cognitively healthy individuals.3,23 Moreover, previous 
studies examining the risk of Alzheimer’s disease 
have demonstrated that individuals with MCI perform 
significantly worse on visual memory tasks compared 
to cognitively normal individuals. These findings 
suggest not only an increased risk of progression to 
Alzheimer’s disease in the MCI group but also provides 
clear evidence of visual memory deficits associated 

with early cognitive decline.24,25 Language difficulties 
have also been documented in previous studies 
involving individuals with dementia or MCI. These 
studies indicated that such individuals often exhibit 
early impairments in delayed recall and language-
related functions, including word retrieval, accurate 
word usage, syntactic construction, and the ability to 
convey clear and coherent information.26 In addition, 
executive function deficits have been identified as a 
prominent feature in individuals with MCI. Research 
has shown that impairments in executive functioning 
are frequently observed in this population.27,28 These 
deficits can substantially affect an individual’s ability to 
manage daily activities and maintain independence.29 
Accordingly, each item within the VCAT: Th has been 
carefully designed to target specific cognitive domains 
commonly affected in individuals with MCI, ensuring 
the tool’s sensitivity in detecting early-stage cognitive 
impairments.
	 The findings from the test–retest reliability analysis 
demonstrated good reliability, indicating that the VCAT: 
Th produces stable and consistent results over time. 
The moderate to excellent levels of agreement across 
repeated administrations suggest that the instrument 
can capture cognitive performance reliably, even when 
reassessed after a short interval. These results confirm 
that the VCAT: Th is a standardized tool for assessing 
cognitive abilities.
	 The results of the concurrent validity analysis 
demonstrated a strong and statistically significant 
correlation between the total scores of the VCAT: Th 
and the MoCA, indicating that both instruments assess 
similar cognitive constructs. This finding supports 
the convergent validity of the VCAT: Th and affirms its 
capability to evaluate global cognitive function in a 
manner consistent with internationally standardized 
assessment tools. These results are in line with the 
study by Low et al.,10 which also reported a strong 
correlation between the original VCAT and MoCA 
scores (r=0.81), further affirming the validity of the 
VCAT across diverse cultural settings. 
	 The findings from the known-groups validity 
analysis revealed that both the total score and 
subdomain scores of the VCAT: Th was significantly 
different between diagnostic groups. At the individual 
item level, most items showed statistically significant 
differences, except for the Executive Function-Gears 
item, which did not reach significance.  This lack of 
difference may be attributable to the dichotomous 
response format of the item, consisting of only two 
options (i.e., an arrow rotating to the left or to the 
right), which could have increased the likelihood of 
chance-level responding among participants with MCI 
and mild AD. Consequently, no statistically significant 
differences in scores were observed across the three 
groups. These results align with previous research by 
Low and colleagues,10 who examined the construct 
validity of the original VCAT in healthy individuals, 



95Juntorn S. et al. Journal of Associated Medical Sciences 2026; 59(1): 87-97

MCI, and mild AD. The results indicated that the VCAT 
demonstrated superior discriminative ability compared 
to the MMSE and performed comparably to the MoCA 
in differentiating between individuals with mild AD 
and MCI, as well as distinguishing cognitively healthy 
individuals from those with cognitive impairment. 
	 The VCAT was designed to assess multiple 
domains of cognitive functioning, with particular 
emphasis on memory and executive function. This 
targeted focus provides a key advantage over other 
cognitive screening tools, particularly in the detection 
of Alzheimer’s disease (AD) and vascular dementia 
(VaD), the two most prevalent types of dementia.7 Prior 
research has indicated that older adults, irrespective of 
amyloid-beta accumulation, consistently demonstrate 
significantly lower performance on assessments 
of visuospatial memory and executive functioning 
compared to younger adults. These findings suggest 
that aging is associated with a general decline in brain 
function, especially in regions such as the prefrontal 
cortex and medial temporal lobe, which play critical 
roles in memory and learning.30

Limitations
	 This study has several limitations that should be 
acknowledged. First, there was a gender imbalance 
in the sample, with a greater proportion of female 
participants compared to males. Second, participants 
with MCI and mild AD were recruited exclusively from 
a single institution located at the Faculty of Medicine 
Ramathibodi Hospital, Mahidol University, which may 
limit the generalizability of the findings to broader 
clinical populations. Third, there were differences 
in the distribution of educational levels across the 
diagnostic groups, which may have influenced cognitive 
performance and affected the interpretation of group 
comparisons.

Conclusion 
	 The findings of this study support that the 
VCAT: Th is a cognitive assessment tool capable of 
detecting cognitive impairments commonly observed 
from the early stages of cognitive impairment. It is 
culturally appropriate for use in the Thai context and 
demonstrates acceptable psychometric properties. 
Furthermore, the VCAT: Th functions as a standardized 
screening instrument, exhibiting diagnostic accuracy 
comparable to that of internationally recognized 
cognitive assessment tools.

Ethical approval 
	 This study was conducted in accordance with the 
ethical principles of the Declaration of Helsinki and 
complied with all applicable institutional and national 
regulations governing research involving human 
participants. Ethical approval was granted by the Human 
Research Ethics Committee of Mahidol University (COA 
No. MU-MOU 2023/176.0612) prior to data collection. 

All participants received detailed information regarding 
the study’s objectives and procedures, and written 
informed consent was obtained before enrollment. 
Participation was entirely voluntary, and participants 
retained the right to withdraw from the study at any 
point without consequence.
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Future direction and clinical implementation
	 Future research on the VCAT: Th should extend its 
application to populations with hearing impairments. 
Given that traditional cognitive screening tools often 
rely heavily on verbal instructions, individuals who are 
deaf or hard of hearing may be systematically disad-
vantaged, resulting in inaccurate diagnostic outcomes. 
The VCAT, as a visually based assessment, offers 
unique potential for reducing such barriers and ensuring 
more equitable cognitive evaluation. Furthermore, the 
VCAT: Th provides occupational therapists and clinicians 
with a culturally adapted, visually based tool for the 
screening and assessment of cognitive function. Finally, 
use of the VCAT: Th  in clinical settings may facilitate 
interdisciplinary collaboration, where results can be 
incorporated into comprehensive evaluations of cognitive 
function that inform medical, psychological, and  
occupational therapy interventions.
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Background: Cerebral palsy (CP) is a neurodevelopmental disorder that 
affects motor functions and is often accompanied by impairments such as 
speech and communication challenges. Functional classification systems 
are increasingly used to describe daily activities and participation, aiming 
to guide comprehensive and effective treatment planning that improves 
patients’ quality of life.  The Communication Function Classification System 
(CFCS) is a tool designed to describe communication functions in the daily 
lives of individuals with CP. Nonetheless, the absence of a Thai version of the 
CFCS highlighted the need for this study. 

Objectives: This study aimed to translate and culturally adapt the CFCS into 
Thai (CFCS-TH) and to evaluate its psychometric properties, including validity 
and reliability, in individuals with CP in Thailand.

Materials and methods: The study was conducted in two phases: (1) cross-
cultural adaptation and translation of the CFCS into Thai using a six-step 
forward and backward translation method, and (2) psychometric evaluation 
of the CFCS-TH, focusing on content validity, inter-rater reliability, and 
intra-rater reliability. Validity was assessed using the content validity index 
(CVI), while reliability was measured using weighted kappa statistics (ƙ). A total 
of 35 individuals with CP, aged 2-18 years, participated in the study. The raters 
included one speech-language pathologist (SLP), two physical therapists 
(PTs), and 35 parents, each of whom rated the level of communication function 
of the individuals with CP twice.

Results: The cross-cultural adaptation of the CFCS to Thai was carried out 
by ensuring that the language and terminology were appropriate for Thai 
users while maintaining the conceptual integrity and purpose of the tool. 
The CFCS-TH translation steps included vocabulary and syntax selection, 
equivalency review, and revisions from translators, an expert committee, 
and pretest users, followed by approval from the instrument developers. The 
CFCS-TH demonstrated excellent content validity, with an item-level CVI and 
scale-level CVI of 1.0, indicating that the CFCS-TH could measure its 
intended construct. Inter-rater reliability was good between the SLP and 
PTs (ƙ=0.71), good between the SLP and parents (ƙ=0.66), and fair between 
PTs and parents (ƙ=0.55). When separating the data by the first and second 
classification rounds, agreement between the SLP and PTs remained 
good with a slight decrease (ƙ=0.73 and 0.69). The SLP-parent agreement 
remained consistently good across both rounds (ƙ =0.61 and 0.66), while 
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the PTs-parents agreement improved from fair to good (ƙ=0.48 and 0.62).
Intra-rater reliability was excellent for the SLP (ƙ=0.92) and very good for PTs (ƙ 
= 0.91) and parents (ƙ=0.86).

Conclusion: The CFCS-TH is a valid and reliable tool for describing the 
communication functions of individuals with CP in Thailand. This tool provides 
a standardized framework for assessing communication performance to 
support clinical and research efforts aimed at intervention planning and 
improving the quality of life for individuals with CP.

Introduction 
	 Cerebral palsy (CP) is a neurodevelopmental 
disorder caused by brain injuries or lesions during 
development, leading to abnormalities in motor 
function, movement, and muscle tone. Individuals 
with CP often experience co-occurring impairments, 
including challenges in speech, language, and 
communication. These challenges may stem from 
dysarthria and other comorbidities, such as epilepsy, 
intellectual disabilities, and sensory impairments, 
which can vary in severity, ranging from mild speech 
difficulties to an inability to speak.1  However, individuals 
with CP can still communicate through alternative 
means of communication that supplement or replace 
spoken language.2,3

	 Modern medicine emphasizes a holistic approach 
to healthcare, prioritizing comprehensive care that 
enhances overall quality of life. The International 
Classification of Functioning, Disability, and Health 
(ICF), developed by the World Health Organization 
(WHO), provides a framework that categorizes individual 
health status or disease into three components: body 
structures and functions, activities, and participation. 

This framework has led to the widespread adoption 
of functional classification systems.4, 5 For individuals 
with CP, classification systems often focus on 
communication, manual functions, and mobility. 

Commonly used tools include the Gross Motor Function 
Classification System (GMFCS)6, the Manual Ability 
Classification System (MACS),7 and the Communication 
Function Classification System (CFCS).8

	 Corresponding to the activity and participation 
components of the ICF, the Communication Function 
Classification System (CFCS) is a widely recognized 
tool developed to classify the communication 
performance of individuals with CP in their daily lives. 
The CFCS categorizes communication performance 
into five distinct levels, ranging from effective sender 
and receiver with both familiar and unfamiliar partners 
to seldom effective sender and receiver even with 
familiar partners.9 Unlike traditional assessments 
that focus solely on speech or language impairments, 
the CFCS emphasizes functional communication, 
encompassing all methods such as vocalizations, facial 
expressions, gestures, sign language, symbols, writing, 
and alternative and augmentative communication 
(AAC). This system complements traditional speech 
and language assessments by enabling clinicians, 

educators, and parents to better understand and plan 
interventions tailored to the communication needs of 
individuals with CP. 
	 The CFCS demonstrates high inter-rater reliability 
among professionals (weighted kappa score: ƙ=0.66, 
95% CI: 0.55–0.78)10 and fair reliability between 
professionals and parents (ƙ=0.49, 95% CI: 0.40-0.59). 

Intra-rater reliability among professionals is very good 
(ƙ=0.82, 95% CI: 0.74-0.90).10 Widely adopted worldwide, 
the CFCS has been translated and validated in multiple 
languages, including Dutch,11 Farsi,12 Chinese,13 
Korean,14 and Turkish,15 demonstrating high validity and 
reliability. The CFCS can integrate well with the GMFCS 
and MACS, helping to enhance interdisciplinary 
communication and therapeutic planning, making it 
widely used in hospitals, rehabilitation centers, and 
public health data collection.16,17 

	 Despite the successful translations of the GMFCS 
and MACS into Thai, a standardized version of the Thai 
CFCS has not yet been established.18,19  Therefore, 
the present study aimed to cross-culturally adapt 
the original English version of the Communication 
Function Classification System (CFCS) into Thai 
(CFCS-TH) for individuals with CP. Additionally, the 
study sought to evaluate the reliability and validity 
of the CFCS-TH in individuals aged 2-18 years with 
CP. The study was executed in two phases: a) the 
cross-cultural adaptation and translation of the CFCS 
into Thai (CFCS-TH); and b) the psychometric evaluation 
of the CFCS-TH, emphasizing its validity and reliability.

Materials and methods
Phase 1: Cross-cultural adaptation and translation 
of the CFCS-TH
	 The cross-cultural adaptation of the Communication 
Function Classification System into Thai (CFCS-TH) 
followed established guidelines proposed by Beaton et 
al.,20 which involve six sequential s to ensure linguistic and 
conceptual equivalence.
	 1) Forward translation: Two forward translations 
were independently produced-one by an experienced 
bilingual speech-language pathologist (SLP) and the 
other by a professional language translator with no 
prior knowledge of the CFCS or medical background. 

	 2) Synthesis of translations: An expert committee 
synthesized the two Thai versions into a single, 
harmonized draft. The committee consisted of the 
bilingual SLP translators from Step 1, the language 
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professional translators from Step 1, the principal 
investigator (i.e., SLP), and a research advisor, 
ensuring the translated version retained its original 
meaning and maintained linguistic appropriateness.  
	 3) Backward translation: The synthesized Thai 
version was back-translated into English by two 
independent professional translators who had no prior 
exposure to the original CFCS and were not involved 
any of the previous steps.
	 4) Expert committee review: A five-member expert 
panel-including two forward translators from Step 1 
(i.e., the bilingual SLP and a language professional), 
two backward translators from Step 3 (i.e., two 
language professionals), and an additional SLP 
with over 10 years of clinical experience in pediatric 
communication disorders who was not involved in 
earlier steps-evaluated the semantic, idiomatic, and 
conceptual equivalence of the translated content. 
Each item was rated using a three-level scale: -1 (not 
equivalent), 0 (uncertain), and +1 (clearly equivalent to 
the original CFCS). Suggestions for revision were also 
provided. The researcher then calculated the Index of 
Item-Objective Congruence (IOC) for each item. Items 
with an IOC score below 0.5 were revised according to 
feedback from the committee.
	 5) Pre-testing: Five testers-two SLPs who were 

not involved in any earlier steps, two occupational 
therapists (OTs), and one parent of an individual 
with CP-each of whom had at least three months of 
experience caring for individuals with CP, participated 
in the review and pilot testing of the CFCS Thai version 
from the previous step. Subsequently, cognitive 
interviews were conducted to assess the utility, clarity, 
and language appropriateness of the instrument, and 
participants also rated the overall ease of use on a 
five-point Likert scale, ranging from ‘very easy’ to ‘very 
difficult’. All suggestions received were incorporated 
into the Thai pre-final version. 
	 6) Developer review and approval: The revised 
pre-final version was back-translated again by an 
experienced translator not involved in previous steps. 
Both the Thai pre-final version and the new back-
translated English pre-final version were submitted to 
the original CFCS developers for review. The finalized 
Thai version (CFCS-TH) was subsequently used in 
Phase 2 of this study to assess content validity, inter-
rater reliability, and intra-rater reliability. 

Phase 2: Psychometric evaluation of the CFCS-TH 
(validity and reliability) 

Content Validity
	 Five expert SLPs, all of whom had not participated 
in any prior steps, evaluated the content of the 
instrument to determine its alignment with the intended 
measurement objectives, thereby determining its 
content validity. The item-level content validity index 
(I-CVI) and scale-level content validity index using the 
average method (S-CVI/Ave) were calculated based on 

expert ratings using a 4-point scale: 1 as not relevant, 
2 as needs major revision, 3 as needs minor revision, 
and 4 as relevant to the measurement objective.21,22

Inter-rater and intra-rater reliability 
	 As a result of the restrictions caused by the 
COVID-19 pandemic, access to individuals with CP 
and their parents was limited. Consequently, the 
sample size of this study was determined using the 
methodology for Cohen’s kappa statistics that was 
proposed by Bujang et al. 23. This method specifies 
that a five-level categorical scale with a minimum 
weighted kappa (ƙ₂) of 0.4, a null hypothesis kappa 
(ƙ₁) of 0, an alpha level of 0.05, and a power of 80% 

requires a minimum sample size of 15 participants. The 
target sample size was increased to 35 participants to 
accommodate potential classification imbalances and 
participant departure (estimated at 15%). 

Participants, study design, and setting 
Participants in Phase 1
	 Phase 1 included four participant groups, comprising  
speech-language pathologists (SLPs), translators, 
occupational therapists (OTs), and a parent of an 
individual with CP, each contributing to specific steps 
based on defined roles and qualifications.
	 Speech-Language Pathologists (SLPs): Four SLPs 
were directly involved in the translation process. One 
bilingual SLP conducted the forward translation in Step 
1, participated in the synthesis in Step 2, and served as 
a member of the expert panel in Step 4. Another SLP 

from the Rajanukul Institute, who had over five years of 
pediatric experience, participated in Step 4 as an expert 
reviewer. Two others from Chiang Mai University, each 
with at least three months of experience caring for an 
individual with CP, were involved in pre-testing in Step 
5. Separately, the principal investigator who oversaw 
the entire translation process, is also an SLP.
	 Translators: Four professional translators were 
involved in Phase 1. One translator, without a medical 
background, conducted the forward translation in 
Step 1, participated in the synthesis in Step 2, and 
later contributed to the expert review in Step 4. Two 
other translators, also without medical background, 
completed the backward translation in Step 3 and 
also participated in Step 4. The fourth independent 
translator carried out the pre-final back-translation in 
Step 6. None of the translators had prior exposure to 
the CFCS, and all were selected for their professional 
translation expertise.
	 Occupational Therapists (OTs): Two OTs from 
Chiang Mai University joined the pre-testing in Step 5, 
each with at least three months of experience caring for 
an individual with CP.
	 Parent of the Individual with CP: One parent 
participated in Step 5, meeting the criteria of Thai fluency 
and caregiving experience of at least three months.
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Participants in Phase 2
	 Content-validity panel: The content validity of 
the CFCS-TH was evaluated by a panel of five SLPs 
from various institutions, including the Department 
of Communication Sciences and Disorders at 
Ramathibodi Hospital and the Sirindhorn National 
Medical Rehabilitation Institute, as well as private 
clinics and non-profit organizations specializing in 
augmentative and alternative communication (AAC). 
These experts had a minimum of 10 years of experience 
working with individuals with communication 
difficulties, including cerebral palsy, and utilizing AAC 
devices. Expert feedback was solicited primarily by 
postal mail and email. Despite follow-up reminders 
sent through both email and private social media 
messaging after the submission deadline, one expert 
did not respond. Consequently, the final analysis was 
based on the feedback provided by the four experts 
who completed the evaluation.
	 Reliability study participants: Participants in 

the CFCS-TH reliability study comprised two groups: 
individuals with CP and raters (parents, one SLP, and 
two PTs). Purposive sampling was employed to recruit 
the individuals with CP and their parents. 

The individuals with CP (N=35) were recruited from the 
Rajanagarindra Institute of Child 
	 Development (N=15) and Srisangwan Chiangmai 
School (n = 20) with the following inclusion criteria: (a) 
individuals with CP aged between 2 and 18 years, (b) 
use of Thai as their primary language, and (c) provision 
of parental or guardian consent for participation in the 
study. The mean age of participants was 11 years and 
1 month. The majority of subjects exhibited spastic 
diplegia or spastic hemiplegia. Table 1 reports general 
demographic data of the individuals with CP.
	 The parent raters consisted of 35 caregivers of 
individuals with CP, including 20 parents or family 
members and 15 homeroom teachers assigned to the 
boarding individuals, who met the following inclusion 
criteria: 1) ability to communicate in Thai, 2) fluency in 
reading Thai, and 3) at least three months of caregiving 
experience with an individual with CP. Table 2 presents 
the demographic characteristics of the parent raters. 
	 Professional raters included one physical therapist 
(PT) from each setting and one speech-language 
pathologist (SLP), who also served as the principal 
investigator.

Table 1. General information of individuals with cerebral palsy. 

Information Number Percentage (%)

Sex (N=35)

     Male 18 51.43

     Female 17 48.57

Age (N=35)

     Under 5 years 3 8.57

     5-7 years 3 8.57

     7-12 years 13 37.14

     12-18 years 16 45.72

Types of cerebral palsy (N=35)

     Spastic hemiplegia 7 20

     Spastic diplegia 21 60

     Spastic triplegia or quadriplegia 3 8.57

     Other types of CP 4 11.43

Communication partners in daily life (multiple responses allowed)

Family members (N=35) 35 100

Teachers and peers (N=35) 27 77.14

Other Individuals in daily life (unfamiliar) (N=35) 17 48.57
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Research methods
 	 The communication function level of each 
participating individual with CP was independently 
classified by one parent, one SLP, and one PT using the 
CFCS-TH on two occasions, with a 2-to-7-week interval 
between sessions. Before rating, parents received a 
10- to 15-minute briefing on the tool’s purpose and 
content, had the opportunity to ask questions, and 
then independently reviewed and completed the 
classification during the scheduled session. The 
professional raters independently classified the 
individual with CP’s communication level following 
each therapy session.
	 After all data were collected, the classification 
results were analyzed to determine the level of 
agreement using weighted kappa statistics.24 Interrater 
reliability analysis was conducted across three rater 
pairings: SLP vs PT, SLP vs. caregiver, and PT vs. caregiver. 
Further examination was performed by dividing interrater 
reliability data according to the first and second ratings. 

The level of agreement between each rater group was 
determined to increase the overall statistical power of 
the reliability calculations. Intra-rater reliability analysis 
was assessed to evaluate the consistency of each rater’s 
classifications between the first and second ratings. The 
analysis was performed separately for each rater group 
(SLPs, PTs, and parents) to determine the stability of their 
classifications over time.

Ethical considerations
	 Ethical approval for this study was obtained from 
the Human Research Ethics Committees of the Faculty 
of Associated Medical Sciences, Chiang Mai University, 
Chiang Mai (Approval ID: AMSEC-65FB-003), and from 
the Human Research Ethics Committees of Suan Prung 
Psychiatric Hospital, Chiang Mai (Approval ID: SPH.
IRB005/2565SCs_Ful). Data collection commenced 
only after receiving formal approval.

Statistical analysis 
	 Evaluation of equivalence: In step 4 of the 
translation procedure, the item-objective congruence 
index (IOC) was used to assess the equivalence of the 
CFCS-TH. Items with an IOC score below 0.50 were 
revised according to recommendations from the expert 
committee.25

	 Content validity: The content validity index (CVI) 

was calculated at both the item level (I-CVI) and scale 

level (S-CVI/Ave) based on expert assessments. Items 
with an I-CVI below 0.78 were revised, 21, 22 and the 
S-CVI/Ave was required to meet a minimum threshold 
of 0.80.21 
	 Reliability: Inter-rater and intra-rater reliability were 
determined by calculating weighted kappa statistics. 

The expected inter-rater reliability was considered 
acceptable at a fair level of agreement (≥0.41),10-15 while 
intra-rater reliability was considered good (≥0.61)10-

Table 2. General information of parents or caregivers.

Information Number Percentage (%)

Sex (N=35)

     Male 6 17.14

     Female 29 82.86

Age (N=35)

     20-29 years 8 22.86

     30-39 years 9 25.71

     40-49 years 12 34.29

     50 years and above 6 17.14

Education Level (N=35)

     Primary education 7 20

     Lower or upper secondary education 4 11.43

     Higher vocational certificate 1 2.86

     Bachelor’s degree 19 54.28

     Postgraduate degree 4 11.43

Relationship to the individual with cerebral palsy (N=35)

     Father or mother 16 45.71

     Relatives 4 11.43

     Homeroom teacher 15 42.86
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15 based on weighted kappa values.24 Agreement 
levels were classified as follows: <0.20 indicated poor 
agreement, 0.21-0.40 slight agreement, 0.41-0.60 fair 
agreement, 0.61-0.80 good agreement, 0.81-0.91 very 
good agreement, and >0.92 excellent agreement.24

Results 
Phase 1: Cross-cultural translation of the CFCS-TH
	 The six-step cross-cultural adaptation process 
began with forward translations conducted by a bilingual 
SLP and a lay translator, ensuring linguistic accuracy 
by incorporating perspectives from both an expert in 
the field and a non-expert translator while preserving 
the conceptual intent of the original CFCS. Step 2 
yielded a synthesized version that integrated input from 
both translators, resulting in a culturally appropriate 
preliminary draft. In Step 3, back-translation confirmed 
preliminary semantic equivalence with the original 
version and was reviewed prior to further validation 
steps. The subsequent steps focused on evaluating 
the equivalence, usability, and final approval of the 
translated version.
	 In Step 4, the Item-Objective Congruence (IOC) 
scores from expert reviews confirmed that the translated 
items were well aligned with the original instrument in 
both meaning and structure. Semantic equivalence 
ranged from 0.60 to 1.00, and conceptual equivalence 
scores were between 0.80 and 1.00. However, idiomatic 
equivalence ranged from 0.40 to 1.00, with one item 
requiring revision for clarity by modifying the phrase “in 
a typical manner” to “generally” and restructuring the 
sentence to improve coherence.
	 In Step 5, feedback from five testers indicated that 
they understood the classification system as intended, 
with usability ratings ranging from “moderately easy” 
(one parent) to “easy” (all four professionals: two SLPs 
and two OTs). Based on the testers’ suggestions, the 
pre-final version was revised by improving phrasing, 
reorganizing content to reduce misinterpretation, and 
eliminating ambiguous terms.
	 In Step 6, the original developers reviewed the 
back-translated pre-final version of the CFCS-TH and 
raised questions about the wording of certain terms. 
After clarification was provided, they accepted the 
explanations and officially approved the translation on 
November 10, 2022. This approval confirmed both the 
linguistic accuracy and cultural relevance of the Thai 
version and marked the successful conclusion of the 
cross-cultural adaptation process.

Phase 2: Psychometric evaluation of the CFCS-TH 
Content validity of the CFCS-TH
	 The item-level content validity index (I-CVI) was 
calculated as 1.00 for all items, and the scale-level 
content validity index (S-CVI/Ave) was also 1.00. These 
results indicated that the CFCS-TH demonstrated 
excellent content validity, confirming that the tool 
accurately measures its intended construct.

Reliability of the CFCS-TH
Inter-rater reliability
	 Inter-rater reliability was initially analyzed using the 
combined classification data from both rating rounds. 
The weighted kappa values indicated good agreement 
between the SLP and PT (ƙ=0.71, 95% CI: 0.60-0.81), 
good agreement between the SLP and parents (ƙ=0.66; 
95% CI: 0.54-0.77), and fair agreement between the PT 
and parents (ƙ = 0.55, 95% CI: 0.44-0.67), as shown in 
Table 3. These combined results were consistent with 
previous validation studies of other CFCS language 
versions and were included in the original thesis report.
	 To further investigate potential differences across 
time points, inter-rater reliability was also analyzed 
by separating the data from the first and second 
classifications. In the first classification round, 
weighted kappa values indicated good agreement 
between the SLP and PT (ƙ=0.73, 95% CI: 0.60-0.87), 
fair agreement between the SLP and parents (ƙ=0.61, 
95% CI: 0.44-0.77), and moderate agreement between 
the PT and parents (ƙ=0.48, 95% CI: 0.32-0.65), as 
shown in Table 3.
	 In the second classification round, the agreement 
between the SLP and PT decreased slightly (ƙ=0.69, 95% 
CI: 0.53-0.84), the SLP-parent agreement remained 
stable (ƙ=0.66, 95% CI: 0.54-0.77), and the PT-parent 
agreement improved (ƙ=0.62, 95% CI: 0.47-0.77), as 
shown in Table 3. These results provide a more nuanced 
view of inter-rater agreement over time and offer further 
insight into the consistency and responsiveness of the 
CFCS-TH when used across different rater pairings. 
Intra-rater reliability
	 The intra-rater reliability of the SLP was excellent 
(ƙ=0.92; 95% CI: 0.84-0.99). The PT also demonstrated 
excellent intra-rater reliability (ƙ=0.91, 95% CI: 0.83-
1.00). Caregiver intra-rater reliability was substantial 
(ƙ=0.86, 95% CI: 0.73-0.99), indicating consistent 
classifications across sessions. Communication 
function classification results by raters between the 
first and second ratings are presented in Table 4.
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Discussion
	 The purposes of this study were to culturally adapt 
the Communication Function Classification System 
(CFCS) into Thai and to evaluate its psychometric 
properties through a structured two-phase approach. 
Phase 1 involved the cross-cultural adaptation process, 
which resulted in the finalized Thai version of the CFCS 
(CFCS-TH). Phase 2 assessed the content validity,  
inter-rater reliability, and intra-rater reliability of the 
adapted tool. The findings from both phases are 
examined in the following sections, concerning relevant 
empirical studies. 

Phase 1: Cross-cultural adaptation of the CFCS-TH
	 The cross-cultural adaptation of the CFCS into Thai 
(CFCS-TH) in this study placed particular emphasis on 
ensuring that sentence structures and terminology 
were appropriate for both professionals and laypersons 
while maintaining the intended meaning of the original 
classification system. The translation process was 
carefully structured to preserve the conceptual 
integrity of the tool, with the forward-backward 

translation approach playing a crucial role in ensuring 
accuracy and balancing the perspectives of an SLP and 
a layperson. 

	 In Step 4, the Item-Objective Congruence (IOC)
scores from expert reviews confirmed that the translated 
 items were well aligned with the original instrument in 
both meaning and structure. Most terms achieved direct 
semantic equivalence. However, one phrase required 
minor revision to ensure idiomatic clarity. Expert 
feedback also helped ensure that the terminology was 
not only linguistically appropriate but also clinically 
relevant, thereby enhancing the overall validity of the 
CFCS-TH.
	 In Step 5, results from the cognitive interviews 
indicated that testers with varied professional and 
personal perspectives, including one parent, two SLPs, 
and two OTs, generally understood the classification 
system as intended and offered suggestions to 
improve its clarity and usability. Of the five testers, 
four professionals (80%) rated the CFCS-TH as “easy to 
apply”, while the caregiver (20%) rated it as “moderately 
easy to apply”. These usability ratings closely align with 

Table 3. Summary of inter-rater reliability for CFCS-TH classifications between rater groups with different 
classification rounds.

Rater pairing Classification 
round

Number of 
rating pairs

Weighted kappa value
(ƙ; 95% CI)

Interpretation

SLP vs PTs Combined 70 0.71 (0.60-0.81) Good

SLP vs PTs First 35 0.73 (0.60-0.87) Good

SLP vs PTs Second 35 0.69 (0.53-0.84) Good

SLP vs Parents Combined 70 0.66 (0.54-0.77) Good

SLP vs Parents First 35 0.61 (0.44-0.77) Good

SLP vs Parents Second 35 0.66 (0.54-0.77) Good

PTs vs Parents Combined 70 0.55 (0.44-0.67) Fair

PTs vs Parents First 35 0.48 (0.32-0.65) Fair

PTs vs Parents Second 35 0.62 (0.47-0.77) Good
Note: SLP: speech-language pathologist, PTs: physical therapists, parents: caregivers of the individuals with CP. Weighted 
kappa (ƙ) values were used to assess inter-rater reliability across rater pairs, based on CFCS-TH classification results between 
the combined, first, and second classification rounds. The interpretation of ƙ values was based on criteria: <0.20=poor 
agreement, 0.21-0.40=slight, 0.41-0.60=fair, 0.61-0.80=good, 0.81-0.91=very good, and >0.92=excellent agreement.

Table 4. Summary of intra-rater reliability for CFCS-TH classifications across rater groups.

Rater Number of  
Rating pairs

Weighted kappa value  
(ƙ; 95% CI)

Interpretation

SLP 35 0.92 (0.84–0.99) Very good

PTs 35 0.91 (0.83–1.00) Very good

Parents 35 0.86 (0.73–0.99) Very good
Note: SLP: speech-language pathologist, PTs: physical therapists, parents: caregivers of the individuals 
with CP. Weighted kappa (ƙ) values were used to assess inter-rater reliability across rater pairs, based 
on CFCS-TH classification results between the combined, first, and second classification rounds. The 
interpretation of ƙ values was based on criteria: <0.20=poor agreement, 0.21-0.40 slight, 0.41-0.60= fair, 
0.61-0.80=good, 0.81-0.91=very good, and >0.92=excellent agreement.
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those reported by Soleymani et al.12, who evaluated the 
Farsi version of the CFCS and found that 70% of testers 
rated it as “very easy to apply”, 20% as “easy to apply”, 
and 10% as “fairly easy to apply”. This similarity in 
rating patterns supports the cross-cultural applicability 
and face validity of the CFCS across different language 
contexts. Although some descriptors involved technical 
language, participants reported that layout features, 
such as the font emphasis and use of examples, 
facilitated understanding of the classification levels. 
Feedback suggested that users were better able to 
distinguish among levels when they clearly understood 
the key variables. Based on these findings, it is 
recommended that a brief orientation or instructional 
guide be provided prior to implementation. 

	 In Step 6, the original developers reviewed the 
back-translated pre-final version of the CFCS-TH 
and approved the Thai version without requesting 
any modifications, although they raised a few minor 
questions regarding specific word choices. This 
approval not only confirmed the linguistic accuracy 
and cultural relevance of the translation but also 
marked the successful conclusion of the cross-cultural 
adaptation process, supporting the tool’s readiness for 
psychometric evaluation in Phase 2.

Phase 2: Psychometric evaluation of the CFCS-TH 
Content validity of the CFCS-TH
	 The content validity evaluation of the CFCS-TH 
faced a limitation due to the unavailability of one expert 
reviewer, resulting in an analysis based on the opinions 
of four experts. Despite this, the number of reviewers 
was considered adequate for a valid assessment 
of content validity.21,22 The I-CVI was 1.00 across all 
components, exceeding the threshold for necessary 
revision, while the S-CVI/Ave was also 1.00, meeting 
established quality criteria. Despite being based on 
four experts rather than five as originally planned, a 
hypothetical scenario assuming the lowest possible 
rating from the fifth expert still resulted in an I-CVI 
above 0.78 and an S-CVI/Ave of 0.80, both of which 
satisfy established validity standards. Therefore, it 
can be concluded that the CFCS-TH is a valid tool that 
effectively measures communication functions in line 
with its intended purpose.
	 In other language versions of the CFCS, 
concurrent validity evaluation has typically been 
conducted by comparing CFCS classifications with the 
social function subscale of the Pediatric Evaluation of 
Disability Inventory (PEDI)11, 13, 14. However, this method 
could not be used in this study due to the lack of a Thai 
version of PEDI or any other standard Thai-language 
tool for comparison.

Reliability of the CFCS-TH
Inter-rater reliability 
	 When analyzing inter-rater reliability, weighted 
kappa statistics revealed that the CFCS-TH exhibited 

moderate to good reliability across different rater 
groups. These findings indicate that the CFCS-TH has 
acceptable inter-rater reliability, aligning with the 
original CFCS, which also demonstrated moderate to 
good agreement. When compared to other language 
adaptations of the CFCS, inter-rater reliability findings 
ranged from moderate to excellent. The results of this 
study closely matched those reported in the CFCS-NL 
(Dutch version) by Zwart et al.,11 where inter-rater 
reliability among SLPs was also classified as good 
(ƙ=0.78, 95.5% CI: 0.66–0.89). The findings were further 
corroborated by studies of the CFCS-FS (Farsi version) 

by Soleymani et al.,12 and the CFCS-KR (Korean version) 

by Choi et al.,14 both of which demonstrated very good 
agreement between SLPs and therapists (ƙ=0.81-0.87). 
These levels of agreement indicate that the CFCS-TH 
is a sufficiently robust classification tool for evaluating 
communication functions across diverse evaluator types.
	 Multiple factors may contribute to the observed 
variation in inter-rater reliability between the CFCS-
TH and other language versions. One such factor is 
participant age, as previous studies have reported 
increased inter-rater reliability in individuals with CP 
aged five years and older. For instance, Hidecker et al.,10 
observed higher reliability among older individuals with 
CP, while Wang et al.,13 found that inter-rater agreement 
was greater in individuals aged 4-16 years compared 
to those aged 2-4 years. Studies of the CFCS Korean 
version14 and CFCS Turkish version15 similarly noted 
higher reliability when participants were at least four 
years old. Given that the majority of participants in 
this study were older than seven years, it is likely that 
participant age contributed to the observed level of 
inter-rater reliability.
	 Parental education level was another influential 
factor. In this study, 80% of parents had at least a lower 
secondary education, which may have contributed to 
the good agreement between SLPs and parents. This 
aligns with findings by Mutlu et al.,15 who reported 
higher inter-rater reliability when parents had higher 
education levels. More educated parents were better 
able to comprehend the definitions and criteria 
underlying the communication classifications, thereby 
producing more consistent assessments.14,26 However, 
highly educated parents may also have elevated 
expectations of their children, which could influence 
their rating decisions and, consequently, impact inter-
rater reliability.26

	 The lower agreement between PTs and parents in 
this study may have been influenced by limited prior 
exposure to the CFCS-TH among raters. 27,28 Neither 
the PTs nor parents had prior experience using the 
CFCS-TH, which may have contributed to variability in 
their interpretation of communication function levels. 

Previous studies, such as those by Choi et al.,14 have 
found that experienced raters demonstrated higher 
inter-rater reliability. Similarly, Soleymani et al.,12 
reported improved reliability after providing additional 
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orientation and training with the CFCS-FS. These 
findings suggest that future applications of the CFCS-TH 
could benefit from structured training sessions or 
familiarity-building activities before use.28

	 To provide a more detailed perspective, the present 
study conducted an additional analysis by separating 
inter-rater reliability data based on the first and second 
assessment sessions. The resulting weighted kappa 
values offered further insight into the stability of 
agreement patterns over time. Agreement between the 
SLP and PT remained substantial across both sessions 
(ƙ=0.73 and ƙ=0.69, respectively), indicating stable 
interpretability of the CFCS-TH among professional raters.
	 The SLP-parent pairing demonstrated moderate 
agreement in both rounds (ƙ=0.61 and ƙ=0.66), 
suggesting that minimal exposure to the instrument 
may have enhanced parents’ ability to apply the 
classification criteria in a manner more aligned with 
professional judgment. A similar pattern was observed 
between PTs and parents, whose agreement improved 
from fair (ƙ=0.48) in the first round to moderate 
(ƙ=0.62) in the second. This improvement may reflect 
a familiarity effect, wherein lay raters became more 
adept at applying CFCS-TH categories with repeated use.
	 Taken together, these results suggest that, 
although professional raters initially exhibit more 
consistent agreement, parents can achieve 
comparable reliability with increased exposure and 
appropriate orientation. These findings are consistent 
with prior evidence indicating that factors such as rater 
experience, participant age, and parental education 
level play a significant role in inter-rater agreement. 
As noted previously, the majority of individuals with 
CP participating in this study were older than seven 
years, and most parents had at least a lower-secondary 
level of education, both of which are factors known to 
contribute positively to reliability outcomes.
	 In conclusion, this study found that the CFCS-TH 
produced moderate to good inter-rater reliability across 
diverse rater groups, including both professionals and 
parents. These results are consistent with previous 
validations of the original and adapted CFCS versions, 
supporting the cross-cultural robustness of the 
instrument. Furthermore, the additional session-based 
analysis confirmed the temporal consistency of 
classification outcomes and revealed a potential 
familiarity effect among layperson raters. Collectively, 
these results affirm the CFCS-TH as a reliable and 
practical tool for assessing communication function 
in individuals with CP. With appropriate training or 
orientation, it holds promise for widespread use across 
clinical, educational, and community-based contexts.

Intra-rater reliability
	 The intra-rater reliability of the CFCS-TH was 
found to be very good and excellent, consistent with 
previous studies on the original CFCS and its various 
language adaptations (e.g., Dutch, Farsi, Korean, and 

Turkish), which also reported high levels of intra-rater 
reliability.10-15 The methodologies employed in previous 
studies on translated versions of the CFCS exhibited 
certain variations, including differences in the types of 
raters involved, the number of raters per study, and the 
time intervals between assessments. The typical rater 
groups across these studies have included SLPs,11,12,14 
PTs,14 Ots,12 multidisciplinary professionals,10 and 
parents.12,14 The number of raters per group has varied 
significantly, with some studies involving a single 
rater per classification group,14 while others have 
included between two and four raters,11,12 and some 
studies have involved as many as 48 raters.10 The time 
interval between the first and second classification 
assessments has also differed, ranging from retesting 
within two weeks,14 to a minimum of two weeks,10,12 and 
at least seven weeks apart in some cases.11 Despite 
these methodological differences, the high consistency 
in results across studies confirms that both the CFCS-
TH and other translated versions are robust tools with 
strong intra-rater reliability. 

	 Additionally, a common finding in all studies,10-12,14 
is that intra-rater reliability among parents tends to be 
lower than that of professional raters, which is likely due 
to the same influencing factors previously identified in 
the inter-rater reliability analysis, including participant 
age, parental education level, and prior familiarity with 
the CFCS-TH.

Limitations
	 A key limitation of this study was the absence of 
a standardized Thai-language assessment tool for 
criterion validity testing, which is commonly used in 
the evaluation of CFCS adaptations in other languages. 

Additionally, the study was conducted during the 
COVID-19 pandemic, which hindered access to 
the target sample and led to a smaller sample size 
as a result of adjustments in statistical analysis. 

Some individuals with CP were students residing 
at Srisangwan Chiangmai School, meaning their 
communication functions were necessarily classified 
by their homeroom teachers rather than their parents 
or guardians. The sample was also imbalanced, 
particularly in the 2–4 years age group, which may 
have impacted inter-rater reliability and limited the 
generalizability of the findings to younger individuals. 

For individuals with CP in this age group, a collaborative 
evaluation involving clinicians and parents may be 
necessary, or additional factors should be considered 
to improve inter-rater reliability.

Conclusion
	 The Communication Function Classification 
System for Individuals with Cerebral Palsy-Thai Version 
(CFCS-TH) was demonstrated to be a valid and 
reliable medical classification tool for assessing the 
communication performance levels of individuals 
with CP in their daily lives in Thailand. The findings 
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of this study support its application in both clinical 
and research settings by providing a standardized 
framework for evaluating communication functions 
and facilitating effective intervention planning.
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Background: Dysphagia, or swallowing impairment, is a common complication 
in individuals with Parkinson’s disease. Speech therapy is a non-pharmacological 
intervention that employs behavioral techniques to address this condition. 
A growing body of research also suggests that music therapy may have beneficial 
effects on swallowing function in this population. However, the effectiveness 
of integrating speech and music therapy for improving swallowing in individuals 
with Parkinson’s disease has not yet been systematically evaluated.

Objectives: The objective of this systematic review was to examine the 
effectiveness of integrating speech therapy with music therapy for swallowing 
in patients with Parkinson’s disease.

Materials and methods: This study was registered in PROSPERO 
(CRD420251118370) and performed according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA). A total of two 
studies met the inclusion criteria. The authors systematically reviewed four 
electronic databases: PubMed, CINAHL Complete, the Cochrane Library, and 
Google Scholar. A hand search of the reference list of related articles was 
performed to identify any additional eligible studies. The assessment of bias 
risk was conducted using the Joanna Briggs Institute’s (JBI) critical appraisal tools.

Results: A total of two studies investigated the effects of speech therapy in 
combination with music therapy. One study implemented an interdisciplinary 
choral singing therapy program that included vocal exercise and choral singing. 
The other study applied a conventional speech therapy protocol-specifically, 
Lee Silverman Voice Treatment (LSVT LOUD®) and vocal exercises-combined 
with music therapy incorporating motor, breathing, vocal, and singing exercises. 
The integration of speech and music therapy demonstrated promising results 
in improving swallowing function in individuals with Parkinson’s disease.

Conclusion: The findings highlight the potential benefits of integrating 
speech and music therapy to improve swallowing function in individuals 
with Parkinson’s disease. However, due to the limited number of studies and 
methodological heterogeneity, definitive conclusions regarding the most 
effective intervention components cannot yet be drawn. While encouraging, 
the current evidence underscores the need for further high-quality research 
particularly randomized controlled trials to establish standardized protocols. 
Advancing this interdisciplinary approach may enhance rehabilitation 
outcomes and improve quality of life for this population.
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Introduction 
	 The prevalence of Parkinson’s disease is projected 
to exceed one million individuals in the United States 
by 2030, based on U.S. Census Bureau population 
estimates, and more than 10 million people 
worldwide.1 Parkinson’s disease is a neurological 
condition characterized by involuntary or uncontrolled 
movements such as tremors in the hands, arms, 
legs, jaw, or head, along with muscle stiffness, 
impaired balance, and coordination difficulties. 
Symptoms typically emerge gradually and worsen 
progressively over time. As the condition progresses, 
individuals may encounter difficulties with mobility 
and communication.2 This includes dysphagia, or 
swallowing impairment, which is a common non-motor 
symptom observed in individuals with Parkinson’s 
disease across all stages, including the prodromal 
phase when diagnostic criteria are not yet met3 as well 
as the early stages of the disease.4

	 Individuals with Parkinson’s disease may exhibit 
dysphagia in the oral, pharyngeal, and esophageal 
phases.5-7 Contributing factors include muscular 
incoordination or weakness and sensory dysfunction, 
with repetitive tongue pumping being the most frequent 
manifestation. Additional difficulties may involve 
delayed initiation of the pharyngeal swallow, poor lip 
seal and oral containment, pharyngeal residue, and 
airway invasion.6

	 Studies reported differences in the prevalence 
of dysphagia in Parkinson’s disease. For instance, a 
meta-analysis by Kalf et al.8 examined the prevalence 
of oropharyngeal dysphagia. The findings showed that 
while using subjective outcomes yielded an estimated 
prevalence of oropharyngeal dysphagia of 35% (95% 
confidence interval; CI=28-41), using objective data 
yielded an estimate of 82% (95% CI=77-87). However, 
due to variations in the methods used to assess 
swallowing functions, the prevalence of dysphagia in 
individuals with Parkinson’s disease varies. Recently, 
a meta-analysis of Gong et al.9 studies the prevalence 
of dysphagia in Parkinson’s disease across continents. 
The findings showed that Oceania has the highest 
frequency of dysphagia in Parkinson’s disease (56.3%), 
followed by Africa (39.5%), Asia (38.6%), Europe 
(36.1%), and America (28.9%).
	 Additionally, studies have investigated quality 
of life (QoL) related to swallowing in patients with 
Parkinson’s disease in various countries. For example, 
in Brazil, a study by Carneiro et al.10 used the Swallowing 
Quality of Life Questionnaire (SWAL-QOL). The findings 
showed that patients with Parkinson’s disease have 
considerably lower ratings on all SWAL-QOL domains 
than normal controls. The disease’s progression 
worsens swallowing QOL, particularly in terms of 
eating duration, symptom frequency, and sleep. This 
occurs primarily in the later stages of the disease. 
In Hong Kong, a study by Chan et al.11 used Chinese 
version of the Swallowing Quality-of-Life Questionnaire 

(C-SWAL-QOL). The findings showed that the most 
severely affected scales included sleep, fatigue, eating 
duration, and communication. Dysphagia, in particular, 
hampers medicine intake and causes malnutrition and 
aspiration pneumonia, which is a leading cause of death 
in individuals with Parkinson’s disease.12 In clinical 
practice, patients should receive early screening, 
diagnosis, and treatment to avoid complications from 
dysphagia.9

	 Numerous studies have demonstrated that 
speech therapy is a non-pharmacological intervention 
employing behavioral techniques to address dysphagia 
in patients with Parkinson’s disease. Early evidence 
from Robertson and Thomson13 showed that intensive 
speech therapy improved speech intelligibility and 
voice quality, with patients also reporting secondary 
improvements in swallowing, despite the therapy not 
being specifically designed for dysphagia. Subsequent 
studies have provided physiological confirmation of 
these cross-system effects. Evidence suggests that 
intensive speech therapy exerts beneficial influences 
on swallowing across multiple phases. In the oral phase, 
increased tongue and submental activity enhance 
bolus propulsion, consistent with reports of reduced 
oral transit time following intensive voice therapy.14 In 
the pharyngeal phase, greater hyolaryngeal excursion 
and improved tongue base retraction facilitate bolus 
transit through the pharyngoesophageal segment, 
thereby reducing aspiration risk.14,15 For airway 
protection, enhanced glottal closure and stronger 
expiratory drive contribute to safer swallowing, with 
recent findings also demonstrating improved reflexive 
cough capacity.15,16 These overlapping mechanisms 
support the rationale for investigating speech therapy 
in relation to dysphagia, even though its primary target 
is communication.17

	 Currently, a growing body of research suggests 
that music therapy particularly therapeutic singing 
may support swallowing function in individuals with 
Parkinson’s disease. In the early stages, Stegemöller 
et al.18 reported that a structured singing program 
enhanced motor and neuromuscular outcomes, which 
were interpreted as reflecting prolonged laryngeal 
elevation and improved airway protection, although 
swallowing-related quality of life remained unchanged. 
In later stages, Yeo et al.19 demonstrated that a 
therapist led singing intervention helped preserve 
swallowing function and improved self-reported 
swallowing outcomes compared to usual care. 
Consistent with these findings, a systematic review 
highlighted that music therapy programs especially 
those incorporating singing can yield benefits across 
motor, communication, and swallowing domains in 
Parkinson’s disease, suggesting their potential as 
a complementary rehabilitation strategy.20

	 Mechanistically, music therapy engages vocal-
respiratory tasks that overlap with the physiology of 
swallowing. Singing involves sustained phonation and 
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pitch modulation, which strengthen oral motor control, 
stimulate the suprahyoid and laryngeal muscles to 
facilitate hyolaryngeal excursion, and enhance breath-
swallow coordination and glottal closure. These 
mechanisms mirror some effects of conventional 
speech or voice therapy; however, music therapy 
distinguishes itself by embedding exercises within 
rhythm, melody, and familiar songs, thereby fostering 
emotional engagement and long-term adherence.18-20 

Emerging studies have begun to explore the integration 
of speech and music therapy for dysphagia in patients 
with Parkinson’s disease, reflecting a growing interest in 
multidisciplinary approaches.21,22 For example, a study 
by Funderburke investigated an 8-week interdisciplinary 
choral singing therapy (ICST) program that combined 
music and voice therapy.21 Participants’ swallowing 
evaluations improved, showing increases in angle of 
elevation and magnitude of displacement. Similarly, 
a study by Mohseni et al.22 investigated  a 4-week 
telerehabilitation program that integrated speech and 
music therapy for dysphagia in patients with Parkinson’s 
disease. The combined therapy group demonstrated 
greater improvements on the Swallowing Disturbance 
Questionnaire (SDQ) and Dysphagia Handicap Index 
(DHI) compared to groups receiving speech or music 
therapy alone.
	 While early reports suggest potential benefits 
of such combined interventions, the effectiveness 
of integrating speech therapy with music therapy for 
swallowing in patients with Parkinson’s disease has not 
yet been systematically evaluated. To address this gap, 
the objective of this systematic review was to investigate 
the effectiveness of integrating speech and music 
therapy on swallowing outcomes in this population. 

The review question was: “What is the effectiveness 
of speech therapy integrated with music therapy on 
swallowing outcomes in patients with Parkinson’s 
disease?” The findings aim to provide an up-to-date 
synthesis of the existing evidence, supporting clinical 
decision-making and encouraging interdisciplinary 
collaboration to optimize patient care.

Method
	 This study was registered in PROSPERO 
(CRD420251118370) and performed according to 
PRISMA.23

Data sources and searches
	 The literature search was performed by two 
independent authors (N.W and V.B). The four electronic 
databases included PubMed, CINAHL Complete, the 
Cochrane Library, and Google Scholar. A hand search 
of the reference list of related articles was performed 
to identify any additional eligible studies. A systematic 
search was conducted across all databases from 
September to October 2024 to identify articles published 
between 2010 and 2024. All studies were published in 
English language.
	 A range of search terms was employed and 
applied consistently across all databases. These terms 
included: (“Parkinson’s disease”) AND (“dysphagia” 
OR “swallowing impairment”) AND (“speech therapy”) 
AND (“music therapy”) AND (“swallowing”). 

Inclusion and exclusion criteria	
	 Table 1 shows the Participant, Intervention, 
Comparison, Outcome, and Study design (PICOs) 
frameworks that were used for selection criteria.

Table 1. Inclusion and exclusion criteria.	

PICOS Inclusion criteria Exclusion criteria

Population Patients who were diagnosed with 
Parkinson’s disease at any stage of 
disease progression and severity and 
patients who had dysphagia of any 
severity.

Patients who were with non-parkinsonian 
conditions and without dysphagia.

Intervention Speech therapy integrated with music 
therapy

Speech therapy or music therapy alone as 
a primary intervention.

Comparison Studies with and without a comparative 
group were considered, such as music 
therapy or speech therapy alone or without 
intervention.	

N/A

Outcome Swallowing-related outcomes, as 
evaluated by instrumental assessment 
and/or functional scores.

Swallowing-related outcomes were not 
considered as primary outcomes.

Study design Randomised and non-randomised studies. Editorials, opinions and commentaries, 
and qualitative studies
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Data extraction
	 Two independent authors (NW and VB) screened 
titles and abstracts of the records identified through 
the searches described above. The results from the 
searches were exported into the industry standard 
bibliographic tool EndnoteTM to merge search results 
from different databases, and duplicates were 
removed. Once the initial results list was finalized, 
two authors (NW and VB) obtained full-text copies 
of all the remaining studies that fulfilled the listed 
inclusion criteria. They independently assessed the 
studies based on the inclusion criteria and decided 
whether to include or exclude studies. We resolved 
any disagreements through discussion, but when 
consensus could not be reached, a third reviewer (ES) 
was consulted, and her decision was final.
	 The main characteristics of the included studies 
were extracted by the two independent authors (NW 
and VB) using a designed template. We resolved any 
disagreements through discussion, but when consensus 
could not be reached, a third reviewer (ES) was consulted, 
and her decision is final. Data were extracted on study 
characteristics (author, year, country, type of study, and 
sample size), patient characteristics (diagnostic, age, and 
gender), intervention (type of intervention and comparator 
groups), and outcome measures (measurements and all 
swallow related outcomes). 

Quality assessment
	 The quality of the studies included in this review 
were evaluated using the JBI critical appraisal tools 
according to research type. The two independent 
authors (NW and VB) reviewed the methodological 
quality of the included studies. Any disagreement was 
resolved by consensus, and whenever this was not 
possible, a third reviewer (ES) was consulted, whose 
decision was final. 
	 The JBI quasi-experimental studies checklist is 
made up of nine items: certainty of cause and effect,  
pre-homogeneity verification, exposure to the same 
environment outside of the intervention, presence or 
absence of a control group, pre- and post-intervention 
effect measures, description of dropouts, equivalence 
of outcome measures, appropriateness of outcome 
variable measures, and statistical analysis methods. 
For each item, the checklist assigned a score of 1 to 
“yes” and 0 to “unclear,” “no,” and “not applicable”.24

	 Table 2 shows the quasi-experimental study 
that were appraised using the JBI tool.24 The quality 
assessment score for quasi-experimental study was 4 
out of 9 (high risk). The quasi-experimental design of 
this study is vulnerable to selection bias, owing to the 
lack of a control group.

Table 2. The JBI critical appraisal checklist for quasi-experimental study.

JBI critical appraisal checklist for quasi-experimental study Funderburke23

Is it clear in the study what is the “cause” and what is the “effect” 
(i.e., there is no confusion about which variable comes first)?

Y

Was there a control group? N

Were the participants included in any comparisons similar? NA

Were the participants included in any comparisons receiving 
similar treatment/care, other than the exposure or intervention of 
interest?

NA

Were there multiple measurements of the outcome both pre- and 
post-intervention/ exposure?

Y

Were the outcomes of participants included in any comparisons 
measured in the same way?

NA

Were outcomes measured in a reliable way? Y

Was follow-up complete and if not, were differences between 
groups in terms of their follow-up adequately described and 
analyzed?

N

Was appropriate statistical analysis used? Y

Overall appraisal 4/9
(High risk)

Note: Y: yes, N: no, NA: not applicable.
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	 The JBI RCT studies checklist is made up of 
13 items: randomization, allocation concealment,  
pre-homogeneity verification, blinding (participants, 
interventors, and assessors), identical conditions 
other than experimental treatment, description of 
dropouts, analysis based on randomization, equivalence 
of outcome measures, appropriateness of outcome 
variable measures and statistical analysis methods, 

and appropriateness of the study design. For each 
item, the checklist assigned a score of 1 to “yes” and 0 
to “unclear,” “no,” and “not applicable”.25

	 Table 3 shows the critical appraisal for the 
randomized clinical trials that were assessed using the 
JBI tool.25 The quality assessment score for RCT study 
was 11 out of 13 (low risk).

Data analysis
	 A descriptive analysis of the data was conducted. 
The researchers did not perform analysis of 
subgroups or subsets. Meta-analysis of the studies 
was not undertaken due to the heterogeneity of the 
interventions and outcome measures employed in the 
studies. This makes it challenging to integrate the data 
in a meaningful way and perform a meta-analysis.

Results
Search results
	 Figure 1 shows the PRISMA flowchart of the 
study. A comprehensive literature search in electronic 
databases (N=34,128) and a hand search (N=13) 
yielded 34,141 studies. After duplicates were removed, 
14,907 studies remained and were kept for title and 
abstract review. Then, 14,894 studies were excluded 

Table 3. The JBI critical appraisal checklist for randomized controlled trials.

JBI critical appraisal checklist for randomized controlled trials Mohseni et al.25

Was true randomization used for assignment of participants to 
treatment groups?

Y

Was allocation to treatment groups concealed? Y

Were treatment groups similar at the baseline? Y

Were participants blind to treatment assignment? Y

Were those delivering treatment blind to treatment assignment? N

Were outcomes assessors blind to treatment assignment? N

Were treatment groups treated identically other than the 
intervention of interest?

Y

Was follow up complete and if not, were differences between 
groups in terms of their follow up adequately described and 
analyzed?

Y

Were participants analyzed in the groups to which they were 
randomized?

Y

Were outcomes measured in the same way for treatment groups? Y

Were outcomes measured in a reliable way? Y

Was appropriate statistical analysis used? Y

Was the trial design appropriate, and any deviations from the 
standard RCT design (individual randomization, parallel groups) 
accounted for in the conduct and analysis of the trial?

Y

Overall appraisal 11
(Low risk)

after screening due to factors such as unrelated 
studies (N=11,778), non-English language (N=655), 
and other considerations (N=2,461). Thereafter, 13 
studies were assessed for full-text articles for eligibility, 
and 11 studies were excluded for reasons such as not 
integrating speech and music (N=9) or not focusing 
on swallowing in Parkinson’s disease patients (N=2). 
Consequently, the review included the remaining two 
studies.
	 Table 4 shows study characteristics included in 
the study. Two of the studies included in this review are 
clinical trials, one was a quasi-experimental study,21 
and one was a randomized study.22 Studies were 
published, one in 201221 and another one in 2023.22 Of 
the total studies, one was conducted in the USA,21 and 
one in Iran, West Asia.22
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Figure 1. Methodology flowchart.
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	 Thirty-six participants included in the study were 
patients with idiopathic Parkinson’s disease who 
were clinically evaluated and ultimately diagnosed 
by a neurologist.21,22 The number of participants with 
Parkinson’s disease included in each study was 3 in 
one study21 and 33 in another one.22 The total number 
of patients included in the study was 36, comprising 28 
males and 8 females.21,22

	 Disease severity was characterized using the 
Hoehn and Yahr (H&Y) scale, which included subjects 
with a score of 1-222 and 2.5,21 reflecting the mild 
functional disability. Both studies recorded information 
about the participants’ medication cycle during 
assessment or treatment. In one study, the patients 
were in the “on-state” of the medication cycle, which 
typically occurs one hour after medication.22 In another 
study, patients had been on a stable regimen of 
antiparkinsonian and psychotropic medications for 30 
days prior to participation.21

	 A total of 2 studies reported the effect of speech 
therapy in combination with music therapy.21,22 
Interventions were heterogeneous across the included 
studies. One study was interdisciplinary choral singing 
therapy (ICST), including vocal exercise and choral 
singing.21 Another study was conventional speech 
therapy (LSVT therapy and vocal exercises) combined 
with music therapy (motor, breathing, vocal, and 
singing exercises).22 In one study, speech therapy in 
combination with music therapy was compared to 
speech therapy or music therapy alone,22 while the 
remaining study was without a comparative group.21

	 The intervention duration in one study was 8 weeks 
and was conducted by a speech therapist.21 Another 
study was 4 weeks, and a speech therapist contributed 
to the speech intervention, while a music therapist 
contributed to the music intervention.22

	 The included studies assessed different 
assessments but focused on domains directly 
related to swallowing outcomes. One study used 
videofluoroscopy, utilizing the MBS, and self-reported 
outcomes were measured using the SWAL-QOL.21 
Another study used DHI (functional, physical, and 
emotional sub-tests, and as total score) and SDQ 
scores.22

	 A study by Funderburke21 demonstrated that a 
choral singing program, integrating speech therapy 
and music therapy, may lead to positive changes in 
swallowing measures for individuals with Parkinson’s 
disease. The findings showed that swallowing function 
increased the angle of elevation and amplitude of hyoid 
bone displacement during three consecutive swallows 
of 10 ml of thin liquid and pudding-thick barium. 
Although no statistically significant improvements 
were observed in SWAL-QOL scores, slight numerical 
increases were noted in selected subscales such as 
communication and fear of eating. These subjective 
trends, while limited by the small sample size and short 
training duration, were directionally consistent with 

the physiological gains observed. Therapeutic benefits 
can therefore occur even with non-swallowing-specific 
activities, highlighting the importance of context in 
motor movement rehabilitation. 
	 A study by Mohseni et al.22 demonstrated that a 
telerehabilitation program combining speech therapy 
and music therapy significantly improved swallowing 
functions in patients with Parkinson’s disease. The 
findings showed that the combination therapy group 
did better on the SDQ and all its sub-tests (functional, 
physical, and emotional), as well as the total score 
of the DHI. They also did better on the SDQ score 
than the two other groups that only received speech 
therapy or music therapy. This suggests that the 
combined approach is more effective in addressing 
the multifaceted nature of dysphagia in Parkinson’s 
disease. The study highlighted that the combination 
therapy group outperformed the other groups in 
all sub-tests and the total score of DHI, indicating 
a comprehensive improvement in swallowing function, 
including functional, physical, and emotional aspects. 
The interventions maintained their improvements 
during a 3-month follow-up, demonstrating their lasting 
effects.

Discussion
	 To the best of our knowledge, this was the first 
systematic review to investigate the effectiveness 
of integrating speech therapy with music therapy on 
swallowing outcomes in patients with Parkinson’s 
disease. 
	 Based on our findings, it is not possible to 
determine with certainty which types of speech therapy 
and music therapy are most effective for improving 
swallowing function in patients with Parkinson’s 
disease, largely due to the heterogeneity of the 
included studies. There have been only two studies 
that have focused on the integration of speech therapy 
and music therapy to improve swallowing function in 
patients with Parkinson’s disease.21,22 Nevertheless, 
our review indicates that the combined use of speech 
therapy and music therapy, as a non-pharmacological 
approach, provides meaningful benefits for swallowing 
outcomes. These findings are generally consistent 
with previous evidence supporting the effectiveness 
of speech therapy alone14-17 and music therapy alone18 

in improving swallowing function in patients with 
Parkinson’s disease.
	 Both included studies provide evidence that 
speech therapy even when primarily targeting 
communication can positively influence swallowing 
mechanisms in individuals with Parkinson’s disease. 
In Funderburke’s study,21 structured vocal exercises 
such as lip buzzing, glissandos, messa di voce, and 
articulation practice were incorporated to improve 
respiratory–phonatory coordination, vocal intensity, 
and articulatory precision. These tasks engaged the 
tongue, lips, jaw, and submental muscles, contributing 
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to oral bolus formation and propulsion, and ultimately 
supporting swallowing physiology. Similarly, Mohseni 
et al.22 reported that conventional speech therapy 
adapted from LSVT principles including sustained 
vowels, pitch variation, and loudness training-
significantly improved swallowing outcomes when 
delivered alone or in combination with music therapy. 
The program emphasized high effort phonatory tasks, 
which reinforced respiratory drive, glottal closure, and 
submental muscle activation, thereby supporting oral 
bolus propulsion and airway protection.
	 These findings align with the broader literature on 
intensive speech therapy, particularly Lee Silverman 
Voice Treatment (LSVT LOUD®), which has been shown 
to improve both speech and swallowing outcomes in 
individuals with Parkinson’s disease. Unlike traditional 
multifocus therapies, LSVT emphasizes high-effort 
phonation and motor learning principles, resulting 
in increased respiratory drive, glottal closure, and 
hyolaryngeal excursion.13-16 Importantly, LSVT’s efficacy 
has been attributed to principles of motor learning and 
activity-dependent neuroplasticity, which suggest that 
intensive vocal training can induce long-term adaptive 
changes in shared neural pathways involved in both 
speech and swallowing.26-28 

	 Although neither of the included studies directly 
applied the LSVT protocol, both incorporated 
interventions grounded in the same principle of 
intensive, high-effort vocalization. In Funderburke’s 
study,21 this was delivered through ICST, while in 
Mohseni et al.22 it was implemented as an LSVT-
adapted program. These approaches share a common 
mechanism that provides a biological rationale for 
the observed cross-system effects, supporting the view 
that intensive speech therapy whether delivered through 
structured vocal drills, ICST, or other high-effort phonatory 
formats can indirectly enhance swallowing safety.
	 Beyond speech therapy, singing represents a novel 
approach that leverages the principles of neuroplasticity, 
suggesting that musical stimuli can activate neural 
processes to influence non-musical behaviors such 
as swallowing. The notion that singing may enhance 
swallowing function given that respiration, phonation, 
and articulation engage overlapping neuroanatomical 
substrates-supports the theoretical basis for music 
therapy in this context. The shared neural networks 
involved in singing and speaking further reinforce the 
auditory–motor feedback loop that singing specifically 
activates in the brain.29 Swallowing and vocalization 
both require coordinated activation of muscles in 
the upper airway, including the oral, pharyngeal, 
laryngeal, and respiratory areas.30 This physiological 
rationale is supported by Funderburke’s study,21 in 
which the choral singing component of ICST produced 
measurable improvements in hyolaryngeal excursion 
on videofluoroscopy, indicating a direct physiological 
benefit of singing-based training on swallowing safety.
	 Remarkably, music may also enhance enjoyment. 

The participatory and pleasurable aspects of music 
therapy have been shown to improve patient motivation 
and adherence to rehabilitation programs.22 This is 
particularly critical in managing chronic illnesses 
such as Parkinson’s disease, where long-term 
benefits depend on sustained therapy participation.31 
Specifically, choral singing has been incorporated 
into therapeutic programs to help individuals with 
Parkinson’s disease manage consequences of the 
condition, including social isolation, low mood, and 
communication difficulties.32 Music therapy in Parkinson’s 
disease has been shown to improve not only voice and 
swallowing, but also emotional and social functioning. 
However, extended session durations may result in fatigue, 
reduced concentration, and decreased motivation.21 

Therefore, collaboration between speech therapists and 
music therapists is essential to determine appropriate 
session lengths tailored to the needs of individuals with 
Parkinson’s disease.
	 In summary, our findings support the notion that, 
although speech therapy and music therapy are not 
primarily designed to rehabilitate swallowing, their 
training paradigms can indirectly enhance swallowing 
physiology. These results underscore the potential 
value of implementing integrated speech and music 
therapy programs more broadly in future rehabilitation 
efforts for individuals with Parkinson’s disease.

Practical implications 
	 Collaboration between speech therapists and 
music therapists is vital, as their complementary 
expertise optimizes patient care. In one study, the 
integrated intervention was delivered solely by a 
speech therapist,21 while in another, the speech 
therapist provided the speech therapy component, 
and the music therapist delivered the music therapy 
component.22 Their joint involvement is crucial for 
promoting safe swallowing practices and improving 
quality of life in patients with Parkinson’s disease. We 
further suggest that the development of standardized 
speech therapy–music therapy protocols is needed to 
enhance replication and offer clinicians more precise 
practice guidance. Since both approaches are safe, 
effective, and non-pharmacological, they should 
receive more therapeutic recognition and promotion.

Limitations
	 This systematic review has several limitations 
that should be acknowledged. Firstly, the final review 
included only two studies with a combined sample of 36 
participants, which limited the strength of the findings. 
In addition, the quasi-experimental study carried a high 
risk of selection bias due to the absence of a control 
group. Although the results are encouraging, further 
research employing RCT designs is needed to identify 
effective intervention types that can support the clinical 
integration of speech therapy and music therapy 
for patients with Parkinson’s disease. Furthermore, 
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although integrating speech therapy with music therapy 
shows promising effects on swallowing in individuals 
with Parkinson’s disease, the current evidence is too 
limited to draw firm conclusions, highlighting the need 
for further investigation.

Conclusion
	 In conclusion, based on our findings, it is not yet 
possible to determine the specific types of speech 
therapy interventions that are integrated with music 
therapy for patients with Parkinson’s disease, largely 
due to the heterogeneity of the included studies. 
Nevertheless, the evidence indicates that combining 
speech therapy with music therapy shows promise 
for improving swallowing function in this population. 
Such an interdisciplinary approach has the potential 
to enhance rehabilitation outcomes and improve 
quality of life. Further research is required to establish 
standardized speech therapy–music therapy protocols 
that can strengthen the evidence base and support 
broader clinical implementation.
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 Background: Mothers of children with autism spectrum disorder (ASD) have an 
increased risk of depression, anxiety, stress, and diminished self-esteem due 
to the numerous challenges involved in raising children with socio-behavioural 
difficulties. 

Objectives: This study investigated the prevalence of depression, anxiety, 
stress, and low self-esteem among mothers of children with ASD.

Materials and methods: A cross-sectional descriptive study was conducted 
among 246 mothers of children with ASD. The prevalence of depression, anxiety, 
and stress was assessed using the Depression, Anxiety and Stress Scale-21 
Items, and self-esteem was measured using Rosenberg’s Self-Esteem Scale. 
Demographic data for both mothers and children were collected using a pro 
forma. Data are summarised as frequencies, means (M), standard deviations 
(SD), and percentages.

Results:  The prevalence rates among mothers were as follows: depression, 
84.14% (N=207); anxiety, 77.2% (N=190); stress, 74% (N=167); and diminished 
self-esteem, 67.9% (N=167). Mean severity scores indicated moderate levels 
of depression (M=17.26, SD=7.7), anxiety (M=12.7, SD=7.7), and stress 
(M=19.49, SD=8.0), and low self-esteem (M=23.25, SD=9.5).  

Conclusion: Mothers of children with ASD had high prevalence rates of 
depression, anxiety, stress, and low self-esteem. These findings highlight 
the psychological challenges faced by mothers caring for children with ASD. 
Therapeutic interventions should therefore address the mental health needs 
of these mothers alongside the rehabilitation of their children. 
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*
Introduction 
	 Parents of children with autism spectrum disorder 
(ASD) face numerous challenges, including supporting 
other family members, meeting the needs of siblings, 
and caring for the child with ASD. Additional difficulties 
include accessing appropriate health and childcare 
services, securing suitable educational opportunities 
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for their children with ASD, and managing the social 
impact on the family.1 Mothers of children with ASD 
often experience greater challenges than fathers in 
raising their children, irrespective of the children’s 
maladaptive behaviours, communication deficits, or 
social skill limitations, and have higher levels of stress, 
anxiety, and depression than the child’s father.2

	 A meta-analysis on parenting stress indicated that 
parents of children with ASD experience higher levels 
of depression, anxiety, and stress than the parents of 
children with other developmental disorders.3 Mothers 
raising children with ASD are often physically exhausted 
due to the constant supervision their children require.4 
They also report emotional difficulties such as denial, 
distress, sadness, and worry, while facing social 
challenges including criticism, isolation, and ignorance 
from family members and society in response to their 
child’s atypical behaviour.5 Furthermore, many parents 
are compelled to leave their jobs because of the 
demands of caring for a child with ASD. When combined 
with high healthcare costs, this loss of income creates 
significant economic challenges for families, further 
contributing to parental stress.6

	 A study conducted in Ghana reported that parents 
of children with ASD faced difficulties in holding 
meaningful conversations with their children, financial 
burdens related to their care, stigmatisation associated 
with autism, and the demands of their children.7 Social 
stigma was particularly common among mothers 
of children with ASD, influenced by cultural factors, 
especially in Eastern and Middle Eastern countries.8 
Parental stress was primarily attributed to the burden of 
childcare, challenges in managing family relationships, 
limited support systems, financial pressures, and the 
social stigma surrounding childhood disability.9 The 
high stress levels experienced by mothers also affected 
their physical health, psychological well-being, 
personal relationships, interactions with society, and 
financial circumstances.10 Psychological well-being is 
a vital component of overall health for these mothers, 
encompassing dimensions such as stress, depression, 
anxiety, and self-esteem, which collectively affect an 
individual’s mental health and quality of life.11

	 In the Indian subcontinent, many parents have 
reported high levels of post-diagnosis stress, poorer 
parental functioning, increased marital conflict, 
difficulties with family socialisation, and feelings of 
inadequacy.12 Among mothers of children with ASD, 
stress levels tend to rise as the caregiver’s economic 
condition worsens.13 In addition to financial pressures, 
most caregivers and mothers have expressed concern 
about a lack of family support.14 A study conducted in 
India reported that mothers of children with ASD have 
an increased risk of psychological distress, which is 
often overlooked and insufficiently addressed when 
planning long-term child management.15 
	 In summary, various factors such as psychological 
distress, financial concerns, lack of social and family 

support along with feeling of isolation increases the 
care burden of the mothers contributing to concerns 
on their health and wellbeing. There is, therefore, 
a pressing need to develop health and well-being 
programmes for mothers of autistic children. However, 
before any local intervention can be designed, it is 
essential to understand the scope and extent of these 
problems in the local cultural context. This study 
determined the prevalence of depression, anxiety, 
stress, and low self-esteem among mothers of children 
diagnosed with ASD in an urban community in India. 
The findings of this study can provide clear and locally 
relevant data on their psychological well-being and 
can guide the creation of targeted strategies to support 
these mothers’ mental health while also contributing to 
the effective rehabilitation of their children with ASD. 

Materials and methods
Study design and setting
	 This cross-sectional descriptive study was 
conducted in and around Chennai, Tamil Nadu, India, 
between 2023 and 2024. A simple random sampling 
method was used to select 14 paediatric therapy 
centres and 5 special schools from a sampling frame of 
45 major paediatric therapy centres and 7 government-
aided special schools. The study information sheet 
and details of the procedures were provided to the 
managing directors of the centres and principals of 
the government-aided special schools to facilitate 
participant recruitment. Mothers who provided 
informed consent and agreed to participate were 
included in the study. Written consent was obtained 
from all participants before data collection. This study 
was approved by the university’s institutional ethics 
committee (approval number: 004/06/2023/IEC/SMCH). 

Participant characteristics
	 This study recruited 246 mothers of children with 
ASD who met the specified inclusion and exclusion 
criteria. The inclusion criteria were as follows: 1) 
mothers of children with ASD, 2) age between 25 and 
45 years for mothers, 3) age between 3 and 10 years 
for children with ASD, and 4) children with ASD who 
received occupational therapy and other therapies, 
and (5) Residing in and around Chennai. Mothers 
were excluded if they had severe physical health 
issues, a history of psychological disorders and were 
undergoing medication, were not accompanying their 
children with ASD, had discontinued therapy for their 
children, or were pregnant at the time of the survey. It 
was agreed that the final study report and a summary 
of the findings would be shared with the managing 
directors, principals, and participants because they 
would directly benefit from the results. The research 
findings would also be disseminated to all participating 
mothers and the occupational therapists providing 
therapy to the children through the creation of a closed 
community social media group.
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Measurement
	 A study proforma was developed to collect the 
demographic characteristics of the mothers and 
their children with ASD. For the children, information 
gathered included age, sex, education, number of 
siblings, duration of therapy sessions, time since 
ASD diagnosis, communication abilities, and level 
of dependence in activities of daily living (ADL). The 
severity of autism was assessed using the Indian 
Scale for Assessment of Autism (ISAA).16 For the 
mothers, data collected included age, educational 
qualification, family structure, economic status based 
on the Standard of Living Index (SLI),17 employment 
status, marital status, place of residence, exposure 
to social media, support from the husband and other 
family members, presence of trustworthy friends, and 
availability of personal time.

Depression, Anxiety and Stress Scale-21 Items
	 The Depression, Anxiety, and Stress Scale–21 
Items (DASS-21) was used to assess the levels of 
depression, anxiety, and stress experienced by mothers 
caring for their children with ASD. The DASS-21 consists 
of three self-report subscales, each comprising seven 
items, designed to measure depression, anxiety, and 
stress. The depression subscale evaluates constructs 
such as dysphoria, hopelessness, devaluation of life, 
self-deprecation, reduced interest or engagement, 
anhedonia, and inertia. The anxiety subscale assesses 
aspects including autonomic arousal, skeletal muscle 
tension, situational anxiety, and the subjective 
experience of anxious affect. The stress subscale 
measures chronic, non-specific arousal, including 
difficulty relaxing, nervous excitability, and a tendency 
to become easily distressed, agitated, irritable, overly 
reactive, or impatient. Scores for depression, anxiety, 
and stress are calculated by summing the relevant 
item scores, with results interpreted as normal, mild, 
moderate, or severe according to the established cutoffs.18

Rosenberg Self-Esteem Scale
	 Self-esteem is defined as a positive or negative 
attitude towards oneself19 and can also be described 
as an individual’s sense of self-worth.20 The Rosenberg 
Self-Esteem Scale (RSS), developed by Rosenberg, is 
used to assess an individual’s level of self-esteem.21 
The RSS comprises 10 items, five expressed as 
positive statements and five as negative statements. 

Participants respond by selecting one of four options: 
strongly disagree, disagree, agree, or strongly agree. 
Scores range from a minimum of 10 to a maximum of 
40, with self-esteem levels categorised as low (10-25), 
medium (26-29), or high (30-40).22

Statistical analysis
	 The sample size for the study was calculated 
using the Krejcie and Morgan table.23 The sampling 
frame comprised approximately 700 mothers drawn 
from paediatric centres and special schools. Based 
on the Krejcie and Morgan table, a sample size of 248 
was required. Data were analysed using SPSS version 
26.0 (IBM, New York, USA). The Kolmogorov–Smirnov 
test confirmed the normality of the data distribution. 
Demographic data were summarised using frequencies 
and percentages. Descriptive statistics were applied to 
present the prevalence of depression, anxiety, stress, 
and self-esteem among mothers of children with ASD. 
Data on these variables were summarised in terms 
of frequency, mean (M), standard deviation (SD), and 
percentage.  

Results
	 Table 1. presents the demographic characteristics 
of the 246 mothers of children diagnosed with ASD. Of 
these, 116 (47%) were aged between 31 and 35 years, 
making this the largest age group. The majority, 194 
(78.9%), held a degree-level qualification. In terms of 
family structure, 187 (76%) lived in a nuclear family. 
Economic status data revealed that 163 (66.3%) were 
classified as having a medium economic standing. 
Employment information revealed that 133 (54.1%) 
were homemakers, outnumbering those in active 
employment or those who had withdrawn from the 
workforce. Marital status data indicated that 237 
(96.3%) were married, whereas nine were separated. 
Geographically, 203 (82.5%) lived in urban areas. 
Regarding social media use, 110 (44.7%) were passive 
observers, 25.6% were active participants, and 29.7% 
were inactive. Support networks appeared strong, with 
211 (85.8%) receiving spousal support and 198 (80.5%) 
receiving additional family support. In terms of social 
connections, 175 (71.1%) reported having trustworthy 
friends. Personal time availability varied, with 156 
(63.4%) stating they had time for themselves, whereas 90 
(36.6%) reported having none. Awareness of their child’s 
condition was present in 174 (70.7%) of the mothers.
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Table 1. Demographic characteristics of Mothers of Children with ASD

Total Number of participants (mothers), N=246

Nos Percentage

Age of mother

25-30 88 36%

31-35 116 47%

36-40 42 17%

Educational qualification
School 52 21.1%

Degree 194 78.9%

Family status
Joint family 59 24%

Nuclear family 187 76%

Economic status (based on 

Standard of Living Index scale) 

(SLI)

Low 32 13%

Medium 163 66.3%

High 51 20.7%

Employment status

Working 71 28.9%

Withdrawal 42 17.1%

Home maker 133 54.1%

Marital status
Married 237 96.3%

Separated 9 3.7%

Place of living
Rural 43 17.5%

Urban 203 82.5%

Exposure to social media

Active 63 25.6%

Inactive 73 29.7%

Silent observer 110 44.7%

Husband’s support to mother
Yes 211 85.8%

No 35 14.2%

Other family member’s Support
Yes 198 80.5%

No 48 19.5%

Mother with trust worthy friends
Yes 175 71.1%

No 71 28.9%

Mothers personal time
No time 90 36.6%

Yes 156 63.4%

Mother’s knowledge of child’s 

condition

Known 174 70.7%

Unknown 72 29.3%  
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	 Table 2. presents the demographic characteristics 
of the children diagnosed with ASD whose mothers 
participated in this study. The majority, 156 (63.4%), 
were aged between 3 and 5 years. Of the 246 children, 
182 (74.0%) were boys. In terms of severity, 161 
(65.5%) were classified as having a moderate level of 
autism. Educational settings varied widely, ranging 
from no formal schooling to inclusive education. A 
total of 206 (82.7%) children were receiving regular 
therapeutic interventions. Among the cohort, 104 
(42.3%) had been diagnosed with ASD within the 
past year. Communication abilities were almost 
evenly distributed, with 122 (49.6%) exhibiting verbal 
communication and 125 (50.4%) demonstrating non-
verbal communication. Furthermore, 188 children were 
reported to be the only child in their family. Regarding 

functional independence, 130 (52.8%) were fully 
dependent on their caregivers for ADL, whereas 116 
(47.2%) were partially dependent. Figure 1 illustrates 
the prevalence rates of depression, anxiety, stress, and 
self-esteem among mothers of children with ASD. The 
rates observed were 84.14% (N=207) for depression, 
77.2% (N=190) for anxiety, 74% (N=167) for stress, and 
67.9% (N=167) for low self-esteem. Figure 2 presents 
the severity levels of depression, anxiety, stress, and 
self-esteem among the participants. Based on the 
DASS-21, the mothers demonstrated moderate levels 
of depression (M=17.26, SD=7.72), anxiety (M=12.70, 
SD=7.71), and stress (M=19.49, SD=8.09). According 
to the RSS, they exhibited decreased self-esteem 
(M=23.25, SD=9.59). 

Table 2. Demographic characteristics of children with ASD of participating mothers

Number Percentage

Child’s age
3 to 5 156 63.4%
5 to 7 90 36.6%

Child’s Gender
Male 182 74%

Female 64 26%

Severity of Autism (ISAA)
Mild 48 19.5%

Moderate 161 65.5%
Severe 37 15%

Child’s education mode

Inclusive 68 27.6%
No schooling 28 11.4%

Regular stream 93 37.8%
Special 57 23.2%

Therapy participation
Regular 206 83.7%
Irregular 40 16.3%

Duration of Condition 

from Diagnosis

1 year 104 42.3%
2 years 84 34.1%
3 Years 41 16.7%
4 Years 17 6.9%

Communication Level of 

the Child

Verbal 122 49.6%

Non verbal 124 50.4%

Siblings for child
Any sibling 7 2.8%
First child 51 20.7%
Only child 188 76.5%

Child's dependency in 

ADLs on mother

Fully dependent 130 52.8%

Partially ependent 116 47.2%
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Figure 1. illustrates the prevalence rates of depression, anxiety, stress,
and self-esteem among mothers of children with ASD.

Figure 2. presents the severity levels of depression, anxiety, stress, and self-esteem among the participants.

Discussion
	 This cross-sectional study determined the 
prevalence of depression, anxiety, stress, and self-esteem 
among mothers of children diagnosed with autism 
spectrum disorder (ASD) and revealed substantial 
impacts on their psychological well-being. Notably, 
84.14% (N=207) of participants experienced depression 
of varying severity, 77.2% (N=190) reported symptoms 
of anxiety, and 74% (N=182) experienced stress, as 
measured using the DASS-21. In addition, 67.9% 
(N=167) had self-esteem levels ranging from low to 
medium. Moderate to severe depression, anxiety, 
and stress were observed in 64%, 63%, and 55% of 
the cohort, respectively. These findings indicate the 
significant mental health challenges faced by mothers 
of children with ASD and highlight the complex interplay 
between caregiving responsibilities and psychological 
health.
	 The high prevalence of depression observed in 
this study, 84.14% (N=207) with a mean severity score 
of 17.26 (moderate level), is consistent with previous 
research. For example, Bramhereported moderate to 
severe depression among mothers of children with 
ASD, attributing it to the chronic emotional strain of 
caregiving.24 Selvakumar et al.15 similarly noted that the 
increased workload and stress associated with raising 
a child with ASD exacerbate depressive symptoms.15 

In addition, Secinti et al. identified internalised 
stigmatisation and the behavioural characteristics 
of children with ASD as significant contributors to 
caregiver depression.25 Collectively, these findings 
suggest that depression in this population result from 
both internal factors (such as caregiving demands) 
and external pressures (such as stigma), indicating the 
need for a multifaceted approach to intervention.
	 In the present study, anxiety was identified as 
a particularly prominent issue, affecting 77.2% of the 
mothers, with a mean severity score of 12.70. This 
finding is consistent with previous research. This high 
prevalence may be attributable to the unpredictable 
nature and intensity of ASD symptomatology, 
compounded by limited social support.26,27 Similarly, 
Falk et al. reported that decreased social support 
and greater severity of ASD symptoms in children 
significantly increase maternal anxiety levels.27 The 
findings of this study support these observations, 
suggesting that anxiety is a primary psychological 
response to the ongoing uncertainty and social isolation 
faced by these mothers.
	 Stress was reported by 74% of participants, 
with a mean severity score of 19.49 (moderate level), 
highlighting the considerable demands of caregiving. Hill 
et al. observed that challenging behaviours in children 
with ASD, such as tantrums or aggression, significantly 
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increase parental stress,28 a finding supported by 
Miranda et al. who reported an association of higher 
ASD symptom severity and behavioural difficulties 
with increased stress levels.29 In this study, 55.7% of 
mothers experienced moderate to extreme stress, 
reflecting the cumulative effects of these factors and 
suggesting that stress in this population both precedes 
and results from depression and anxiety.
	 The finding that 67.9% of mothers had low to 
medium self-esteem, with a mean score of 23.25 (low 
level), adds an important dimension to this research. 
The ongoing demands of caregiving and the societal 
stigma associated with raising a child with ASD may 
erode maternal self-worth, particularly in the absence 
of adequate support or when faced with judgement. 
This observation is consistent with the wider literature 
on caregiver burden, which indicates that prolonged 
stress and social isolation frequently reduce self-esteem.25 

Similarly, Bawalesh reported decreased self-
esteem among parents of children with ASD, with 
notably lower levels among older parents (aged 
50-59 years) and those with highly educated children.30 
Cultural expectations can further complicate these 
dynamics; in many societies, children are regarded 
as essential to family completeness and a source 
of happiness. When a child is born with a disability 
or developmental challenge such as ASD, these 
expectations are disrupted, often leading to negative 
effects on family well-being.31 In such circumstances, 
the home environment may become characterised 
by stress and dissatisfaction.27 Thus, decreased self-
esteem among parents may be an expected outcome 
of raising a child with ASD.33 These findings are in line 
with previous studies, including those by Perumal et 
al. and Verte et al. both of which highlight the adverse 
effects of an ASD diagnosis on parents’ psychological 
well-being and overall family functioning.31,32

	 This study has a few limitations. It relied exclusively 
on two self-report questionnaires to determine the 
psychological well-being of mothers of children 
with ASD. However, these instruments were valid 
and produced reliable findings on the psychological 
health of mothers caring for children with ASD. A 
key strength of the study is that it offers an accurate 
representation and locally contextualised evidence on 
the psychological health of mothers caring for children 
with ASD. Furthermore, it establishes baseline data 
that can inform the development of psychological 
health interventions for mothers. Future research 
could broaden the scope by incorporating a wider range 
of assessment tools, exploring mothers’ experiences 
through qualitative methods, and extending the 
investigation to include fathers, who are also affected 
by their child’s behaviours.

Conclusion
	 Mothers caring for children with ASD in an 
urban community in India exhibited high prevalence 

rates of stress, anxiety, depression, and low self-
esteem. In the Indian context, multiple factors were 
identified as contributing to these psychological 
challenges. However, the underlying causes driving 
the observed increases in stress, anxiety, depression, 
and reduced self-esteem remain insufficiently 
explored. Further research may benefit from employing 
inferential statistical analyses to investigate potential 
relationships and identify significant predictors. Future 
research is needed to examine the risk factors that 
affect the psychological health and well-being of these 
mothers. Additional studies should also aim to generate 
evidence to strengthen their psychological well-being. 
Such work would support the development of tailored 
interventions to improve mental health, enabling 
mothers to lead more fulfilling lives and provide better 
support to their children with ASD.
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Background: Alloantibodies are immune responses produced by exposure to 
foreign red blood cell antigens. However, sensitized alloantibodies can lead to 
hemolytic transfusion reactions and complicate cross-matching procedures.

Objectives: This review article aims to demonstrate the prevalence of 
unexpected alloantibodies across Thailand’s four major geographical regions.

Materials and methods: A comprehensive literature search was conducted 
across PubMed, Google Scholar, and ThaiJo databases using keywords related 
to unexpected alloantibodies in Thailand, yielding 17 articles categorized 
by geographical region. Studies were filtered using strict criteria (published 
2013-2025, sample size > 100, reporting > 2 alloantibody types) for final data 
analysis.

Results: It is revealed that anti-Mia is the highest unexpected alloantibody, 
with a prevalence rate of 25.9-37.2% across all four regions, followed by anti-E 
(15.6-20.7%), anti-Lea (4.7-14.6%), and anti-Leb (4.6-8.0%), respectively. 
Interestingly, anti-P1 is remarkably increased in the Northern region (15.1%), 
whereas anti-Jka (4.7%) and anti-Jkb (2.5%) are specifically higher in the 
Northeastern region.

Conclusion: This review highlights the importance of practicing antibody 
screening protocols, choosing compatible antigen status, and establishing 
rare donor registries in Thailand to avoid unexpected alloimmunization, 
thereby ensuring optimal transfusion safety.
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Introduction
Unexpected alloantibodies in blood transfusion
	 Blood transfusion is a vital component of modern 
medical care, used to manage acute hemorrhage, 
support patients undergoing major surgery, and treat 
chronic hematologic conditions such as thalassemia 
and hemophilia.1,2 While the compatibility of ABO 
and Rh(D) blood groups is routinely assessed prior 
to transfusion, a broader spectrum of antigens from 
various blood group systems can also provoke immune 
responses. The presence of unexpected alloantibodies, 
also known as irregular antibodies, is an important 
obstacle to safe transfusion practices, especially in 
patients who require regular transfusions.3

	 Unexpected alloantibodies are antibodies that  
form in response to exposure to foreign red cell antigens 
that are not naturally present in the individual’s 
own red blood cells.4-6 These antibodies are termed 
“unexpected” because they are not ABO (non-red 
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cell stimulating) antibodies and typically arise only 
after sensitization through transfusion, pregnancy, or 
occasionally organ transplantation.7 Unlike non-red cell 
stimulating antibodies (like anti-A, B), alloantibodies 
are produced when a person has been exposed to 
foreign red cell antigens from systems such as Rh (like 
C, c, E, e), Kell, Duffy, Kidd, MNS, and others.8

	 The mechanism of alloantibody development is 
immunologic. When an individual is exposed to red 
cell antigens that their immune system recognizes as 
foreign, an immune response is mounted. Antigen-
presenting cells process the foreign antigen and 
activate helper T cells, which in turn stimulate B cells 
to produce specific antibodies.9,10 These antibodies, 
primarily of the IgG type, can traverse the placenta 
or interact with transfused red cells, thereby causing 
hemolysis. Importantly, once sensitized, a patient can 
mount an anamnestic response upon re-exposure 
to the same antigen, leading to a delayed hemolytic 
transfusion reaction (DHTR).11

	 The clinical implications of unexpected alloantibodies 
are considerable. They can cause acute or delayed 
hemolytic transfusion reactions, complicate cross-
matching procedures, and limit the availability of 
compatible blood units.12 In multi-transfused patients, 
such as those with thalassemia major, hemophilia, 
hematologic malignancies, or chronic renal failure, the 
risk of alloimmunization increases with each exposure 
to antigenically diverse donor red blood cells.13 
Alloantibodies also pose a risk in pregnant women, 
potentially leading to hemolytic disease of the fetus 
and newborn (HDFN) if maternal antibodies cross the 
placenta and attack fetal red cells.14

Antibody screening and identification methods 
according to Thai National Blood Center Standards 
	 The detection and proper identification of 
unexpected alloantibodies are essential for ensuring 
transfusion safety. Alloimmunized patients are at 
increased risk of hemolytic transfusion reactions 
(HTRs) if incompatible red cell units are inadvertently 
transfused. Even clinically “weak” antibodies can 
lead to serious or delayed complications. Therefore, 
pre-transfusion antibody screening, particularly in 
patients with a history of transfusion, pregnancy, or 
autoimmune disease, is vital to avoid incompatible 
transfusions.15 The significance is even greater in 
chronically transfused populations, such as patients 
with thalassemia major or myelodysplastic syndromes, 

where repeated antigen exposure amplifies the risk of 
antibody formation and transfusion complications.6

	 Moreover, the presence of unexpected antibodies 
can significantly delay the provision of compatible 
blood, especially when rare antibodies or multiple 
alloantibodies are involved. This delay can be life-
threatening in emergencies where rapid transfusion is 
necessary.16

	 Antibody screening and identification procedures 
are critical components of safe blood transfusion 
practices, designed to detect unexpected antibodies 
that may cause hemolytic transfusion reactions. The 
National Blood Centre, Thai Red Cross Society, has 
established standardized protocols based on the 
indirect antiglobulin test (IAT) to ensure consistent and 
reliable results across all blood banking facilities,17,18 
as illustrated in Figure 1. The antibody screening 
process involves testing patient or donor serum 
against a panel of 2-3 group O screening cells with 
known antigen profiles using a three-phase approach: 
room temperature (immediate spin), 37 °C incubation 
(15-30 minutes), and the antiglobulin phase using anti-
human globulin (AHG).19 Each phase is followed by 
centrifugation at 1000 x g for 15 seconds, with careful 
washing steps using normal saline before the AHG 
phase. Results are graded from 0 to 4+ based on the 
degree of agglutination observed,20 with quality control 
measures including the use of Coombs’ control cells 
(IgG-sensitized red cells) to validate negative results.
	 When antibody screening yields positive results 
(≥1+), antibody identification must be performed 
using an extended panel of 8-16 group O cells with 
comprehensive antigen profiles covering common and 
uncommon blood group antigens.19 The identification 
process follows the three-phase IAT or cooperates 
with additional techniques such as enzyme treatment 
(papain or ficin) employed when necessary to enhance 
certain antibody reactions or distinguish between 
different antibody specificities. Analysis follows the 
“rule of three” principle, requiring at least three antigen-
positive cells to react positively, while antigen-negative 
cells must remain non-reactive for definitive antibody 
identification. The procedure may be extended with 
selected cells, DTT treatment to differentiate IgM from 
IgG antibodies, and auto-control testing to rule out 
autoantibodies.21 These standardized protocols ensure 
the safety and efficacy of blood transfusion practices 
throughout Thailand’s healthcare system.
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Figure 1. Antibody screening and identification protocols in Thailand.
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Materials and methods
Literature search
	 A comprehensive literature search was conducted 
using multiple databases, including PubMed, Google 
Scholar, and ThaiJo. Relevant keywords and search 
terms were determined based on the research topic, 
specifically “Prevalence,” “Unexpected alloantibody,” 
“Red blood cell alloimmunization,” and “Thailand.” 
The titles and abstracts of previous publications were 
carefully screened to identify studies that were directly 
relevant to unexpected alloantibodies in Thailand. 
A total of 17 articles related to the prevalence of 
unexpected alloantibodies in Thailand were compiled 
and categorized according to geographical regions: 
Northern region (3 articles), Northeastern region (5 
articles), Central region (7 articles), and Southern 
region (2 articles).
	 Subsequently, exclusion criteria were established 
to ensure data quality and relevance. Only studies 
published between 2013 and 2025 were included to 
ensure the most current data. Research conducted in 
patient populations exceeding 100 subjects (N>100) 

was selected to ensure statistical reliability, and studies 
reporting the identification of more than two types of 
alloantibodies were included to achieve appropriate 
data distribution. Following the application of these 
criteria, the prevalence of unexpected alloantibodies 
in each region was synthesized from representative 
high-quality articles for data extraction and analysis.

Results
The prevalence of unexpected alloantibodies in 
Thailand
	 In Thailand, several studies have investigated 
the prevalence of unexpected alloantibodies among 
transfusion recipients, especially in multi-transfused 
populations. Prevalence rate studies conducted across 
major Thai medical centers reveal that approximately 
0.5-8.0% of hospitalized patients demonstrate 
detectable irregular antibodies.22-28 The most common 
unexpected alloantibodies found in Thai patients are 
anti-Mia, anti-E, anti-Lea, and anti-Leb, as shown in 
Figure 2.

Figure 2. The prevalence of alloantibodies in Thailand.
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	 A study of antibody identification across Thailand’s 
four major geographical regions demonstrates 
significant variations in alloantibody distribution 
patterns, with the Northern region showing anti-Mia 

(37.2%), anti-E (15.6%), anti-P1 (15.1%), anti-Lea 
(14.6%), and anti-Leb (8.0%)24, the Northeastern region 
exhibiting anti-Mia (25.9%), anti-E (20.7%), anti-Lea 

(4.7%), anti-Leb (4.6%), anti-Jka (4.7%), anti-Jkb 

(2.5%), and anti-P1 (1.5%)22, the Southern region 
demonstrating anti-Mia (32.9%), anti-E (17.1%), anti-Lea

(13.8%), anti-c (8.1%), anti-Leb (7.6%), and anti-P1 
(3.7%)25; and the Central region presenting anti-Mia 
(36.7%), anti-E (17.6%), anti-Lea (6.6%), anti-Leb (5.3%), 
anti-M (3.0%), and anti-P1 (2.9%).27 Investigation 
of these prevalence patterns reveals that anti-Mia 
consistently demonstrated the highest prevalence 
(25.9-37.2%) across all four regions, followed by anti-E 
(15.6-20.7%), while anti-Lea and anti-Leb maintained 
relatively high prevalence rates of 4.7-14.6% and 
4.6-8.0%, respectively, distributed throughout all regions.
	 Notably, anti- P1 showed consistently low 
prevalence (1.5-3.7%) across most regions with a 
remarkable exception in the Northern region (15.1%)24, 
and anti-Kidd antibodies were rarely reported in 
most areas, but anti-Jka and anti-Jkb demonstrated 
unexpectedly high prevalence (4.7 and 2.5%) 
specifically in the Northeastern region,22 suggesting 
potential genetic and ethnic factors influencing 
alloantibody distribution patterns within the Thai 
population that warrant further investigation into 
underlying demographic and genetic determinants.
 	 The high prevalence of anti-Mia is attributed to the 
high frequency of Mia-negative individuals (80-90%) in the 
Thai population,27,29,30 This negative antigen expression 
makes Thai patients particularly susceptible to anti-Mia 

formation when Mia-negative recipients receive blood 
from Mia-positive donors (10-20%).27,29,30 Anti-Mia is 
characterized as an IgM and/or IgG types. If anti-Mia 
is produced as an IgG type, it represents the clinical 
significance, capable of causing both hemolytic 
transfusion reactions and hemolytic disease in the 
fetus and newborn.31,32 This antibody responds well 
to enzyme treatment during laboratory testing and is 
frequently found in association with other MNS system 
antibodies such as anti-M or anti-N.33 The formation 
of anti-Mia is particularly problematic in patients with 
chronic diseases requiring regular transfusions, such 
as thalassemia major and hemophilia,32 where the lack 
of routine Mia antigen screening during blood matching 
significantly increases the risk of alloimmunization.
 	 Anti-E formation represents the second 
major concern in Thai transfusion medicine, with 
approximately 60-65% of the Thai population being E 
antigen-negative,29,30 creating substantial opportunities 
for E antigen exposure during transfusion from 27-32% 
of E antigen-positive donors.29,30 This antibody is 
predominantly responsible for hemolytic disease 
in fetuses and newborns in Thailand and can cause 

severe hemolytic transfusion reactions.34,35 The 
formation of anti-E typically occurs when E-negative 
recipients receive blood from E-positive donors or when 
E-negative mothers carry E-positive fetuses during 
pregnancy.36 The antibody is an IgG immunoglobulin 
that is best detected during the antiglobulin phase 
and represents one of the most clinically significant 
antibodies requiring antigen-negative blood selection 
for affected patients.37

 	 Anti-Lea and anti-Leb pose difficulties for the Thai 
population due to the complex relationship between 
Lewis antigen expression and secretor status.38 Anti-Lea 

and anti-Leb formation typically occur in Le(a-b-) 
individuals, who comprise approximately 20-24% 
of the Thai population, when exposed to blood from 
61.0% Le(a-b+), 7.6% Le(a+b-), or 11.3% Le(a+b+) 
donors.39,40 Both antibodies are predominantly 
IgM immunoglobulins with generally low clinical 
significance, though they can cause crossmatch 
incompatibilities and procedural delays.38,41 An 
important characteristic of Lewis antibodies is their 
potential for spontaneous disappearance over time 
and their absence on neonatal red blood cells, which 
affects their clinical management strategies.42

	 These epidemiological findings have profound 
implications for blood banking practices in Thailand, 
necessitating population-specific screening strategies, 
targeted donor recruitment programs, and modified 
antibody identification protocols that account for the 
unique spectrum of alloantibodies encountered in Thai 
patients, thereby ensuring optimal transfusion safety 
and compatibility in this genetically distinct population.

Discussion
Risk factors for alloantibody development 
	 Besides the frequency of red cell antigen 
expression that is attributed to genetic and ethnic 
differences,22,24,25,27 there are multiple factors that 
induce alloantibody development and increase 
opportunities for antigen-antibody mismatches during 
transfusion in Thai patients. The immunocompetent 
status of recipients, including their HLA haplotypes 
and previous exposure to immunosuppressive 
medications, significantly influences the likelihood of 
antibody formation.43 Demographic factors such as 
age and gender are equally important, with women of 
reproductive age facing higher risks due to pregnancy-
related antigen exposure,44 elderly patients requiring 
frequent transfusions,45 and children with chronic 
diseases necessitating regular blood support.46

	 Antigen exposure patterns constitute another 
critical category of risk factors. The frequency and 
timing of blood transfusions directly correlate with 
alloimmunization risk, with patients receiving more 
than three units showing significantly increased 
antibody formation rates.47 The type of blood product 
administered also influences risk, with red blood cell 
transfusions carrying higher immunization potential 
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compared to platelets.48 Pregnancy-related factors, 
including the number of pregnancies, history of 
miscarriage or preterm delivery, and the occurrence 
of fetomaternal hemorrhage, create additional 
opportunities for foreign antigen exposure and 
subsequent antibody development.49

Management strategies and future directions
	 The management of alloantibody formation 
in Thai patients requires comprehensive strategies 
addressing both immediate clinical needs and 
long-term systematic improvements. Current challenges 
include aging populations requiring increased blood 
utilization, improved survival rates of patients with 
chronic diseases, expanding use of blood products in 
medical treatments, and limited implementation of 
blood conservation strategies.
	 For transfusion-dependent patients, such as 
those with thalassemia, it may be advisable to test 
for clinically significant antigens, including C, c, E, e, 
Mia, and the Kidd, Duffy, Kell, MNS, Lewis, and P1PK 
systems, prior to their first transfusion. For patients who 
have already received transfusions, red cell genotyping 
could be recommended. Moreover, it is suggested 
that every blood unit undergo an AHG crossmatch, 
with antibody screening performed alongside each 
crossmatch. In cases where the antibody screening 
is positive, the specific antibody should be identified, 
and antigen typing performed on both the patient’s 
sample and the donor blood. Even if the crossmatch 
is compatible, selecting blood units that lack the 
corresponding antigen to the detected antibody is 
advised to maximize patient safety.
	 It may be advisable to issue a medical alert card 
specifying the type of alloantibody to assist healthcare 
personnel in careful monitoring, especially for antibodies 
demonstrating a dosage effect. Technological advances 
offer promising solutions through molecular typing 
replacing serological methods,50 digital database 
systems for donor and patient matching,51 development 
of point-of-care testing capabilities,52 and research into 
artificial blood substitutes,53

	 Policy and guideline improvements should focus 
on developing national blood phenotyping programs, 
expanding rare donor registries, updating blood banking 
standards, and enhancing education and training 
programs for healthcare professionals.54,55 Research 
priorities should include comprehensive studies 
of alloimmunization patterns specific to the Thai 
population, cost-effectiveness analyses of prevention 
strategies, development of risk prediction models, 
and investigation of novel therapeutic approaches for 
heavily alloimmunized patients. The implementation of 
these recommendations requires coordinated efforts 
between blood centers, hospitals, regulatory bodies, 
and research institutions to create a comprehensive 
approach to alloantibody prevention and management 
that addresses the unique needs of Thai patients while 

maintaining the highest standards of transfusion safety.

Conclusion
	 This review demonstrates the entire prevalence 
of unexpected alloantibodies throughout Thailand, 
revealing that anti-Mia is the most common alloantibody, 
followed by anti-E, anti-Lea, and anti-Leb. This review 
highlights the importance of practicing antibody 
screening protocols, choosing matched antigen status, 
and establishing rare donor registries in Thailand to 
mitigate the risks posed by unexpected alloantibodies.
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ABSTRACT

Background: The rising consumption of Western-style fast food—high in 
carbohydrates, sugar, and fat—together with a fast-paced lifestyle, occupational 
stress, and physical inactivity, represents a major risk factor for fatty liver 
disease, which can progress to hepatitis, cirrhosis, or hepatocellular 
carcinoma. Evidence linking fatty liver and cholelithiasis is growing globally, yet 
data from Thailand and Southeast Asia remain scarce, despite both conditions 
being increasingly prevalent. Cholelithiasis, a common gastrointestinal 
disorder affecting 5–10% of the Thai population, particularly females and older 
adults, may also be associated with fatty liver disease.

Objectives: This study investigated the correlation between cholelithiasis 
and fatty liver disease using ultrasonographic data from patients at Vajira 
Hospital, aiming to address this regional knowledge gap and inform preventive 
strategies.

Materials and methods: A retrospective analysis was performed on 311 
patients aged ≥50 years who underwent upper abdominal ultrasonography 
at Vajira Hospital between 2023 and 2024. Collected data included gender, 
age, gallstone size, and diagnostic findings. Patients were classified into two 
groups: 132 with cholelithiasis and 179 without. Statistical analyses included 
descriptive statistics (mean, SD, frequency, percentage) and inferential tests 
(t-test, chi-square test, and logistic regression).

Results: Of the 311 patients, 162 (52.1%) had fatty liver, with a mean age of 
62±8.46 years; 62.3% were female and 37.7% were male. Among these, 73  
patients (45.1%) had concurrent cholelithiasis (66% female, 34% male), with 
a mean gallstone size of 1.09±0.53 cm. The remaining 89 patients (54.9%) had 
fatty liver disease without cholelithiasis (60% female, 40% male). A significant 
inverse association was observed between age and fatty liver disease (p= 
0.003), indicating that younger patients within this ≥50-year cohort were more 
likely to be affected.

Conclusion: Cholelithiasis was not significantly associated with fatty liver 
disease. However, fatty liver showed a novel inverse correlation with age, with 
higher prevalence among younger adults within the ≥50-year cohort. This finding, 
which contrasts with previous reports of increasing prevalence with age, may 
reflect methodological factors and lifestyle influences in Thailand’s urban 
population. These results emphasize the need for early screening and targeted  
public health interventions for working-age adults, while acknowledging  
limitations related to study design, absence of key confounders, and restricted 
age range.
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Introduction
	 Fatty liver disease (FLD) is a condition characterized 
by excessive accumulation of triglycerides in hepatic 
tissue. In Thailand, the prevalence of FLD is approximately 
45.2%, with a higher occurrence in males than females, 
and the highest frequency observed at a median age 
of 56 years.1 Key risk factors include obesity, diabetes 
mellitus, metabolic syndrome, hyperlipidemia, and 
unhealthy lifestyles, particularly among urban populations 
adopting high-fat, high-sugar diets, experiencing work-
related stress, and lacking physical activity.2,3

	 FLD can progress in two forms: non-inflammatory, 
which accounts for around 75% of cases and poses a 
lower risk of liver fibrosis and cancer, and inflammatory, 
which accounts for the remaining 25% and is more likely 
to lead to cirrhosis and hepatocellular carcinoma.4 
A growing concern is the increasing incidence of 
hepatocellular carcinoma among patients with non-
alcoholic fatty liver disease (NAFLD), as reported in 
recent studies, with incidence reaching 0.44 per 1,000 
persons per year.2 This burden makes NAFLD a major 
public health challenge in Thailand and across Asia.
	 Several studies have suggested a potential 
association between FLD and gallstone disease 
(cholelithiasis), which affects 5–10% of the Thai 
population, with higher prevalence in females and older 
adults.5 Both conditions share common risk factors 
such as obesity, insulin resistance, and metabolic 
disturbances.6 Recent systematic reviews have 
synthesized the evidence linking gallstone disease and 
non-alcoholic fatty liver disease (NAFLD). Slouha et al. 
concluded that the relationship is likely bidirectional, 
although substantial heterogeneity across populations 
and study designs limits definitive inference.7 In parallel, 
Wong et al. reported that the global burden of NAFLD 
is increasing, with particularly rapid growth in Asian 
populations, underscoring the importance of regional 
data.3 Taken together, these reviews highlight both 
the plausibility of a shared pathophysiological basis 
between gallstones and NAFLD and the urgent need 
for context-specific studies in Thailand to address this 
knowledge gap.3 However, evidence directly examining 
this association in Thai or Southeast Asian populations 
remains scarce. Clarifying this relationship is essential 
for clinical risk stratification and for designing targeted 
public health interventions in settings where both 
conditions are becoming increasingly prevalent.
	 Ultrasonography is a reliable and non-invasive 
imaging modality for detecting both conditions, offering 
sensitivity of 84.8% and specificity of 93.6% for detecting 
moderate to severe histologically defined fatty liver.8 
Beyond its diagnostic utility, ultrasonography is widely 
accessible in Thailand, making it particularly suitable 
for hospital-based and population-level screening. 
Despite the growing body of international evidence, 
few studies have evaluated the association between 
FLD and cholelithiasis in Thai or Southeast Asian 
populations, where the burden of these conditions 
is rapidly increasing. Addressing this gap in the local 

context is essential for clinical risk stratification and 
for guiding targeted public health strategies. Therefore, 
this study investigates the association between FLD 
and cholelithiasis using ultrasonographic findings in 
patients at Vajira Hospital, aiming to inform prevention 
and early detection efforts.

Materials and methods 
Study design
	 This study employed a retrospective design 
based on patients who underwent upper abdominal 
ultrasonography at the Diagnostic Radiology Department 
of Vajira Hospital between 2023 and 2024. A total of 
311 patients aged 50 years and above were included. 

This age cutoff was selected because both fatty liver 
and cholelithiasis are more prevalent in older adults. 
Previous Thai studies, including a hospital-based 
study in Maha Sarakham and a community-based 
cohort in Chiang Rai, demonstrated higher prevalence 
rates among adults aged ≥40-50 years, supporting 
the relevance of this criterion for identifying high-risk 
populations.9, 10

	 Patient data were retrieved from the hospital’s 
medical records and ultrasound imaging system. The 
variables collected included gender, age, gallstone 
size, radiologist diagnosis, and corresponding 
ultrasonographic images. Patients were classified into 
two groups: 132 with gallstones (cholelithiasis) and 179 
without. Data on key confounding variables, including 
body mass index (BMI), diabetes mellitus, and alcohol 
intake, were unavailable in the retrospective dataset 
and therefore were not incorporated into the statistical 
models. The absence of these key confounders may 
have reduced the robustness of the regression analysis, 
a limitation acknowledged in this study.
	 Descriptive statistics, including mean and 
standard deviation, were used to summarize continuous 
variables, while frequencies and percentages were 
used for categorical variables. Comparative analyses 
between groups were performed using independent 
samples t-test and chi-square test. Additionally, 
logistic regression analysis was conducted to assess 
the association between selected variables and the 
presence of fatty liver disease. Model assumptions, 
including multicollinearity and overall model fit, 
were assessed, although the limited availability of 
confounding variables likely reduced statistical power.

Study procedure
	 The data collection process for this study was 
conducted at Vajira Hospital using the EVInsite® radio-
logic imaging and reporting system. Retrospective data 
were obtained from ultrasonographic examinations 
performed between January 2023 and December 2024.
	 The procedure was carried out in the following 
steps:
	 1. Patient selection

Patients who underwent upper abdominal  
ultrasonography during the study period were 
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identified. Records were screened to include 
only patients aged 50 years and above who met 
the inclusion criteria.

	 2. Data retrieval
Eligible patient records were retrieved from the 
EVInsite® system, including both the ultrasound 
images (Figure 1 and Figure 2) and the official 
diagnostic reports interpreted by radiologists.

	 3. Data extraction
Variables extracted included gender, age, gallstone 

size, and the presence or absence of fatty liver 
and cholelithiasis.

	 4. Data entry and analysis preparation
All data were systematically recorded in a 
structured format and entered into IBM SPSS 
Statistics version 28.0.0.0. for analysis. 

	 This structured and stepwise approach ensured 
accurate and ethical handling of patient data while 
maintaining the scientific integrity of the research process.

Figure 2. Ultrasonographic image of the right hepatic lobe demonstrating increased parenchymal 
echogenicity (star) and blurring of vascular margins, consistent with fatty liver disease.

Figure 1. Ultrasonographic image of the gallbladder demonstrating a hyperechoic calculus (arrow)
with posterior acoustic shadowing, consistent with gallstones.
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Data analysis
	 All analyses were performed using IBM SPSS 
Statistics software, version 28.0.0.0. Both descriptive 
and inferential statistical methods were applied.
	 Descriptive statistics summarized the characteristics 
of the study population: quantitative variables (age, 
gallstone size) were expressed as mean±SD, while 
qualitative variables (gender, diagnosis of gallstone 
disease, and diagnosis of fatty liver disease) were 
presented as frequencies and percentages.
	 Inferential analyses tested study hypotheses and 
assessed associations between variables. examined 
relationships between categorical variables, and the 
independent-samples t-test compared mean values 
of continuous variables between groups. Logistic 
regression analysis was performed to evaluate the 
association between cholelithiasis and fatty liver 
disease. However, data on important confounders 
(BMI, diabetes, alcohol intake) were not available 
in the retrospective dataset and thus could not be 

incorporated into the regression model. As a result, the 
model may have been underpowered, and the findings 
should be interpreted with caution. Model adequacy 
was assessed using the Hosmer–Lemeshow goodness-
of-fit test and pseudo R² values, which confirmed 
acceptable fit.
	 All statistical tests were two-tailed and performed 
at a 95% confidence level, with p<0.05 considered 
statistically significant.

Results
General characteristics of the study population
	 The demographic and clinical characteristics of 
patients with and without cholelithiasis are summarized 
in Table 1. Overall, females were more prevalent across 
all subgroups. However, the relative proportions 
of males and females were similar, indicating no 
substantial gender differences in the co-occurrence of 
fatty liver disease and cholelithiasis.

Table 1. Percentage distribution of patients with and without fatty liver in combination with 
cholelithiasis, by gender.

Female N (%) Male N (%)

Fatty liver with cholelithiasis (N=73) 48 (66) 25 (34)

Without fatty liver, with cholelithiasis (N=59) 37 (63) 22 (37)

Fatty liver without cholelithiasis (N=89) 53 (60) 36 (40)

Neither fatty liver nor cholelithiasis (N=90) 58 (64) 32 (36)

Age Distribution
	 Among patients with cholelithiasis, FLD was 
more common in those aged 50-70 years, whereas 
its prevalence declined in older age groups (Table 2). 

A similar trend was observed among patients without 
cholelithiasis, with the highest frequency in the 50-60-
year age group, followed by a progressive decrease in 
older age categories (Table 3).

Table 2. Percentage distribution of patients with and without fatty liver among 
those with cholelithiasis, by age group.

Age group (years) Fatty liver, N (%) Without fatty liver, N (%)

50-60 41 (31.06) 24 (18.18)

61-70 23 (17.42) 18 (13.64)

71-80 5 (3.79) 8 (6.06)

81-90 4 (3.03) 8 (6.06)

91-100 0 1 (0.76)

Table 3. Percentage distribution of patients with and without fatty liver among 
those without cholelithiasis, by age group.

Age group (years) Fatty liver, N (%) Without fatty liver, N (%)

50-60 43 (24.02) 34 (18.99)

61-70 28 (15.64) 30 (16.76)

71-80 15 (8.38) 18 (10.06)

81-90 3 (1.68) 8 (4.47)

91-100 0 0
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Gallstone size
	 The distribution of fatty liver cases by gallstone 
size is presented in Table 4. Fatty liver was most 
frequently observed in patients with gallstones ≤1 cm 
in diameter, whereas larger stones were less common 
in both groups.

Comparative and inferential analyses
	 Comparative analyses are presented in Table 5. No 
significant gender differences were observed between 
patients with and without fatty liver (p=0.330). Patients 
with fatty liver were significantly younger than those 
without (62.0±8.46 vs. 65.0±10.24 years, p=0.003). 

Gallstone size showed no significant difference 
between groups (p=0.373). Similarly, the prevalence of 
fatty liver was comparable between patients with and 
without cholelithiasis (p=0.797).	

Logistic regression analysis 
	 Multivariate logistic regression results are shown 
in Table 6. Age was the only variable independently 
associated with fatty liver disease (OR=0.967, 95% 
CI: 0.944-0.991, p=0.007), demonstrating an inverse 
association. Neither gender nor gallstone status was 
significantly associated with fatty liver. 

Table 4.	Percentage distribution of patients with and without fatty liver, by gallstone size.

Gallstone size (cm)  Fatty liver, N (%) Without fatty liver, N (%)

0.00-1.00 42 (31.82) 31 (23.48)

1.01-2.00 27 (20.54) 26 (19.70)

2.01-3.00 4 (3.03) 2 (1.52)

Table 5. Baseline characteristics and comparative analysis of patients with and without fatty liver.

Variables Fatty liver
(N=162)

Without fatty liver 
(N=149) p value

Gender 0.330

Male, N (%) 61 (37.7) 54 (36.2)

Female, N (%) 101 (62.3) 95 (63.8)

Age (years) 62±8.46 65±10.24  0.003*

Gallstone size (cm)  1.09±0.53 1.12±0.50 0.373

Gallstone, N (%) 73 (45.1) 59 (39.6) 0.797

Non-gallstone, N (%) 89 (54.9) 90 (60.4)
Note: *statistically significant at p<0.05.

Table 6. Multivariate logistic regression analysis of gender, age, and gallstone status in relation to fatty liver.

Variables p value OR (95%CI)

Gender 0.42 0.952 (0.597-1.520)

Age (years) 0.007* 0.967 (0.944-0.991)

Gallstone 0.343 1.247 (0.790-1.970)
Note: *statistically significant at p<0.05.

Discussion 
Gender
	 In this study, most patients with concurrent 
cholelithiasis and fatty liver were female (66%), 
consistent with the reports of Ashraf A et al. and Kichloo 
A. et al.6,11 These studies indicate that physiological 
changes in females, particularly during menopause, 
contribute to insulin resistance, central obesity, and 
increased fat deposition, potentially leading to fatty 
liver disease due to fluctuations in estrogen levels. 
Beyond hormonal shifts, alterations in cholesterol 
metabolism and bile acid composition in women 
have also been implicated, which may increase the 

likelihood of gallstone formation while simultaneously 
promoting hepatic lipid accumulation.12,13 Estrogen 
can enhance cholesterol secretion into bile, thereby 
raising gallstone risk, and at the same time influence 
hepatic lipid homeostasis, contributing to steatosis.12,14 
In addition, insulin resistance—a common feature 
in postmenopausal women—further exacerbates 
both hepatic triglyceride accumulation and gallstone 
risk.15,16 Lifestyle factors prevalent among Thai urban 
women, including reduced physical activity and 
high-fat dietary intake, may amplify these biological 
susceptibilities (e.g., in Thai patients NAFLD, 
combined exercise and dietary modification trials have 
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demonstrated reduction in hepatic fat),17 and meta-
analyses show diet/exercise interventions consistently 
improve fatty liver outcomes across populations.18 
Taken together, these mechanisms may explain why 
women, particularly those aged ≥50 years, are more 
likely than men to present with both cholelithiasis and 
fatty liver disease. 

Age
	 In our study, patients aged 50-60 years with 
cholelithiasis were more likely to have fatty liver disease 
than those without, consistent with the findings of 
Rattanangamkul, who reported the highest prevalence 
in this age group.19 The mean age of patients with fatty 
liver disease was 62 years, significantly lower than that 
of patients without the condition (p=0.003). However, 
this result contrasts with studies from Chinese cohorts 
which reported an increasing prevalence of concurrent 
cholelithiasis and fatty liver disease with advancing 
age.11,20,21 This discrepancy may partly reflect our 
study’s focus on patients aged ≥50 years, consistent 
with Thai data indicating that the burden of NAFLD is 
concentrated in older adults.9,10 Nevertheless, the 
restricted age range and limited sample size across 
certain strata may have reduced our ability to detect 
broader age-related trends and limited generalizability 
to younger populations.
	 Systematic reviews have also reported age-
dependent patterns and considerable between-study 
variability, with stronger associations often observed in 
metabolically high-risk or younger cohorts. In contrast, 
our study focused on adults aged ≥50 years and 
identified an inverse relationship between age and fatty 
liver within this band, which may attenuate any crude 
association with gallstone disease. This is consistent 
with review-level observations that population structure 
and unmeasured confounding (e.g., obesity, diabetes, 
alcohol use) can influence pooled estimates.7

	 Beyond methodological considerations, lifestyle 
and dietary transitions among Thailand’s urban, 
working-age adults may partly explain the observed 
higher prevalence of fatty liver disease in younger 
patients within this ≥50-year cohort. Increased 
consumption of Western-style fast food, reduced 
physical activity, and occupational stress have been 
identified as key contributors to NAFLD risk in Asian 
populations.22,23 Long working hours have also been 
associated with metabolic derangements and lean 
NAFLD,24 while adherence to healthier lifestyle patterns 
is protective.25 Taken together, these findings support 
the hypothesis that younger individuals in older Thai 
cohorts may face greater exposure to adverse lifestyle 
factors, thereby elevating their susceptibility to fatty 
liver disease despite being relatively younger within the 
study population.

Gallstone size
	 Gallstone size ranged from 0.00 to 3.00 cm and was 
classified into three size categories. The mean gallstone 

size was 1.09 cm in patients with fatty liver disease and 
1.12 cm in those without the condition, demonstrated 
no significant difference (p=0.373). This finding differs 
from that of Rehman T. et al., who reported that larger 
gallstone were associated with increased risk and 
severity of fatty liver disease.26 The difference may be 
explained by methodological differences: our study 
categorized gallstones into predefined size ranges and 
did not assess fatty liver severity, whereas the previous 
study analyzed severity without stratifying by gallstone 
size.
	 Reviews comparing diagnostic modalities have 
noted that ultrasonography—while practical—has 
reduced sensitivity for mild steatosis compared with 
biochemical indices or advanced imaging, potentially 
biasing associations toward the null in hospital-based 
cohorts. The reliance on ultrasonography in our study 
may therefore partly explain the absence of a size–
steatosis gradient.8

Association between cholelithiasis and fatty liver 
disease
	 In this analysis, 45.1% of patients with 
cholelithiasis also had fatty liver, compared with 54.9% 
of those without cholelithiasis. This association was 
not statistically significant (p=0.797), consistent with 
Lu Y et al. who also reported no significant association 
between cholelithiasis and non-alcoholic fatty liver 
disease (NAFLD) (p=0.15).27  In contrast, Kim YK et al., 
and Li X and Gao P found a significant association.20,21 
Their studies, however, were conducted in younger 
Chinese populations and limited to NAFLD cases, with 
a lower overall prevalence of cholelithiasis (8.8% in 
897 participants) than in our cohort—likely reflecting 
differences in dietary patterns and population 
characteristics.
	 Recent evidence syntheses corroborate a link 
between gallstone and FLD. Slouha et al. reviewed 
observational studies and concluded that the 
association is likely bidirectional, while emphasizing 
substantial heterogeneity by population and study 
design.7 Wong et al. highlighted the rapidly rising 
burden of fatty liver disease across Asian settings, 
underscoring the need for locally generated data.3  
Interpreted against this backdrop, our finding of no 
significant association between cholelithiasis and fatty 
liver in an older Thai cohort suggests that demographic 
structure, risk profiles, and setting-specific exposures 
may partly account for between-study differences. 
These considerations align with prior reviews noting 
effect modification by age, metabolic status, and 
diagnostic methods. 
	 Taken together with recent reviews, our results suggest 
that context and case mix matter: in older Thai adults 
undergoing routine ultrasonography, cholelithiasis 
does not appear to be independently associated with 
fatty liver, and younger age within an older cohort carries 
a higher likelihood of steatosis. These insights support 
targeted screening and preventive strategies that 
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prioritize working-age groups and address metabolic 
risk in the Thai setting.3

	 From a clinical perspective, ultrasonography could 
be incorporated into routine health check-ups as a cost-
effective screening tool for early detection of fatty liver 
disease, particularly among working-age adults. At the 
population level, these findings underscore the need for 
public health strategies in Thailand, including dietary 
education, community-based lifestyle interventions, 
and workplace wellness programs targeting urban 
populations. Such approaches could mitigate the rising 
burden of fatty liver disease and its complications.

Limitations 
	 This study has several limitations. First, the 
retrospective cross-sectional design restricted 
data collection to information available in hospital 
medical records, which precluded the inclusion of 
several important confounders such as body mass 
index (BMI), diabetes, lipid profiles, and alcohol 
consumption. Second, the diagnosis of fatty liver 
disease relied exclusively on ultrasonography, which 
is operator-dependent and less sensitive for detecting 
mild steatosis compared with biochemical or 
histopathological confirmation. An additional limitation 
is the restriction of the study population to individuals 
aged ≥50 years. This age threshold was selected 
because of the higher prevalence of fatty liver disease 
and gallstone disease among older Thai adults.9,10 
Nevertheless, this design reduces the generalizability 
of our findings to younger populations who may also be 
at risk. Finally, the relatively modest sample size limited 
subgroup analyses and adjustments for unmeasured 
confounders. Future studies should therefore include 
broader age ranges, incorporate validated risk factor 
assessments, and employ multimodal diagnostic 
approaches to enhance external validity and diagnostic 
accuracy.

Conclusion
	 In conclusion, fatty liver disease was more 
common among younger adults in this hospital-based 
cohort, while no significant association was observed 
with gender or gallstone status. This novel inverse 
relationship with age, contrasting with previous studies 
that reported increasing prevalence in older adults, 
represents an important contribution to understanding 
the Thai context. The findings underscore the need for 
early detection and lifestyle modification programs 
to reduce the future burden of disease. Nevertheless, 
several limitations must be acknowledged, including 
retrospective design, reliance on ultrasonography 
alone, and the absence of key confounding variables 
such as body mass index, diabetes, and alcohol use, 
which limit generalizability. Despite these constraints, 
ultrasonography remains a practical screening tool 
in clinical practice. At the population level, targeted 
public health initiatives—including workplace wellness 
programs, dietary education, and community-based 

strategies—are urgently needed to mitigate the rising 
burden of fatty liver disease and its complications in 
Thailand. 
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Background: Institutional sheltering can lead to occupational deprivation and 
psychosocial disengagement, particularly among adults with mental health- 
related disabilities. In Thailand, homeless shelters operate under rigid custodial 
systems that may hinder functional recovery, highlighting the need for culturally 
adapted assessment tools.

Objectives: To validate an adapted version of the Assessment of Work 
Performance (AWP) for use in Thai homeless shelters and to identify functional 
skill patterns and psychosocial barriers that inform allied health service planning.

Materials and methods: A cross-sectional study was conducted with 60 
adults with mental health–related disabilities residing in a government-operated 
destitute shelter. Participants completed a work-based AWP task rated across 
seven subskills. Exploratory factor analysis (EFA) examined the underlying factor 
structure, while regression analysis tested the predictive value of extracted 
factors on occupational performance.

Results: The EFA supported a two-factor solution; 1) task adaptation and 
relational organization, and 2) communication and expression-accounting 
for 56.78% of the total variance (KMO=0.696, Bartlett’s test significant). 
Regression analysis showed that task adaptation and relational organization 
significantly predicted occupational performance, explaining 69.6% of the 
variance (R²=0.696).

Conclusion: Task adaptation and environmental structuring are key deter-
minants of occupational engagement in institutional shelter settings. Perfor-
mance-based assessment, combined with structured observation during task 
engagement, provides a culturally relevant strategy for allied health profes-
sionals to guide individualized rehabilitation for marginalized populations in 
Thai homeless shelters.
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Introduction
	 Homelessness and institutional sheltering profoundly 
disrupt daily routines, roles, and identitiescore elements 
closely tied to disability risk and psychosocial well-being.1-2 

Prolonged displacement from stable living environments 
often results in  impairments in cognitive organization, 
adaptive functioning, and relational capacities, limiting 
participation in daily activities,  social relationships, and  
rehabilitation.1-2 Performance-based assessments, such 
as the Executive Function Performance Test (EFPT), have 
shown utility in detecting subtle executive dysfunction 
among marginalized individuals, even when standard 
cognitive screenings do not indicate impairments.3
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	 Occupational deprivation, the inability to engage 
in meaningful activities due to environmental, social, or 
systemic barriers, further compounds these challenges. 
It has been linked to declines in executive functioning, 
emotional regulation, and interpersonal capacity, 
reducing readiness for community participation and 
long-term recovery.1,2 Functional deficits often become 
entrenched among older or socially excluded adults. 
Qualitative studies highlighted how boredom, fractured 
occupational identities, and loss of meaningful 
roles shape the lived experiences of homelessness, 
contributing to disengagement and diminished volition.4-7 

	 In Thailand, protective shelters provide long-term 
institutional care for homeless or abandoned adults. 
However, these environments are often governed by 
rigid routines and custodial care models that restrict 
opportunities for autonomy, decision-making, and skill 
development.8 Needs assessments have consistently 
identified three recurring barriers among residents: 
psychiatric symptoms that disrupt consistency, estranged 
family relationships that undermine motivation, and 
disrupted work identity leading to frustration and loss 
of purpose. These contextual barriers underscore the 
need for structured tools that can evaluate functional 
skills relevant to both rehabilitation and reintegration.4-5,8

	 The Assessment of Work Performance (AWP), 
grounded in the Model of Human Occupation, offers a 
structured approach to evaluating process, motor, and 
communication-interaction skills relevant to occupational  
participation.9-11 However, its use in Southeast Asian 
institutional settings remains underexplored, despite  
systematic reviews highlighting  the importance of  
structured functional assessments for individuals  
transitioning from homelessness.12-13 Moreover, 
psychological factors such as emotional regulation, 
motivation, and purpose are often overlooked in standard 
psychiatric or cognitive evaluations, particularly among 
older or institutionalized populations.14  

	 To address these gaps, the AWP was adapted to 
reflect the domestic and vocational activities typical 
of Thai shelters, ensuring contextual suitability for this 
population. This study therefore aimed to explore the 
underlying structure of the Thai version of AWP using 
exploratory factor analysis (EFA) among adults living in 
Thai homeless shelters.  Findings provides evidence to 
guide rehabilitation planning and individualized care 
for adults with mental health-related disabilities living 
in institutional shelter environments.15-16

Materials and methods 
Study design and ethical considerations
	 This study was conducted as a rehabilitation needs 
analysis and functional skill profiling investigation,  
rather than an intervention trial. A cross-sectional 
observational design was employed to examine 
functional skill patterns among adults residing in a 
government-operated protective shelter in Thai-
land. The study adhered to the STROBE guidelines for 

observational research. Ethical approval was granted 
by (removed for anonymity). All participants provided 
written informed consent prior to enrollment, in 
accordance with the Declaration of Helsinki. 
	 The sample size was determined based on  
recommendations for factor analysis, which suggest 
a minimum of 5-10 participants per item to ensure 
adequate statistical power.17 Given that the adapted 
Assessment of Work Performance (AWP) included 
six core items, a minimum of 30-60 participants were 
required. To enhance reliability and meet these  
methodological guidelines, sixty adults with mental 
health-related functional disabilities were purposively 
recruited from the Nonthaburi Home for the Destitute, 
a government-operated homeless shelter in central 
Thailand. Participants were long-term institutional  
residents, categorized as homeless or abandoned. 
Inclusion criteria were age 18-64 years.

Participants and setting
	 Sixty adults aged 18-64 years with mental 
health-related functional disabilities were purposively 
recruited from a government-operated shelter in central 
Thailand. Participants were long-term institutional 
residents, categorized as homeless or abandoned. 
Inclusion criteria were a documented mental disorder 
diagnosis verified by psychiatric records from the 
Nonthaburi Home for the Destitute, absence of acute 
psychotic symptoms as confirmed by the attending 
psychiatrist and shelter nursing staff during routine 
clinical evaluation, fluency in Thai, and the ability to  
perform basic self-care tasks. Exclusion criteria included 
diagnosed neurological disorders, sensory impairments 
interfering with task participation, and significant physical 
disability. The determination of “absence of acute  
psychotic symptoms” followed established psychiatric 
diagnostic criteria, particularly those outlined in the 
Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM-5).18

	 Screening tools included the Rowland Universal 
Dementia Assessment Scale (RUDAS; score ≥23)19-

20 and the Brief Psychiatric Rating Scale (BPRS; score 
≤36).21-22 Participant eligibility was confirmed by shelter 
psychologists, social workers, and occupational 
therapists to ensure capacity for functional work-like 
activity. The Brief Psychiatric Rating Scale (BPRS) was 
selected to assess the severity of psychiatric symptoms 
because it provides a dimensional measure across a 
broad range of symptom domains, rather than definitive 
diagnostic cut-off points. Although participants exhibited 
psychiatric symptomatology, only those without acute 
psychotic symptoms were included, as verified through 
psychiatric records and confirmation by clinical staff. 
This inclusion criterion ensured that participants were 
clinically stable and able to engage meaningfully in 
occupational tasks, while still representing the spectrum 
of chronic psychiatric conditions commonly observed 
in long-term institutional settings.23
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Instruments and data collection
	 The primary assessment tool was the Thai version of 
the Assessment of Work Performance (AWP), modified 
to reflect culturally relevant shelter-based tasks such 
as sweeping, cleaning, plant care, and crafts. This 
adaptation was necessary because residents in Thai 
homeless shelters predominantly engage in domestic 
and vocational activities, which differ from the work- 
related tasks emphasized in the original AWP. To ensure 
suitability, the adapted version was reviewed by three 
occupational therapy experts, yielding a content validity 
index (CVI) of 1.00. In this study, the adapted tool 
also demonstrated acceptable internal consistency 
(Cronbach’s α=0.68) and test–retest reliability 
(intraclass correlation coefficient, ICC=0.77). These 
psychometric properties support the use of the adapted 
AWP in this context. 
	 The AWP measures motor, process, and  
communication-interaction skills on a 4-point ordinal 
scale. This structured, performance-based approach 
is increasingly used to understand functional needs 
among individuals in institutional or homeless 
settings.12–13,15 For this study, seven AWP subskills were 
prioritized based on their applicability and reliability 
in the shelter context. For interpretation, domain and 
subskill scores were categorized into three levels based 
on the percentage of the maximum possible score: 
high (≥80%), moderate (50-79%), and low (<50%). Each 
participant completed one structured task observed 
by trained occupational therapy students, who rated 
performance and simultaneously recorded qualitative 
observations of psychosocial behaviors and contextual 
interactions. Demographic data were also collected. 

Statistical analysis
	 Descriptive statistics for demographics and AWP 
scores were calculated using IBM SPSS Statistics 
version 26.0 (IBM Corp., Armonk, NY, USA). To examine 
the underlying structure of the adapted AWP, an 
exploratory factor analysis (EFA) with principal component 
extraction was conducted.24-26 Sampling adequacy was 
assessed using the Kaiser-Meyer-Olkin (KMO) measure 

and Bartlett’s test of sphericity, which was statistically 
significant, indicating suitability of the data for factor 
analysis. Factor scores from the extracted components 

were subsequently entered into multiple regression 
models to predict total occupational performance 
(AWP_TOTAL). In addition, exploratory correlations 
were conducted between AWP scores and measures of  
cognitive functioning (RUDAS) and psychiatric symptom 
severity (BPRS). Patient and public involvement
	 Service users and members of the public were 
not directly involved in the design or reporting of this 
study due to the vulnerable nature of the population. All 
participants were institutionalized homeless adults 
with mental health-related disabilities and lacked 
community or family living options. However, their  
perspectives were incorporated through narrative 
observations and interviews conducted by psycholo-
gists and social workers, which informed the qualitative  
analysis. Occupational therapy instructors and  
students also contributed to the screening and ethical 
readiness of participants. Future studies will aim to 
integrate service user feedback more systematically 
into design and evaluation phases.

Results
Participant characteristics
	 A total of 60 participants were included in 
the study, with ages ranging from 26 to 63 years 
(mean=44.87, SD=7.81). The majority were male (65%), 
and 62% had completed primary education or less. 
Most participants had resided in the shelter for over 
one year (mean=51.70 months, SD=37.70). Screening 
results indicated mild cognitive impairment in some 
individuals, with the RUDAS scores ranging from 20 to 
30 (mean=26.77, SD=2.06). The BPRS scores indicated 
varying psychiatric symptom severity, ranging from 18 
to 39 (mean=24.87, SD=5.54). 
	 The BPRS scores indicated mild to moderate 
psychiatric symptom severity. This distribution 
confirmed that all participants were clinically stable 
and capable of engaging in occupational tasks. 
While some variation was observed, it reflected the 
heterogeneity typically found in shelter populations 
and was statistically controlled by including the BPRS 
scores as a continuous covariate in subsequent 
analyses. Demographic and clinical characteristics are 
summarized in Table 1.

Table 1. Demographic and clinical characteristics of participants (service users)(n=60)

Characteristic Mean (SD) or n (%)                                  
Age (years) 44.87 (7.81) [range 26-63]
Gender Male = 39 (65%); Female = 21 (35%) 
Education Primary school = 37 (62%)

Lower secondary school = 12 (20%)
Upper secondary school = 8 (13%)
Higher vocational diploma = 2 (3%)
Bachelor’s degree = 1 (2%)

Length of stay (months) 51.70 (37.70) [range 2-214]
RUDAS score 26.77 (2.06) [range 20-30]
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Descriptive occupational performance
	 Total scores on the adapted AWP indicated 
substantial variation in occupational performance 
(mean=32.4, SD=5.8). Participants generally demonstrated 
higher scores in motor domains, while process and 
communication-interaction skills were comparatively 
lower. This pattern reflects functional heterogeneity in 

Characteristic Mean (SD) or n (%)                                  
BPRS score 24.87 (5.54) [range 18-39]
Psychiatric diagnosis Schizophrenia spectrum = 1 (1.67%) 

Comorbid psychiatric and NCDs = 11 (24.32%) 
Unspecified psychiatric disorders = 10 (10.67%)
Cerebral palsy = 1 (1.67%)
NCDs = 9 (15%)
None = 28 (46.67%)

Note: Data collected via structured demographic checklist and standardized screening tools (RUDAS = Rowland 
Universal Dementia Assessment Scale; BPRS = Brief Psychiatric Rating Scale).

Table 1. Demographic and clinical characteristics of participants (service users)(n=60)(Continue)

this institutionalized population. Domain and subskill 
scores are detailed in Table 2. Total scores on the 
adapted AWP demonstrated substantial variation 
across participants. Based on the established cut-off 
values, 35% of participants achieved high performance 
(≥80%), 50% showed moderate performance (50-79%), 
and 15% scored in the low performance range (<50%).

 Table 2. AWP domain and subskill scores (n = 60)

AWP Domain Subskill Mean+ SD Range Classification (n, %)
Motor Total subskill score 19.58+0.83 16-20 High = 60 (100%)

Posture 3.93+0.31 Moderate = 0 

Mobility 3.88+0.32 Low = 0 

Coordination 3.98+0.13

Strength 3.93+0.25

Physical Energy 3.85+0.36

Process Total subskill score 18.57+2.16 9-20 High = 57 (95.00%)
Mental Energy 3.87+0.47 Moderate = 1 (1.67%)

Knowledge 3.52+0.72 Low = 2 (3.33%)

Temporal Organization 3.60+0.67

Organizations of 
Space & Objects

3.75+0.51

Adaptation 3.83+0.53

Communication Total subskill score 14.50+1.68 9-16 High = 50 (83.33%)
-Interaction Physicality 3.70+0.53 Moderate = 10 (16.67%)

Language 3.67+0.48 Low = 0

Relations 3.38+0.83

Informations & 
Exchange

3.75+0.54

Total AWP domian score 52.65+3.50 39-56 High = 58 (96.67%)

Moderate = 2 (3.33%)
Low = 0

Note: AWP = Assessment of Work Performance. Subskills grouped under each domain as evaluated in this sample.
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	 Exploratory factor analysis (EFA) was conducted to 
identify the underlying structure of AWP subskills. The 
analysis supported a two-factor solution comprising: 
1) task adaptation and relational organization, and 2) 
communication and expression. Sampling adequacy 
was confirmed with a Kaiser–Meyer–Olkin (KMO) measure 
of 0.696, exceeding the recommended threshold of 0.50, 

and Bartlett’s test of sphericity was significant 
(χ²=179.629, df = 36, p<0.001), indicating suitability of 
the data for factor analysis. The two extracted factors 
explained 56.78% of the total variance (Component 1 
=38.01%, Component 2=18.77%). Standardized factor 
loadings for each item are presented in Table 3.

Table 3. Factor loadings of AWP subskills from exploratory factor analysis (n=60)

Subskill Component 1 Component 2
Adaptation .830

Relations .787

Task organization .694

Organizations of space & objects .689

Knowledge .668

Mental energy .630
Informations & exchange .758

Language .745

Physicality .389
Note: Extraction Method: Principal Component Analysis with two components extracted.

Predictive associations with overall performance
	 Regression analysis showed that task adaptation 
(β=0.394, p<0.001) and relational organization (β=0.531, 
p<0.001) were significant predictors of total occupational 
performance scores. Together, these factors explained 
69.6% of the variance (R²=0.696). Additional correlation 
analyses revealed a significant negative association 
between psychiatric symptom severity (BPRS) and 
AWP scores (r=-0.323, p=0.012), indicating that higher 
psychiatric symptoms were associated with poorer 
task engagement. In contrast, cognitive function 
(RUDAS) showed only a small, non-significant positive 
association with AWP performance (r=0.093, p=0.480), 
suggesting that both psychiatric and cognitive factors 
may contribute to task engagement.

Discussion 
	 This rehabilitation needs analysis highlights how 
functional skill clusters and psychosocial contexts 
influence occupational engagement among adults 
with mental health-related disabilities residing in Thai 
homeless shelters. Using exploratory factor analysis 
(EFA) of the adapted Assessment of Work Performance 
(AWP) alongside thematic analysis of narrative data, 
the study identified both functional skill domains 
and lived experiences shaping rehabilitation needs. 
Together, the findings demonstrate that adaptive 
and organizational skills are central to functional 
performance, while psychosocial and cultural contexts 
critically influence how those skills are enacted in 
institutional environments.
	 The EFA revealed two latent domains-task adaptation 
with spatial organization, and communication-expression. 

Only the former significantly predicted occupational 
performance, highlighting the role of task structuring, 
environmental planning, and adaptive behavior in 
facilitating engagement. This supports existing research 
emphasizing the importance of executive functioning 
and task organization for successful participation 
among marginalized groups.20-21 Prior work with the 
Executive Function Performance Test (EFPT) also 
demonstrated that planning and sequencing skills 
are critical to independent functioning following 
shelter placement.3 These findings are consistent 
with rehabilitation literature that positions functional 
organization as a core determinant of engagement in 
vulnerable populations.12,16,27

	 The limited predictive value of communication-
expression may reflect the passive, compliance-driven 
nature of institutional tasks, where social demands are 
minimal. Many participants demonstrated quietness 
and behavioral withdrawal, potentially shaped by 
institutional routines that suppress communicative 
expression. This observation aligns with qualitative 
studies that describe disengagement, loss of roles, 
and diminished volition among individuals living in 
shelters.5,27-31  Differences in occupational engagement 
were also observed between participants whose 
activities incorporated task adaptation and environmental 
structuring and those without such modifications. 
Adapted and structured tasks (e.g., simplified steps, 
visual cues, reduced distractions) were associated with 
more sustained engagement, greater task completion, 
and fewer withdrawals. In contrast, participants 
performing unmodified activities in non-structured 
environments often demonstrated shorter engagement 
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spans and greater variability in performance. These 
findings highlight the mediating role of task adaptation 
and environmental supports in facilitating occupational 
engagement within institutional contexts.
	 The results support the use of structured, 
performance-based assessments to identify actionable 
skill domains relevant to psychosocial functioning. 
These findings align with previous validation of the 
AWP as a tool for differentiating client profiles in 
vocational rehabilitation9 and reinforce its potential 
for culturally grounded application in shelter-based 
care.1-2,4 They also echo broader calls for structured 
interventions to support individuals transitioning from 
homelessness.12,13 the study identified functional 
patterns that reflect real-world rehabilitation challenges 
in institutional environments.
	 Cognitive function and psychiatric symptom 
severity showed modest but significant associations 
with occupational performance, supporting previous 
findings that better cognitive status and fewer psychiatric 
symptoms correlate with improved functioning.21,27 
Similar patterns have been observed among women 
with schizophrenia and histories of homelessness.16 
These results reinforce rehabilitation frameworks such 
as the Canadian Model of Occupational Performance 
and Engagement (CMOP-E), which advocate for 
restoring executive function, rebuilding roles, and 
enabling participation through holistic support.32-35 Our 
findings contribute to this framework by confirming that 
adaptive task behaviors and organizational capacity 
are key to engagement in institutional settings.
	 These findings carry implications for allied 
health teams working in shelter-based or institutional 
contexts. Interventions that promote task adaptation, 
environmental structuring, and relational supports 
may improve functional outcomes and psychosocial 
well-being. Combining structured, performance-based 
assessments with real-time observational inquiry 
can support personalized, recovery-oriented care 
by enabling providers to understand not only what 
service users can do, but also the contextual factors 
that contribute to their difficulties. At the systems 
level, sustained investment in mental health workforce 
training, supervision, and collaborative care models 
will be essential for improving service delivery to 
socially marginalized populations. 

Limitations
	 Limitations include a sample size restricted to 
similar institutional populations, which may limit 
the generalizability of the findings to other settings or 
community-dwelling populations. Potential observer 
bias may also have influenced performance ratings, as 
assessment of only three tasks could have been affected 
by situational factors such as mood or environmental 
conditions. Nevertheless, the integration of qualitative 
data helped triangulate and contextualize the findings, 
enhancing their credibility. Future studies should 

employ larger and more diverse samples, extend 
task assessments, and include longitudinal follow-
up to evaluation the stability of functional skills and 
rehabilitation outcomes over time.

Conclusion
	 This study demonstrates that performance-
based assessment provides a culturally responsive 
approach to identifying rehabilitation needs among 
adults with mental health–related disabilities in Thai 
homeless shelters. The findings highlight that task 
adaptation and environmental structuring are central to 
functional engagement, with practical implications for 
individualized rehabilitation and allied health practice 
in institutional care. Advancing psychosocial recovery 
and reintegration will require continued investment in 
workforce capacity, interdisciplinary coordination, and 
the use of locally relevant assessment tools.
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ABSTRACT

Background: Understanding the existence of natural radioactivity in different 
soil origins is essential for evaluating associated radiological risks. 

Objectives: The purpose of this study was to determine the natural radioactivity 
concentrations in soil samples from Mae Chaem district using a HPGe 
detector.

Materials and methods: Thirty-five soil samples were randomly collected 
for laboratory analysis from four geological regions, ten from Triassic granite 
(Trgr), Silurian Devonian-Carboniferous (SDCtp), and Ordovician (O) locations 
and five from the Quaternary sediments, namely the Terrace deposits (Qt) 
area. The radioactivity of 226Ra, 232Th, and 40K was measured using a gamma 
spectrometry with a high-purity germanium detector. The three radiation hazard 
indices for soil samples, including absorbed dose rate in outdoor air (Dair), the 
annual effective dose equivalent (AEDout), and the excess lifetime cancer risk 
outdoor (ELCRout) were determined.

Results: The concentration of natural radioactivity for 226Ra of Trgr, SDCtp, O, 
and Qt were found in the range of 50 to 172, 46 to 179, 59 to 285, and 46 to 77 
Bq kg-1, respectively. The activity concentration of 232Th varied from 69 to 148, 
53 to 239, 60 to 273, and 51 to 120 Bq kg-1, whereas the activity concentration of 
40K ranged from 351 to 1100, 299 to 1356, 190 to 1364, and 779 to 1188 Bq kg-1, 
respectively. The Dair varied from 88 to 207, 68 to 275, 94 to 345, and 85 to 146 
nGy h-1, with average values 139, 131, 170, and 110 nGy h-1 for Trgr, SDCtp, O 
and Qt samples, respectively. All sample values were higher than the worldwide  
population-weighted value of 59 nGy h-1 reported by the United Nations Scientific 
Committee on the Effects of Atomic Radiation (UNSCEAR, 2000). The AEDout 
and the ELCRout values also were higher than global average values by UNSCEAR.

Conclusion: In soil samples collected from four specific regions in the Mae 
Chaem district, the average natural activity concentrations of 226Ra, 232Th, and 
40K were found to be above the worldwide population-weighted value. The Dair, 
AEDout in external terrestrial radiation from outdoor sources and ELCRout values 
were higher than reported by UNSCEAR. These results indicate a high radiological 
health risk associated with prolonged exposure to natural radionuclides in 
soils from the Mae Chaem district.
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Introduction
	 The public is exposed to ionizing radiation 
emitted from both natural and man-made sources. 
Approximately 82% of the human absorbed dose 
is from two main natural sources which cannot be 
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avoided. The two main sources are cosmic rays acting 
on the atmosphere and radioactive nuclides that 
originated in the Earth’s crust.1 Soil is a major source 
of natural radioactivity, with soil nature influenced by 
the climate, type of parent material, surface slope, 
and decomposition time.2 The parent material of soil 
mainly consists of natural weathered rock, including 
sedimentary rocks, igneous rocks, or geologically 
young sediments that overlie the bedrock. Soil type 
depends on the parent material from which it was 
derived. The geological and geographical conditions of 
a region significantly impact the natural radioactivity.3 

Additional, radiation levels are associated with the 
type of rock, which higher radiation levels are found in 
igneous rocks such as granite. In contrast, sedimentary 
rocks have lower radionuclide content. Nonetheless, 
radiation levels are modified by human practices. 
The main source of external exposure is emitted 
from primordial radionuclides in the 238U series, 232Th 
series, and 40K. The emission of energy from these 
radionuclides poses human health hazards.4 Moreover, 
radiation has detrimental effects causing genetic 
disorders, leukemia, and various forms of cancer.5-7 
	 Hence, understanding the distribution of natural 
radioactivity in each location is important.  This 
knowledge makes it possible to accurately assess 
radiation health hazard indices and estimate the 
risk associated with prolonged potential exposure to 
background radiation.8-10 

	 Several previous studies have reported on the 
level of natural radioactivity in other countries, yet 
limited assessments on natural radioactivity have been 
conducted in Thailand. Most reports originate from the 
southern region of Thailand,11-14 a region characterized 
by various types of rocks and mining activities. Mae 
Chaem district is located 80 km southwest of Chiang 
Mai province between latitude 18° 11’ to 18° 21’ N and 
longitude 98° 18’ to 98° 30’ E. The elevation of the district 
ranges between 400 and 2,565 meters above sea level. 
More than 70% of the district area is mountainous 
and there is a small amount of arable land. The 
geology of Mae Chaem district is characterized by a 
complex stratigraphic sequence of sedimentary and 
metamorphic rocks. The basement rocks in this region 
mainly consist of Precambrian gneiss, which is widely 
distributed and is predominant around the eastern 

watershed of the Mae Chaem River. This area also 
contains various rock types and quaternary sediments. 
Several factors complicate the stratigraphic sequence 
of layered sedimentary and metamorphic rocks in Mae 
Chaem, including variable metamorphic effects as well 
as erosion, daily human soil activity and thrust faulting.15 
Therefore, evaluating natural radioactivity in soils of 
Mae Chaem basin’s complex geology is essential. This 
study determined the specific activity of 226Ra, 232Th, 
and 40K in soil samples from four regions of Mae Chaem 
district to provide a baseline for background radiation 
levels.

Materials and methods 
Location of the study area 
	 The study area for this research was Mae Chaem 
district in Chiang Mai Province, Northern Thailand. 
Figure 1. presents a geological map of the area. The 
district consists of igneous rock in the form of Triassic 
granite (Trgr), various sedimentary rocks (sandstone, 
siltstone, shale, and limestone) and metamorphic rocks 
(schist, gneiss, and calc-silicate). The sedimentary and 
metamorphic rocks in Mae Chaem district consist of 
Quaternary sediments including Terrace deposits (Qt), 
Silurian-Devonian-Carboniferous (SDCtp), Precambrian 
(PE), Cambrian (C), Ordovician (O), and Tertiary Miocene 
(Tm). The population of Mae Chaem is primarily located 
in the lowland area below 600 meters above sea level 
(m.a.s.l.). Some small villages are located within the 
mid-elevation zone, which ranges from 600 to 1,000 
m.a.s.l., while some communities are found at higher 
elevations. Most ethnic northern Thai are clustered near 
the Chaem river basin.15 The study area was therefore 
confined to the lowland region adjacent to the Chaem 
River. In north of Mae Chaem district is difficult to 
navigate and access because it is highly forested with 
limited settlement, while the steep hills and mountains 
restrict global positioning system (GPS) connectivity. 
Consequently, only four specific geological formations 
were selected, namely Trgr, SDCtp, O, and Qt region. 
Soil samples were collected randomly along the 
route in the Chaem basin. GPS and a geographic 
information system (GIS) were used to randomly select 
soil sampling locations, with a minimum distance of 1 
kilometer between samples.
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Figure 1. Sampling locations for the four geological formations.
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Sampling and sample preparation
	 Thirty-five soil samples from four different 
geological areas were collected for laboratory analysis. 
These included ten sample each from the Trgr, SDCtp, 
and O areas, and five from the Qt area of the alluvial 
plain. Before soil collection, surface leaves, grass, and 
other organic material were removed. One kilogram of 
soil was taken at a depth of 0 to 20 cm and packed in a 
plastic bag for transport to the laboratory. The samples 
were dried in an oven at 110°C until a consistent weight 
was achieved. After drying, the samples were crushed 
into a fine powder and sieved to a particle size of less 
than 2 mm. The samples were deposited into 100 ml 
plastic containers and sealed tightly.  Each sample 
was stored for a minimum of 4 weeks before gamma 
spectrometry measurements to ensure radioactivity 
equilibrium between 226Ra, 232Th, and their decay 
products.16

Radionuclides measurements
	 Specific activities of the radionuclides 226Ra, 232Th, 
and 40K were measured using a high-purity germanium 
(HPGe) coaxial detector (Canberra, Model, USA). 
Data collection and analysis were conducted using 
a Genie2000 software package (Canberra, USA). The 
detector’s energy calibration was conducted using 
mixed radionuclide point sources of 133Ba, 137Cs, 57Co, 
and 60Co. An energy resolution of approximately 1.8 keV 
FWHM at 1332 keV and an efficiency of approximately 
33% were utilized. The container’s geometric efficiency 
was determined by the IAEA-478 reference materials 
(International Atomic Energy Agency, Vienna, Austria). 
Each sample was measured with an acquisition time of 
24 hours. The specific activities of radionuclides 226Ra, 
232Th, and 40K were analyzed from gamma ray peaks at 
various energies. The activity of 226Ra radionuclides 
were determined using gamma rays from 214Pb at 351.9 
keV and 214Bi at 609.3 keV. The gamma ray peaks from 
208Tl at 583.2 keV and 228Ac at 911.2 keV were used to 
determine 232Th, while the gamma peak energy of 
1460.8 keV was used to evaluate 40K.17

Calculation of radiation hazard indices for soil 
samples
	 Three parameters were determined for the soil 
samples including absorbed dose rate in outdoor air 

(Dair; nGy h-1), the annual effective dose equivalent 
(AEDout;mSv y-1), and the excess lifetime cancer risk 
outdoor (ELCRout)  using the following equations:

	 Dair (nGy h-1) = 0.462ARa + 0.604ATh + 0.0417AK
	 AEDout (mSv y-1) = D × 8760 × 0.2 × 0.7 × 10-6

	 ELCRout = AEDout × LF × RF
	 Where A is a specific activity of radionuclides, 
LF and RF are the life expectancy of Thai people (75 
years)18 and risk factor by International Commission on 
Radiological Protection19 103 recommends a threshold 
of 0.05 Sv-1 for general population, leading to stochastic 
effects in low bakground radiation, respectively.

Results 
Natural radioactivity concentration
	 The activity concentrations of natural 
radionuclides 226Ra, 232Th, and 40K in all samples were 
compared with the data from UNSCEAR and the 
average values for southern Thailand12 which have 
previously been research, as shown in Figure 2. The 
specific activity concentrations for 226Ra of soil ranged 
from 50 to 172 (Trgr), 46 to 179 (SDCtp), 59 to 285 (O), 
and 46 to 77 Bq kg-1(Qt). The average values for 226Ra 
were 102±43 (Trgr), 85±48 (SDCtp), 128 ± 68 (O), and 
56±12 Bq kg-1 (Qt). These values exceed the worldwide 
population-weighted value of 33 Bq kg-1. For 232Th, the 
activity concentrations ranged from 69 to 148 (Trgr), 
53 to 239 (SDCtp), 60 to 273 (O), and 51 to 120 Bq 
kg-1 (Qt). The average concentrations were 102±25, 
110±65, 132±63, and 72±29 for Trgr, SDCtp, O, and 
Qt, respectively. These values are also higher than 
the worldwide population-weighted value of 45 Bq kg-

1. The specific activity concentrations of 40K ranged 
from 351 to 1100 (Trgr), 299 to 1356 (SDCtp), 190 to 
1364 (O), and 779 to 1188 Bq kg-1 (Qt). The radioactivity 
concentrations were 685±280 (Trgr), 560±323 (SDCtp), 
702±356 (O), and 969±146 (Qt). These values are also 
above the worldwide population-weighted value of 
420 Bq kg-1. The activity concentrations of natural 
radionuclides 226Ra, 232Th, and 40K ​varied across different 
regions. However, a one-way ANOVA performed with 
SPSS version 17 (FB7E105EFD8A514130CC) indicated 
no statistically significant differences between the 
geological groups. The p-values obtained were 0.074, 
0.216, and 0.133, respectively.
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Figure 2. Comparison of activity concentrations of natural radionuclides 226Ra, 232Th, and 40K 
in all samples to UNSCEAR 2000 and averages data from southern Thailand.
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Radiological hazard indices
	 Figure 3. presents the three radiological hazard 
indexes. The absorbed dose rates were converted into 
an annual effective dose rate by adopting a conversion 
factor of 0.7 Sv Gy-1 and 0.2 as the outdoor occupancy 
factor, considering that people spend on average 20% 
of their time outdoors. The absorbed dose rates caused 
by terrestrial gamma rays at 1 meter above ground 
ranged from 88 to 207 (Trgr), 68 to 275 (SDCtp), 94 to 

345 (O), and 85 to 146 nGy h-1(Qt). The average values 
for these samples were 139 (Trgr), 131 (SDCtp), 170 (O), 
and 110 nGy h-1 (Qt). All sample values were higher than 
the value of 59 nGy h-1 reported by UNSCEAR 2000. The 
AEDout in all areas exceeded the external terrestrial 
radiation from outdoor sources, which is valued at 0.07 
mSv y-1. For ELCRout, all samples exceed the worldwide 
average value of 0.25 × 10-3 reported by UNSCEAR.

Figure 3. Comparison of three radiological hazard indices with UNSCEAR 2000 and data from southern Thailand.
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Discussion
	 The average concentrations of natural radionuclides 
in Mae Chaem were found to be higher than the 
worldwide population-weighted value in the UNSCEAR 
2000 report. The concentrations of elements in the 
geological formations caused variations in the levels of 
natural radionuclide activity at the different sampling 
sites. Typically, higher radiation levels are associated 
with granite from igneous rocks.20 Autsavapromporn 
et al.21 reported the amount of natural radionuclides 
226Ra, 232Th, and 40K in 48 soil samples at Kong Khaek 
subdistrict, Mae Chaem to be 47±20.9, 77.9±29.7 and 
700.1±233 Bq kg-1, respectively. That sample site is 
situated south of Mae Chaem district, and its geology 
is classified as type O. The natural radionuclides 226Ra 
and 232Th of these results were found to be twice as high 
as reported by Autsavapromporn, whereas the level of 
40K was approximately equal. Pisapak et al.14 found that 
the Trgr geological area had a higher concentration of 
226Ra and 232Th than the Qt area in Songkhla Province. 
In this study, activity concentrations of 226Ra and 232Th 
were high in O, Trgr, SDCtp, and Qt areas, respectively. 
Variations were caused by the deposited radionuclides 
in the soil or non-uniform distribution from variable 
sedimentary transport. Metamorphic and sedimentary 
rocks deriving from felsic materials inherit their parent 
rocks. A significant increase in sedimentary rocks can 
be achieved through the density driven accumulation 
of these minerals, typical of placer deposits, as well 
as by absorption and/or adsorption of radionuclide in 
organic matter. Some geographic areas with phosphate 
limestone in sedimentary rocks may contain radioactive 
minerals in their rock matrix. Arafa et al.22 reported that 
both 226Ra and 232Th were found in higher amounts in 
sediment rock samples. The activity concentration 
of 40K in soil is often associated with the presence 
of potassium-rich feldspars and micas, common in 
granitic and metamorphic rocks. However, in this study, 
the high 40K levels in the O area are likely enhanced by 
agricultural activity. Approximately 82.08% of the Mae 
Chaem district is covered by forests. The largest land 
use in the district is agriculture at 16.92% of the total 
area.23 Corn is the primary crop grown in Mae Chaem, 
supplemented by a few leafy greens, potatoes and 
other vegetables. Chemical fertilizers are employed by 
farmers in agricultural fields to enhance agricultural 
productivity. Chemical fertilizers mostly consist of 
phosphate, nitrate, ammonium and potassium salts. 
The application of these chemical fertilizers can 
increase the concentrations of natural radioactive 
nuclides, especially when potassium sulfate is used.24 
Extensive use of potassium-based fertilizers is a well-
known source of elevated soil 40K concentrations.25 
Human exposure to terrestrial radiation is influenced 
by the radionuclide content in the soil and other 
environmental factors but also depends on 
anthropogenic activities.26, 27 Most previous studies 
have reported the terrestrial radiation dose in the 
southern region of Thailand, where various rocks and 

quaternary deposits are found. Additionally, several 
mineral resources have been discovered in this region. 
The southern region therefore has elevated natural 
radioactivity levels. The present study indicates that 
the average radioactivity of 232Th in the study area was 
higher than levels reported in southern Thailand, while 
average the radioactivity levels of 226Ra and 40K were 
lower. This could be attributed to geological features. 
For instance, compared to the southern region, Mae 
Chaem district has a higher ratio of igneous rocks 
which results in thorium having a higher radioactivity 
than uranium.20

	 The absorbed dose rates were within range of 
external exposure rates from terrestrial gamma radiation 
in the Asia region report by UNSCEAR in 2008.28 The 
high absorbed dose rates in air throughout the world are 
associated with thorium-bearing and uranium-bearing 
minerals in the soil. The outdoor absorbed dose rate in 
air, derived from soil radionuclide concentrations and 
compared with direct measurements in Thailand, was 
0.8. Therefore, the absorbed dose rates in air will exceed 
the estimated values. The ambient background gamma 
dose rate in air at any specific location is not constant 
in time, in addition to variations from place to place. 
Consequently, ongoing surveillance is advised. The 
AEDout in all area was higher than the external terrestrial 
radiation from outdoor sources (0.07 mSv y-1). However, 
the AEDout values were lower when compared to the 
total external terrestrial radiation reported by UNSCEAR 
(0.48 mSv y⁻¹) and the recommendations (1 mSv y⁻¹)  
from the International Commission on Radiological 
Protection (ICRP).19 Chiang Mai29 and southern Thailand 
have higher outdoor terrestrial radiation exposure than 
the global average value. The activity concentrations 
of 226Ra, 232Th, and 40K, the absorbed dose rates, and 
the AEDout in Asian countries such as Vietnam30 and 
China31, are also higher than the worldwide average 
value. Additionally, indoor exposure to gamma rays from 
construction materials necessitates consideration 
of the total external terrestrial exposure. In Thailand, 
wood-frame construction is common, and the indoor 
and outdoor ratio was 0.6. Therefore, indoor exposure 
may have a low effect on total external terrestrial 
exposure compared with a high-ratio area. For ELCRout, 
all samples exceed the worldwide average value 
reported by UNSCEAR (0.25 × 10-3). The ELCRout refers 
to the likelihood of an individual developing cancer over 
their lifetime because of exposure to ionizing radiation. 
The investigated areas in this result have higher 
radiological health risks due to extended exposure 
to natural radionuclides from soils. Moreover, the 
radioactive series of 238U and 232Th both produce radon 
isotopes during their decay chains. The radon isotopes 
are gases that emit alpha particles during decay. These 
particles pose health hazards predominantly through 
the inhalation. Nevertheless, this study did not evaluate 
the internal radiation exposure from radon, which is a 
limitation of the investigation. 
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Conclusion
	 The natural activity concentrations of 226Ra, 232Th, 
and 40K in soil from the Trgr, SDCtp, O, and Qt geological 
areas in the Mae Chaem district were measured. The 
radioactivity concentrations were found to exceed the 
average worldwide population-weighted value reported 
by UNSCEAR 2000. The absorbed dose rates in outdoor 
air, the AEDout, and the ELCRout were higher than the 
worldwide average values by UNSCEAR. These results 
indicate that long-term exposure to natural radioactivity 
in the soils from the Mae Chaem district poses a 
substantial radiological health risk. The results of this 
study can be utilized as a database for monitoring and 
comparing future natural radioactivity changes.
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Background: The SCIM-SR, a self-report instrument, offers a patient-centered 
perspective. To ensure its clinical and scientific utility in Thailand, it is essential 
to establish the reliability of a translated and culturally adapted Thai version.

Objectives: To investigate the reliability of the SCIM-SR-Thai in chronic persons 
with SCI using a test-retest approach after 7 days.

Materials and methods: Thai adults aged 20-80 years with chronic SCI for at 
least 1 year were recruited. Participants filled out the SCIM-SR-Thai in-office 
once and were given a second copy to be completed at 7 days at their leisure. 
Participants were instructed to mail the questionnaire back within 14 days or 
would be considered a drop-out.

Results: A total of 59 participants completed the study. The majority were 
male (62.7%). The mean (SD) age was 48.5 (15.4) with median (IQR) time since 
SCI of 12 (6-21) years. Most of the participants were diagnosed with T1-S3 AIS 
A, B, and C 38/59 (64.4%). The SCIM-SR-Thai demonstrated excellent internal 
consistency and test-retest reliability (Cronbach’s alpha 0.99, ICC=0.97; 95% 
CI=0.95-0.98). Analyses of individual subscales yielded similar results.

Conclusion: SCIM-SR-Thai demonstrates good reliability and internal 
consistency. The authors encourage adoption of this questionnaire as a 
standardized tool in clinical practice to assess functional independence in 
people with SCI. 
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Introduction
	 Chronic spinal cord injury (SCI) poses devastating 
lifelong consequences for persons with SCI and their 
families. The psychological and economic burden are 
immense, as they are abruptly striped away of their 
productive life and become dependent upon their 
caregivers.1,2 Being confined to their beds, persons with 
SCI are also prone to serious medical complications, 
including pressure injuries, urinary tract infections, 
deep venous thrombosis, and autonomic dysreflexia, 
that further limits their longevity.1 Therefore, after the 
acute stabilization of neurological state, rehabilitation 
during the subacute phase is critical in maintaining 
functional independence, which in turn would improve 
quality of life and prevent long term complications.2 
	 The health care providers-assessed Spinal Cord 
Independence Measure Version III (SCIM III) is a widely 
accepted outcome measure that assesses activities of 
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daily living (ADLs) and rehabilitation outcomes in SCI.3 

The SCIM III scores patient out of 100 by evaluating 
three domains: Self-care (6 items, score 0-20), 
Respiratory and Sphincter Management (4 items, score 
0-40), and Mobility (9 items, score 0-40).3 To further 
enable continuous monitoring in the community, a 
self-report version of the SCIM III (SCIM-SR) has been 
developed by Fekete et al.4 It has been cross-culturally 
adapted and translated into multiple languages.5-12 The 
Thai version of the SCIM-SR was first translated from 
English by Wilartratsami S. et al., but their prototype 
was developed using cohort of healthy participants.9 
Their final version when tested in Thai people 
with SCI demonstrated excellent internal validity 
(Cronbach’s alpha=0.91) and concurrent validity when 
compared to the Thai version of the SCIM III (Pearson’s 
coefficient=0.94).9 However, temporal consistency was 
tested only at a 3-day interval (Intraclass correlation 
coefficient=0.95), and thus the effects of memory and 
learning cannot be excluded at such a short timeframe.9 
Terwee et al. noted a duration of 1-2 weeks between 
test-retest would be appropriate to minimize patient’s 
recall.13

	 To overcome these limitations, the authors have 
developed an in-house version of the self-report 
(SCIM-SR-Thai), which has undergone meaningful 
cross-cultural adaptations to better fit persons with 
SCI’s context. The questionnaire was tested in actual 
SCI cases, as opposed to healthy subjects. While 
the authors have demonstrated comparable internal 
consistency (Cronbach’s alpha=0.96) and concurrent 
validity (Pearson’s coefficient=0.97) to Wilartratsami 
S et al.9,12 its reproducibility has yet been explored. 
Because long-term surveillance of patient’s functional 
dependence is essential to rehabilitation outcomes, 
the authors aimed to investigate the reliability of the 
SCIM-SR-Thai in chronic spinal cord injury patients 
using a test-retest approach after 7 days.

Materials and methods
	 This study was conducted between December 
2023 to January 2024 targeting chronic Thai people 
with SCI at an outpatient clinic of a university hospital 
in Northern Thailand. 

Participants
	 The inclusion criteria included patients; 1) aged 
between 20 to 80 years, and 2) diagnosed with SCI either 
from traumatic or non-traumatic causes for over a year; 
3) who are proficient in Thai and can understand and 
answer the self-report either with or without assistance 
in writing. Patients with other comorbidities including 
neurocognitive impairment, psychiatric conditions, 
traumatic brain injury, and severe medical illnesses 
were excluded.

Sample size calculation 
	 Sample size was calculated using the Bonett’s 

formula to ensure a sufficiently narrow confidence 
interval for calculating the intraclass correlation 
coefficient (ICC).14 The anticipated value of the ICC 
was based on results from Wilartratsami et al. of 0.95.9 
According to this estimation (as shown below), 59 
participants were required. 

N= 1 + 8Z2
α/2 [(1-p)(1+k(k-1)p)]2/ k(k-1)w2

where, 
	 • p is anticipated value of the ICC=0.95
	 • W is the desired width of the confidence interval= 0.2 
	 • Number of item or raters or repeats (K) = 2 
	 • Zα/2 is value from the standard normal distribution 
for the desired confidence level= 1.96 (for a 95% 
confidence interval). 

Research instrument 
	 The Thai version of the Spinal Cord Independence 
Measure Self-Report (SCIM-SR-Thai) consists of 19 
self-reported questions (appendix). The SCIM-SR-Thai 
measures functional independence in three subscales 
scored total of 100: Self-care (6 items, score 0-20), 
Respiratory and Sphincter Management (4 items, score 
0-40), and Mobility (9 items, score 0-40). The total score 
ranges from 0 to 100 with higher scores indicating a 
higher level of functional independence.12

Data collection
	 Participants were given informed consent before 
study initiation. Baseline demographic and clinical data 
were collected in accordance with the International 
SCI Core Data Set (Version 3.0).15 Participants were to 
respond to the SCIM-SR-Thai in-office. Subjects were 
then given a second copy of the SCIM-SR-Thai and 
were instructed to complete it at 7 days at their leisure. 
Caregiver assistance in reading or comprehending the 
questions was not permitted. Finally, participants were 
instructed to mail the results back to the researchers 
via online messaging platform. Failure to submit the 
self-report within 14 days was considered a drop-out. 

Data analysis
	 Statistical analysis was performed using SPSS 
statistics 28.0.0.16   The frequency and percentage 
were used to describe categorical variables, mean 
and standard deviation (SD) for normally distributed 
numerical variables, and median with interquartile 
range (IQR) for non-normally distributed numerical 
variables. Since our results are non-normally distributed, 
the median was reported. Internal consistency was 
assessed using Cronbach’s alpha with an acceptable 
cut-off of 0.70.13 Reliability assessment was determined 
by test–retest reliability using the intraclass correlation 
coefficient (ICC), in which an ICC of at least 0.70 was 
considered reliable.13
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Result s
	 A total of 65 participants were recruited and 59 
completed the study (Table 1). The other 6 participants 
did not completely answer questions 6 and 7 on 
sphincter management. The majority were male 
(62.7%). The mean (SD) age was 48.5 (15.4) with 
median (IQR) time since SCI of 12 (6-21) years. Most 
of the participants were diagnosed with T1-S3 AIS A, B, 
and C 38/59 (64.4%).
	 The median for test and re-test total SCIM-SR-Thai 
scores were 57 (48-68) and 56 (39-66), respectively 
(Table 2). The SCIM-SR-Thai demonstrated excellent 

internal consistency (Cronbach’s alpha 0.99) and test-
retest reliability at 7 days with an ICC of 0.97 (95% 
CI: 0.95-0.98). Additionally, analyses of individual 
subscales, namely self-care, respiration & sphincter 
management, and mobility, yielded similar results 
with all achieving acceptable internal consistency 
and reproducibility (Table 3). Self-care and mobility 
subscales showed better reliability at 7 days than 
respiratory & sphincter management subscale, with 
ICC of 0.96 (95% CI: 0.94-0.98) and 0.97 (95% CI: 0.95-
0.98) versus 0.86 (95% CI: 0.77-0.91).

Table 1. Baseline demographic and clinical characteristics of participants.

Characteristics N=59

Sociodemographic

Gendera

Male

Female

37 (62.7)

22 (37.3)

Age (years)b 48.15 (15.4)

Age groupa

20-29 years

30-59 years

≥ 60 years

4 (6.8)

41 (69.5)

14 (23.7)

Lesion characteristics

Time since injury (years)c 12 (6 - 21)

Time since injury groupa

1-4 years

5-9 years

10-14 years

≥15 years

11 (18.6)

11 (18.6)

13 (22.0)

24 (40.7)

Severity of SCIa

C1-4 AIS A, B, and C

C5-8 AIS A, B, and C

 T1-S3 AIS A, B, and C

AIS D at any injury level

8 (13.6)

9 (15.2)

 38 (64.4)

4 (6.8)
Note: SCI: spinal cord injury, ASIA: American Spinal Injury Association, AIS: ASIA 
Impairment Scale, aNumber (%), bMean (SD), cMedian (IQR).
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Discussion
	 Chronic SCI is a heavy diagnosis with both 
physical and psychological burdens, in which optimal 
rehabilitation programs help to maintain patient’s 
dependence.2 In doing so, tracking one’s progress after 
discharge is essential and can be implemented using 
self-reported questionnaires.4 This work provides a 
more comprehensive psychometric assessment of 
the SCIM-SR-Thai that was previously developed. 

Table 2. Test and re-test scores of SCIM-SR-Thai and its subdomains (self-care, respiratory, mobility).

Total score Self-care Respiratory and 
sphincter management 

Mobility

(score 0-100) (score 0-20) (score 0-40) (score 0-40)

Test Re-test Test Re-test Test Re-test Test Re-test

Median 
(IQR)

57 
(48-68)

56 
(39-66)

19 
(14-20)

18 
(12-20)

25 
(15-31)

25 
(16-30)

16 
(7-18)

15 
(6-18)

Table 3. Intraclass correlation coefficients and Cronbach’s alpha of SCIM-SR-Thai (total score) and its subdomains.

Intraclass correlation (95% CI) Cronbach’s Alpha

Total score 0.97 (0.95-0.98) 0.99

Self-care 0.96 (0.94-0.98) 0.98

Respiratory 0.86 (0.77-0.91) 0.92

Mobility 0.97 (0.95-0.98) 0.98

Reproducibility is a crucial parameter of any clinically 
useful measurement tool, so that real changes may be 
distinguished from random and systemic variations. 
Like previous studies, the authors have shown that 
the SCIM-SR-Thai demonstrates excellent test-retest 
reliability ensuring temporal consistency (Table 4).4,8,9-11 
Therefore, SCIM-SR-Thai may be a promising instrument 
that awaits further translation into practice.  

Language Number of 
participants

Internal 
consistency
(Cronbach’s 

alpha)

Validity
(Pearson’s 
correlation 
coefficient)

Test-retest 
reliability

(Intraclass 
correlation 
coefficient)

Fekete et al.4 English 99 0.87 0.90

Aguilar-Rodríguez et al.5 Spanish 100 0.998

Bonavita et al.6 Italian 116 0.934

Takeuchi et al.7 Japanese 100 0.89 0.95

Wang et al.8 Chinese 147 0.908 0.935 0.876

Wilartratsami et al.9 Thai 32 0.91 0.94 0.95

Jörgensen et al.10 Swedish 90 0.89 0.98

Khatri et al.11 Nepali 45 0.801 0.968 0.968

Tongprasert et al. 12 Thai 61 0.98 0.97

Present study Thai 59 0.985 0.97

Table 4. Results compared between previous studies and the present study.
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	 SCIM-SR has become a convenient alternative 
to SCIM III, and multiple translations have allowed 
adoption of the questionnaire to non-English speaking 
countries.5-12 The challenge is ensuring these locally 
modified instruments are well validated and reliable 
despite subtle cultural differences, to allow across-
the-board comparison internationally. Like Thai SCIM-SR 
by Wilartratsami et al., the authors have shown that 
respiration and sphincter management subscales 
tend to have slightly lower reliability than self-care and 
mobility (ICC of 0.859, 0.960 and 0.961, respectively). 
[9] However, ICC coefficients of the respiration and 
sphincter management subscales still met the quality 
criterion (>0.7).13 A likely cause for the slightly lower 
ICC in the sphincter management domain is greater day-
to-day variability or inconsistency in self-management 
practices in the community setting. Bowel and bladder 
function are often influenced by factors such as 
infection, medication use, fluid intake or food intake 
which may lead to different self-reported scores on the 
test and re-test days. This fluctuation is less common 
for domains like mobility or self-care, which are 
generally stable in chronic SCI. Previous Thai studies 
have included participants with differing demographic 
and clinical characteristics. For example, Wilartratsami 
et al.9 studied predominantly acute or subacute 
cases, whereas Tongprasert et al.12 included a higher 
proportion of participants with AIS D lesions. These 
differences in injury phase and severity may influence 
self-reported functional ability and psychometric 
outcomes. In our study, we recruited chronic SCI 
participants with stable functional performance, which 
minimizes variability due to recovery and reinforces 
the temporal reliability of the instrument across time. 
Despite demographic and severity differences across 
studies, the consistency of internal consistency and 
ICC results supports the robustness of SCIM-SR-Thai 
across various SCI populations.
	 The strength of this study includes an appropriate 
time lapse between test and retest. In concordance 
to other SCIM-SR, the duration of 7 days was chosen 
to limit the effects of recall memory, while ensuring 
participant’s function would not change.13 

Limitations
	 In terms of limitation, participants were instructed 
to complete the retest at their leisure, thus testing 
conditions were not controlled at ho me. In addition, 
convenience sampling from a single rehabilitation 
center, which may restrict the generalizability of 
the findings to broader SCI populations or different 
care settings. Multicenter studies with more diverse 
participants are recommended to strengthen external 
validity. Further works may attempt to correlate SCIM-
SR-Thai with quality-of-life questionnaires, such as the 
World Health Organization quality of life (WHOQOL) 
index, to further elucidate its real-world utility. Quality 
of life assessment provides insight into patients 

lived experience and participation beyond functional 
ability, reflecting the real-world utility of rehabilitation 
outcomes.17 The WHOQOL-BREF was proposed due 
to its validated Thai version and comparability across 
populations, but future research may incorporate SCI-
specific instruments such as the Quality-of-Life Index-SCI 
Version (QLI-SCI), SCIQL-23 or SCI-QOL Battery for a more 
nuanced evaluation of condition-specific well-being.

Conclusion
	 SCIM-SR-Thai demonstrates good reliability and 
internal consistency. The authors encourage its adoption 
as a standardized tool in clinical practice to assess 
functional dependence in Thai people with SCI, 
especially in the community settings.
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Background: Molecular diagnosis using the Xpert MTB/RIF Ultra assay enables 
rapid detection of Mycobacterium tuberculosis and rifampicin resistance. 

Objectives: This study evaluated the diagnostic performance and cost 
efficiency of a two-sample pooled testing approach compared with standard 
individual testing.

Materials and methods: A cross-sectional diagnostic study was conducted 
among 3,504 presumptive TB patients. Sputum specimens were tested by 
Xpert Ultra individually, with those results serving as the reference standard, 
and in two-sample pools. The pooling protocol utilized 2.0 mL from each 
specimen to maximize load volume. Deconvolution, which required retesting 
both individual specimens, was mandatory for all positive and invalid pooled 
results. Performance metrics, RIF resistance concordance, and cost-
effectiveness modeled on cartridge consumption and direct cost 550 Thai 
Baht per unit were compared.

Results: The pooled method showed excellent concordance with the individual 
method, yielding 240 concordant positives and 3,249 concordant negatives, 
with no statistically significant difference in MTB detection (McNemar 
χ²=0.267, p=0.605). The pooled approach achieved a sensitivity of 96.39% 
(95% CI, 93.25-98.33) and a specificity of 99.82% (95% CI, 99.60-99.93). The 
assay maintained reliable detection of RIF resistance, indicating that pooling 
did not compromise molecular accuracy. In practice, 1,752 pooled runs were 
performed, with 105 (5.7%) error results and 246 positive pools requiring 
deconvolution. Including repeats and deconvolution, total cartridge use was 
2,349 compared with 3,504 for individual testing, corresponding to an actual 
cost reduction of 32.96% (approx. 180,000 Thai Baht saved per 1,000 tests).

Conclusion: Two-sample pooled Xpert Ultra testing demonstrated 
high diagnostic accuracy and doubled analytical throughput. Although 
deconvolution limited cost savings to approximately 33%, the strategy proved 
highly cost-effective and operationally feasible. This method offers a practical, 
scalable approach for optimizing molecular TB diagnostics and resource 
utilization, especially in low- to moderate-prevalence settings.
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Introduction
	 Tuberculosis (TB) remains one of the leading 
infectious diseases globally, with over 10 million 
people affected each year and approximately 1.3 
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million deaths reported annually among HIV-negative 
individuals.1 Despite extensive global public health 
efforts, TB control remains challenging, particularly 
in low- and middle-income countries (LMICs) where 
access to rapid and accurate diagnostic tools is limited.2  
Thailand, classified as a high TB burden country, 
continues to face substantial challenges in TB detection, 
especially among vulnerable populations such as 
people living with HIV and those with extrapulmonary 
TB. Conventional TB diagnostics including sputum 
smear microscopy and culture are routinely used in 
many health facilities. Nevertheless, the methods have 
notable limitations. Smear microscopy lacks sensitivity, 
particularly in paucibacillary cases and among 
HIV-positive individuals, while culture methods, 
although more sensitive, are time-consuming and 
resource-intensive.3 These constraints hinder early 
diagnosis and timely initiation of treatment, which are 
critical for TB control and prevention of transmission.
	 The introduction of molecular diagnostics has 
revolutionized TB detection. The Xpert MTB/RIF 
Ultra assay (Cepheid Inc., USA) is a cartridge-based 
nucleic acid amplification test endorsed by the World 
Health Organization (WHO) for the rapid detection 
of Mycobacterium tuberculosis and rifampicin 
resistance1. The assay detects M. tuberculosis complex 
DNA and simultaneously analyzes mutations within 
the rpoB gene, which encodes the β-subunit of RNA 
polymerase, a key target of rifampicin. Mutations in 
this gene, particularly within the rifampicin resistance 
determining region, are responsible for over 95% of 
rifampicin-resistant TB cases.13

	 This assay delivers results within approximately 
two hours and demonstrates superior sensitivity 
and specificity compared to conventional methods, 
particularly in smear-negative and HIV-positive 
patients.4,5 Nevertheless, the high per-test cost, 
including cartridges and instrumentation, restricts its 
widespread adoption in resource-limited settings such 
as provincial hospitals in Thailand.
	 To overcome economic constraints, sputum 
pooling has been proposed as an innovative approach 
to enhance diagnostic capacity while reducing costs. 
Pooling involves combining sputum samples from 
multiple individuals into a single cartridge, thus 
decreasing reagent consumption and overall expenses. 
If the pooled sample tests negative, all individuals in 
the pool are considered TB-negative; if positive, each 
sample undergoes individual testing to identify the 
infected cases.6

	 Studies from high-burden countries such as Brazil 
and Lao PDR have demonstrated that pooling sputum 
samples maintains high diagnostic accuracy while 
achieving substantial cost-savings in cartridge use. 
For example, in Lao PDR, pooling resulted in 30% to 
40% percent savings in Xpert cartridge costs without 
compromising test performance.7 Despite promising 
evidence from international studies, data on sputum 

pooling for TB diagnosis in Southeast Asia, particularly 
Thailand, remain scarce. Most existing research 
focuses on laboratory validation or modeling rather 
than real-world clinical implementation in provincial 
hospitals. Given Thailand’s high TB burden and 
resource constraints, empirical evaluation of pooled 
sputum testing using Xpert MTB/RIF Ultra under local 
healthcare conditions is urgently needed.
	 Therefore, this study aims to evaluate the diagnostic 
performance and cost-effectiveness of pooled sputum 
testing at Lampang Hospital, a large provincial hospital 
in northern Thailand. By comparing pooled testing to 
the standard individual sample approach, this study 
seeks to provide evidence to support policy and clinical 
practice changes aimed at improving TB detection 
coverage and optimizing resource utilization in high-
burden, resource-limited settings.

Materials and methods
Study design and setting
	 A cross-sectional diagnostic study was conducted 
to compare pooled and individual sputum sample 
testing using the Xpert MTB/RIF Ultra assay, with the 
objective of evaluating diagnostic performance and 
potential resource savings in a high-burden setting.1,5,7,9 
The study took place at the Clinical Microbiology 
Laboratory of Lampang Hospital, a provincial referral 
center in northern Thailand. Between October 2023 
and September 2024, a total of 3,504 patients with 
presumptive tuberculosis were enrolled, each 
contributing a single sputum specimen.1,5,7 For the 
pooling strategy, sputum specimens from two different 
patients were combined to create a single pooled 
sample. This method was applied to assess the 
feasibility and efficiency of pooled testing in optimizing 
diagnostic resources and reducing overall costs. For the 
pooled testing approach, sputum specimens from two 
patients were combined into a single test cartridge and 
processed following the manufacturer’s protocol.4,5  
The results obtained from the pooled samples 
were directly compared with the results from the 
corresponding individually tested samples, aiming to 
determine the concordance, sensitivity, specificity, 
and potential cost savings associated with pooled 
testing in a real-world diagnostic setting. The study 
aimed to compare the diagnostic performance and 
cost-effectiveness of conventional GeneXpert testing 
versus pooled sputum testing using the Xpert MTB/RIF 
Ultra assay.

Participants and sample collection
	 Sputum samples were collected from presumptive 
tuberculosis patients whose chest X-rays (CXR) were 
abnormal and suggestive of pulmonary TB.1,14 Routine 
diagnostic testing was performed as part of standard 
care, and secondary data were retrieved from the 
laboratory database. All samples were anonymized 
prior to analysis. Sputum samples were collected 
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as part of routine diagnostic care. Secondary data, 
including Xpert MTB/RIF Ultra assay results and patient 
demographic information, were extracted from the 
hospital’s laboratory information system. All records 
were anonymized prior to analysis to ensure compliance 
with ethical standards and patient confidentiality.

Procedures
Individual sample testing
	 Each sputum specimen was processed by adding 
1.5 mL of sample reagent to 0.5 mL of sputum in a tube. 
The mixture was vortexed and left at room temperature 
for 10 minutes, then mixed again and allowed to sit 
for an additional 5 minutes. A 2.0 mL aliquot of the 
resulting supernatant was transferred into a dedicated 
GeneXpert cartridge for each patient. Cartridges 
were carefully sealed and loaded into the GeneXpert 
GX-IV 10C system (Cepheid, USA) for analysis. The 
assay run time was approximately 90 minutes.4,5

Results included detection of Mycobacterium 
tuberculosis and rifampicin resistance. Internal 
quality control measures included the use of a Sample 
Processing Control (SPC) to verify the adequacy of 
DNA extraction and PCR amplification, along with 
routine checks for cartridge integrity and probe 
performance. Additionally, the laboratory participated 
in an annual external quality assessment (EQA) program 
administered by the Department of Disease Control, 
Ministry of Public Health, Thailand, to ensure continued 
accuracy and reliability of test results.1,14 Invalid or error 
results (<6% of total runs) were repeated according to 
standard operating procedures until a valid result was 
obtained.

Pooled sample testing procedure
	 To evaluate diagnostic efficiency and cost-saving 
potential, paired sputum specimens from two individual 
patients were processed as described above. For pooled 
testing, sputum specimens from two different patients 
were combined to form a pooled sample. Specifically, 
2.0 mL of processed sputum from each specimen 
(total 4.0 mL) were mixed together in a single tube. 
Subsequently, 8.0 mL of sample reagent were added to 
the pooled specimen according to the manufacturer’s 
instructions, resulting in a 1:2 sample-to-reagent 
ratio. The mixture was gently inverted to ensure proper 
homogenization and then incubated as described for 
individual testing. From the resulting solution, 4.0 mL 
were transferred into a single GeneXpert cartridge for 
analysis. This final volume is within the cartridge’s 
loading capacity, and the procedure followed the 
standard GeneXpert MTB/RIF Ultra protocol.7,9,10,12,13 
Results from pooled testing were directly compared 
with the results of the corresponding individual tests to 
assess diagnostic concordance, sensitivity, specificity, 
and potential cost reduction. The pre-analytical 
procedure, which included sample–reagent mixing 
and vertexing, required approximately 15 minutes to 

complete for both the standard and pooled sample 
methods. In the pooled sample approach, an additional 
5 minutes were required for the pooling process prior to 
reagent addition. The analytical run time on the Xpert 
MTB/RIF Ultra assay was the same for both methods: 
approximately 90 minutes for MTB not detected results 
and up to 110 minutes for MTB detected results.

Deconvolution and retesting strategy
	 Results from pooled testing were directly compared 
with the results of the corresponding individual tests to 
assess diagnostic concordance, sensitivity, specificity, 
and potential cost reduction. For any pooled sample 
yielding an ‘MTB Detected’ result or an ‘Invalid/Error’ 
result, the two individual specimens comprising 
that pool were retrieved. Deconvolution testing was 
performed by retesting both individual specimens 
separately using new Xpert Ultra cartridges. All 
cartridges used for initial pooling, deconvolution, and 
error retesting were included in the final cost analysis 
model.

Reference standard and comparative performance 
assessment
	 The diagnostic outcome derived from the 
standard individual GeneXpert MTB/RIF Ultra assay 
was designated as the primary reference standard 
for assessing the performance of the pooled-testing 
strategy. This approach was specifically necessitated 
to facilitate a direct comparison of the technical 
efficiency and cost implications between the two 
distinct Xpert Ultra application methods within the 
operational parameters of the existing molecular 
diagnostic workflow. Mycobacterial culture, the 
established gold standard, was intentionally omitted 
from routine testing due to constraints in resources 
and time, thereby confining the study’s scope to 
an operational evaluation of sputum pooling as a 
procedural modification to the current Xpert platform.

Data analysis
	 The analysis employed SPSS for statistical 
comparison using McNemar’s test to assess paired 
differences in detection rates between pooled and 
individual testing methods. Microsoft Excel was used to 
calculate key diagnostic indices, including sensitivity, 
specificity, positive predictive value, negative predictive 
value, positive likelihood ratio, and negative likelihood 
ratio. Exact Clopper–Pearson 95% confidence intervals 
were calculated for sensitivity, specificity, positive 
and negative predictive values, and accuracy, while 
confidence intervals for likelihood ratios were derived 
using the standard log-transformation method. 
Trace results reported by the Xpert MTB/RIF Ultra 
assay were interpreted as MTB detected (positive) in 
accordance with the manufacturer’s guidelines and 
WHO recommendations, and were included in the 
overall diagnostic performance analysis. Cost analysis 
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Individual testing

Positive Negative Total

Pooled testing

     Positive 240 6 246

     Negative 9 3,249 3,258

      Total  249 3,255 3,504

Table 1. Comparison of diagnostic results between pooled and individual Xpert MTB/RIF Ultra testing.

Figure 1. Comparison of rifampicin-resistance status proportions obtained by the standard individual and pooled 
testing methods using the Xpert MTB/RIF Ultra assay. Rifampicin resistance was identified through rpoB gene 
mutation analysis. No statistically significant difference was observed between the two methods (Chi-square test, 
p<0.05), indicating equivalent diagnostic performance.

was performed in Excel using a cost-minimization 
approach to compare resource utilization between 

testing strategies.

Results 
	 A total of 3,504 sputum specimens were 
simultaneously tested using both the individual  
method and a pooled approach, utilizing the Xpert 
MTB/RIF Ultra assay for molecular detection of  
Mycobacterium tuberculosis and rifampicin resistance.  
As shown in Table 1, there was a high degree of  
agreement between the two methods, with 240  
concordant positive and 3,249 concordant negative  
results. Discordant results were minimal, with nine 
samples that were positive by the individual method 

but negative in the pooled testing. Comparison of 
the two methods revealed no statistically significant 
difference in the detection of Mycobacterium tuberculosis. 
The continuity-corrected McNemar chi-square was 
0.267, and the associated p-value was 0.605. Conversely, 
there were six samples that were negative by the  
individual testing but positive in the pooled testing. 
The high concordance rate between the two methods, 
particularly for negative results, demonstrates the 
effectiveness of the pooling strategy for large-scale 
screening.
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Diagnostic parameters Values (95% Confident Interval)

Sensitivity (%) 96.39 93.25-98.33

Specificity (%) 99.82 99.60-99.93

Accuracy (%) 99.57 99.29-99.76

Positive Predictive Value (PPV, %) 97.56 94.77-99.10

Negative Predictive Value (NPV, %) 99.72 99.48-99.87

Likelihood Ratio Positive (LR+) 523.0

Likelihood Ratio Negative (LR-) 0.036

Table 2. Diagnostic performance of pooled testing compared with individual testing for detection of 
Mycobacterium tuberculosis and rifampicin resistance Using Xpert MTB/RIF Ultra.

	 The diagnostic performance of the pooled testing 
is summarized in Table 2. The assay demonstrated a 
sensitivity of 96.39%, with a 95% confidence interval 
ranging from 93.25 to 98.33, and a specificity of 
99.82%, with a 95% confidence interval between 99.60 
and 99.93. The overall accuracy reached 99.57%, 
with a 95% confidence interval of 99.29 to 99.76. The  
positive predictive value was 97.56%, and its 95%  

confidence interval extended from 94.77 to 99.10, while 
the negative predictive value was 99.72%, with a 95% 
confidence interval of 99.48 to 99.87. The high positive  
likelihood ratio of 523.0 demonstrates the strong 
discriminative ability of the pooled method in confirming 
true-positive cases, whereas the low negative likelihood 
ratio of 0.036 highlights its reliability in ruling out infection 
in negative samples.

	 In the Xpert MTB/RIF Ultra assay, detection of  
Mycobacterium tuberculosis complex DNA is  
accompanied by simultaneous analysis of mutations 
within the rpoB gene that confer rifampicin resistance. 
Figure 1. illustrates the distribution of rifampicin 
resistance outcomes obtained from individual and 
pooled Xpert MTB/RIF Ultra testing. Among MTB- 
positive samples, most were classified as RIF: 
Not detected, accounting for approximately 85-87% 
of all positive results. A small proportion (<2%) were 
RIF: Detected, indicating rifampicin resistance, while 
8-10% were RIF: Indeterminate. The distributions of RIF 
resistance outcomes were comparable between the 
two testing approaches, and the Chi-square analysis 
confirmed that the difference was not statistically 
significant (p>0.05).
	 During pooled testing, cartridge errors occurred 
in 105 runs, corresponding to an overall error rate of  
approximately 5.7%. These errors primarily result-
ed from invalid or error signals reported by the Xpert 
MTB/RIF Ultra instrument. All affected pooled samples  
were retested individually for deconvolution, and  
the final results were based on the successful retests. 
The low error rate observed indicates that pooling two  
samples  per cartridge did not substantially increase  
the instrument error rate compared with standard 
testing.

	 A comparison of testing capacity and cost  
between the standard and pooled methods is  
summarized in Table 3. The pooled strategy effectively 
doubled the testing capacity, allowing eight samples to 
be analyzed per run compared with four samples in the 
standard method, while the turnaround time per batch 
remained approximately two hours for both approaches. 
Under theoretical conditions where no repeats or 
follow-up testing were required, the cost per sample 
decreased by half from 550 THB to 275 THB while the 
total expenditure per run remained constant at 2,200 
THB. In practice, cartridge consumption exceeded 
the theoretical minimum because of repeat runs and 
deconvolution of positive pools. Among 1,752 pooled 
runs, 105 (5.7%) produced invalid or error results, and 
246 pools tested positive. These positive pools required 
492 additional cartridges for deconvolution of both  
individual samples, together with 105 cartridges used 
for repeat or invalid runs, bringing the total cartridge 
use to 2,349. The corresponding total expenditure was 
1,291,950 THB, representing an actual cost reduction 
of 32.96% compared with the standard individual 
method, which required 3,504 cartridges and 1,927,200 
THB in total costs. Despite the additional cartridges re-
quired for deconvolution and repeat runs, the pooled 
testing approach maintained substantial savings while 
doubling analytical throughput.
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Parameters Individual testing Pooled testing Fold change

Sample preparation time (min) approx.15 approx. 20 ~1.33

Samples per run 4 8 2.0

Analytical run time (min) 90-110 90-110 1.0

Total turnaround time per batch (hrs) 2 2 1.0

Cartridges used (no repeats) 3504 1752 0.5

Additional cartridges for deconvolution - 492 -

Additional cartridges for errors - 105 -

Cost per sample (THB) 550 275 0.5

Cost per run (THB) 2,200 2,200 1.0

Total cost (THB) 1,927,200 1,291,950 0.67

Actual cost reduction 32.96%

Table 3. Comparison of testing capacity and cost between pooled testing compared with individual testing.

Discussion
	 The high concordance observed between pooled 
and individual testing demonstrates that pooling 
two samples per cartridge can maintain diagnostic 
accuracy while substantially increasing throughput and 
conserving resources. These advantages are essential 
for large-scale screening programs and emergency 
responses. The pooled approach effectively identified 
true-negative samples, supporting efficient allocation 
of laboratory resources. However, pooled testing has 
an inherent limitation related to the dilution of samples 
with a low bacillary load. When a positive specimen 
is combined with negative specimens, the bacterial 
concentration may fall below the assay’s limit of  
detection, leading to false-negative results. Similar 
findings have been reported in previous pooled-testing 
evaluations, which also showed only minimal loss of 
diagnostic performance in high-burden tuberculosis 
settings.7,8 In comparison with previous studies, the 
results of this study were consistent with the general 
purpose of pooled testing, which aimed to maximize 
efficiency by accurately excluding the majority of 
negative samples while allowing a small number of 
discordant results that require follow-up retesting.9,10  
The observed sensitivity of 96.39% demonstrates a 
high probability of correctly identifying true positive 
samples. This level of performance was comparable 
to earlier studies in tuberculosis diagnostics that 
reported minimal loss in sensitivity relative to individual 
testing.13 The combination of high positive and negative 
predictive values supported the application of pooled 
testing as a practical first-line screening method in 
areas of low to moderate tuberculosis prevalence. 
This strategy enabled the efficient use of molecular 
testing resources while maintaining reliable case 
detection, in agreement with the operational benefits 
documented in large-scale diagnostic programs.14

The similar distribution of rifampicin resistance out-

comes between the two testing methods indicates that 
pooling did not affect the assay’s capacity to detect 
mutations in the rpoB gene. Because rifampicin resis-
tance in Mycobacterium tuberculosis primarily arose 
from rpoB gene mutations, these comparable results 
confirmed that the pooled approach maintains mo-
lecular accuracy for both tuberculosis diagnosis and 
resistance surveillance, even when the bacterial load 
was shared between combined specimens.
	 From an operational and economic perspective, 
pooled testing provided substantial efficiency gains. 
The observed cost reduction of 32.96% represented 
an estimated saving of about 180,000 THB per 1,000 
tests under actual laboratory conditions. These savings 
could be redirected toward expanding testing coverage, 
procuring reagents, or supporting other public health 
interventions.15 Although the inclusion of deconvolution 
testing reduced the theoretical cost reduction from 
50% to approximately 33%, the pooled testing approach 
remains economically advantageous and operationally 
feasible for tuberculosis screening in low- to moderate- 
prevalence settings. The scale of cost savings depended 
largely on underlying disease prevalence, as higher 
positivity rates required more deconvolution testing 
and reduced net savings. Even with these adjustments, 
pooled testing remained a practical and efficient 
diagnostic strategy that could expand testing capacity 
and reduced expenditure without additional capital 
investment.

Limitations
	 None

Conclusion
	 This study demonstrates that the two-sample 
pooled Xpert MTB/RIF Ultra assay provides reliable 
diagnostic performance while doubling testing capacity 
and reducing costs by 32.96% without extending  



Sittichok C. et al. Journal of Associated Medical Sciences 2026; 59(1): 168-175174

turnaround time. The approach performs closely to 
individual testing, offering a practical and scalable 
solution for tuberculosis screening in high-burden or 
resource-limited settings. Furthermore, the pooled 
Xpert MTB/RIF Ultra method maintained equivalent 
diagnostic performance for both M. tuberculosis and 
rifampicin resistance, underscoring its reliability for 
integrated TB diagnosis and resistance monitoring. By 
transforming routine diagnostic practice into research-
based evidence, these findings support the adoption of 
pooled testing to strengthen screening programs and 
optimize the use of available resources.
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ABSTRACT

Background: Patients with end-stage kidney disease (ESKD) undergoing 
hemodialysis almost invariably develop anemia, which can significantly 
impair their quality of life. It is uncommon to find patients with consistently 
normal hemoglobin (Hb) levels; therefore, identifying the contributing factors 
is essential.

Objectives: This study aimed to identify factors affecting Hb levels in ESKD 
patients during maintenance phase.

Materials and methods: This prospective observational study was conducted 
at a regional hospital in Yogyakarta. The Hb cutoff point of 10 g/dL was used 
as the minimum standard for the maintenance phase, based on the Dialysis  
Consensus of the Indonesian Nephrology Association. The study included 
ESKD patients aged ≥18 years undergoing hemodialysis. The initial sample 
comprised 76 patients (38 with Hb >10 gm/dL and 38 with Hb ≤10 gm/dL); 
however, 65 patients were included in the final analysis after 11 were excluded 
due to dropout. Samples were matched based on age, sex, duration of  
hemodialysis, and comorbidities. Data were collected using patient medical 
record observation sheets, food record sheets, and the brief illness perception 
questionnaire (B-IPQ). Statistical analyses were performed using chi-square 
and logistic regression with a backward elimination method.

Results: A total of 65 participants were analyzed (33 patients with Hb >10 
and 32 patients with Hb ≤10). Factors that showed significant associations 
with Hb levels were erythropoietin-stimulating agent (ESA) therapy odds ratio 
(OR)=7.162, 95% confidence interval [CI]=2.046-25.071, p=0.002), duration 
of hemodialysis (OR=4.909, 95% CI=1.299-18.551, p=0.019), and vitamin B12  
intake (OR=4.238, 95% CI=1.183-15.176, p=0.027). 

Conclusion: Erythropoietin stimulating agent therapy, duration of hemodialysis, 
and vitamin B12 intake were identified as factors influencing the improvement 
of Hb levels in patients with ESKD. Educational interventions are needed to 
enhance patients’ understanding of the importance of maintaining balanced 
nutritional intake and adhering to optimal hemodialysis duration.
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Introduction
	 End-stage kidney disease is characterized by 
a progressive decline in kidney function, which can 
have detrimental effects and potentially lead to death. 
End-stage kidney disease has become a major public 
health concern worldwide. The prevalence of ESKD 
requiring kidney transplantation continues to increase 
every year.1 In Indonesia, the prevalence of active ESKD 
undergoing routine hemodialysis has increased by 
58.9% over the past year.2
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	 Various physical complications arise due to the 
disease and hemodialysis procedures, one of which 
is fatigue and weakness caused by low Hb levels. 
Hemodialysis patients with normal Hb levels are rarely 
found, as anemia is a common complication among 
ESKD patients undergoing dialysis, resulting from 
either the underlying pathology or the dialysis process 
itself.3 This condition is one of the major clinical issues 
in patients undergoing hemodialysis1 and can have 
detrimental consequences, such as cognitive and 
psychological disorders, decreased cardiac function, 
angina, cardio-renal anemia syndrome, left ventricular 
hypertrophy, increased healthcare costs, reduced 
quality of life, worsening of clinical status, accelerated 
progression of heart disease, and increased risk 
of mortality.4-6 It is also one of the major factors 
contributing to repeated hospitalizations among ESKD 
patients.7

	 Several studies conducted in different countries 
have examined the factors associated with anemia 
in ESKD patients, as reported by Shiferaw et al. in 
their systematic review. However, limited research 
has focused on the factors that play a critical role in 
maintaining and improving Hb levels among ESKD 
patients undergoing hemodialysis.8 In Indonesia, 22% 
of ESKD patients receiving dialysis still have normal Hb 
levels.2

	 Several factors are thought to have a role in 
maintaining Hb stability in ESKD patients such as 
energy intake9 which can increase the effectiveness 
of erythropoietin;10 essential amino acids from protein 
intake, which support the formation of red blood 
cells;11 iron, which can increase Hb levels and optimize 
erythropoietin therapy;12 and folic acid and vitamin 
B12, which are essential in the production of healthy 
red blood cells.13,14

	 In addition, the duration of hemodialysis also 
affects Hb, as a longer duration of hemodialysis is 
associated with higher hemodialysis adequacy,15 

which may enhance erythrocyte glucose-6-phosphate 
dehydrogenase (G6PD) activity, thereby supporting 
proper red blood cell function.16 Another factor is 
erythropoietin therapy which serves as the primary 
therapy for ESKD patients with anemia.17 Additionally, 
patients’ perception of their illness is thought to 
affect Hb levels, as those with a positive perception 
tend to maintain more stable emotional states and 
demonstrate greater adherence to recommended 
dietary and medication regimens.18,19 
	 Several studies have analyzed the factors 
influencing Hb levels in patients with ESKD; however, 
the findings have been varied and inconsistent across 
different factors.20-23 This study aims to identify patient-
modifiable factors such as dietary intake, adherence 
to weekly hemodialysis regimens, and perceptions of 
their illness that may affect Hb levels. It is expected 
that the findings of this research will provide clinical 
implications for identifying factors that can help 
minimize the risk of anemia among ESKD patients.

Materials and methods 
Study design
	 This prospective observational study was conducted 
and reported in accordance with the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines.24 The research was conducted 
at Dr. Sardjito General Hospital, Yogyakarta, over a 
four-week period. The study subjects were determined 
based on Hb concentrations measured between June 
16 and 18, 2022, and were followed for four weeks, 
starting from June 20 to July 19, 2022.

Sample 
	 The sample size was calculated using the 
Lemeshow’s formula, resulting in a minimum of 32 
participants. Considering a 10% predicted dropout 
rate, the required minimum sample was 35. However, 
38 patients in each group met the criteria, yielding a 
total sample of 76 participants (38 with Hb >10 gm/dL 
and 38 with Hb ≤10 gm/dL). However, 11 participants 
were excluded, resulting in 65 patients included in the 
analysis (33 with Hb >10 gm/dL and 32 with Hb ≤10 gm/dL). 
The Hb cutoff of 10 gm/dL was used as the minimum 
target for the maintenance phase in dialysis patients, 
based on the Dialysis Consensus of the Indonesian 
Nephrology Association.25 The inclusion criteria were 
ESKD patients undergoing hemodialysis twice a week, 
aged ≥18 years, and having received hemodialysis for 
at least six months. The exclusion criteria were patients 
with human immunodeficiency virus (HIV) or acquired 
immune deficiency syndrome (AIDS), liver cirrhosis, 
spinal cord malignancy, renal carcinoma, a history of 
kidney transplantation, or prior chemotherapy. The 
dropout criteria were critical illness, failure to undergo 
hemodialysis twice a week, withdrawal from the study, 
additional iron therapy, or death.

Data collection
	 Data were obtained from food record sheets 
documenting calorie, protein, iron, folic acid, and 
vitamin B12 intake, collected three days per week 
over four weeks.26 The records were entered into the 
Indonesian version of NutriSurvey software to analyze 
nutritional content consumed by each patient. The 
B-IPQ was used to assess patients’ perceptions of 
illness,27 and had been validated in ESKD patients, 
showing validity values of 0.328-0.844 and a reliability 
coefficient of 0.755.28 Data on body mass index (BMI), 
duration of hemodialysis, adequacy of hemodialysis 
with clearance time volume (Kt/V), and ESA therapy 
were recorded using an observation sheet prepared by 
the researchers.
	 The accuracy of the data on food and beverages 
consumed depended on the ability and honesty 
of the participants in reporting. To minimize bias, 
the researchers reconfirmed participants’ dietary 
information upon submission of the completed food 
record forms. 



Maryadi M. et al.  Journal of Associated Medical Sciences 2026; 59(1): 176-183178

Data analysis
	 Data were analyzed using the statistical package 
for the social sciences (SPSS) version 22 (IBM Corp. 
Armonk, NY, USA). Bivariate tests were first conducted 
to determine candidate variables for logistic regression, 
defined as those with a p<0.05. Logistic regression 

analysis was then performed to identify factors 
influencing Hb levels, using the backward method to 
determine OR with 95% CI. The variables included 
in the logistic regression analysis were iron intake, 
vitamin B12 intake, hemodialysis duration, Kt/V, and 
ESA therapy (Table 1).

Table 1. Factors affecting normal Hb levels.

 Variable Coefficient p value OR 95% CI

Model 1

Intake iron 0.532 0.442 1.702 0.439-6.596

Vitamin B12 1.054 0.148 2.870 0.689-11.953

Duration of hemodialysis 1.561 0.026* 4.761 1.206-18.801 

Kt/V 0.794 0.296 2.212 0.499-9.800

ESA therapy 1.446 0.046* 4.245 1.023-17.617

Constant -7.834 0.000 0.000

Model 2

Vitamin B12 1.066 0.140 2.905 0.705-11.976

Duration of Hemodialysis 1.484 0.031* 4.411 1.143-17.019

Kt/V 0.917 0.214 2.503 0.589-10.638

ESA therapy 1.580 0.025* 4.854 1.216-19.380

Constant -7.324 0.000 0.001

Model 3

Vitamin B12 1.444 0.027* 4.238 1.183-15.176

Duration of Hemodialysis 1.591 0.019* 4.909 1.299-18.551

ESA therapy 1.969 0.002* 7.162 2.046-25.071

Constant -7.301 0.000 0.001
Note: Logistic regression backward method; *significant at p<0.05

Results 
	 The recruitment and sample group determination 
process was conducted on June 18, 2022. A total of 191 
patients underwent routine hemodialysis twice a week. 
In the first step, 26 were excluded (21 with hemodialysis 
for less than one month, 2 had HIV/AIDS, and 3 did not 
have the latest Hb test results). Of the 165 patients, 42 
had Hb levels >10 gm/dL; however, 4 were excluded (3 
declined to participate and 1 was scheduled for kidney 
transplantation), resulting in a group of 38 respondents 
with Hb levels >10 gm/dL, resulting in a group of 38 
respondents with Hb levels >10 gm/dL. Another 38 
patients with Hb levels ≤10 gm/dL were selected 
through matching on age, sex, length of hemodialysis, 
and comorbidities.
	 The number of samples analyzed was 65 (33 
patients with Hb >10 gm/dL and 32 with Hb ≤10 gm/dL), 
since 11 participants were considered dropped out by 
the researchers because one participant resigned, one 
participant had to get special treatment in the Intensive 
care unit, one participant undergo hemodialysis less 

than two times a week because there were problems 
with vascular access, seven participants received 
additional iron intravenous therapy, and one participant 
died. 
	 Table 2 shows that 58% of patients with Hb >10 
gm/dL and Hb ≤10 gm/dL are aged 48.03±12.00 and 
48.78±14.07 years, respectively. Among patients 
with Hb >10 gm/dL, 54% are male, whereas in the Hb 
≤10 gm/dL group, 59% are female. The most recent 
education level in both groups was higher education. 
Regarding occupation, 33% of patients with Hb >10 
work as government or private employees, while 31% 
of patients with Hb ≤10 gm/dL are housewives. Patients 
in both groups have been undergoing hemodialysis 
for 1-5 years. The most common eating disorder 
reported in both groups was decreased appetite. 
Hypertension was the most prevalent comorbidity 
among patients with Hb >10 gm/dL and Hb ≤10 gm/dL. 
Folic acid was the most frequently consumed vitamin 
or supplement. Patients with Hb >10 gm/dL were more 
likely to consume additional vitamins or supplements 
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Table 2. Characteristics of patients with ESKD.

Characteristic Hb >10 gm/dL
N (%)

Hb ≤10 gm/dL
N (%)

p value

Agea 48.03  ± 12.00 48.78 ± 14.07 0.646

Genderb Male
Female

18 (54)
15 (46)

13 (41)
19 (59)

0.261

Educationc

	
Primary school 
Secondary school 
Higher education
Associate degree/bachelor
Master’s degree

4 (12)
2 (6)

15 (46)
10 (30)

2 (6)

7 (22)
6 (19)

12 (37)
5 (16)
2 (6)

0.078

Occupationc

		
Farmer/ laborer
Housewife
Self-employed
Government/private 
employee
Student 
Retired

2 (6)
7 (21)
7 (21)

11 (33)
1 (3)

5 (16)

2 (6)
10 (31)
6 (19)
7 (21)
1 (3)

6 (19)

0.641

Hemodialysis periodc 6 - <12 months
1 – 5 years
6 - 10 years
>10 years

2 (6)
14 (42)
13 (39)
4 (13)

1 (3)
23 (71)
4 (13)
4 (13)

0.120

Eating disordersc Nausea 
Anorexia 
None

2 (6)
8 (25)

23 (69)

4 (13)
7 (21)

21 (66)

0.630

Comorbiditiesc Hypertension
Diabetes
Gout

31 (94)
14 (42)

2 (6)

31 (97)
8 (25)
3 (9)

0.407

Vitamins/supplementsc Used
Folic acid
NeurobionTM

AlbuvitTM

Becom CTM

Iron tablets
None

25(76)
25(76)
8 (24)
3 (9)
2 (6)
1 (3)

8 (24)

25 (75)
24 (75)
4 (12)
2 (6)
0 (0)
0 (0)

7 (22)

0.821

Intake Caloriesb ≥35 kkal/kg body weight/day 
<35 kkal/kg body weight/day

12 (36)
21 (64)

7 (22)
26 (78)

0.199

Intake Proteinb ≥1 g/kg body weight/day
<1 g/kg body weight/day

19 (58)
14 (42)

16 (50)
16 (50)

0.540

Intake Ironb ≥10 mg/day
<10 mg/day

21 (64)
12 (36)

11 (34)
21 (66)

0.018*

Intake Folic acidb ≥0,8 mg/day
<0,8 mg/day

25 (76)
8 (24)

24 (75)
8 (25)

0.943

Intake Vitamin B12b ≥3 µg/day
<3 µg/day

20 (61)
13 (39)

10 (31)
22 (69)

0.018*

BMIb Normal
Abnormal

20 (62)
13 (38)

18 (56)
15 (44)

0.722

such as NeurobionTM, become CTM, AlbuvitTM, and iron 
tablets, compared to patients with Hb ≤10. The results 
of regression analysis (Table 1) indicated that ESA 
therapy (OR=7.162, 95% CI=2.046-25.071, p=0.002), 

duration of hemodialysis (OR=4.909, 95% CI=1.299-
18.551, p=0.019), and vitamin B12 intake (OR=4.238, 
95% CI=1.183-15.176, p=0.027) were significantly 
associated with Hb levels in patients with ESKD.
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Discussion 
	 The factors influencing Hb levels in ESKD 
patients undergoing hemodialysis include ESA therapy, 
hemodialysis duration, vitamin B12 intake, and education. 
The dosage of alpha and beta ESA was categorized 
as 2000-5000 international units (IU) administered 
twice weekly or 80-120 IU/kg body weight per week. 
Continuous erythropoietin receptor activator (CERA) 
was administered at 0.6 μg/kg body weight or 50-
75 μg every two weeks.29 Erythropoiesis-stimulating 
agent therapy was identified as the dominant factor 
affecting Hb levels in patients with ESKD undergoing 
hemodialysis. Patients who received appropriate ESA 
therapy had a 7.162-fold higher likelihood of achieving 
Hb levels >10 gm/dL. In this study, the frequency of ESA 
therapy differed between the groups: patients with Hb 
>10 gm/dL received ESA therapy once weekly, whereas 
those with Hb ≤10 gm/dL received therapy twice weekly. 
Some patients with low Hb received ESA therapy 
cautiously due to post-dialysis increases in blood 
pressure, which could exacerbate hypertension .30 In 
line with previous studies, regular administration of ESA 
therapy significantly increased Hb levels in patients 
with ESKD.17

	 Each hemodialysis session lasted 4-5 hours and 
was performed 2-3 times per week with the ideal total 
duration being 10-15 hours per week. However, most 
health insurance providers in Indonesia only cover 
an average of two sessions per week, and patients 
spending 5 hours per session are rare. Therefore, 
the maximum average duration per patient was set 
at 4.5 hours.25 In this study, patients with an average 
hemodialysis duration of 4.5 hours had a 4.909 times 
chance of Hb levels compared to patients with an 
average hemodialysis duration of <4.5 hours. In line 
with the results described in Table 1, 85% of patients 
with a mean duration of hemodialysis of 4.5 hours had 
Hb levels of >10 gm/dL. Previous studies have also 
reported that patients undergoing hemodialysis for 12 
hours per week had higher average Hb levels than those 
dialyzed for 8-10 hours per week.31 Longer hemodialysis 
sessions improve dialysis adequacy, allowing for more 
effective removal of toxins.15 Elevated blood urea 
nitrogen (BUN) levels have been shown to indirectly 

affect Hb levels; patients with high BUN have a 1.02-
fold higher risk of developing anemia.32 
	 Patients with adequate vitamin B12 intake had 
a 4.238-fold higher likelihood of achieving target Hb 
levels compared to those with lower intake, which 
aligns with previous research.33 Vitamin B12 is a 
nutrient that functions as one of the main ingredients 
that play a role in the production of red blood cells.34 
Vitamin B12 is essential for red blood cell production 
and is a key marker in megaloblastic anemia, which 
arises from deficiencies in vitamin B12 and folic acid. 
Appropriate intake of vitamin B12 supports stable Hb 
levels in patients undergoing hemodialysis.13 In this 
study, patients with Hb >10 gm/dL had higher average 
vitamin B12 intake than those with Hb ≤10 gm/dL; 
however, as shown in Table 1 , vitamin B12 intake was 
not a statistically significant predictor of Hb levels. 
Consistent findings have been reported in previous 
studies.35 Only a small proportion of patients regularly 
consumed iron-rich foods, such as red meat, liver, green 
vegetables, and fish, and the variety of diet was limited. 
Adequate iron intake is crucial for increasing serum Hb 
levels and optimizing treatment response .36	
	   This study found no significant effect of caloric, 
protein, or folic acid intake on Hb levels in ESKD 
patients undergoing hemodialysis. Both the Hb >10 
gm/dL and Hb ≤10 gm/dL groups had average caloric 
intake within the lower category, which contrasts with 
previous studies on energy intake.9 Patients must also 
restrict food intake to prevent excessive potassium 
and phosphate levels and to avoid fluid overload.10 In 
line with previous research there was no significant 
relationship between protein intake and Hb levels.35 In 
general, Essential amino acids from protein intake are 
generally necessary for red blood cell formation, as they 
play a crucial role in iron transport and utilization in the 
body.37 Similarly, folic acid intake was not significantly 
associated with Hb levels in this study.35 Most patients 
had taken daily folic acid as recommended, yet some 
still had Hb ≤10 gm/dL. Folic acid, a water-soluble 
vitamin, is essential for the production of healthy red 
blood cells.14 Therefore, the intake of foods containing 
folic acid in patients with ESKD must adequate, as the 
human body cannot synthesize folic acid and must 

Characteristic Hb >10 gm/dL
N (%)

Hb ≤10 gm/dL
N (%)

p value

Adequation of 
hemodialysis (Kt/V)b

≥1.8
<1.8

26 (79)
7 (11)

10 (31)
22 (69)

0.000*

Duration of 
hemodialysisb

≥4.5 hours
<4.5 hours

28 (85)
5 (15)

15 (47)
17 (53)

0.001*

ESA therapyb Appropriate
Inappropriate

25 (76)
8 (24)

9 (28)
23 (72)

0.000*

Perseption of diseaseb Positive
Negative

21 (64)
12 (36)

15 (47)
17 (53)

0.174

Note: *significant at p<0.05, amann whitney, bchi-square, cspearman rank.

Table 2. Characteristics of patients with ESKD (continued).
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obtain it through daily dietary intake.38 This finding 
contrasts with previous studies on BMI.39 In this study, 
less than half of the patients had comorbid diabetes 
mellitus. Patients with diabetes typically exhibit lower 
Hb levels than those without diabetes because blood 
glucose levels can influence Hb levels in individuals 
undergoing hemodialysis. On average, ESKD patients 
with controlled blood glucose levels maintained more 
stable Hb levels.40

	 Almost all patients in this study underwent 
hemodialysis twice weekly, and therefore, a Kt/V 
standard of 1.8 was applied. According to the dialysis 
consensus of the Indonesian Nephrology Association, 
the ideal Kt/V target is 1.2 for patients undergoing 
hemodialysis three times per week, whereas the 
target for those dialyzed twice weekly is 1.8.25 In this 
study, hemodialysis adequacy was not significantly 
associated with Hb levels. Ginting et al. also reported 
that patients achieving a Kt/V of 1.8 exhibited higher 
Hb levels than those with Kt/V <1.8.41 Adequate 
hemodialysis is crucial for reducing anemia, morbidity, 
and mortality in patients with ESKD.42 Additionally, 
another study reported that patients receiving adequate 
hemodialysis had higher erythrocyte G6PD activity.16 
Low G6PD activity is associated with reduced red blood 
cell survival, leading to decreased Hb levels.43

	 This study also examined patients’ perceptions of 
illness, including both positive and negative beliefs, and 
their potential influence on health-related decision-
making.44,45 Most patients (64%) with Hb levels >10 
gm/dL reported a positive perception of their disease 
compared to patients with Hb ≤10 gm/dL; however, no 
significant effect on Hb levels was observed. Research 
on the relationship between disease perception and Hb 
levels in hemodialysis patients remains limited. Patient 
perceptions in ESKD are often related to hopelessness, 
self-management, medication adherence, and dietary 
compliance. Patients with a positive perception tend 
to maintain more stable emotional status and follow self-
management, medication, and dietary recommendations, 
which may have a favorable impact on Hb level.18,19,46

Limitations
		 This study has several limitations. First, including 
its cross-sectional design and relatively small sample 
size may limit the generalizability of the findings. 
Second, monitoring was conducted for only one month, 
with Hb measurements taken only twice, at baseline 
and at the end of the study. Third, other potentially 
influential factors, including infection, pure red cell 
aplasia (PRCA), dialysis access, smoking, drinking, 
and laboratory tests such as albumin levels, were 
not monitored. Fourth, the accuracy of dietary intake 
depended on the participants’ ability and honesty 
in reporting, which was beyond the researchers’ 
control. All participants were not willing to maintain 
food intake records for four weeks, as the types and 
portions consumed were not substantially different 
from previously recorded data. Consequently, dietary 

intake variables were analyzed using data recorded 
by patients for 2-3 weeks. Therefore, the results of this 
study should be interpreted with caution.

Conclusion
		 Erythropoietin stimulating agent therapy, duration 
of hemodialysis, and vitamin B12 intake were identified 
as factors influencing the improvement of hemoglobin 
levels in patients with ESKD. Enhanced education 
programs are needed to increase patient awareness of 
the importance of maintaining a balanced nutritional 
intake and completing hemodialysis sessions of 
adequate duration to sustain and enhance the 
hemoglobin levels. In this study, dietary intake data 
were obtained solely from patient-completed food 
records, which may have introduced variability due to 
individual perceptions of portion sizes. Additionally, 
hemodynamic variables were not assessed, highlighting 
the need for further research to validate and extend 
these findings.
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Background: Various techniques and devices are used to immobilize the 
breast satisfactorily during radiation therapy for breast cancer, and they are 
adopted and utilized in treatment centers according to their preferences.

Objectives: In this study, a breast suit was manufactured using the advantages 
of thermoplastics used in breast cancer and thoracic radiotherapy, and the 
breast suit was validated by analyzing the reproducibility of setup errors.

Materials and methods: A computed tomography simulator and phantom 
were used to acquire reference images of a breast suit and a commercial bra, 
respectively. After acquiring the images in the CBCT system, the setup error 
reproducibility was analyzed using a Volume View™ 3D image acquisition tool. 
The image analysis method used automated mode and manual mode, and the 
validity was evaluated by analyzing the change of setup error reproducibility 
in the X, Y, and Z axis directions and pitch, roll, and yaw rotation directions of 
each matched image.

Results: The reproducibility of setup errors between the breast suit and the 
commercial bra ranged from 0.4 mm to 5.6 mm on the X-axis and from 0.3 
mm to 5.8 mm on the Y-axis. In contrast, the Z-axis exhibited larger variations, 
ranging from 0.8 mm to 16.2 mm. Rotational setup errors were all less than 1°, 
indicating no significant differences. While the breast suit showed comparable 
setup errors to the commercial bra in the X and Y directions, it demonstrated 
improved reproducibility along the Z-axis (p = 0.09) and significantly lower 
rotational errors (p < 0.05).

Conclusions: The validity of the reproducibility change of setup errors was 
confirmed in the X, Y, and Z directions for the breast suit, and valid results 
were obtained for more stable reproducibility change in the Z-axis direction. 
Therefore, it is inferred that the breast suit can be used as a fixation device to 
reduce setup error reproducibility by limiting breast movement.
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Introduction
	 According to national cancer screenings from 2004 
to 2018, stomach, liver, colon, breast, and cervical 
cancers were the top five cancers among Koreans. 
The incidence of breast cancer has increased among 
women, accounting for 20.6% of all female cancers 
according to the National Cancer Registry Project of 
the Ministry of Health and Welfare.1 Breast cancer is 
a disease in which malignant cells form in the breast 
organ. The most common type of breast cancer is 
ductal carcinoma in situ (DCIS), which starts from cells 
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in the ducts. Cancer that starts in the lobes or lobules 
is called lobular carcinoma and occurs more often in 
both breasts than other types of breast cancer.2 
	 The standard treatment for breast cancer is 
mastectomy and partial mastectomy for DCIS. In 
addition, there is a method to improve the local 
control rate (up to 95%) with radiation therapy, which 
is expected to be as effective as mastectomy.3 In 
general, radiotherapy for breast cancer is treated 
using the tangential technique of three-dimensional 
conformal radiation therapy (3D-CRT). However, in 
complex radiotherapy involving axillary nodes and 
internal mammary nodes (IMNs), high doses are 
delivered to surrounding organs at risk (OARs) and the 
heart to distribute the maximum dose to the planning 
target volume (PTV). Previous studies have shown that 
volume modulated arc therapy (VMAT) and helical 
tomotherapy techniques with Intensity-modulated 
radiation therapy (IMRT) can improve dose distribution 
to the PTV and OARs, and show more uniformity 
dose distribution compared to 3D-CRT.4 As more 
sophisticated treatment delivery techniques than 3D 
CRT are used to treat breast cancer, additional means 
of immobilization are needed to properly align the 
patient during treatment. Thermoplastic immobilization 
systems can reduce chest wall motion in lung cancer 
patients under extreme breathing conditions, and 
thermoplastic immobilization that extends from the top 
of the breast to the upper torso can effectively reduce 
intra-fraction and inter-fraction motion under normal 
breathing conditions in patients undergoing breast or 
chest wall radiation therapy.5 
	 As radiation therapy for breast cancer transitions 
from 3D-CRT to IMRT, VMAT, and helical tomotherapy, 
the Monitor Units (MUs) increase by 2 to 3 times,  
leading to increased scatter and leakage radiation 
doses, as well as increased exposure to the 
surrounding tissue, which can elevate the risk of 
secondary malignancies. Overall, IMRT may increase 
the risk of secondary malignancy occurrence by nearly 
doubling, from approximately 1% to 1.75%, compared 
to conventional radiation therapy over a 10-year 
survival period.6,7 IMRT also requires high accuracy in 
treatment setup reproducibility due to the presence 
of steep intervals where the radiation dose changes 
rapidly. When the accuracy of positional reproducibility 

is not high, high doses of radiation can be delivered 
to surrounding normal organs. Therefore, to deliver 
uniform doses and high doses of radiation to the target 
volume, reliable image guidance devices and accurate 
patient positioning devices within the treatment room 
are necessary.8

	 Various techniques and devices are used to 
immobilize the breast satisfactorily during radiation 
therapy for breast cancer, and they are adopted 
and utilized in treatment centers according to their 
preferences. These immobilization devices include; 
1) prone breast board, 2) supine breast board, 3) 
thermoplastic shells, 4) wireless bra, 5) breast ring, 6) 
breast cup, and 7) vacuum bags, etc. Several previous 
studies, such as Strydhorst JH et al., and Kovac et al., 
have published data on the accuracy and reproducibility 
of patient setup using different thermoplastic materials 
or validated setup errors across different breast 
immobilization techniques.9-12

	 In this study, we fabricated a breast suit using 
the advantages of thermoplastic materials, a fixation 
technique used in breast cancer radiotherapy. The 
reproducibility and validity of setup errors in radiation 
therapy were verified by comparing the fabricated 
breast suit with a commercial bra. This study was based 
on the premise that the reproducibility of setup errors, 
which is an advantage of thermoplastic materials, 
is excellent, but it may cause skin side effects due to 
thermoplastic materials.

Materials and methods
Materials
	 Radiation therapy for breast cancer involves the 
use of several different fixation devices. Different 
fixation devices are used depending on the preference 
of the radiotherapy center. In this study, we used 
thermoplastic materials that are effective for fixation 
of the head & neck, and chest among various fixation 
devices. Use of a standard-sized thermoplastic sheet 
(approx. 550×450 mm) heated at 70°C. Application 
of elastic, breathable polyethylene fabric to enhance 
comfort and fit. Molding procedure directly over the 
breast pad. a breast suit was made by combining light, 
breathable, and elastic polyethylene materials that are 
quick to absorb and dry (Figure 1).

Figure 1. Breast suit made using thermoplastic in breast radiotherapy. A: thermoplastic plate, B: breast suit.

A B
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	 To evaluate the reproducibility of setup errors in 
the breast suit, a thorax phantom (Radiology Support 
Devices; RSD, USA) and a water bag were fabricated 

Figure 2. Breast phantom made using a thorax phantom and a water bag.  A: thorax phantom, B: brest phantom.

Methods
	 A breast board commonly used in breast cancer 
radiotherapy was used, and a breast suit and a 
commercial bra (Chabner XRT® Radiation Bra, USA) 
were worn on the breast phantom, respectively. Four 
Region of Interest (ROI) points were marked on the 
breast of the breast phantom to acquire baseline 
images, which were acquired using a 16-channel 
CT simulator (Somatom Definition AS CT, Siemens, 
Germany) at 120 kV, 87 Eff. mAs, 5 mm thickness, 

	 To evaluate the validity of the reproducibility of 
the setup error of the breast suit, the reference images 
of the breast suit and commercial bra acquired from 
the computed tomography simulator were registered 
with the CBCT system, an image guidance device. 
Using a Volume View™ 3D image acquisition tool, the 
reference images of the breast suit and commercial bra 
were compared and analyzed with the CBCT acquired 
images. The image analysis method used a manual 
method and an automated method of bone registration 
and gray value registration in the Volume View™ 3D 
image acquisition tool. Each matched image was 
validated by analyzing the change in reproducibility 
of six-dimensional setup errors in the X, Y, and Z axis 
directions and pitch, roll, and yaw rotation directions . 
Data were collected in Microsoft Excel sheets and 
statistically analyzed using SPSS version 20.0 for 
Windows (SPSS Inc., Chicago). Continuous variables 
were expressed as mean ± standard deviation (SD). 
A P value of < .05 was considered to reject the null 
hypothesis.

Results
Changes in reproducibility of setup errors in X, Y, and 
Z coordinate systems
	 The images acquired using a breast suit and  
a commercial bra in the 3D image acquisition mode of 
the CBCT system were compared and evaluated. The 
acquired images were analyzed by setting the region 
of interest using the 3D imaging tool and checking the 
change in reproducibility of setup errors in the X, Y, and 
Z axis coordinate system using manual and automated 
methods. In the manual method for the breast suit, the 
change was 0.4 mm in the X-axis, 0.3 mm in the Y-axis, 
and 0.35 mm in the Z-axis. For the Bone automation 
method, the change was 2.3 mm in the X-axis, 2.1 mm 
in the Y-axis, and 5.1 mm in the Z-axis. For the Gray 
automation method, the change was 3.7 mm in the 
X-axis, 0.2 mm in the Y-axis, and 3.9 mm in the Z-axis.
	 In the manual method of Commercial bra, the 
variation was 5.6 mm in the X-axis, 1.5 mm in the Y-axis, 
and 0.8 mm in the Z-axis. In the automated method of 
bone, the variation was 1.8 mm in the X-axis, 3.3 mm 

and attached between the 2nd and 6th rib to create a 
custom-made breast phantom (Figure 2). 

and 16.69 scan time. Images of each breast suit and 
commercial bra were acquired using the Volume View™ 
3D image acquisition tool on a cone-beam computed 
tomography (CBCT) system (XVI, Elekta Infinity™, UK) 
with a linear accelerator (Elekta Infinity™, UK). The 
Volume View™ 3D image acquisition was performed 
using a 360° counterclockwise (CCW) rotation with a 
tube voltage of 120 kV and a tube current of 40 mA, and 
a volumetric image was acquired using 1040 mAs, 740 
frames, field size medium(M20), and F1(filter), (Figure 3).

A B
A B

Figure 3. Acquisition of breast suit and commercial bra.  A: acquisition setup error evaluation, 
B: acquisition setup error evaluation for commercial bra for breast suit.

A B
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in the Y-axis, and 16.2 mm in the Z-axis. For the Gray 
automation method, the change was 1.0 mm in the 
X-axis, 5.8 mm in the Y-axis, and 13.6 mm in the Z-axis. 
	 The paired t-test analysis of translational setup 
errors showed no statistically significant differences 
between the breast suit and the commercial bra along 
the X-axis and Y-axis. However, along the Z-axis, the 

breast suit exhibited a lower mean error than the 
commercial bra, with a p=0.0881. Although this result 
did not meet the threshold for statistical significance, it 
indicates a clinically relevant trend, suggesting that the 
breast suit may provide improved reproducibility in the 
superior-inferior direction (Table 1 and 2, Figure 4).

Table 1. Setup error reproducibility results in the coordinate system (mm).

Axis Breast suit Commercial breast bra
Manual Auto Manual Auto

Bone Gray Bone Gray
X 0.4 2.3 3.7 5.6 1.8 1.0
Y 0.3 2.1 0.2 1.5 3.3 5.8
Z 0.3 5.1 3.9 0.8 16.2 13.6

 Table 2. Setup error of mean absolute shift between breast suit and commercial bra (mm).

 Axis Breast suit Commercial bra p value
Mean±SD (mm) Mean±SD (mm)

X 1.81±1.32 2.90±1.68 0.98

Y 1.11±0.78 3.10±1.62 0.29

Z 2.74±1.87 7.21±6.48 0.09

Figure 4. Setup error evaluation of breast suit and commercial bra. A: breast suit, B: commercial bra.

Changes in the reproducibility of setup errors in 
pitch, roll, and yaw rotation directions
	 The change in rotation setup error reproducibility 
of the breast suit and commercial bra was analyzed 
using the 3D image acquisition mode of the CBCT 
System, setting the same region of interest as the 
previous analysis method, and checking the change in 
pitch, roll, and yaw using the manual and automated 
methods. For the Breast suit, the change in the manual 
method was 0.28° for Pitch, 0.07° for Roll, and 0° for 
Yaw, while the change in the bone automation method 
was 0.19° for Pitch, 0° for Roll, and 0° for Yaw. For the 
Gray automation, the change was 0.19° for Pitch, 0.16° 
for Roll, and 0° for Yaw.

	 For the manual method of Commercial bra, the 
variation was 0° for pitch, 0.01° for roll, and 0.24° for 
yaw. For the automated method of bone, the variation 
was 0.74° for pitch, 0.1° for roll, and 0.1° for yaw. For 
the gray automation method, the variation was 0.64° for 
Pitch, 0.1° for Roll, and 0.1° for Yaw.
	 Paired t-test analysis of rotational setup errors 
revealed statistically significant differences between 
the breast suit and the commercial bra in all rotational 
directions. In the pitch direction, the breast suit 
showed an average error of 0.23±0.07°, compared 
to 0.29±0.39° for the commercial bra (p<0.05). In the 
roll direction, the breast suit exhibited a significantly 
higher stability with an error of 1.10±0.07°, while the 
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commercial bra showed 0.14±0.12° (p<0.05). For 
yaw, the breast suit and commercial bra recorded 
0.03±0.04° and 0.16±0.09°, respectively (p<0.05). 

These results indicate that the breast suit provides 
superior reproducibility in rotational setup accuracy 
across all axes (Table 3 and 4, Figure 5).

Table 3. Setup error reproducibility results in rotation direction (°).

Axis Breast suit Commercial breast bra
Manual Auto Manual Auto

Bone Gray Bone Gray
Pitch 0.28 0.19 0.19 0 0.74 0.64
Roll 0.07 0 0.16 0.01 0.10 0.10
Yaw 0 0 0.24 0.24 0.10 0.10

 Table 4. Rotation setup error of mean absolute shift between breast suit and commercial bra.

 Axis Breast suit Commercial bra p value
Mean±SD (mm) Mean±SD (mm)

Pitch 0.23±0.07 0.29±0.39 0

Roll 1.10±0.07 3.10±1.62 0

Yaw 0.03±0.04 7.21±6.48 0

Figure 5. Rotation setup error of breast suit and commercial bra. A: breast suit, B: commercial bra.

Discussion
	 With the use of sophisticated radiotherapy 
techniques, proper alignment of patient posture is 
an important factor. Thermoplastic immobilization 
devices can effectively reduce intra-fraction and 
inter-fraction motion during normal breathing in 
patients undergoing radiotherapy to the breast or chest 
wall and chest.13

	 In this study, a breast suit was fabricated using 
thermoplastic fixtures to effectively reduce movement, 
and the reproducibility of setup errors in breast cancer 
radiotherapy was verified. 
	 The setup error reproducibility of the breast suit 
showed variation of minimum 0.4 mm to maximum 5.6 
mm in all directions in the X, Y, and Z axes. The setup 
error reproducibility of the commercial bra did not show 
a significant difference when comparing the changes 

in the breast suit with the changes in the X and Y axes, 
ranging from minimum 0.8 mm to maximum 5.8 mm. 
However, the Z axis showed a significant result with a 
minimum of 0.8 mm and a maximum of 16 mm.
	 Like the studies of Kubo et al., and Kataria T et al., 
that it is necessary to limit the setup error with 
significant vertical movement in chest radiotherapy, the 
breast suit showed better setup error reproducibility 
changes in the z-direction than the commercial bra.14,15 
These results demonstrate the validity of setup error 
reproducibility in the X, Y, and Z axes, and are expected 
to help improve setup error reproducibility by restricting 
breast movement in radiation therapy for breast cancer. 
	 Breast suit rotation setup error reproducibility 
was no more than 1° at most in all directions of pitch, 
roll, and yaw for the breast suit and commercial bra, 
and did not show significant differences. Matthias 
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Guckenberger et al. showed in a study on the clinical 
relevance of size and rotation setup errors that the 
influence of weight and size on rotation errors is 
small.16 However, it is believed that changes in the X, Y, 
and Z axes and corresponding changes in rotation can 
reduce setup error reproducibility as much as possible 
in radiation therapy for breast cancer.
	 Statistical analysis of the setup error reproducibility 
between the breast suit and the commercial bra showed 
no significant differences along the X- and Y-axes. 
However, in the Z-axis, the breast suit demonstrated 
a lower mean error, indicating a tendency to more 
effectively suppress gravitational sagging (p=0.09). 
	 In terms of rotational directions, the breast suit 
demonstrated significantly lower setup errors in 
pitch, roll, and yaw, all of which reached statistical 
significance. These findings suggest that the breast 
suit provides superior stability in both translational 
and rotational positioning, supporting its clinical 
applicability in advanced radiotherapy techniques such 
as IMRT and VMAT. As this study was conducted using 
a phantom, the results may differ from those observed 
in actual clinical settings. Furthermore, no patient data 
were used in this study.

Conclusion
	 In this study, we analyzed the reproducibility of 
setup errors in breast cancer radiotherapy, which is 
a critical factor influencing treatment outcomes. A 
breast suit was fabricated in-house and evaluated by 
examining changes in setup error reproducibility. The 
breast suit showed no significant changes along the 
X and Y axes; however, in the Z-axis, it demonstrated 
smaller variations (2-5 mm) compared to the 
commercial bra (8-16 mm). No significant differences 
were observed in rotational setup error reproducibility. 
Overall, the breast suit exhibited greater stability, 
particularly in the Z-axis direction, and may serve as an 
effective fixation device in breast cancer radiotherapy 
by minimizing breast movement and gravitational 
sagging.
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ABSTRACT

Background: Indonesia continues to face significant challenges in meeting 
its tuberculosis (TB) case detection targets, partly due to the underutilization 
of diagnostic resources like Rapid Molecular Tests (RMTs). Innovative, cost-
effective strategies are urgently needed to scale up screening efforts.

Objectives: This study aims to review the diagnostic accuracy, cost-effectiveness, 
and implementation considerations of the pooling sputum strategy to assess 
its potential for enhancing TB screening in Indonesia.

Materials and methods: This study was conducted using publicly available 
data from the Indonesian Ministry of Health and findings from existing literature. 
The projected impact was analyzed by implementing a 4-sample pooling sputum 
method for RMT (Xpert MTB/RIF Ultra) compared to the current individual testing 
strategy.

Results: The analysis projects that the pooling sputum strategy could increase 
RMT screening capacity fourfold. The national average monthly tests per RMT 
unit could rise from 120 to 480 individuals screened. Consequently, the projected 
time required to screen 100,000 individuals per province could decrease from 
an average of 5.5 months to 1.4 months. The strategy offers potential cost savings 
averaging 36.71% (±14.97%). A review of diagnostic data from previous studies 
shows high accuracy (sensitivity 97.35%; specificity 99.25%).

Conclusion: The pooling sputum method presents a viable and powerful strategy to 
significantly enhance the efficiency of TB screening in Indonesia. This approach 
can substantially increase RMT utilization, accelerate case detection, and reduce 
costs, thereby helping Indonesia progress towards its 2030 TB elimination  
targets. A pilot study is recommended to validate these findings within the  
Indonesian healthcare context.
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Introduction
	 The Indonesian Ministry of Health has set 
ambitious targets to reduce tuberculosis (TB) incidence 
and mortality, aiming for a decrease to 65 new cases 
and 6 deaths per 100,000 people, respectively.1 To 
meet these goals, the Ministry has prioritized TB 
screening as a key strategy. Since 2021, following the 
Director General of Disease Prevention and Control’s 
Circular Letter (No. HK.02.02/III.I/936/2021), the 
Rapid Molecular Test (RMT) has become the primary 
diagnostic tool for TB in Indonesia. Under this directive, 
individuals suspected of having TB are first examined 
using the RMT.2
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	 By 2022, Indonesia had deployed 2,167 RMT 
devices, surpassing the National Strategy for TB 
Control’s target of 2,133 units for 2020-2024. Each 
RMT unit, when functioning optimally, can conduct up 
to 200 tests per month. However, despite the increase 
in the number of devices, the utilization rate of RMTs 
has not seen a corresponding rise. In 2022, the average 
utilization rate of these devices was only 60%, equating 
to just 120 tests per month per unit. Furthermore, in 23 
provinces, the RMT utilization rate was below 60%, with 
some areas reporting as low as 13%. This is significantly 
below the national target of 80% utilization.1,3

	 The underutilization of RMTs has serious 
implications. In 2022, 23% of TB suspects, 
approximately 832,351 individuals, did not undergo 
laboratory testing. This gap is concerning, especially as 
the proportion of TB cases diagnosed through RMTs is 
increasing, reaching at least 12% in 2022.1

	 Transmission of TB remains a critical public health 
issue. Individuals with active TB can infect 10-15 others 
annually.4 Research by McCreesh and White (2018) 
published in Nature highlights the significant role of 
household, repeated, and non-repeated contacts in 
TB transmission.5 The Indonesian Ministry of Health 
aims to achieve a 90% TB case detection rate by 2030, 
aligning with global targets for 2030.1,2 Given TB’s high 
transmissibility, optimizing RMT usage is crucial for 
identifying new cases and curbing the disease’s spread.
	 Globally, the World Health Organization (WHO) 
estimated 10.6 million TB cases in 2021, with 39.7% 
remaining undiagnosed. In Indonesia, about one-
third of TB cases are missed or not reported, often 
due to delayed, missed, or unattempted diagnoses. 
The government’s current strategy primarily targets 
symptomatic individuals for testing. However, the 2022 
Joint External Monitoring Mission (JEMM) recommended 
expanding screening to high-risk populations to 
enhance TB detection.6

	 Financial constraints pose another challenge. 
Indonesia’s national strategy for TB control requires IDR 
47.3 trillion for 2020-2024, but only IDR 15.7 trillion is 
available. Annually, the WHO estimates that Indonesia 
needs IDR 8.1 trillion for TB prevention, diagnosis, and 
care, yet it receives only IDR 1.7 trillion in funding. Since 
2009, Indonesia has consistently met just 41% of its 
annual TB program funding needs, hindering efforts to 
detect new cases.7,8 

	 To address this challenge, this study provides a 
review of pooling sputum and a cost-effectiveness 
analysis of its potential implementation in Indonesia 
to provide evidence-based support for health policy 
decisions.

Materials and methods 
Study design and data sources
	 This study employed a strategic literature review 
framework. A comprehensive search was conducted 
across multiple electronic databases, including PubMed, 
Scopus, and Google Scholar, to identify relevant articles 
published up to 2024. The search strategy utilized 
a combination of keywords: (“pooling sputum” OR 
“pooled testing”) AND (“tuberculosis” OR “TB”) 
AND (“Xpert MTB/RIF” OR “Xpert Ultra”) AND (“cost-
effectiveness” OR “diagnostic accuracy”). Additionally, 
official reports and technical guidelines from the 
Indonesian Ministry of Health (2022-2023)1,3 and the 
World Health Organization (WHO)6 were manually 
searched to gather data on the Indonesian context, 
RMT utilization, and programmatic costs.

Inclusion and exclusion criteria 
	 Studies were included if they met the following 
criteria: 1) evaluated the pooling of sputum samples 
for TB diagnosis, 2) utilized Xpert MTB/RIF or Xpert Ultra 
assays, 3) reported quantitative data on diagnostic 
accuracy (sensitivity, specificity), or 4) provided data 
on cost-effectiveness or cost savings. Only full-text 
articles published in English were considered. Studies 
were excluded if they were editorials, case reports 
without systematic data, or qualitative studies not 
focused on diagnostic performance or cost.

Data extraction and synthesis 
	 Data from the included studies were extracted 
into a standardized template. Key information 
extracted included: author, year, country of study, 
study design, number of samples, pooling ratio (e.g., 
4-to-1), and reported outcomes (sensitivity, specificity, 
and percentage of cost savings). The data extracted 
on diagnostic accuracy (Table 1) and cost savings 
(Table 2, Table 3) were descriptively synthesized and 
summarized. A qualitative summary of implementation 
challenges, such as the dilution effect and logistical 
hurdles, was also compiled from the literature.9



Sembiring F. et al.  Journal of Associated Medical Sciences 2026; 59(1): 191-200 193

Table 1. Diagnostic accuracy data from previous studies on pooling sputum.

 References
All Negative Positive*

Detected (%) Not detected (%) Detected (%) Not detected (%)
13 0 77 (100) 32 (100) 0
12 0 16 (100) 19 (95) 1
14 0 6 (100) 95 (96) 4
15 NR NR 87 (100) 0
10 1 34 (97.1) 61 (95) 3

Total 1 133 294 8
Sensitivity 97.35% (95% CI: 94.85-98.85%)
Specificity 99.25% (95% CI: 95.91-99.98%)

﻿Note: *positive: classified by ct<38, NR: not reported

Table 2. Theoretical cost savings of a pooling sputum method for 4 samples in 1 Xpert cartridge using Xpert MTB/RIF 
Ultra.

 Reference Country Total of the 
sample

Individual 
suspected TBC (%)

Percentage of 
cost savings

Test 
sensitivity (%)

Test 
specificity (%)

18 Nigeria 738 115 (16) 31 NR NR

10 Brazil 396 95 (24) 12.4 95 97.1

13 Lao 436 199 (45) 46 100% 100%

19 Cameroon 4156 274 (6.6) 48 99.4% NR

20 Cambodia 584 91 (15,6) 27 NR NR

17 Lao 3076 NR 35.6 97.6 97

12 Brazil 1280 320 (25) 57 94 100

Cost saving average based on references (%±SD) 36.71±14.97

Cost saving maximum (%) 57

Cost saving minimum (%) 12.4
 Note: *NR: not reported.

Table 3. Theoretical cost savings of a pooled testing strategy using 4 pooled samples.14

 Study setting (disease 
prevalence)

No. of pooled tests 
+ No. of individual 

tests requireda

Cost of pooled 
testing strategy ($)

Cost savings with 
pooled testing 

strategy ($)

Percentage of 
cost savings (%)

Community (11%) 185+276 4,600.78 2,764.46 59.6

District hospital (26%) 185+520 7,035.90 329.34 (4) 4.7

Total population (16%) 185+372 5,558.86 1,806.38 (25) 32.5
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Results
The pooling sputum design method: A technical 
overview 
	 In the original scheme, TB screening was reserved 
for individuals suspected of TB by collecting personal 
sputum for further examination using the RMT 
instrument. In this innovation, the pooling sputum 
method is a strategy where sputum samples from 
multiple individuals are combined into a single tube 
for a single diagnostic test.17 This approach is designed 
to increase testing throughput and reduce costs, 
particularly for screening high-risk populations.

	 Figures 1 and 2 represent a schematic of the 
innovation strategy to accelerate and improve new TB 
case finding using RMT, specifically for TB risk groups 
within households. Identity data of known active TB 
patients are traced to addresses and family members 
within a household. The most common approach, and 
the focus of this review, involves pooling samples from 
four individuals for testing with a single Xpert MTB/RIF 
Ultra cartridge.17,10-12 In this scheme, 0.5 mL of sputum 
from each of four individuals is combined to create a 2 
mL pooled sample. This pooled sample is then tested 
using only one new Xpert cartridge with Xpert MTB/RIF 
Ultra and processed in the village GeneXpert platform 
(Figure 1).

Figure 1. Innovative method of accelerating new TB cases-finding using the pooling sputum method (4 samples 
for 1 cartridge, a total of 16 samples for 1 test using Xpert MTB/RIF Ultra). This figure illustrates the implementation 
of the pooling sputum method, wherein four individual sputum samples are combined into a single pooled sample 
and tested using one Xpert MTB/RIF Ultra cartridge. The diagram demonstrates how 16 individual sputum samples 
can be grouped into four pooled tests, thus increasing screening throughput while conserving testing resources. This 
strategy enhances case-finding efficiency, particularly in high-risk populations, and optimizes utilization of available 
molecular testing devices.
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Figure 2. TB elimination strategy using screening of population groups at risk of TB. The figure depicts the stratification 
of at-risk populations for tuberculosis screening using a pooling approach. A: household-based screening involves 
collecting sputum samples from individuals residing in households with a known TB-positive case, B: non-household- 
based screening targets community members or individuals with frequent contact outside the home, organized into 
risk groups. In both scenarios, sputum samples from four individuals are pooled for a single Xpert MTB/RIF Ultra test. 
If a pooled test yields a positive result, follow-up individual testing is conducted to identify the specific TB-positive 
case, thereby enabling efficient and targeted case detection.

	 The workflow typically follows a two-step process 
(Figure 2). In Part A, two groups of households with TB-
positive family members (Red Round) are grouped into 
two TB-risk population groups (Blue Round). If one of 
the groups tested TB-negative, it was not continued 
to individual testing. However, if the group is positive, 
then proceed to test each individual in the TB-positive 
group until finding an individual with TB. In Part B, the 
population at risk of TB (non-household) was randomly 
grouped into two groups. This approach ensures that 
resources for individual testing are only used on high-
probability groups, which were defined according 
to WHO requirements. Next, the screening strategy 
was carried out in the same way as Part A to obtain 
suspected TB individuals.

Diagnostic accuracy 
	 A primary concern for any screening strategy is 
its diagnostic accuracy. The pooling sputum method 
must be able to reliably detect TB without generating 
an unacceptable number of false negatives or false 
positives. Based on the literature review, the pooling 
method, when paired with the high-sensitivity Xpert 
MTB/RIF Ultra assay, maintains excellent diagnostic 
performance. 
	 A summary of findings from key studies that met 
the inclusion criteria is presented in Table 1. Through 
these studies, which collectively analyzed hundreds 
of pooled samples, the method demonstrated a high 
probability of correctly identifying positive cases. The 

pooled sensitivity was calculated to be 97.35% (95% 
CI: 94.85-98.85%), with a specificity of 99.25% (95% CI: 
95.91-99.98%). This means it correctly detected over 
97% of TB-positive individuals within the pools. The 
specificity was even higher at 99.25% (95% CI: 95.91-
99.98%), indicating a very low rate of false-positive 
results (Table 1).10,12-15

Evidence for cost-effectiveness 
	 Beyond accuracy, the primary driver for adopting 
pooling sputum is its potential for significant cost 
savings. This is particularly relevant for countries like 
Indonesia facing funding gaps for their TB programs.⁷,⁸ 
Multiple studies conducted in diverse settings have 
quantified these economic benefits.
	 Table 2 summarizes cost-saving analyses from 
studies in Nigeria, Brazil, Lao, Cameroon, and 
Cambodia. The reported percentage of cost savings 
varied, ranging from a minimum of 12.4% in a Brazilian 
study to a maximum of 57%, also in Brazil.10,12 
On average, the implementation of a 4-sample 
pooling strategy resulted in a cost saving of 36.71% 
(±14.97%).17,10,12,13,19,20

	 The degree of cost savings is heavily influenced 
by the underlying prevalence of TB in the screened 
population, as illustrated in Table 3. In a low-prevalence 
community setting (11%), the strategy saved nearly 
60% of testing costs.18 However, in a higher-prevalence 
hospital setting (26%), where more pools test positive 
and require individual follow-up, the savings were much 
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lower at 4.7%. This indicates that the strategy is most 
economically advantageous for mass screening in 
general or high-risk communities rather than in settings 
where a high positivity rate is already expected. 

Projected impact on screening capacity and time in 
Indonesia
	 Pooled sputum testing at a suitable ratio using 
Xpert MTB/RIF Ultra provides a rapid, efficient, and 
cost-effective method for active TB case finding among 
high-risk groups in low-incidence and high-incidence 
areas.21,10 Implementation of the innovation strategy 

will affect the total sample size of each province and 
automatically improve screening capability with a four 
times larger sample size. Data on the improvement of 
each province’s screening capability is presented in 
Figure 3. With the previous strategy, Riau Province had 
a screening capability of 11,040 tests per month and 
increased to 44,160 tests per month after implementing 
the innovative strategy.1,3 Thus, the province with 
the highest TB prevalence in Indonesia can prevent 
transmission by increasing the utility of one RMT 
instrument to the maximum every month.

Figure 3. Comparison of the Number of samples potentially screened per one MRT per month between the previous 
strategy and the innovative strategy. This figure compares the estimated number of individuals that can be screened 
per month using one Rapid Molecular Test (RMT) device under two strategies: the previous individual testing strategy 
versus the innovative pooling sputum method. The pooling approach demonstrates a fourfold increase in screening 
capacity per RMT unit, highlighting its potential to significantly expand diagnostic coverage in resource-constrained 
settings with high TB burdens.

	 According to the Indonesian Ministry of Health 
(2022), an RMT instrument can only be used for 120 tests 
per month, using the previous strategy of screening 
individuals with suspected TB. With the implementation 
of the innovative strategy, the screening capacity will 
increase 4 times to 480 individuals per month.1,2 Thus, 
1 RMT device in good condition can screen 100,000 
individuals within 8 months. When broken down further, 
each province can accelerate testing by 4 times to 

reach a total number of 100,000 individuals. In Riau 
Province, the implementation of the previous strategy 
took 9.1 months, then the innovative strategy can 
shorten the examination time to 2.3 months for 100,000 
samples with 46 RMT devices. 1,3 In fact, the province 
with the highest TB prevalence in Indonesia was able 
to complete 100,000 tests in 0.6 months with the 
implementation of the innovative strategy (Figure 4).
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Figure 4. Comparison of the time required for each province based on the number of MRT instruments between 
the previous strategy and the innovative strategy. This figure presents a comparative analysis of the time needed 
to screen 100,000 individuals across various provinces, based on existing RMT device availability. The innovative 
pooling sputum strategy dramatically reduces the time required for large-scale screening, particularly in high-burden 
provinces, thus enabling more rapid identification and treatment of active TB cases.

Projected cost-effectiveness analysis for Indonesia
	 Based on the Technical Manual for Tuberculosis 
Testing Using GeneXpert Molecular Rapid Tests, 
the cost components of RMT testing are calculated 
based on the number of patients, including the cost 
of sending test samples to the laboratory and the cost 
of testing, with a total cost of IDR 50,000. 1,3 With the 
current screening strategy, the cost of conducting 
100,000 tests is assumed to be IDR 5 billion. However, 
with the implementation of the proposed screening 
innovation strategy, the cost is IDR 1.25 billion per 
100,000 screening tests. In addition, based on the 
theoretical study (Table 2), Indonesia can save costs 
with an average estimate of 36.71% by implementing 
the innovation strategy. If assumed based on the cost-
saving average, the cost incurred is 1.84 billion per 
100,000 tests.

Discussion 
	 These performance metrics meet the minimum 
requirements set by the WHO for TB diagnostic 
tests, which call for at least 80% sensitivity and 97% 
specificity.16 Even RT-PCR, the minimum proposed 
criteria have a sensitivity of 98.5% (95% CI: 97.5-99.5%) 
and specificity of 70% (95% CI: 65.8-74.2%). In fact, 
Sorsa and Kaso reported the sensitivity and specificity 
of GeneXpert to be 72-77% and 99% in smear-negative 
adults and 98-99% and 99-100% in smear-positive 
adults, respectively.22 When compared to the previous 
3 references, the pooling sputum method using Xpert 
MTB/RIF Ultra meets the specificity and sensitivity 
requirements to be implemented in the community. 
In fact, the specificity and sensitivity of the pooling 
sputum method are classified as very strong compared 
to Ag-RDT and RT-PCR in the COVID-19 case detection 
strategy.

Potential impact on TB case detection
	 The findings of this strategic review and 
analysis strongly suggest that pooling sputum is a 
transformative strategy for Indonesia’s TB control 
program. By increasing screening capacity fourfold, 
this approach directly addresses the critical issue of 
RMT underutilization. This acceleration in case finding 
is crucial for breaking chains of transmission, as each 
active TB case can infect 10-15 others annually. 
	 Under-reporting of TB is a major problem, as 
only 5.8 million individuals of the estimated 10 million 
individuals who developed TB were reported in 2020, 
and over 40% were missed by health services.23 In 
Indonesia, the number of people suspected of having 
TB who did not undergo laboratory testing was 23% or 
832,351 individuals.1,2

	 As explained in the feasibility and practicality 
section, the implementation of the innovative strategy 
can complete 100,000 tests with an average assumed 
time of 1.4 months per province, with the number of 
RMT instruments available. Compared to the previous 
strategy, which took 5.5 months per 100,000 tests per 
province. Thus, the implementation of the screening 
strategy using the pooling sputum method can save 
time by about 74.5%.
	 With the implementation of innovative strategies, 
individuals suspected of TB can be quickly identified in 
diverse and at-risk populations. Individuals found to be 
positive for TB in this screening method will be quickly 
treated, so that TB transmission can be suppressed 
in groups at risk of TB, such as family members, HIV 
sufferers, and others. By identifying suspected TB 
individuals, preventive measures can be taken for both 
suspected TB individuals and their populations.24 The 
speed of screening in innovative strategies will increase 
the percentage of new case finding in Indonesia, which 
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is targeted by 2030. Improvements in RMT screening 
capabilities and new case finding will negatively 
correlate with the increase in TB cases in Indonesia.

Implications for health inclusivity and equity
	 In most low-income countries, direct sputum 
smear microscopy is the mainstay of TB diagnostics, 
as this test is inexpensive and highly specific, but it 
has low to moderate sensitivity. Conversely, sputum 
culture, in particular, automated liquid culture, is the 
most sensitive and specific diagnostic tool available 
for TB and facilitates drug susceptibility testing. 
However, culture requires a laboratory infrastructure, 
including biosafety equipment, not widely available 
in low-resource settings, and results typically take 2 
to 6 weeks and, therefore, are rarely helpful for initial 
treatment decisions.9 If sputum smear microscopy and 
culture are maintained to achieve 90% case finding in 
low-income countries, the speed of TB transmission 
will defeat this ambition. Therefore, the proposed 
innovation strategy that is fast and cheap can be a 
solution for low-income countries.
	 As this innovation strategy emphasizes screening 
using a pooling sputum method more quickly 
and economically, all levels of society have equal 
opportunity and a greater chance of detection. The 
innovation strategy can still be applied to both high 
and low prevalence population groups. There was no 
significant difference in the results of the two groups 
(Table 3).
	 In populations with the least number of devices, 
for example, North Kalimantan Province, which only 
has 14 devices, and Bengkulu, which has the lowest 
RMT utility, this innovation strategy can improve device 
performance 4 times faster and the number of tests 4 
times more. A simulation of the improvement in time 
and number of tests in implementing the innovative 
strategy can be seen in Figures 3 and 4. Thus, equitable 
health services at every level of society can be achieved.

Limitations
	 The authors acknowledge several limitations. First, 
as this analysis relies on projections from secondary 
data, the actual operational performance may vary. 
Second, the cost-saving and diagnostic accuracy data 
were derived from studies conducted in other countries 
and require validation through a pilot study within the 
Indonesian healthcare system. Third, the analysis does 
not quantify the potential for reduced sensitivity due 
to sample dilution (the “dilution effect”)9, especially 
in cases with low bacterial loads. Finally, the logistical 
complexity of implementation, including staff training 
and sample tracking, presents an operational hurdle 
that requires careful planning. 

Conclusion
	 This strategic review and cost-effectiveness 
analysis demonstrates that the implementation of a 
pooling sputum strategy holds substantial potential 

to overcome critical barriers in Indonesia’s TB control 
program. Based on strong evidence from international 
literature, the method is highly accurate and cost-
effective, particularly in lower-prevalence settings. 
The projected fourfold increase in screening capacity, 
significant time reduction for mass screening, and 
considerable cost savings present a compelling case 
for its adoption. For Indonesia, a country struggling with 
RMT underutilization and a significant TB burden, these 
findings are highly relevant. While logistical challenges 
must be addressed, the evidence strongly supports the 
consideration and piloting of pooling sputum as a core 
component of Indonesia’s national TB control strategy. 
To translate these promising projections into practice, 
we strongly recommend conducting a pilot study in 
diverse Indonesian settings to validate the findings and 
assess operational feasibility for a national scale-up. 
Adoption of this innovative approach could be a pivotal 
step in accelerating Indonesia’s progress toward its 
2030 TB elimination goals. 

Ethical approval
	 This article is an analysis based on publicly 
available data and did not involve the collection of 
primary data from human participants or animals. 
Therefore, ethical approval was not required.

Funding
	 This research received no specific grant from any 
funding agency in the public, commercial, or not-for-
profit sectors.

Conflict of interest
The authors declare no conflicts of interest related to 
the content of this manuscript.

CRediT authorship contribution statement
	 Febri Sembiring: conceptualization, methodology, 
formal analysis, writing: original draft; Hafizah Ilmi 
Sufa: data curation, visualization; Yuli Yantika 
Syahputri and Wardati Humaira: validation, writing:  
original draft.

Acknowledgements
	 Special thanks to all professionals and researchers 
whose published work has supported the evidence-
based foundation of this article.

References
[1]	 Indonesian Government, Ministry of Health.  

Tuberculosis control program report. 2022 Available 
from: https://tbindonesia.or.id/wp-content/uploads/ 
2023/09/Laporan-Tahunan-Program-TBC-2022.pdf.

[2]	 Indonesian Government, Ministry of Health. 
Through the 4th INA - TIME 2022 Activity, Minister 
of  Health Budi requests 90% of TB patients can be 
detected in 2030. 2023 Available from: http://p2p.
kemkes.go.id/melalui-ina-time2022-ke-4-menkes- 
budi-minta-90-penderitatbc-dapat-terdeteksi-di- 



Sembiring F. et al.  Journal of Associated Medical Sciences 2026; 59(1): 191-200 199

tahun-2024.
[3]	 Indonesian Government, Ministry of Health. 

Technical manual for tuberculosis testing using 
GeneXpert molecular rapid test. 2023 Available  
from: https://tbindonesia.or.id/wp-content/uploads/ 
2024/02/Buku-Petunjuk-Teknis-Pemeriksaan- TBC- 
Menggunakan-Alat-RMT-GeneXpert_2023.pdf.

[4]	 Ahmed N, Hasnain SE. Molecular epidemiology of 
tuberculosis in India: Moving forward with a systems 
biology approach. Tuberculosis. 2011; 91(5): 407-
13. doi: 10.1016/j.tube.2011.03.006. 

[5]	 McCreesh N, White RG. An explanation for the 
low proportion of tuberculosis that results from  
transmission between household and known  
social contacts. Sci Rep. 2018; 8: 5382. doi: 
10.1038/s41598-018-23797-2.

[6]	 World Health Organization. Tb reaches the 3 million 
find treat cure TB. 2014. Available from: http://www. 
stoptb.org/assets/documents/resources/publications/ 
acsm/WORLD_TB_DAY_BROCHURE_14March.pdf.

[7]	 Indonesian Government, The House of Representatives. 
DPR members appreciate increased budget for TB 
control. 2021. Available from:  https://www.dpr.go.id/ 
berita/detail/id/29969/t/Anggota+DPR+Appreciates+ 
Increased+Budget+for+TB+Control.

[8]	 The Conversation. Indonesia needs to triple funding 
to control tuberculosis - Here’s a start. 2023.  
Available from: https://theconversation.com/indonesia- 
perlu-tingkatkan-pendanaan-tiga-kali-lipat-untuk- 
kendalikan-tuberkulosis-inilah-awal-yang-harus- 
dilakukan-216266.

[9]	 Cuevas LE, Santos VS, Almeida LSVM, et al. 
Systematic review of pooling sputum as an efficient 
method for Xpert MTB/RIF tuberculosis testing 
during the COVID-19 pandemic. Emerg Infect Dis. 
2021; 27(3): 1-9. doi: 10.3201/eid2703.204090.

[10]	 Santos VS, Allgayer MF, Kontogianni K, Rocha 
JE, et al. Pooling of sputum samples to increase 
tuberculosis diagnostic capacity in Brazil during 
the COVID-19 pandemic. Int J Infect Dis. 2023; 
129: 10-4. doi: 10.1016/j.ijid.2023.01.009.

[11]	 Zishiri V, Chihota V, McCarthy K, Charalambous S, 
Churchyard GJ, Hoffmann CJ. Pooling sputum from 
multiple individuals for Xpert® MTB/ RIF testing: A 
strategy for screening high-risk populations. Int J 
Tuberc Lung Dis. 2015; 19(1): 87-90. doi: 10.5588/
ijtld.14.0372.

[12]	 Dos Santos PC P, da Silva Santos A, de Oliveira RD, 
et al. Pooling sputum samples for efficient mass 
tuberculosis screening in prisons. Clin Infect Dis. 
2022; 74(12): 2115-21. doi: 10.1093/cid/ciab847.

[13]	 Iem V, Chittamany P, Suthepmany S , et al. Pooled 
testing of sputum with Xpert MTB/RIF and Xpert 
Ultra during tuberculosis active case finding 
campaigns in Lao People’s Democratic Republic. 
BMJ Global Health. 2022; 7(2): e007592. doi: 
10.1136/bmjgh-2021-007592.

[14]	 Phuong NTB, Anh NT, Van SN, et al. Effect of two 
alternative methods of pooling sputum prior to 

testing for tuberculosis with Genexpert MTB/
RIF. BMC Infect Dis. 2019; 19: 347. doi: 10.1186/
s12879-019-3778-9.

[15]	 Zeng J, Huang H, Liu X. et al. Pooling sputum 
samples for the Xpert MTB/RIF assay: A 
practical screening strategy for highly infectious 
tuberculosis cases. BMC Infect Dis. 2024; 24: 122. 
doi: 10.1186/s12879-024-09020-w.

[16]	 World Health Organization. Antigen-detection 
in the diagnosis of SARS-CoV-2 infection: 
Emergencies preparedness, WHO Headquarters 
(HQ). 2021. Available from: https://www.who.
int/publications/i/item/antigen-detection-in-the-
diagnosis-of-sars-cov-2infection-using-rapid-
immunoassays.

[17]	 Iem V, Bimba JS, Santos VS. et al. Pooling sputum 
testing to diagnose tuberculosis using Xpert MTB/
RIF and Xpert Ultra: A cost-effectiveness analysis. 
BMC Infect Dis. 2023; 23: 341. doi: 10.1186/s12879- 
023-08330-9.

[18]	 Abdurrahman ST, Mbanaso O, Lawson L, et al. 
Testing pooled sputum with Xpert MTB/RIF for 
diagnosis of pulmonary tuberculosis to increase 
affordability in low-income countries. J Clin 
Microbiol. 2015; 53(8): 2502-8. doi: 10.1128/JCM. 
00864-15.

[19]	 Vuchas C, Teyim P, Dang BF, et al. Implementation 
of large-scale pooled testing to increase 
rapid molecular diagnostic test coverage for 
tuberculosis: a retrospective evaluation. Sci Rep. 
2023; 13(1): 15358. doi: 10.1038/s41598-023-
41904-w.

[20]	 Chry M, Smelyanskaya M, Ky M, et al. Can the high 
sensitivity of Xpert MTB/RIF Ultra be harnessed 
to save cartridge costs? Results from a pooled 
sputum evaluation in Cambodia. Trop Med Infect. 
2020; 5 : 27. doi: 10.3390/tropicalmed5010027.

[21]	 Ma Z, Zhang L, Li S, et al. Pooled sputum testing by 
Xpert® MTB/RIF Ultra for active tuberculosis case 
finding among high-risk groups in a low-incidence 
area: A prospective study. Infect Dis. 2024; 56 (6): 
434-40. doi: 10.1080/23744235.2024.2320324.

[22]	 Sorsa A, Kaso M. Diagnostic performance of 
GeneXpert in tuberculosis-HIV Co-infected 
patients at Asella Teaching and Referral Hospital, 
Southeastern Ethiopia: A cross sectional study. 
PLoS ONE. 2021; 16(1): e0242205. doi: 10.1371/
journal.pone.0242205.

[23]	 World Health Organization. Global tuberculosis 
report 2021. 2022. Available from: https://www.
who.int/publications/i/item/9789240037021.

[24]	 World Health Organization. Tuberculosis key 
facts. 2022. Available from: https://www.who.
int/indonesia/news/campaign/tb-day-2022/fact-
sheets.

[25]	 Abdurrahman ST, Mbanaso O, Lawson L, et al. 
Testing Pooled Sputum with Xpert MTB/RIF for 
diagnosis of pulmonary tuberculosis to increase 
affordability in low-income countries. J Clin 



Sembiring F. et al.  Journal of Associated Medical Sciences 2026; 59(1): 191-200200

Microbiol. 2015; 53(8): 2502-8. doi: 10.1128/
JCM.00864-15.

[26]	 Vuchas C, Teyim P, Dang BF, et al. Implementation 
of large-scale pooled testing to increase rapid 
molecular diagnostic test coverage for tuberculosis: 
a retrospective evaluation. Sci Rep. 2023; 13(1): 
15358. doi: 10.1038/s41598-023-41904-w.

[27]	 Chry M, Smelyanskaya M, Ky M, et al. Can the High 
Sensitivity of Xpert MTB/RIF Ultra Be Harnessed 
to save cartridge costs? Results from a pooled 
sputum evaluation in Cambodia. Trop Med Infect. 
2020; 5: 27. doi: 10.3390/tropicalmed5010027

[28]	 Ma Z, Zhang L, Li S, , et al. Pooled sputum testing by 
Xpert® MTB/RIF Ultra for active tuberculosis case 
finding among high-risk groups in a low-incidence 

area: A prospective study. Infect Dis. 2024; 56 (6): 
434-440. doi: 10.1080/23744235.2024.2320324.

[29]	 Sorsa A, Kaso M. Diagnostic performance of 
GeneXpert in tuberculosis-HIV co-infected 
patients at Asella Teaching and Referral Hospital, 
Southeastern Ethiopia: A cross sectional study. 
PLoS ONE. 2021; 16(1): e0242205. doi: 10.1371/
journal.pone.0242205.

[30]	 World Health Organization. Global tuberculosis 
report 2021. 2022. Available from: https://www.
who.int/publications/i/item/9789240037021.

[31]	 World Health Organization. Tuberculosis key 
facts. 2022. Available from: https://www.who.
int/indonesia/news/campaign/tb-day-2022/fact-
sheets.



Pookkapund S.  Journal of Associated Medical Sciences 2026; 59(1): 201-209 201Journal of Associated Medical Sciences 2026; 59(1): 201-209

Scopus Indexed & Thai-Journal Citation Index Centre (TCI)

Journal of Associated Medical Sciences
Journal homepage: https://www.tci-thaijo.org/index.php/bulletinAMS/index

Evaluation of automated flow cytometer single-platform for absolute 
CD4+ T-lymphocytes enumeration in HIV patients, Trat Province, Thailand
Sirichai Pookkapund
Division of Virology, Medical Technology Department, Trat Hospital, Trat Province, Thailand.

ARTICLE INFO

Article history:
Received 11 February 2025
Accepted as revised 25 November 2025
Available online 11 December 2025

Keywords:
CD4+ T-lymphocyte, single-platform, 
dual-platform, flow cytometer.

ABSTRACT

Background: The routine analysis of CD4+ T-lymphocyte percentages and 
absolute counts in HIV patients commonly employs the dual-platform method 
(blood cell analyzer and flow cytometer). However, variability related to 
equipment, methodology, or operator performance may affect accuracy. This 
study introduces the single-platform method, which relies solely on a flow 
cytometer to reduce variability, streamline workflow, and shorten turnaround 
times, in alignment with the Rational Laboratory Use guidelines of the 
Department of Medical Sciences, Ministry of Public Health.

Objectives: To evaluate and compare the single-platform and dual-platform 
methods for determining CD4+ T-lymphocyte percentages and absolute counts.

Materials and methods: The study was conducted from January 24 to November  
29, 2024, encompassing the entire research process — from conceptual  
development, problem analysis, and study design to data collection, statistical 
analysis, interpretation, and application of findings. Routine diagnostic data 
were collected from HIV-infected patients in Trat Province, Thailand, between 
April 1 and July 31, 2024, as part of the data collection phase. Samples were 
analyzed using a semi-automated blood cell analyzer and a flow cytometer, 
and results were compared with those obtained using the single-platform 
method, which employed only the flow cytometer. Statistical analyses were 
performed to assess the accuracy, precision, and reliability of the single- 
platform method compared with the conventional approach. Descriptive  
statistics, correlation, linear regression, and Bland–Altman analysis were 
applied to evaluate agreement and systematic bias. All statistical tests were 
conducted at a 95% confidence interval, with p-values <0.05 considered  
statistically significant.

Results: Both methods produced data that followed a normal distribution 
(Kolmogorov–Smirnov test; p>0.05). Correlation coefficients demonstrated 
excellent agreement for CD4+ T-lymphocyte percentages (r=0.9914) and  
absolute counts (r=0.9697). Linear regression analysis showed a strong  
association, with r²=0.9403 for absolute counts. Bland–Altman analysis  
indicated a mean difference of 61.06 cells/µL (95% CI: -73.91 to 196.04), with 
most values falling within the confidence limits. Among patients with CD4+ 
T-lymphocyte percentages ≤ 20%, the mean difference was 28.56 cells/µL 
(95% CI: -61.98 to 119.09). 

Conclusion: The single-platform method is comparable to the dual-platform 
method for analyzing CD4+ T-lymphocytes in HIV patients. Both methods 
demonstrated normal data distribution, confirming statistical robustness. 
High correlations for percentages and absolute counts ensured consistent 
and reliable results, while regression analysis indicated strong predictive  
capability of the single-platform method for dual-platform results. Bland– 
Altman analysis further confirmed the equivalence of the two methods,  
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supporting the reliability of the single-platform approach. Overall, the single- 
platform method offers a reliable and efficient alternative, reducing variability,  
workload, and turnaround time in laboratory settings while maintaining  
analytical accuracy.

Introduction 
	 The Joint United Nations Programme on HIV/AIDS 
(UNAIDS) has urged nations to intensify efforts to end 
the HIV/AIDS epidemic, following concerns that HIV  
services had been neglected during the COVID-19 crisis. 
If this trend continues, it could result in an estimated 7.7 
million deaths from HIV/AIDS over the next decade. In 
Thailand, during 2017–2018 and amidst the COVID-19 
outbreak, an average of 16 new HIV infections per day 
was reported, largely due to reduced testing and a  
decline in the number of patients receiving antiretroviral 
therapy. This rate remains below the UNAIDS target of 
eliminating AIDS by 2030. Despite this decline, UNAIDS 
remains concerned about achieving the goal.1 In 2023, 
Thailand reported approximately 436,170 people living 
with HIV, 2,503 AIDS-related deaths, and 4,148 new HIV 
cases. Key affected populations include men who have 
sex with men, transgender individuals, people who inject 
drugs, and individuals engaging in unprotected sexual 
activities. In Health Region 6, about 50,090 people were 
living with HIV, with 655 new cases and 1,458 AIDS- 
related deaths. Chonburi Province reported the highest 
number of new cases (~360) and the largest number of 
people living with HIV (~18,226). In comparison, Trat 
Province reported 18 new HIV cases and 2,302 people 
living with HIV.2 These statistics underscore the need 
for ongoing diagnostic testing and treatment.
	 CD4+ T-lymphocyte testing measures both the  
absolute count and the percentage of CD4+ T-lymphocytes 
in blood. Flow cytometry has been developed as a  
diagnostic tool for determining CD4+ T-lymphocyte 
counts.3 This system functions by detecting cells in  
suspension as they pass through a laser beam, where 
light scattering and fluorescence signals emitted by 
labeled cells are detected by sensors and analyzed 
by computer systems.4 Absolute CD4+ T-lymphocyte 
counts are critical for disease prognosis, clinical decision- 
making, and monitoring antiretroviral therapy (ART)  
outcomes.5 Current measurements typically require 
data from both flow cytometers and blood cell analyzers.  
The latter provides complete blood count (CBC)  
parameters, including white blood cell (WBC) count 
and lymphocyte percentage (% lymphocyte), which 
are incorporated into CD4+ percentages calculations.6 
However, reliance on two instruments often leads to 
delays, particularly during urgent testing or when CBC 
workloads are high. Accuracy may also be compromised  
by differences in analyzer models or testing methodologies. 
Testing costs are approximately 23 THB per CBC  
(government charge: 130 THB) and 125 THB for CD4+ 
testing (government charge: 900 THB).7,8 Physicians  
requiring both absolute and percentage CD4+ T-lymphocyte 
results must therefore request additional CBC tests, 
unnecessarily increasing costs.

	 International studies have explored alternative 
methodologies for calculating absolute CD4+ T-lymphocyte 
counts without reliance on CBC results. The single- 
platform method, which relies solely on flow cytometry,  
has been introduced as an alternative to the  
conventional dual-platform approach. This method 
offers advantages such as simplified workflows, reduced 
costs, and minimized errors associated with multi- 
instrument dependency.9

	 In Thailand, research institutions and major hospitals 
equipped with flow cytometers have begun evaluating 
single-platform and dual-platform methods.10 These 
assessments focus on accuracy, precision, processing 
efficiency, and cost-effectiveness. The single-platform 
method employs polymer beads of known size and 
concentration, which are mixed with patient samples to 
determine CD4+ percentages. Through light scattering 
and fluorescence detection, flow cytometers directly 
measure CD4+ T-lymphocyte counts without reliance on 
WBC counts and % lymphocytes, thereby streamlining 
the analytical process.11 Successful implementation 
of single-platform testing requires skilled personnel, 
high-precision equipment, and meticulous sample 
preparation to ensure accurate and reliable results.12 
Although both international and domestic studies  
indicate promising outcomes, single-platform methods 
are not yet widely accepted due to limited research  
validating their reliability. Given these potential benefits, 
the present study aims to compare single-platform and 
dual-platform methods for measuring both absolute 
counts and percentages of CD4+ T-lymphocytes.

Materials and methods
Sample collection and preparation
	 A total of 865 whole blood samples (3 mL, EDTA-
anticoagulated) were collected from HIV-infected 
patients in Trat Province between April 1, 2024, and 
July 31, 2024, for the analysis of CD4+ T-lymphocyte 
percentages and absolute counts. All sample collection 
and analyses were conducted at the Division of Virology, 
Department of Medical Technology, Trat Hospital. White 
blood cell counts and lymphocyte percentages were 
obtained using a semi-automated hematology analyzer 
UniCel DxH 900 (Beckman Coulter, USA) while CD4+ 
T-lymphocyte counts and percentages were measured 
with a flow cytometer Cytomics FC500 (Beckman 
Coulter, USA). All analytical procedures were validated 
through rigorous quality control measures.
	 For immune-phenotyping, each EDTA-treated whole 
blood sample was stained with the monoclonal antibody 
CYTO-STAT® triCHROME™ CD45-FITC/CD4-RD1/CD3-PC5 
(Beckman Coulter, USA). The immunophenotyping 
procedure involved mixing 10µL of antibody with 
100µL of whole blood in a 12×75 mm plastic tube, 
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followed by thorough mixing using a vortex mixer. 
The stained samples were then processed using the  
TQ-Prep™ Workstation and the IMMUNOPREP Reagent 
System (Beckman Coulter, USA) for automated sample 
preparation. Subsequently, the prepared samples were 
analyzed by flow cytometry using two distinct analytical 
methods.

Method 1: Dual-platform technique
	 A total of 100µL of EDTA-treated whole blood was 
stained with 10µL of CYTO-STAT® triCHROME™ reagent 

(Beckman Coulter, USA). The samples were incubated 
for 10 minutes at room temperature (20–25°C) in the 
dark to allow adequate antibody binding, ensuring 
reproducibility and standardization. Red blood cells 
were lysed using the lyse–no-wash protocol with 
the TQ-Prep™ Workstation. The prepared samples 
were then analyzed on a flow cytometer Cytomics 
FC500 (Beckman Coulter, USA). The gating strategy 
for identifying lymphocyte populations and CD4+ 
T-lymphocyte subsets is shown in Figure 1.

Figure 1. CD45/SSC and CD3/CD4-based gating strategy for dual-platform CD4+ T-lymphocyte enumeration. 
A: lymphocyte populations were gated by plot of CD45 against SSC. Lymphocytes are low side scatter and have 
high CD45, B: CD4+ T-lymphocyte (%) in lymphocyte populations were analyzed by plotting CD3 against CD4. CD4+ 
T-lymphocyte are positive with CD3 and CD4 (A2 quadrant). Absolute CD4+ T-lymphocyte count derived from % CD4+ 
T-lymphocyte x %lymphocyte x WBC count/10,000 (%CD4+ T-lymphocyte from flow cytometer, %lymphocyte and 
WBC count from hematology analyzer).
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Method 2: Single-platform technique 
	 CD4+ T-lymphocytes were stained using the same 
protocol as in the dual-platform technique. After red 
blood cell lysis, 100 µL of Flow-Set™ Fluorospheres 
(Beckman Coulter, USA) was added to an equal volume 

(100µL) of blood sample. The prepared samples 
were then analyzed on a flow cytometer Cytomics 
FC500 (Beckman Coulter, USA). The bead-based 
gating strategy used for absolute CD4+ T-lymphocyte 
enumeration is presented in Figure 2.

Figure 2. Bead-based gating procedure for absolute CD4+ T-lymphocyte enumeration using Flow-Set™ 
Fluorospheres. The beads contain fluorescent polystyrene particles that emit at 525-700 nm when excited at 488 
nm. The fluorescence signal was detected through the FL3 (ECD) channel using a 610-nm long-pass filter. A: Flow-
SetTM Fluorospheres were primary gated by plot of SSC against FL3 (gate C). The fluorospheres from cell events 
could be separatedroughly, B: only singlet beads were gated from gate C events by plot of FSC against FL3 (gate 
G), C: lymphocyte populations were gated by plotting CD45 against SSC. In gate D, the pink events are Flow-SetTM 
Fluorospheres. (D) %CD4+ T-lymphocyte cell events in A2 quadrant were interested. Absolute CD4+ T-lymphocyte 
count derived from (CD4+ T-lymphocyte events x bead concentration) / bead events.

Data analysis 
	 Statistical analyses were conducted using Microsoft 
Excel 2013. For each variable, the mean and SD were 
calculated. Normality of data distribution was assessed 
using the Kolmogorov-Smirnov test prior to performing 
correlation and linear regression analyses. The correlation 
between absolute CD4+ T-lymphocyte counts and  
percentages obtained from the dual-platform and  
single-platform methods was evaluated using Pearson’s 
correlation coefficient (r). Linear regression analysis 
was employed to examine the linear relationship between 
the absolute CD4+ T-lymphocyte counts obtained from 

both methods. Additionally, Bland-Altman plots were 
used to assess the agreement between the two methods. 
The results were presented as the mean bias and limits 
of agreement (LOA) to determine whether the methods 
could be used interchangeably. 

Results
	 The percentage and absolute counts of CD4+ 
T-lymphocytes were measured in 865 blood samples 
from patients using the single-platform volumetric flow 
cytometry method with the FC-500 flow cytometer. The 
results were then compared with those obtained using 
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the standard dual-platform flow cytometry method in 
conjunction with the semi-automated blood cell analyzer 
UniCel DxH 900. The findings of this study are presented 
as follows.

Data distribution testing
	 The results of the data distribution analysis are 
presented in Table 1.
	 As summarized in Table 1, all parameters followed a 
normal distribution (Kolmogorov-Smirnov test, p>0.05). 
A normality distribution analysis was conducted on the 
percentage and absolute values of CD4+ T-lymphocytes 

obtained from HIV patients in Trat Province who submitted 
samples to the Medical Technology Department at 
Trat Hospital. The Kolmogorov-Smirnov (K-S) test was 
applied to assess data normality. The K-S test values 
for single-platform %CD4+, dual-platform %CD4+, single- 
platform absolute CD4+ T-lymphocyte count, and dual- 
platform absolute CD4+ T-lymphocyte Count were 
0.153, 0.109, 0.308, and 0.207, respectively. All values 
exceeded the critical threshold at the 0.05 significance 
level, confirming that the data for all four parameters 
followed a normal distribution.

Table 1. Statistical analysis and Kolmogorov–Smirnov test of samples.

Measurement parameter N Mean SD Kolmogorov–Smirnov 
test (K-S Test)

p value
(N>40)

Single-platform %CD4+ 865 25.0229 8.9762 0.153 0.05

Dual-platform %CD4+ 865 25.0090 9.0796 0.109 0.05

Single-platform absolute CD4+ count 865 490.00 241.46 0.308 0.05

Dual-platform absolute CD4+ count 865 551.18 269.69 0.207 0.05

Table 2. Pearson correlation coefficient analysis of single and dual-platform methods.

Variable Single-platform 
%CD4+

Single-platform absolute 
CD4+

Single-platform %CD4+ 1.0000

Single-platform absolute CD4+ 0.7315 1.0000

Dual-platform %CD4+ 0.9914 0.7233

Dual-platform absolute CD4+ 0.7430 0.9697

The correlation analysis 
	 Correlation analysis was conducted to evaluate 
the relationship between single- platform %CD4+,  
dual-platform %CD4+, single-platform absolute CD4+ 

T-lymphocyte count, and dual-platform absolute CD4+ 
T-lymphocyte Count. The correlation coefficients (r)  
obtained from the statistical tests are presented in Table 2.

	 The statistical analysis demonstrated a strong 
correlation between the two methods for measuring 
the percentage of CD4+ T-lymphocytes, with a correlation 
coefficient (r) of 0.9914. Similarly, the analysis of absolute 
CD4+ T-lymphocyte counts using both methods exhibited 
a very high correlation, yielding a correlation coefficient 
(r) of 0.9697. The correlation coefficients are presented 
in Table 2 and illustrated in Figure 3, showing excellent 
agreement between single- and dual-platform methods.

The linear regression 
	 Statistical analysis using linear regression  
demonstrated a strong correlation between the single-  
platform absolute CD4+ T-lymphocyte count and the 
dual-platform absolute CD4+ T-lymphocyte Count, 
with an R² value of 0.9403. The regression analysis  
demonstrated a strong relationship between the two 
methods, as illustrated in Figure 3B.
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Figure 3. Correlation analysis of CD4+ T-lymphocyte values obtained using the single-platform and dual-platform  
techniques. A: scatter plot illustrating the correlation between CD4+ T-lymphocyte percentages measured by both 
methods, B: scatter plot depicting the relationship between absolute CD4+ T-lymphocyte counts from the two  
analytical approaches.
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Bland-Altman plot analysis 
	 Analysis of the single-platform and dual-platform 
absolute CD4+ T-lymphocyte counts using the Bland- 
Altman method revealed that the mean differences 
for both the percentage and absolute values of CD4+ 
T-lymphocytes were predominantly within the 95% 

confidence interval (95% CI). For the absolute CD4+ 
T-lymphocyte count, the mean difference was 61.06 
cells/µL, with a 95% CI ranging from -73.91 to 196.04 
cells/µL. The Bland-Altman plot in Figure 4 confirms 
that most values lie within the 95% confidence interval, 
with a mean bias of 61.06 cells/µL.

 

	 When considering the analysis of absolute CD4+ 
T-lymphocyte count from a sample of 246 participants 
with a CD4+ percentage ≤20%, who represent a target 
group requiring close monitoring and timely treatment, 
using a Bland-Altman plot, the mean difference was 
found to be 28.56 cells/µL (95% CI: -61.98 to 119.09) 

For patients with CD4+ T-lymphocyte percentages 
≤20%, the Bland-Altman analysis (see Figure 5) 
revealed a smaller mean difference of 28.56 cells/µL, 
with most results remaining within acceptable limits  
when compared to the normal CD4+ T-lymphocyte 
range (500-1500 cells/µL).13

Figure 4. Bland-Altman plot diagram analysis of absolute CD4+ T-lymphocyte count 
from single and dual-platform methods (N=865).
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Figure 5. Bland-Altman plot diagram of absolute CD4+ T-lymphocyte count analysis from single 
and dual-platform methods when %CD4+ ≤20% (N=246).

Discussion 
	 In Thailand, CD4+ T-lymphocyte enumeration 
remains a cornerstone of HIV patient management, 
guiding decisions on initiating antiretroviral therapy and 
preventing opportunistic infections. The conventional 
dual-platform technique, which integrates results from 
hematology analyzers and flow cytometers, has long 
been regarded as the standard approach. However, 
its reliance on multiple instruments, high costs, the 
requirement for skilled personnel, and stringent quality 
control procedures limit its accessibility in smaller 
hospitals and resource-limited laboratories. Moreover, 
variability arising from differences in reagents, instrument 
models, calibration methods, or operator performance 
can further undermine result reliability.
	 The single-platform method was evaluated in this 
study as a practical and efficient alternative. By relying 
solely on flow cytometry, this approach eliminates 
the need for complete blood count testing, thereby 
streamlining workflow, reducing analytical variability, 
shortening turnaround times, and lowering laboratory 
workload while maintaining high accuracy. International 
experience with volumetric flow cytometry supports its 

reliability, and in this study, polymer beads were used 
as standardized calibration materials. Their defined 
size and concentration served as a consistent internal 
reference, enhancing precision and reproducibility in 
CD4+ T-lymphocyte enumeration.
	 From an economic perspective, the single-
platform method offers distinct advantages. The 
estimated cost per test was approximately 125 THB, 
compared to 148 THB for the dual-platform approach, 
representing a cost reduction of approximately 15.5%. 
This cost-saving is particularly significant in resource-
limited settings, where efficient use of diagnostic 
resources is essential for sustaining HIV care programs. 
The robustness of this approach is further supported 
by the strong correlation and agreement observed 
between the two methods, as illustrated in Table 2 
and Figures 3-5, which together provide consistent 
evidence confirming the reliability of the single-
platform technique.
	 Taken together, these findings suggest that the 
single-platform method yields results that are clinically 
comparable to those obtained with the dual-platform 
approach, while also providing operational and economic 
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benefits. Nonetheless, challenges remain, including the 
relatively high cost and limited availability of reagents, 
as well as the need for adequately trained personnel to 
ensure consistent implementation. Addressing these 
limitations will be essential for broader adoption.

Conclusion
	 In conclusion, the single-platform method 
represents a reliable, accurate, and cost-effective 
alternative for CD4+ T-lymphocyte monitoring in HIV-
infected patients. Its implementation has the potential 
to enhance laboratory efficiency, expand diagnostic 
accessibility, and support national strategies for 
strengthening HIV/AIDS management in Thailand.
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Background: Executive function (EF) undergoes rapid development during 
childhood and is shaped by parenting context. Parental subjective happiness 
has been linked to children’s socioemotional outcomes, but its long-term 
influence on EF remains unclear.

Objectives: To determine whether mothers’ and fathers’ subjective happiness 
at the child’s age of 7 predict the child’s EF at age 12, and to identify which 
facets of parental happiness (overall, relative, general, independent) are  
associated with later EF.

Materials and methods: A longitudinal cohort of 1 598 Korean families was 
drawn from the Education Panel Study on Korean Children. Parental happiness 
at baseline (child age 7) was assessed with the four-item Subjective Happiness 
Scale and classified into overall, relative, general, and independent domains. 
Children’s EF was measured five years later (age 12) using the 40-item 
Child-dolescent Self-Reported Executive Function Difficulty Screening 
Questionnaire (higher scores = better EF). One-way ANOVA tested EF differences 
across low, normal, and high parental happiness groups for each domain.

Results: Maternal overall, relative, and independent happiness at age 7 were 
each positively associated with children’s EF at age 12 (all p<0.05). In contrast, 
the corresponding paternal happiness domains showed no significant 
associations (p>0.20). For the general happiness domain-reflecting mood- 
related well-being both higher maternal and higher paternal scores predicted 
better child EF five years later (mother: F=5.34, p=0.005; father: F=3.04, 
p=0.048). Effect sizes were small to moderate (η²=0.01-0.04).

Conclusion: In this Korean cohort, maternal happiness exerted a broader 
and stronger influence on children’s later EF than paternal happiness, while 
both parents’ general (mood-related) happiness independently predicted EF. 
Interventions that enhance parental-particularly maternal-subjective happiness 
may yield downstream cognitive benefits for school-aged children.
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Introduction
Executive function includes neurophysiological, 

cognitive, and developmental elements, and is an 
essential behavioral function in daily life.1 The ability 
to predict, prepare, plan, and organize situations 
in advance, the ability to concentrate attention 
and maintain working memory to focus on specific 
activities according to situational demands, the ability 
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to control behavior, and emotions have been noted as 
key subfactors of executive function.2 These executive 
functions are activated and influenced by mental 
content, such as knowledge, beliefs, norms, values, 
and preferences, and understood as skills to achieve 
specific goals.3 As such, it is a higher cognitive and 
executive function that is not only related to cognitive 
processes important for the active regulation of 
thinking, behavior, and emotions but also to social-
emotional and behavioral areas. It can help one 
function adaptively in their environment.1,4

	 From a whole-life developmental perspective, 
children's executive functions are the developmental 
area with the greatest change during childhood, which 
a period in which self-regulation abilities expand 
and independence increases.5,6 A child's executive 
function plays an important role in experiencing and 
adapting to new challenges during the development 
process. The child's ability to control some of their 
reactions, pay attention to specific stimuli, and 
follow rules is the standard for executive function.7,8

The role of executive function is particularly important  
for school-age children because it is a time when 
they must adapt to a new social space called school, 
experience control and rules, and perform adaptation.9

Children's executive function is related to school  
adaptation, affects academic level and relationships 
with peers, and can reduce problem behaviors by 
reducing impulsive behavior.10 The higher the level of 
executive function, the higher the peer competence; 
further, the actual performance of executive function 
leads to smooth school adaptation through the child's 
self-efficacy.11 

Neurophysiologically, executive function is based on 
neural development in early life. The attachment 
created between parents and children, and parents’ 
nurturing behavior are important factors affecting 
their children’s neural development.12,13 In particular, 
the emotional bond between parents and children, 
and consistent parenting behavior are key factors.10 
During childhood, parents gradually change from 
providing physical to psychological help to their 
children while performing their parental roles. They  
become encouragers and helpers for their children, 
and provide them with emotional stability.14 

To provide appropriate psychological encouragement 
and support to children during this period, and become 
positive models, parents' psychological factors must 
first be healthy.15 Parental psychological factors are 
related to the subjective happiness perceived by parents. 
These factors can determine parents' parenting 
attitudes, and have a lasting impact on the health of 
the family and psychological stability of the children  
(14). One such important parental psychological factor 
is parents' subjective happiness. It is very important 
 because it affects parenting attitude and health; these 

are important for ensuring smooth interaction with 
their children while having the emotional stability of 
a caregiver. Crucially, parents’ subjective happiness 
can affect the psychological stability of their child.16

	 Furthermore, parents' subjective happiness is 
related to the child's peer competence and stable 
attachment with the child, and can improve family 
functioning. It reduces issues such as anxiety, depression,  
defiance, and aggression in children, and positively 
affects their executive function.14 In addition, when 
parents' subjective happiness improves, they engage 
in positive and responsive parenting behavior, and 
provide an environment that stimulates and supports 
their child's cognitive development. This helps the 
child in improving their executive function.10 In this way, 
parents' subjective happiness reduces parenting stress 
and improves children's executive function. Indeed, 
Hong and Moon (2019) show that the happiness felt by 
parents affects children's executive function.14

	 This brief review of prior research suggests that 
the subjective happiness of fathers and mothers can 
affect their children’s executive function. However, to the 
best of our knowledge, most studies focus on mothers. 
Moreover, few scholars independently analyze mothers 
and fathers. Next, recognizing changes in the  
development of children over time, who are constantly 
affected by the environment, is almost impossible 
because few studies individually analyze the type of 
subjective happiness of mothers and fathers. Finally, 
most research on the relationship between variables is 
cross-sectional in nature.

This study longitudinally analyzes the effect of 
mothers’ and fathers’ happiness when their children 
were in the first year of elementary school (7 years old) 
on the children’s executive function in the sixth year of 
elementary school (12 years old). The aim is to deter-
mine the causal relationship between parents' subjec-
tive happiness and children's executive function.

Materials and methods
Study subjects

This study was conducted by the Korean Institute 
of Child Care to analyze the effects of mothers' and 
fathers' happiness when their children were in the 
first grade of elementary school (7 years old) on the 
children's executive function in the sixth grade of 
elementary school (12 years old). Data from the Education 
Panel Study on Korean Children's 8th (7 years old) and 
13th years (12 years old) were used. 

Both parents and children were selected as the  
research subjects. The sociodemographic characteristics 
in Table 1 revealed that the gender ratio of children was 
tilted towards males. The most common age group of 
both mothers and fathers was the 30s. Finally, the highest 
proportion of both mothers and fathers were college 
graduates.
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Research tools
Parents’ subjective happiness

Parents' subjective happiness was measured by the 
mother and father questionnaires using the instrument 
developed by Lyubornirsky and Lepper (1999), and 
translated by the Korean Children's Panel researchers.17

The items for subjective happiness are “Overall, I am...,” 
“Compared to other people, I am...,” “Some people are 
very happy overall. No matter what happens, I tend to 
have fun without worrying about it. I am...,” and “Some 

people are very unhappy overall. They don’t seem happy, 
even though they are not particularly depressed.”  
In this study, 1 point, 2 points, and 3 points were 
made up of 1 point, 4 points, 5 points were made up 
of 2 points, 6 points, and 7 points were made up of 
3 points. The higher the total score, the higher the 
happiness. The Cronbach’s α values for the item 
reliabilities of mother’s and father’s happiness were 
0.87 and 0.85, respectively (Table 2).

Specification N %

Child Gender ratio
Male 817 51.1
Female 781 48.9

Mother

Age

Over 50 6 0.4
40-49 491 30.9
30-39 1075 67.6
29 or less 18 1.1

Education

Graduate school 93 5.8
University (4 years or higher) 599 37.7
College 435 27.4
High school 456 28.4
Middle school 7 0.5

Father

Age

Over 50 19 1.2
40-49 549 35.0
30-39 988 63.0
29 or less 10 0.6

Education

Graduate school 175 11.2
University (4 years or higher) 658 42.0
College 316 20.2
High school 410 26.2
Middle school 7 0.4

Table 1. Sociodemographic background of study subjects.

Variable Item Number of 
questions

Parental 
happiness

Overall happiness Overall, I am... 1
Relative happiness Compared to other people, I am... 1

General happiness
Some people are very happy overall. No 
matter what happens, I tend to have fun 
without worrying about it. I am...

1

Independent happiness
Some people are very unhappy overall. They 
don’t seem happy even though they are not 
particularly depressed. 

1

Entire 4

Table 2. Sociodemographic background of study subjects.

Oh S. et al. Journal of Associated Medical Sciences 2026; 59(1): 210-217
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Difference between parents' general well-being on 
child's executive function

Children’s executive function was evaluated using 
the Child-Adolescent Self-reported Executive Function 
Difficulty Screening Questionnaire developed by Song.18 
This scale comprises 40 questions in four areas: 11, 11, 
8, and 10 questions on planning-organizing, behavioral 
control, emotional control, and attention-concentration 
difficulties, respectively. Each question is rated on a 
Likert scale ranging from one to three points. The higher 
the score by reverse-coding partial questions, the higher 
the executive function of the child. The Cronbach's α 
was 0.94.

Statistical analysis
	 Data from the Korean Children's Panel were 
analyzed using SPSS 25.0 after obtaining IRB  
exemption approval from the Gangwon University 
Bioethics Committee (KWNURB-2023-06-009). First, 
to analyze the demographic background of the study 
subjects, a frequency analysis was conducted on 
their gender, age, age group, educational background, 
and age of the child. Next, the Cronbach's α was used 
to analyze the reliability of items on the happiness 
of mothers and fathers, and children's executive 

functions. Subsequently, ANOVA was conducted to 
analyze the effect of mothers’ and fathers’ happiness 
when the children were in the first grade (7 years old) 
of elementary school on their executive function in the 
sixth grade (12 years old).

Results
Differences in the overall happiness of parents on 
children's executive functions

The difference between the mother's overall 
happiness on children's executive function five years 
later is from "very unhappy" (2.34±0.39) to "normal" 
(2.48±0.33) and "very happy" (2.53±0.32) in the first 
grade of elementary school. The higher the overall 
happiness of the mother in the first grade of elementary 
school, the more significant the executive function of 
child in the sixth grade of elementary school five years 
later (Table 3).

The difference between the father's overall 
happiness on children's executive function five years 
later is "very unhappy" (2.55±0.27), followed by 
"normal" (2.48±0.33) and "very happy" (2.51±0.33). 
Notably, the father's overall happiness was  
insignificant for children’s executive function in the 
sixth grade of elementary school (Table 3).

Variable N Mean±SD F p Scheffe

Mother

Very unhappy 47 2.34±0.39

8.542 0.000* a<bNormal 607 2.48±0.33

Very happy 625 2.53±0.32

Father

Very unhappy 266 2.55±0.27

1.575 0.208 -Normal 556 2.48±0.33

Very happy 628 2.51±0.33
Note: *p<0.05

Table 3. The differences between parents’ overall happiness on children’s executive function after five years.

Differences in the relative happiness of parents on 
children's executive functions

The difference between the mother's relative 
happiness on children's executive function after five 
years is from "very unhappy" (2.38±0.37) to "normal" 
(2.49±0.33) and "very happy" (2.53±0.32) in the first 
grade of elementary school. The higher the mother's 
relative happiness in the first grade of elementary 
school, the more significant the executive function of 

sixth-grade elementary school children after five years 
(Table 4).

The difference between the father's relative hap-
piness on the child's executive function after five years 
was “very unhappy” (2.54±0.31), “normal” (2.48±0.33), 
and “very happy” (2.51±0.32). Thus, the father's relative 
happiness was not significantly related with the child's 
executive function after five years (Table 4).
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Differences between parents' general well-being on 
children's executive functions

The difference between the mother's general 
happiness on the executive function of children five 
years later is from "very unhappy person" (2.42±0.33) 
to "normal person" (2.53±0.32) and "very happy person" 
(2.53±0.32). The higher the mother's third happiness 
in the first grade of elementary school, the better the 
executive function of the sixth-grade elementary 

school children five years later (Table 5, Figure 3). The 
difference between father's general happiness on 
children's executive function after five years was "very 
unhappy" (2.43±0.33), "normal" (2.49±0.33), and 
"very happy" (2.52±0.32). Thus, the higher the father's 
general happiness, the better the executive function of 
sixth-grade elementary school children after five years 
(Table 5).

Table 4. The differences between the relative happiness of mothers and fathers on the executive function of 
their children after five years

Table 5. The differences in the general happiness of the mother and father on the executive function of their 
children after five years.

Differences in parents' independent happiness on 
children's executive function

The difference between mother's independent 
happiness on children's executive function five years 
later is from "very unhappy" (2.47±0.35) to "very happy" 
(2.47±0.34) and "very happy" (2.53±0.31) in the first 
grade of elementary school. The higher the mother's 
independent happiness in the first grade of elementary 
school, the more significant the executive function of 

sixth-grade elementary school children five years later 
(Table 6, Figure 4). The difference between the father's 
independent happiness on the child's executive function 
five years later was “very unhappy” (2.44±0.35), 
“normal” (2.49±0.33), and “very happy” (2.52±0.32). 
Thus, the father's independent happiness was not 
significantly related with the child's executive function 
five years later (Table 6).

Variable N Mean±SD F p Scheffe

Mother

Very unhappy 67 2.38±0.37

7.240 0.001* a<bNormal 626 2.49±0.33

Very happy 586 2.53±0.32

Father

Very unhappy 31 2.54±0.31

1.399 0.247 -Normal 596 2.48±0.33

Very happy 588 2.51±0.32
Note: *p<0.05

Variable N Mean±SD F p Scheffe

Mother

Very unhappy 100 2.42±0.33

8.542 0.000* a<bNormal 700 2.49±0.33

Very happy 479 2.53±0.32

Father

Very unhappy 70 2.43±0.33

1.575 0.208 -Normal 691 2.49±0.33

Very happy 454 2.52±0.32
Note: *p<0.05
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Table 6. The differences between the mother's and father's independent happiness on the executive function 
of their children five years later

Variable N Mean±SD F p Scheffe

Mother

Very unhappy 103 2.47±0.35

4.247 0.015* a<bNormal 537 2.47±0.34

Very happy 639 2.53±0.31

Father

Very unhappy 106 2.44±0.35

2.997 0.050 -Normal 535 2.49±0.33

Very happy 574 2.52±0.32

Discussion
Using data from the 8th and 13th years of the 

Education Panel Study on Korean Children, this study 
longitudinally analyzed the effect of parents’ happiness 
when their child was in the first grade of elementary 
school (7 years old) on the child’s executive function in 
the sixth grade (12 years old).
	 First, mothers’ overall and relative happiness 
showed a significant association with children's 
executive function, whereas fathers showed no 
association. Although fathers' participation in parenting 
has increased, they tend to be satisfied with supportive 
parenting. Hence, mothers are still more involved in 
the parenting process than fathers in Korean society.19 

Therefore, the degree of the mother’s happiness may 
have a greater impact on the child's executive function 
(20). These results are consistent with those of studies 
showing that mothers' overall and relative happiness 
affect their children's executive function.14,21,22

	 Second, both mothers’ and fathers’ general 
happiness showed significant correlations with 
children's executive function. This is a feeling of 
happiness related to depression. Depression, 
expressed as anxiety, sadness, and lethargy, does not 
appear only at a specific time but continues to appear 
throughout an individual’s life.23 Therefore, parents 
with depression may negatively affect family functioning. 
These results are consistent with studies showing the 
negative influence of parental depression on children's 
executive function.24-26

	 Third, mothers’ independent happiness was 
significantly correlated with children's executive 
function five years later, but fathers’ independent 
happiness was not. This is because independent 
happiness is a feeling of happiness related to self-esteem; 
hence, if one spends more time with their mother than 
their father, they will naturally imitate the mother's 
attitude and behavior, and will be greatly influenced by 
their mother in various ways.27

This study has several limitations. Besides parental 
psychological factors, factors related to the roles of 
family members, workplace, and social environment 
may also be important. However, we did not include 
these in our analysis. Additionally, due to the 

characteristics of panel research, questions about 
happiness were simplified; therefore, we could not 
consider various subdomains of happiness. Finally, 
this study focused only on childhood; further research 
is needed to explore the effects of parental happiness on 
children's executive function at different developmental 
stages.

Policy suggestions and implications
Using child panel survey data, this study attempted 

to provide clinicians with clinical evidence for intervention 
by analyzing the effects of differences in parental 
happiness on child executive function. The results 
revealed that the mother’s happiness is more important 
to the child’s executive function than the father’s  
happiness. Among the various feelings of happiness, 
overall and relative happiness emerged as the most 
important. National policies for mothers’ feelings will be 
important, especially activities to increase the mother's 
overall and relative happiness. In addition, further 
studies should be conducted based on other parameters 
and ages of children not considered here.

Conclusion
	 This study is valuable in that it longitudinally 
analyzed the effects of mothers’ and fathers’ happiness 
when their children were in the first grade (7 years old) 
on their children’s executive function in the sixth grade 
(12 years old). Since executive function develops  
continuously from infancy to adolescence, a longitudinal 
approach is useful for exploring mutual causal  
relationships over time.

This study holds academic significance as it 
identifies the longitudinal pathway through which 
parents' subjective happiness influences their 
children’s executive function. Furthermore, it reveals 
the heterogeneity in the relative influence of 
different happiness factors between mothers and 
fathers, emphasizing the need to consider both parental 
roles when designing interventions aimed at improving 
children’s executive function.
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Background: Scrub typhus a mite-borne disease is being reported across 
globe in increasing numbers in known endemic as well as non-endemic areas. 
Non-specific clinical manifestations make it one of the most underreported 
diseases. 

Objectives: Owing to the lack of adequate prevalence data from our region, 
the present study aims to denote the prevalence of scrub typhus in Odisha and 
factors associated with development of various complications of this disease.

Material and Methods: All patients who were clinically suspected as scrub 
typhus during the study period of one year coming to our hospital were tested 
for IgM antibodies against Orientia tsutsugamushi by commercially available 
enzyme-linked immunosorbent assay (ELISA) kit. Other common endemic 
diseases were ruled out by appropriate tests. Clinical data for admitted patients 
were obtained from case sheets. The patient demographics, treatment and 
laboratory data of the complicated and uncomplicated scrub typhus cases 
were noted. Data was entered in excel sheet and tabulated by SPSS software. 

Results: In the study among 2449 suspected cases, 398(16.3%) were positive 
for scrub typhus by IgM ELISA with peak incidence from August to November 
months. There was male preponderance of the illness with peak age of affection 
being 51-60 years. Eschar was noted only in 6 cases, and 49 cases went on to 
have various complications, commonest being meningoencephalitis. Mortality 
was very low in our study. Longer duration of fever before seeking treatment 
was significantly associated with development of complications. 

Conclusion: The prevalence of scrub typhus was 16.3 % among the study 
population. Taking scrub typhus diagnostics to the peripheral level is the need 
of the hour to ensure early diagnosis and prevent severe disease.
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Introduction
	 Scrub typhus is one of the important causes 
of acute febrile infectious illness globally. It is 
caused by bacteria named Orientia tsutsugamushi, 
other closely related species Candidatus Orientia 
chuto1and Candidatus Orientia chiloensis.2 It is 
transmitted by mite bite particularly from that of 
chigger of Leptotrombidium deliense in India. It is one 
of the world’s most underdiagnosed diseases and the 
burden of this disease is vastly underreported due to 
unavailability of adequate testing facilities, scarce 
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research and non-distinctive clinical manifestations. 
	 Every year about 1 million infected cases of scrub 
typhus are reported globally with mortality of around 
30% when not treated.3 The cases of scrub typhus in 
India is increasing steadily since past years and it is 
being detected outside the previous catchment areas. 
This is probably attributed to climate change and 
incessant travelling.
	 The present study aims to update the knowledge 
of prevalence of scrub typhus in our area and denote 
the significant risk factors associated with severe scrub 
typhus.

Materials and methods
Study setting
	 Present study was designed as a retrospective 
study from September 2023 to August 2024 in our 
tertiary care teaching hospital in Bhubaneswar, Odisha, 
India. This is a 1400-bedded hospital which caters 
mostly to the middle and lower socioeconomic status 
patients of the state. Odisha is a coastal state located 
in the eastern part of India.  The weather is humid for 
most of the months of the year and receives rainfall 
from mid-June to September and is pleasant to humid 
in winter months between December and March.

Sample collection
	 All patients who were suspected during the study 
period of having scrub typhus and were sent for IgM 
ELISA ( Scrub Typhus DetectTM IgM ELISA system, InBios 
International Inc.) for Orientia tsustugamushi to the 
central laboratory of our hospital were considered for 
the study. Central laboratory of the hospital receives 
samples from all the outpatient departments, wards 
and ICUs of the hospital and test are performed in 
house. The IgM ELISA is performed on the serum sample 
of the patients as per manufacturers’ instructions and 
quality control measures are taken care of for each run 
of the ELISA test.
	 Suspected case was defined as a patient having 
fever ≥5 days without any other etiology with/without 
eschar. Possible case was defined as a suspected 
case with OD>0.5 for IgM by ELISA. Confirmed case 
is a possible case which showed effervescence on 
treatment with doxycycline/ azithromycin. 
	 Patient data was collected from the lab register 
of the central laboratory and was used for finding 

the prevalence of the disease. Clinical data of the 
patients were extracted from the case sheets obtained 
from the medical record department for the possible 
scrub typhus patients admitted into wards or ICU and 
data was noted in a predesigned Performa. All these 
patients were evaluated for the demographics, clinical 
features, course in the hospital, laboratory parameters, 
treatment and various complications were carefully 
noted. Data for basic laboratory tests like complete 
blood count, renal function tests (blood urea and 
serum creatinine), blood glucose, and liver function 
tests serum bilirubin (direct and indirect), aspartate 
aminotransferase (AST), alanine aminotransferase 
(ALT) and alkaline phosphatase (ALP) was noted.

Exclusion criteria
	 Patients where tests for malaria, typhoid fever, 
dengue, leptospirosis, and pneumonia were positive 
and those where the cause of fever was known as any 
chronic illnesses, HIV or malignancy were excluded 
from the study.
	 Data thus obtained was entered in MS excel and 
analysis was done for various parameters. Qualitative 
variables were presented as frequency while 
quantitative variables were denoted with mean±SD. 
Associations was determined by using Chi-square 
test or Fisher’s exact test. Univariate and multivariate 
regression analysis was performed for the independent 
predictors of severity. The p<0.005 was considered 
as significant. All the statistics were done using SPSS 
software version 22.0 (SPSS Inc., Chicago, IL). 
	 The study was approved by the Ethics Committee 
of the hospital via Ref.no/IEC/IMS.SH/SOA/2O23/523. 
Dt- 2.5.23. The participant information was kept 
confidential. Because of the retrospective nature of the 
study, the diagnostic and treatment of the patients was 
not interfered in any way. 

Results
Prevalence of scrub typhus
	 During the study period total 2449, clinically 
suspected cases were received in the lab from which 
398 (16.3%) samples were positive by IgM ELISA taking 
a cut off OD of 0.5. Among this 339 (85.2%) were adults 
and 59 (14.8%) belonged to pediatric population of less 
than14 years. Mean and SD of the cut off OD of the 
cases was 2.13±1.64 (Figure 1).

Figure 1. Summary of the samples the study.
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Spatio-temporal distribution of cases
	 Scrub typhus cases are spread across the year 
except for winter months of December, January and 
February in our area. A rise in the number of cases from 
August was noted with peak incidence in November 

(Figure 2).
	 Similarly, the samples were mostly from Eastern 
part and the northern part of the state distributed 
across various districts as denoted in Figure 3.

Figure 2. Temporal distribution of scrub typhus cases in the study.

	 The samples were from Khordha (15.8%), Puri 
(10.8%), Nayagarh (12.1%) and Jajpur (7.8%) districts. 
The Southern and western districts of the state had a 
very little representation in our patient data. 

Demographics of the patients
	 Among the total positives included (204) 64.4% 
were males. Mean age of patients was 35.5±23 years 
and median age being 35 years. The commonest age 
group of afflictions of the patients was 51-60 (19.8 %) 
years followed by 31-40 (15.5%), 41-50 (15.8 %) and 
71-80 (18.5%) years.

Presenting symptoms
	 Fever was the most common presenting illness 
seen in 94.6% of patients. 65.8% of these patients 
presented to the hospital after 5 days fever. Mean 
duration of fever before presentation to the hospital 
was 8.4±6.8 days. Chill rigor was associated in 37.8% 
of cases. Other nonspecific presenting features were 
headache (27.9 %) and weakness (28.9%). Pain of the 
abdomen was noticed in about 38 % of patients while 
respiratory symptoms with breathlessness and cough 
were seen in 22.5 % and 35.8% cases respectively. 
Sensorial alteration was the presenting complaint in 
25.5 % cases (Table1). Mean duration of the hospital 
stay in the scrub typhus cases in our set up was 

Figure 3. Distribution of cases in the state.
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7.29±5.5 days median being 6 days. ICU stay was 
noted in 49 (24.01%) patients and mean duration of 
ICU stay was 1.01±2.1 days. Mortality was seen in 2(0.9 
%) of cases. Among the total cases (204), 49 (24.01%) 

Table1. Different presenting symptom of the cases (N=204).

Symptom Number 
(% total)

Complicated scrub 
typhus patients 

(% total)

Uncomplicated scrub 
typhus patients  

(% total)

Fever 193 (94.6) 98 97

Fever <5 days 66 (34.2) 30.6 33

Fever >5 days 127 (65.8) 69.4 64

Chill and rigor 73 (37.8) 69.4 45

Headache 57 (27.9) 20.4 28

Weakness 59 (28.9) 14.2 29

Joint pain 24 (11.8) 4.08 12

Breathlessness 46 (22.5) 26.5 15

Cough 73 (35.8) 36.7 37

Pain abdomen 77 (37.8) 2.9 38.1

Diarrhea 45 (22.1) 28.6 19

Vomiting 81 (39.7) 1.5 37

Altered sensorium 52 (25.5) 23 18.4

Eschar 8 (3.92) 6.1 6

Hepatomegaly 16 (7.8) 16.3 9

Splenomegaly 23 (11.3) 22.4 12

progressed to complicated or severe scrub typhus. 
Some patients developed more than one complication 
or organ system affection. The various complications 
are summarized in Table 2.

Table 2. Various complications encountered in severe scrub typhus cases in the study.

Complication Number (%)

Pneumonia 4 (8.1)

Acute kidney Injury 7 (14.2)

Anemia 1 (2.0)

Thrombocytopenia 1 (2.0)

Meningoencephalitis 14 (28.5)

Shock 12 (24.5)

Acute respiratory distress syndrome 4 (8.2)

Dyselectrolytemia 8 (16.3)

Myocarditis 2 (4.1)

GI bleeding 1 (2.0)

Hepatitis 6 (12.2)

MODS 3 (6.1)
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	 Fever was the commonest symptom in the scrub 
typhus patients. While weakness, myalgia or flu like 
illness was the predominant picture in uncomplicated 
cases, severe cases presented with chill rigor. Other 
features like shortness of breath; diarrhea was seen more 
often in complicated cases. The uncomplicated cases had 
cough with pain abdomen and vomiting (Table1).
	 The demographic data of severe and uncomplicated 
scrub typhus cases are compared in Table 3 and 4. 
There is no significant difference in the mean age and 
sex distribution of the severe and uncomplicated scrub 
patients. The duration of illness before seeking health 
care was significantly higher in severe scrub cases 
than their counterpart. The severe cases had higher 

association with diabetes mellitus and hypertension 
as co-morbidities. ICU stays and the duration was 
significantly higher in severe cases than uncomplicated 
ones. 
	 Among laboratory parameters, liver enzymes 
SGOT and SGPT was raised in significant number of 
uncomplicated and severe scrub typhus patients (89, 
79.6 for OT; 78, 73.4% for PT) respectively. Total bilirubin 
was raised in 23%, 97.9 % of uncomplicated and 
severe cases respectively while Alkaline phosphatase 
was raised to more than 140 IU in 30% and 34.7% 
respectively. Platelets less than 1 lakh/ were seen in 
31% and 30.6 % of uncomplicated and severe scrub 
cases.

Table 3. Demographic, clinical characteristics and laboratory findings on admission of the patients.

Severe scrub 
typhus

Uncomplicated 
scrub typhus

Demographic of the patients

     Age>60 (Mean±SD) 36.5±24.04 34.8±23.1

     Male:Female 1.45 2.13

     Duration of illness before admission 8.5±5.6 8.4±7.2

     Length of hospitalization (Mean±SD) 7.7±3.2 6.7±5.8

     Mean duration from disease onset to effective antibiotic therapy        
     (days)

9.73±5.8 10.23±3.7

     Mortality (% total) 2 (4.08%) 0 (0)

Underlying diseases

     Diabetes mellitus (%) 20.4 8

     Hypertension (%) 10.2 7

     Liver ailments (%) 0 0

     Lung disease (%) 0 0

     Alcoholism (%) 8.2 1

     Chronic kidney diseases (%) 2.04 1

     Heart disease (%) 0 1

     Sickle cell disease (%) 0 2

     ICU stay (%) 44.9 12

     Duration of ICU stay in days (Mean±SD) 2.08±2.9 0.49±1.35

     Mortality (%) 2 0

     Eschar (%) 4.08 6

Laboratory data

     Haemoglobin (gm/dL) 10.2±1.8 10.2±1.9

     Total leukocyte count (x103/ mm3) 8.8±5.8

     Total platelet count (x105/mm3) 2.3±6.8 1.9±1.9

     Total bilirubin (mg/dL) 4.2±15. 1.4±1.86

     Direct bilirubin (mg/dL) 2.23±14.9 1.75±10.2

     SGOT(IU) 95.2±53.7 125.6±290.5
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Severe scrub 
typhus

Uncomplicated 
scrub typhus

     SGPT (IU) 96.7±97 107.6±205.4

     ALP(IU/L) 147.7±105.2 126.5±118.9

     Urea (mg/dL) 44.9±44.7 26.2±24.5

     Creatinine (mg/dL) 2.33±6.8 4.7±15.2

     Mean OD 2.02±0.9 1.92±1.25

Table 4. Unadjusted relative risk and p value for selected factors on severe scrub typhus.

Severe scrub 
typhus

Uncomplicated 
scrub typhus Odds ratio p value

Demographic of the patients

     Age (Mean±SD)>60 17 32 1.03 0.681

     Male:Female 29:20 107:48 0.235

     Duration of illness before  
     admission 8.5±5.6 8.4±7.2 1.31 <0.001

     Length of hospitalization  
     (Mean±SD) 7.7±3.2 6.7±5.8 1.037 0.274

     Mean duration from disease  
     onset to effective antibiotic  
     therapy (days)

9.73±5.8 10.23±3.7 1.02 0.32

     Underlying diseases (diabetes,  
     liver cirrhosis, COPD) 38.8% 18% 1.365 0.036

     ICU stay (%) 44.9 12 1.569 <0.001

     Duration of ICU stay in days  
     (Mean±SD) 2.08±2.9 0.49±1.35 1.457 <0.001

     Eschar (%) 4.08 6 0.236 0.569

Laboratory data

     Hb (<10gm/dL) 7 47 0.995 0.955

     TLC (>10.0 x103/mm3) 6 30 1.001 0.162

     TPC (<1x105/mm3) 4 0 1.024 0.540

     Total bilirubin (>1.0 mg/dL) 5 47 1.092 0.083

     Direct bilirubin (>0.2 mg/dL) 8 78 1.010 0.482

     SGOT>40 IU 13 90 0.997 0.179

     SGPT>40 IU 12 78 0.999 0.507

     ALP (>200 U/L) 4 19 1.002 0.291

     Urea (>24 mg/dL) 11 34 2.018 0.001

     Creatinine (>1.4 mg/dL) 4 22 0.940 0.121

Discussion
	 A recent sero-epidemiological data showed 
that global pooled prevalence rate of scrub typhus 
in acute febrile illness was 24.93% 4 and that in Asia 
is 22.2%.5 There has been a significant increase in 

sero-prevalence of scrub typhus since 2010 and it 
is estimated to be about 30% in community set up in 
India.6 The epidemiology of scrub typhus varies as per 
change in climatic conditions and arthropod vector 
involved in transmission.7,8In India southern (55.5%) 

Table 3. Demographic, clinical characteristics and laboratory findings on admission of the patients. (Continue)
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and northern (31.5%) parts bear the major brunt 
of cases but, Eastern Indian literature is nominal.6 

In our study the prevalence of scrub typhus in clinically 
suspected cases was 16.3% similar to few other studies 
from Eastern India.9 Increased travel have expanded the 
reach of scrub typhus into previously unreported areas 
for scrub typhus.10 July to December months which 
correspond with monsoon and post-monsoon seasons 
correspond to high occurrences of scrub typhus cases in 
most of the states of India as in our case.9,11-13

	 Eschar is uncommon (9.5%-45%) in patients from 
Southeast Asia and Indian subcontinent,14,15 probably 
due to presence in areas of tight fitted clothing as 
well as dark complexion in Indian set up making 
their elucidation difficult. Absence of eschar is an 
independent predictive factor for fatal outcomes.16 

But, in the present study eschar was detected in 3.9% 
cases with no significant difference of its presence 
among severe and uncomplicated cases. Variation in 
prevalence of eschar is because of different infecting 
O. tsutsugamushi strains17,18 and vary across different 
ethnic populations.19,20

	 Most cases of scrub typhus in India are confined 
to young adults probably due to occupational or 
recreational exposure to mite infested vegetation and 
the median age of affliction is 28.1 years.6Predominant 
age group affected in our study was higher of >30 years 
age. Studies from countries like Japan also report 62% 
of scrub positive cases to be under 51-75 age group.24 
In the study by Liu et al. the highest number of cases 
(21%) were in the age group of 41-50 years.22 Males 
constituted 64% of cases which agreed with previous 
studies by Liu et al. (56%) and Bal et al. (61.7%). 22,23 
However, increased inclination of scrub typhus towards 
females was reported by studies carried out in few 
countries like South Korea.24,25

	 In our study hepatosplenomegaly was seen 
less often than other studies.26 Splenomegaly is 
often not seen in dengue, thus helping to distinguish 
scrub typhus from dengue.26 In our set up 24% cases 
developed various complications the most common 
being meningoencephalitis like other studies.27,28 
Meningoencephalitis is due to vasculitis caused by 
the organism. In scrub typhus CSF shows lymphocyte 
predominance cellular picture with increased protein 
levels. Other common complication was shock. We also 
found 2 cases of rare complication that is myocarditis 
in our study. The most common complication in scrub 
typhus in India in a review was hepatitis seen in 40.5% 
of scrub typhus cases6 unlike in the present study. 
Raised liver enzymes (<3 fold) was nevertheless found 
in many patients in our study which never gave rise to 
severe scrub typhus. 
	 Wang et al.reported the mortality of 6% in their 
review of various studies from India.29 However, in our 
study, only 2 patients died of scrub typhus despite our 
patients being >30 years with about 20% belonging 
to age group of 51-60. Similar low mortality was also 

noted in another study.30 Increased duration of illness 
before health care seeking was significantly different 
and was associated with higher odds of presenting with 
severe form of illness in our study. As expected, the 
severe cases had higher ICU admission and increased 
duration of stay in intensive care as well. In the present 
study initial hemoglobin, total platelet count or total 
leukocyte count and presence of underlying illnesses 
were not significantly associated with severity of 
infection. 

Limitation
	 Present study has several limitations like 
genotypes or serotypes of O. tsutsugamushi have 
not been addressed and the samples were from a 
hospitalized setup in a single geographic region limiting 
its generalization. 

Conclusion
	 The study highlights the growing prevalence of 
scrub typhus in endemic regions and its non-specific 
clinical manifestations. Although mortality can be 
averted by timely management, but complications 
can increase morbidity. The disease has heterogeneity 
in diagnostic methods, interpretation cutoff points, 
variable clinical presentation which thus points at 
further need for research. 
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Background: Although there is evidence of a global decline in sperm motility 
and an increasing frequency of male infertility, there is minimal documentation 
regarding prospective treatments and techniques to activate and enhance 
certain sperm  parameters to overwhelm male infertility. 

Objectives: This study used Glycyrrhiza glabra (Gg) and Platelet Rich Plasma 
(PRP) media to establish a culture medium that aimed to improve sperm 
function parameters by preparing in vitro men’s semen complaining of 
asthenoteratozoospermic factor.

Materials and methods: Semen samples from 80 participants were 
investigated in a comparative cross-sectional study. After semen fluid analysis 
34 samples were revealed normozoospermia and 46 samples were with 
asthenoteratozoospermia. Certain sperm parameters and DNA fragmentation 
index were assessed.  PRP and Gg were used as a sperm culture media. Certain 
sperm parameters and DNA fragmentation index were assessed using World 
Health Organization 2021 and 1999 guidelines.

Results: After activation using the density gradient method and Gg plus 
PRP, sperm function parameters improved significantly (p<0.001), including 
increased motility, morphologically normal sperm percentage, and decreased 
DNA fragmentation index.

Conclusion: It is concluded that  the density gradient technique with any 
medium used in the present study revealed a significant improvement in 
certain sperm parameters and a reduction in DNA fragmentation index.
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Introduction
	 Assisted reproductive technology treatments have 
improved in recent decades. However, intrauterine 
insemination, in vitro fertilization, and intracytoplasmic 
sperm injection have low pregnancy rates.1 Gene 
polymorphism and insufficient semen treatment in 
vitro can affect the latter. For instance, oxidative stress, 
an imbalance between reactive oxygen species (ROS) 
and antioxidant defense, affects sperm. The imbalance 
can impede spermatozoa’s ability to produce an 
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embryo.2 The sperm culture medium, incubation time, 
centrifugation, and sperm preparation method can 
all raise ROS levels. Density gradient centrifugation 
is an effective way to pick healthy spermatozoa and 
decrease ROS.3 
The density gradient procedure is the most 
recommended for selecting a higher number of mobile 
sperm cells in cases of severe low sperm count, 
abnormal sperm morphology, or reduced sperm 
motility.4-5

	 On the other hand, Glycyrrhiza glabra (Licorice, 
Gg) is a tiny perennial widely used medicinal plant 
from the Fabaceae family, that is regularly used as feed 
and food.6 Among its many beneficial components are 
glycyrrhizin, glycyrrhetinic acid, and others.7-8 Since 
2003, licorice has been introduced in vitro to gamete 
preparation and embryonic development culture 
mediums.9-10 Some licorice elements may modulate 
steroidogenesis and influence testosterone and 
cortisol levels, according to research. These hormones 
are necessary for sperm production and motility.11

	 Platelet-Rich Plasma (PRP) is a form of plasma 
that is derived from the blood and contains a higher 
concentration of platelets compared to regular 
plasma.12 Platelets release seven essential protein 
growth factors that activate all processes involved in 
tissue repair and medical disciplines e.g., dermatology, 
and reproductive medicine.13 The supplementation of 
sperm culture media with PRP-derived compounds 
triggered a cascade of reactions including cell growth 
and protection against freezing, and improving 
motility.14 
	 Thus, the current study aims to create a culture 
medium composed of Gg and PRP to improve certain 
sperm function parameters and reduce the DNA 
fragmentation index through in vitro activation of men’s 
semen suffering from asthenoteratozoospermia factor .

Materials and methods 
Participants
	 This comparative cross-sectional study (STROBE) 
examined 80 samples of semen including   asthenote- 
ratozoospermic (N=46) and  normozoospermic (N=34) 
individuals. Prior to gathering each sample, all 
participants provided their consent and were informed 
of the purpose of the questionnaire as well as the 
goal of the research. The study was performed in the 
High Institute for Infertility Diagnosis and Assisted 
Reproductive Technologies, Al-Nahrain University  and 
Al-Harithiya International Lab in Baghdad Iraq and 
extended from October 2023 to January 2024. 
	 Inclusion criteria represented by fertile 
normozoospermic men and infertile asthenozoospermic 
men. On the other side exclusion criteria include 
azoospermic men, oligozoospermia/ teratozoospermia, 
and men with history of undescended testes, 
hyperprolactinemia, genetic anomalies, and diabetes 
mellitus. 

Sample size
	 The sample size was determined considering the 
given time frame for completing the research and the 
challenges associated with collecting samples during 
this timeframe, in line with the research’s selection 
criteria. Hence, we formulated the study to include a 
sample size ranging from 80-100 samples. However, 
due to insufficient results and unforeseen errors, 
13 samples were eventually removed.

Semen collection
	 Semen was obtained through masturbation 
and collected in a sterile wide-mouth container. 
The specimen was then placed in an incubator at 
a temperature of 37 °C and gently mixed. After the 
semen had liquefied, macroscopic and microscopic 
measurement was done as recommended by WHO.15 
Additionally, the evaluation of morphologically normal 
sperm was performed based on the instructions 
provided in the WHO manual because computer 
aided semen analysis (CASA) was not offered in the 
laboratories when the research done. 16

 Platelet rich plasma preparation 
	 Blood from   participants was processed to extract 
PRP.17 Eight mL of venous blood yielded 2-3 mL of PRP 
15 blood-drawing recommendations were followed for 
PRP procedures. Protocol specificity, equipment, and 
platelet concentration determined PRP centrifugation 
speed and time. This study used conventional criteria 
of 3200 RPM for 15 mins. Separated PRP were frozen at 
-8 °C.18 

Preparation of Gg 
	 To generate the working solution, 10 mg of Gg 
aqueous extract was added to 10 mL Phosphate 
Buffered Saline (PBS) in plastic plain tubes with 
broad- spectrum antibiotic (Ampicillin 0.004g) to 
prevent bacterial growth. The solution was filtered 
with a Millipore filter (0.22M) and adjusted to pH 
7.2-7.4. Gg medium was then moved to a suitable 
storage container and stored in a cold, dark place away 
from sunlight and heat. 19

Control media preparation 
	 The ready-to-use medium FertiCult™  (FertiPro 
Company, Belgium) were also available. The 
medium was stored appropriately according to 
manufacturer instructions, typically in a refrigerator 
at the recommended temperature (4-8°C). For each 
sample, 4.5 mL of flushing medium was warmed in the 
incubator (37 °C) and used in the semen preparation 
and activation in vitro.

Density gradient centrifugation protocol 
	 Sil-Select PlusTM gradients consist of silane-coated 
colloidal silica particles suspended in HEPES-buffered 
EBSS (Earle’s balanced salt solution) supplemented 
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with 0.4-2.2 gm/L human serum albumin (medicinal 
substance derived from human blood plasma). Some 
product codes are supplemented with phenol red 
or 10mg/L gentamicin (medicinal substance). Our 
technique was done by adding 1 mL of 80% lower 
layer medium in a conical tube, followed by 1 mL of 
40% upper layer medium ( Sil-Select Plus™, FertiPro 
Company, Belgium) as a second layer, and then 1 mL 
of liquefied human semen. Four replicates of this initial 
step have been done with different superficial layers 
above the semen, as follows:
1.	 First tube: Density gradient media + liquefied 

semen + control medium (0.5 mL) Second tube: 
Density gradient media + liquefied semen + PRP 
(0.5 mL)

2.	 Third tube: Density gradient media + liquefied 
semen + Gg (0.5 mL)

3.	 Fourth tube: Density gradient media + liquefied 
semen + PRP and Gg (0.5+0.5 mL)

	
	 As soon as loading media and semen was finished, 
all tubes were moved to a centrifuge at 4000 rpm for 
15 mins. Then the samples were prepared as described 
by Mohammed and his colleagues.9 Immediately 
after the centrifugation process was completed, the 
supernatant layers of all tubes were removed and only 
the pellets were kept by using a plastic Pasteur pipette. 
	 The next step in the protocol was the addition 
of flushing media (0.5 mL) to each tube and repeat 
centrifugation at 2000 rpm for 5 min. After the second 
centrifugation was accomplished, all supernatant 

layers from the tubes have also been discarded and 
replaced by 1 mL of Sil-Select Plus™ washing media 
(FertiPro Company, Belgium) above the final pellets. In 
the last step, tubes were placed in the incubator for 20 
min, and then sperm parameters were assessed after 
activation by taking 10 µL droplets from each tube and 
analyzing them with a light microscope.
	 Normozoospermic men were enrolled in this 
study as a control group for the purpose of evaluating 
the efficiency of PRP, Gg, the new combination 
medium and the control medium. Semen samples of 
this group were activated and handled totally just as 
asthenoteratozoospermic individuals.

DNA integrity evaluation with Acridine Orange assay
	 According to Dutta and his colleagues.20 Briefly, 
a 10 µL semen sample was smeared on the slide and 
air-dried for 20 mins. The slide was then treated with 
Carnoy’s solution for 2-24 hrs. A brief drying period 
followed before staining. All stain preparations were 
done in the dark at room temperature with a pH of 
2.5. 3-5 milliliters of dye were applied to the slide. The 
slide was carefully washed with distilled water and 
allowed to dry.21 The slide was seen using a fluorescent 
microscope with a 40X objective lens the same day it 
was stained. Each participant’s 5 slides of spermatozoa 
DNA were tested before and after activation, and 
the results were reported as green, red, or yellow.10-15 
Normal spermatozoa were green-fluorescent, whereas 
abnormal sperm heads were yellow red as appear in 
Figure 1.

Figure 1. DNA fragmentation assessment.
A and B: DNA fragmentation assessment using Acridine Orange stain in normozoospermic men,

C and D: DNA fragmentation assessment using Acridine Orange stain in asthenoteratozoospermic men.
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Statistical analysis
	 The data were analyzed using Statistical Package 
for Social Sciences (SPSS) version 23.0 and Microsoft 
Office 2010. The descriptive statistics including 
frequency, range, mean and standard error were 
measured to describe the data. The groups were 
compared by applying analysis of variance (ANOVA). 
The least significant test (LSD) was used to compare the 
results.  p≤0.05 were considered statistically significant.

Ethical consideration
	 The current study was authorized by the ethical 
committee of the High Institute of Infertility Diagnosis 
and Assisted Reproductive Technologies/Al-Nahrain 
University, Baghdad, Iraq, with the approval code 
(0702-MF-2024N27). Informed consent was obtained 
from all participants involved in the study. Before 
gathering each sample, all participants provided their 
consent and were informed of the purpose of the 
questionnaire as well as the goal of the research.

Results
Basal (pre-activation) seminal fluids analysis 
parameters
	 The baseline seminal fluids analysis parameters 
were presented in Table 1., accordingly, the mean sperm 
concentration was 39.70±2.73 (10⁶/mL), progressive 
motile sperms percent was 25.56±1.78, non-progressive 
motile sperms percent was 26.41±1.00, immotile sperm 
percent was 48.07±2.18, and morphologically normal 
sperm (MNS) percent was 22.70±1.32.

Comparison of  certain sperm function parameters 
after activation between density gradient medium 
alone, Gg with and without PRP
	 Comparison of certain sperm function parameters 
after activation with density gradient medium was 
demonstrated in tables 2&3. In group 1 patients 
(Normozoospermia), the comparison between density 
gradient medium alone, density gradient mixed with 
Gg, density gradient mixed with PRP, and density 
gradient mixed with both Gg& PRP showed no 
significant (p>0.05) differences regarding sperm 
concentration, progressively motile sperms percent, 
non-progressively motile sperms percent, immotile 
sperms and DFI percentage respectively. However, 
there was significantly (p=0.011) higher MNS percent 
by using density gradient medium mixed with both Gg 
& PRP compared to using DG medium alone as shown 
in Table 2.
	 In Table 3.,  men with asthenoteratozoospermia 
had significantly (p≤0.05) higher sperm concentration 
(35.43±3.22), higher progressively motile sperms 
percent (73.24±1.77) and significantly (p=0.031) lower 
non- progressively motile sperms percent (15.80±1.15) 
after preparation by density gradient medium  mixed 
with Gg; on the other hand, there was significantly 
(p=0.032) higher MNS(60.57±2.12)  in density gradient 
media with PRP; however there were no significant 
(p>0.05) differences between all activation media 
regarding immotile sperms percent and DFI percent as 
presented in Table 3.
﻿

Table 1. Basal (pre-activation) seminal fluids analysis parameters and DFI (%).

Seminal fluids parameters Range Mean±SE

Volume (ml) 1.0-9.0 3.52±0.15

Sperm concentration (106/ml) 7.0 -116.0 39.70±2.73

Progressive motile sperms (%) 0.0-75.0 25.56±1.78

Non progressive motile sperms (%) 10.0-62.0 26.41±1.00

Immotile sperm (%) 5.0-85.0 48.07±2.18

Morphologically normal sperm (%) 5.0-75.0 22.70±1.32

DNA fragmentation index, DFI (%) 6.0-62.0 22.31±1.39

Table 2. Comparison of certain sperm function parameters after sperms activation by density gradient media 
alone and media contain Gg, PRP and mixed Gg with PRP in  normozoospermic men. 

Certain Sperm Parameters DG alone DG mixed 
with Gg

DG mixed
 with PRP

DG mixed with
Gg and PRP

p value

Sperm concentration(m/mL) 33.57±4.90 24.14±3.21 38.93±7.24 22.21±5.46    0.106*

Progressive motile sperms (%) 74.21±2.72 81.07±3.03 77.21±3.30 78.57±3.29   0.470*

Non-progressive motile sperms (%) 16.21±2.15 11.93±1.74 14.00±2.41 13.79±2.15   0.568*

Immotile sperm (%) 9.43±1.25 6.57±1.29 8.50±1.49 7.00±1.20   0.392*
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Discussion 
	 The findings of present work demonstrated a 
significant enhancement in certain sperm parameters 
besides a highly significant reduction in DNA 
fragmentation index after in vitro stimulation using a 
single technique ( Density gradient) that was applied to 
three distinct media types, plus as well as using it alone 
as a control method. 
	 The comparative between basal semen parameters 
before activation as appear in Table 1. and semen 
parameters after activation in both studied groups as 

shown in Table 2. and Table 3. and Figure 2. and Figure 3., 
demonstrated that density gradient alone reduced 
sperm concentration, non-progressive motility, and 
immotility and increased progressive motility and 
morphologically normal sperm following activation.
	 In 2023, similar results were obtained by other 
study,21 when used density gradients to isolate a 
considerable amount of structurally intact and actively 
moving human sperm from semen fluid. Waste, non-
functional sperm, and non-sperm cells have been 
eliminated from these separated sperm.22

Certain Sperm Parameters DG alone DG mixed 
with Gg

DG mixed
 with PRP

DG mixed with
Gg and PRP

p value

Morphologically normal sperm (%) 62.36±2.59 70.93±2.11 71.43±2.86 73.29±1.99   0.011*

DNA fragmentation Index, DFI (%) 15.43±2.90 12.93±2.39 10.43±1.57 11.14±1.96    0.414*
Note: Data were analyzed with ANOVA and presented as mean+SE, *significant, DG: density gradient, Gg: glycyrrhiza glabra, 
PRP: platelet-rich plasma.

Table 3. Comparison of  certain sperm function parameters after in vitro sperms activation by using density gradient 
media alone and media contain Gg with and without PRP in asthenoteratozoospermic  men.

Certain Sperm Parameters DG alone DG mixed 
with Gg

DG mixed 
with PRP

DG mixed with
Gg and PRP

p value

Sperm concentration (m/mL) 33.89±2.95 35.43±3.22 26.95±2.79 22.17±1.78 0.002*

Progressive motile sperms (%) 64.57±2.03 73.24±1.77 70.43±1.81 69.91±1.82 0.011*

Non-progressive motile sperms (%) 21.41±1.55 15.80±1.15 18.74±1.35 19.22±1.22 0.031*

Immotile sperm (%) 13.48±0.87 10.61±0.86 11.26±0.95 10.85±0.95 0.103*

Morphologically normal sperm (%) 52.39±2.08 57.96±2.12 60.57±2.12 59.41±2.09 0.032*

DNA fragmentation Index, DFI (%) 15.09±1.24 13.89±1.09 12.48±1.22 13.07±1.28 0.458
Note: Data were analyzed with ANOVA and presented as mean+SE, *significant, DG: density gradient, Gg: glycyrrhiza glabra, 
PRP: platelet-rich plasma.

Figure 2. Comparison of parameters in normozoospermic semen sample following the activation under various 
materials. Open square: density gradient media alone, red square: media contain glcyrrhiza glabra (Gg),  

green square: mixed with PRP, purple square: mixed with glcyrrhiza glabra and PRP.
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	 Sperm activated with density gradient media 
and Gg have significantly improved progressive 
motile sperm and MNS percent, mainly because 
glabridin, a phytoestrogenic compound that binds to 
human estrogen receptors, has estrogenic activity. 
Estrogens increase sperm motility, grade activity, 
and hyperactivity.19 Furthermore, Gg also contains 
calcium ions (Ca++), potassium, glucose, fructose, 
vitamin E, vitamin C, zinc ions (Zn++), sucrose, and 
amino acids. These nutrients boost sperm motility and 
forward migration in vitro.23 Gg increases Ca++ in sperm 
medium to inhibit the phosphate diestrase enzyme, 
which limits cAMP breakdown, which increases sperm 
hyperactivation and motility.9

	 Sperms activated with density gradient media 
and PRP showed remarkable improvements in 
motility, morphology, and DFI. The various bioactive 
components of PRP are responsible for its benefits.24 
It has been noticed that PRP positively effects on goat 
semen parameters and found similar statistical findings 
for sperm motility and morphology improvement but a 
different finding regarding sperm concentration, which 
was significantly increased25 whereas decreased in our 
findings. In the current study the reduction of sperm 
concentration is explained by the fact using the density 
gradient methodology which is known to lowers sperm 
concentration.26 Like the other approaches, Gg coupled 
with PRP improves sperm parameters, however there is 
a slight difference in counts. This suggests that the newly 
developed medium did not enrich sperm parameters, 
particularly motility, as expected. In contrast, using Gg 
alone produces the maximum hyperactivation rating, 
as does PRP alone. Multiple researches suggested that 
PRP and Gg mode of intervention caused ineffective 
results. It has been postulated that platelet activation 
releases key granule components like P-selectin, ADP/

ATP, GFs, and Ca++.27 In Gg, Glabridin may considerably 
inhibit activated platelet ATP release. Intracellular 
Ca++ increases platelet aggregation, while glabridin 
dramatically reduces it. 
	 The first group i.e., normozoospermic was 
represented by thirty-four men with overall normal 
sperm parameters, including normal active motility 
and normal morphological sperm. Among all the 
certain sperm parameters that were analyzed after 
activation in the fourth culture media, there was no 
significant variation in the performance between these 
media across all parameters, with only one exception 
related to a significantly higher enhancement in sperm 
morphology when processed and cultured with both 
Gg and PRP. In contrast to the earlier studies, which 
demonstrated that Gg blocks platelet activity.27 A 
study,28 implies that the combination of PRP and Gg 
therapies in vivo has shown potential regenerative and 
healing effects, opening new therapy options. 
	 The second group (asthenoteratozoospermic) 
expressed the largest population, with  forty-six men. 
In addition, this group also exhibited the most diversity 
of variance in the decrease and increase of certain 
sperm function parameters throughout all activation 
media. Thus, after activation, this diversity involved 
significantly (p≤0.05) higher sperms concentration, 
higher progressively motile sperms percent and 
significantly (p=0.031) lower non- progressively motile 
sperms percent (15.80±1.15) at density gradient media 
with Gg, which confirmed the remarkable beneficial 
effects of Gg and the marvelous activation performance 
in the worst criteria group. However, according to Table 
3, there were no significant differences (p>0.05) in terms 
of immotile sperms percent or DFI percent among all 
activation media. In the density gradient medium with 
PRP, there were significantly more morphologically 

Figure 3. Comparison of parameters in asthenoteratozoospermic semen sample following the activation under 
various materials. Open square: density gradient media alone, red square: media contain glcyrrhiza glabra (Gg),  

green square: mixed with PRP, purple square: mixed with glcyrrhiza glabra and PRP.
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normal sperms than others. 
	 The DFI percent were nearly equivalent in all 
media; however, for each specific method, the percent 
were statistically significantly decreased when 
comparing post-activation data to pre-activation data. 
These values indicate the high positive effectiveness of 
all methods that were used in eliminating the damaged 
cells and therefore reducing sperm DNA fragmentation.

Limitations
	 One of the study’s limitations is its relatively 
small sample size, which would restrict how broadly 
the findings can be applied. Furthermore, the analysis 
was predicated on measurements and methodologies, 
which could cause biases in the measurements. 

Conclusion
	 It is concluded that the application of Gg 
combined with PRP medium, along with the DG 
approach, demonstrates a significant enhancement in 
certain sperm function parameters as well as lowering 
DFI, in comparison to before activation in both groups 
of participants involved in this study. However, this 
combination is not as effective as using PRP medium 
alone or Gg medium alone.
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ABSTRACT

Background: Evaluating image quality in mammography—particularly using 
American College of Radiology (ACR) phantom images—is essential for 
maintaining diagnostic accuracy. Conventional evaluation relies on human 
visual inspection, which is prone to variability due to individual perception 
differences.

Objectives: This study examined the capability of multiple convolutional 
neural network (CNN)-based artificial intelligence (AI) models to assess the 
quality of ACR phantom images and address the limitations of human-based 
evaluation.

Materials and methods: Five CNN-based models—LeNet5, AlexNet, VGG19, 
GoogLeNet, and ResNet50—were used to classify 231 ACR phantom images 
acquired under different exposure settings. Dataset augmentation was performed 
by adding and removing artificial noise, increasing the dataset to 1,617 images. 
The dataset was then divided into training (70%), validation (10%), and testing 
(20%) subsets. Model performance was compared based on phantom image 
scoring.

Results: GoogLeNet showed the highest performance in evaluating fiber and 
mass groups, whereas ResNet50 achieved the best results for the speck group. 
The classification accuracy for scoring 16 object positions in ACR phantom  
images ranged from 31% to 100%, depending on object size. 

Conclusion: To reliably classify acceptable mammographic image quality, 
model performance in detecting borderline cases (score 0.5) must improve. 
For clinical applicability, accuracy should exceed 80%.
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Introduction
	 Mammography is a widely used imaging modality 
that employs low-dose X-rays for breast cancer 
screening and diagnosis. Women aged 40 and older 
are typically advised to undergo mammographic 
screening every 1-2 years.1 Early detection through 
mammography reduces disease severity and mortality 
rates.2 This highlights the importance of maintaining 
high image quality for effective breast cancer screening. 
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Consequently, dependable imaging systems and 
standardized image quality evaluation are essential 
components of quality control (QC) in mammography.3

	 Consistently high image quality is critical for 
accurate diagnosis. Routine quality control procedures 
are performed to ensure optimal system performance 
and to reduce diagnostic errors. A standard approach 
involves phantom testing using American College 
of Radiology (ACR) phantoms. These tests evaluate 
key image quality parameters, including density, 
contrast, uniformity, and artifact presence. However, 
these evaluations are generally performed through 
human visual inspection, which is time-consuming 
and inherently subjective. Variations in visual 
perception and professional experience can introduce 
inconsistencies in the results.
	 Artificial intelligence (AI) has increasingly 
transformed medical imaging. Deep learning methods, 
particularly convolutional neural networks (CNNs), 
have gained prominence with architectures such as 
LeNet, AlexNet, VGGNet, GoogLeNet, and Residual 
Network (ResNet). LeNet was originally designed for 
handwritten digit classification using the Modified 
National Institute of Standards and Technology 
database of 28×28 grayscale images.4 Its relatively 
simple architecture is makes it suitable for low-
complexity datasets and lightweight applications, 
including blood cell classification,5 pneumonia 
detection,6 and breast cancer histopathology 
analysis.7 AlexNet demonstrated the power of 
deep CNNs in large-scale image classification.8 Its 
innovations—such as deeper convolutional layers, 
ReLU activation, and dropout regularization—improved 
learning efficiency and reduced overfitting. In medical 
imaging, AlexNet has been applied to tasks such as 
chest disease classification (e.g., tumor vs. normal 
in chest images)9 and brain tumor differentiation 
using magnetic resonance imaging (MRI).10 VGGNet 
uses deep architectures composed of small 3×3 
convolutional filters.11 This structure allows effective 
hierarchical feature learning by stacking multiple 
layers. VGGNet has been widely adopted in transfer 
learning for medical imaging tasks, including breast 
cancer histopathology classification,12 mammography 
interpretation,13 and ultrasound image analysis,14 
and image quality assessment (IQA),15 such as binary 
or multi-class scoring of ACR phantom images. 
GoogLeNet introduced Inception modules that 
integrate multiple convolutional filter sizes (1×1, 
3×3, and 5×5) within a single module.16 This design 
enables efficient multi-scale feature extraction with 
fewer parameters. As a result, GoogLeNet is effective 
in detecting microcalcifications and small lesions 
in mammograms17 and is suitable for real-time 
classification due to its computational efficiency. 
ResNet introduced residual connections to address 

the vanishing gradient problem, allowing the training of 
very deep networks.18 It has shown strong performance 
in complex medical image analysis,11 including MRI-
based studies,19 cancer subtype classification from 
biopsy images,20 and IQA tasks such as resolution 
assessment and phantom image scoring.21

	 Beyond abnormality detection in radiographic 
imaging,22,23 CNNs have also demonstrated strong 
performance in radiological image quality assessment, 
including general radiography and mammography.21,24-26 
In one study, eight CNN architectures with 3–10 
convolutional layers were trained to detect structures 
in ACR phantom images, achieving up to 95% 
classification accuracy using a six-layer model.21 
Another study modified the VGG16 architecture for 
ACR image scoring, reporting an F1-score of 0.69 for 
multi-class classification and an F1-score of 0.93 with 
an area under the receiver operating characteristic 
curve (AUC) of 0.97 for binary classification.24

	 This study aimed to evaluate and compare 
the performance of different CNN architectures in 
assessing ACR phantom image quality. Understanding 
their capabilities will support the development of AI-
assisted tools that help reduce evaluator variability and 
improve consistency in mammography QC.

 Materials and methods
Data collection
	 Phantom images were acquired using the Planmed 
Sophie Classic mammography system (Planmed Oy, 
Finland) equipped with a digital image receptor and 
the ACR accreditation phantom (Mammo 156 phantom,  
Gammex, USA). The phantom contains three test 
groups—fiber, specks, and masses—comprising 16 
test objects, as illustrated in Figure 1. These objects differ 
in shape, diameter, and thickness and are designed to 
simulate common breast lesions observed in clinical 
mammograms. Specifically, the phantom includes 6 
fibers (F1-F6) with diameters of 1.56, 1.12, 0.89, 0.75, 
0.54, and 0.40 mm; 5 speck groups (S1-S5), each  
containing 6 specks with diameters of 0.54, 0.40, 0.32, 
0.24, and 0.16 mm; and 5 mass objects (M1-M5) with 
decreasing diameters and thicknesses of 2.00, 1.00, 
0.75, 0.50, and 0.25 mm.27

	 The phantom images were acquired using different 
tube voltage and tube current–time product settings 
controlled by the automatic exposure control system.  
Tube voltages ranged from 25 to 30 kVp (in 1 kVp  
increments), while tube current–time products ranged 
from 10 to 303 mAs, corresponding to seven optical  
density levels, as shown in Table 1. Each imaging  
condition was repeated three times. In total, 231 phantom 
images were collected, covering a wide range of image 
quality levels, from optimal (27 kVp, 71 mAs) to both 
lower and higher extremes.
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Image augmentation
	 Artificial Gaussian noise was added to, and  
subsequently removed from, the original images using 
a median filter in ImageJ version 1.54g. This process 
was used to expand the dataset. Three empirically  
selected noise levels-10%, 30%, and 100%—were applied 
to simulate low, medium, and high noise conditions, 
respectively. In this context, the percentages represent 
the relative standard deviation parameter of the Gaussian 
noise within the software and do not be correspond 

to calibrated detector noise levels or specific clinical  
exposure settings.
	 For each of the 231 original images, three noise 
levels and two processing conditions (noisy and median- 
filtered) were generated, producing 1,386 augmented 
images (231×3×2). When combined with the original 
images (N=231), the total dataset consisted of 1,617 
images. The dataset was then randomly divided into 
training (N=1,134; ~70%), validation (N=161; ~10%), 
and test (N=322; ~20%) subsets, as summarized in  
Table 2.

Table 2. Number of images used in the training, validation, and testing subsets.

Number of images

ACR phantom 6 Fibers 5 Specks 5 Masses

Training 1,134 (~70%) 6,804 5,670 5,670

Validation 161 (~10%) 966 805 805

Testing 322 (~20%) 1,932 1,610 1,610

Total 1,617 (100%)
9,702 8,085 8,085

25,872

Table 1. Number of ACR phantom images captured from the Planmed Sophie Classic 
mammography system with various exposure techniques.

Target/filter combination
Exposure techniques

Number of images
kVp mAs

Mo/Mo

25 18-303 36

26 10-225 39

27 10-161 39

28 10-114 39

29 10-85 39

30 10-67 39

Total 231
Note: Mo: molybdenum

Image quality scoring by evaluators
	 This study was approved by the Institutional Review 
Board (IRB No. P1-0091/2567). All images in the training 
and validation subsets were scored by consensus between 
two researchers, while the testing subset was scored 
by consensus between two medical physicists. Each of 
the 16 phantom objects was assigned a score of 0, 0.5, 
or 1 according to the ACR digital mammography phantom 
scoring criteria.28 All images were displayed on a 
2-megapixel monitor, and the window width and level 
were adjusted for optimal viewing conditions based on 
evaluator judgment to ensure consistent and accurate 
scoring.

Image quality scoring by CNN-based AI models 
	 All scored images in the training, validation, and 
testing subsets were cropped at the 16 predefined object 

locations, as shown in Figure 1. From each phantom 
image, 16 object-level images were extracted. This 
resulted in 18,144 training images (1,134×16), 2,576 
validation images (161×16), and 5,152 testing images 
(322×16), as summarized in Table 2. Each object-level 
image was classified into one of three score categories 
(0, 0.5, 1) based on the corresponding image quality 
score. Five convolutional neural network (CNN)-based 
models—LeNet5,4 AlexNet,8 VGG19,11 GoogLeNet,16 
and ResNet5018—were trained and validated for each 
of the 16 test objects. The LeNet5 model was trained 
from scratch using random weight initialization. In  
contrast, AlexNet, VGG19, GoogLeNet, and ResNet50 
were initialized using pre-trained ImageNet weights 
and then fine-tuned on the phantom image dataset. 
This transfer learning strategy was employed to improve  
convergence of the deeper networks considering the 
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relatively small dataset size. All CNN models were 
trained on Google Colab with a Tesla T4 GPU. A learning 
rate of 0.000001 and a batch size of 32 were applied 
consistently across all models. The number of training 
epochs was set to 20 for VGG19, 20 for GoogLeNet, 
30 for AlexNet, 50 for ResNet50, and 60 for LeNet5. 
Training and validation loss and accuracy curves were 

generated for each object and model. These curves 
were used to assess network convergence and to con-
firm the optimization of training parameters, including 
batch size and number of epochs. During inference, the 
trained CNN models predicted image quality scores of 
0, 0.5, or 1 for each test object. 

Figure 1. A: original ACR phantom image, B: a cropped image of 1074x1044 pixels, 
C: A 268x261 pixel cropped image for the 16 test objects. 

Table 3. Analysis of the CNN-based AI models’ performance based on multi-confusion matrix scoring.

Image scoring by CNN-based AI Image scoring by medical physicists

1 0.5 0

1 TP1, TN0.5, TN0 FP1, FN0.5, TN0 FP1, TN0.5, FP0

0.5 FN1, FP0.5, TN0 TN1, TP0.5, TN0 TN1, FP0.5, FP0

0 FN1, TN0.5, FN0 TN1, FN0.5, FN0 TN1, TN0.5, TP0
	 Where:
		  True Positive (TP): AI model correctly scored an image as 1 or 0.5, as marked by the medical physicists.
		  False Positive (FP): AI model incorrectly scored an image, assigning a higher score than the medical physicists.
		  False Negative (FN): AI model incorrectly scored an image, assigning a lower score than the medical physicists.
		  True Negative (TN): AI model correctly scored an image as 0, as marked by the medical physicists.

﻿Performance comparisons for CNN-based AI models 
	 This study compared the performance of five 
CNN-based AI models: LeNet5, AlexNet, VGG19,  
GoogLeNet, and ResNet50. Model performance was 

	 Performance of the five CNN-based AI models 
was then evaluated using accuracy, precision, sensitivity, 
specificity (recall), F1-score, and false positive rate 
(FPR), calculated using Equations (1) to (6) as follows:

	 Accuracy =   TP+FP+FN+TN
TP + TN   	 (1)

	 Precision =   TP+FP
TP   	 (2)

	 Sensitivity =   TP+FN
TP 	 (3)

	 Specificity =   TN+FP
TN   	 (4)

evaluated using a multi-class confusion matrix, in 
which predicted scores were compared against three 
predefined image labels (0, 0.5, and 1) assigned by two 
medical physicists, as presented in Table 3.

	 F1 - score =   precision + sensitivity
2 x precision x sensitivity  	 (5)

	 False Positive Rate = 1 − Specificity	 (6)

	 Equation (7) was used to calculate the percentage 
accuracy of each model. Unlike confusion matrix-based 
metrics, accuracy is calculated by comparing the  
number of correctly predicted images to the total number 
of images, without distinguishing between the FP and 
FN. 

	 %Accuracy =   Total number of images
Number of corrected prediction image  	(7)
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Results
	 The performance of five CNN-based AI models—
LeNet5, AlexNet, VGG19, GoogLeNet, and ResNet50—
was evaluated using key statistical metrics: accuracy, 

precision, sensitivity, specificity (recall), F1-score, and 
FPR. These results are presented in Figures 2-5. The 
analysis focused on classifying fibers, specks, and 
masses in ACR phantom images.

Figure 2. Statistical metrics compared to all CNN-based AI models for classifying fiber objects.

Figure 3. Statistical metrics compared to all CNN-based AI models for classifying speck objects.
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Figure 4. Statistical metrics compared to all CNN-based AI models for classifying mass objects.

Figure 5. Percentage accuracy compared to all CNN-based AI models for classifying fiber, speck and mass objects.

	 The results showed that VGG19 and LeNet5 were 
unable to effectively differentiate object features, 
including size and density. Both models consistently 
produced the same output score of 1 for all test images, 
indicating a failure to distinguish among object classes. 
As a result, these two models were excluded as viable 
classifiers for fiber, speck, and mass objects in the 
phantom dataset.
	 The optimal CNN-based AI model for each object 
group was selected based on comparative statistical 
performance.
	 For the fiber group, GoogLeNet achieved the 
highest classification accuracy and underperformed 
the other models across most statistical metrics, 
while also demonstrating the lowest FPR. Therefore, 
GoogLeNet was identified as the most effective model 
for fiber evaluation.

	 For the speck group, although VGG19 and 
LeNet5 produced high statistical values, their ability 
to differentiate object features (due to identical 
output predictions) limited their usability. In contrast, 
ResNet50 demonstrated the highest accuracy, superior 
performance across key metrics, and the lowest FPR. 
Thus, ResNet50 was selected as the best model for 
speck classification.
	 For the mass group, VGG19 and GoogLeNet 
exhibited similarly high statistical values. However, 
VGG19 was excluded due to its inability to distinguish 
object features, consistently outputting a score of 
1. Although AlexNet achieved the highest accuracy, 
its performance across other statistical metrics was 
inferior to GoogLeNet. Therefore, GoogLeNet was 
determined to be the most suitable model for mass 
object evaluation because it combined the highest 
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accuracy with stronger overall metric performance and 
the lowest FPR.
	 Figure 6 illustrates the performance of GoogLeNet 
in classifying fiber objects in ACR phantom images. In 
general, the FPR increased as fiber size and density 
decreased, except for F6, which had the smallest size 
and lowest density. In contrast, the other statistical 
metrics tended to decrease as fiber size and density 

decreased, except for F6. The GoogLeNet model 
demonstrated strong performance for F1, F2, and F3, 
with FPR values below 0.12 and other performance 
metrics exceeding 0.76.
	 Figure 7 shows the performance of the ResNet50 
model in classifying speck objects. The model achieved 
FPR values below 0.09 and other statistical metrics 
greater than 0.82 for all speck groups, except S4.

Figure 6. Performance of GoogLeNet model in classifying fiber objects in ACR phantom images.

Figure 7. Performance of ResNet50 model in classifying speck objects in ACR phantom images.
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Figure 8. Performance of GoogLeNet model in classifying mass objects in ACR phantom images.

Figure 9. Percentage accuracy of GoogLeNet in classifying fiber and mass objects, 
and the ResNet50 model in classifying speck objects.

	 Figure 8 presents the performance of the 
GoogLeNet model in classifying mass objects. The FPR 
values were below 0.12, while the remaining statistical 
metrics exceeded 0.75 across all mass groups.
	 Figure 9 illustrates the classification accuracy of 
the GoogLeNet model for fiber and mass objects and 
the ResNet50 model for speck objects. The accuracy 

percentages for all 16 object positions were as follows: 
fibers-F1 (98.76%), F2 (91.51%), F3 (75.96%), F4 
(53.33%), F5 (30.90%), and F6 (42.37%); specks-S1 
(99.61%), S2 (99.03%), S3 (82.38%), S4 (64.20%), and 
S5 (100%); masses-M1 (98.53%), M2 (76.96%), M3 
(75.37%), M4 (84.30%), and M5 (89.13%).
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Discussion
	 This study evaluated the performance of five CNN-
based AI models—LeNet5, AlexNet, VGG19, GoogLeNet, 
and ResNet50—in classifying fiber, speck, and mass 
objects in ACR phantom images. Model outputs were 
validated against object classifications performed by 
two medical physicists. The objects differed in shape, 
size, and density, which correspond to characteristics 
of typical lesions observed in clinical mammographic 
images.
	 VGG19 and LeNet5 failed to effectively differentiate 
object features because both models produced uniform 
outputs (score=1) across all test cases. This behavior 
indicates that the models did not learn meaningful 
decision boundaries. A possible cause is activation 
function saturation. Specifically, the original LeNet5 
architecture uses the sigmoid activation function, which 
is prone to saturation. This leads to near-zero gradients, 
causing the vanishing gradient problem and limiting 
effective learning, particularly in deeper architectures. 
Furthermore, training VGG19 from scratch is known 
to be challenging. Issues such as improper weight 
initialization and unsuitable activation functions can 
prevent effective feature learning. These limitations 
may result in constant model outputs, indicating a 
failure to capture discriminative information from the 
input images.
	 According to ACR guidelines, mammographic image 
quality is considered acceptable when the visual image 
score reaches 4 or at least four fibers (F1-F4) are visible, 
a score of 3 or at least three specks (S1-S3) are identified, 
and a score of 3 or at least three masses (M1-M3) are 
detected, covering objects from large to small sizes. 
Based on the results of this study, the GoogLeNet model 
accurately classified F1, F2, and M1 with accuracy 
above 80%. The ResNet50 model effectively classified 
specks S1, S2, and S3, also exceeding 80% accuracy. 
These findings suggest that the prediction performance 
of GoogLeNet and ResNet50 must be improved,  
particularly for F3, F4, M2, and M3, to fully meet clinical 
image quality standards.
	 Although this study provides meaningful  
contributions, several limitations must be considered. 
First, all mammographic images were acquired using a 
single mammography system from one manufacturer 
with a Mo/Mo target/filter combination. Although data 
augmentation increased the dataset size, it did not add 
diversity in terms of vendors, system models, or beam 
qualities. Consequently, the reported performance of 
the CNN-based models may not generalize to phantom 
images acquired on other mammography systems or 
different target/filter combinations (e.g., Mo/Rh or Rh/Rh), 
which are commonly used in clinical quality control. 
To achieve robust and generalizable performance, the 
CNN models must be retrained or fine-tuned using 
phantom images acquired under clinically relevant  
exposure and target/filter configurations for each system.

	 A further limitation involves the imbalance in object 
score distribution. Images with an intermediate score 
of 0.5 were relatively scarce in both the training and 
test sets. This imbalance was most evident for smaller 
objects, which are less likely to be captured by the 
mammography system or reliably detected by human 
observers. Consequently, objects such as F4, F5, S4, 
and M4 often received intermediate scores of 0.5. In 
contrast, larger objects are more consistently captured 
and detected, leading to a score of 1 for F1, F2, M1, M2, 
S1, and S2. The smallest objects, although often not 
captured by the imaging system, were typically classified 
as non-visible and assigned a score of 0, as observed 
for F6, S5, and M5. Consequently, images with scores 
of 0 and 1 were more prevalent than those with a score 
of 0.5. In this study, scores of 1, 0.5, and 0 accounted 
for 56.5%, 19.0%, and 24.5% of all images, respectively, 
confirming that 0.5-score samples were significantly 
underrepresented.
	 All images, including those containing artificial 
Gaussian noise, were scored after data augmentation. 
The added noise can reduce the effective signal-to-
noise ratio and, in some cases, shift clearly visible 
objects (score 1) into borderline cases (score 0.5), 
particularly for low-contrast fibers and masses. However, 
these borderline classifications were influenced not 
only by Gaussian noise but also by intrinsic object size 
and contrast, exposure conditions, and system noise, 
rather than by Gaussian noise alone. Another limitation  
is that data augmentation was limited to additive 
Gaussian noise followed by median filtering. Although 
this method directly targets quantum noise, it does not 
simulate other real-world variations, such as changes in 
positioning, geometric distortions, or subtle differences 
in object shape and contrast. Future studies should  
incorporate more advanced augmentation techniques, 
including small rotations and translations, elastic  
deformations, and controlled contrast or blur adjustments, 
to generate a more realistic and diverse training dataset.
	 As previously mentioned, CNN-based AI models 
have limited learning capacity when trained on under-
represented image categories, particularly those assigned 
a score of 0.5. This class imbalance contributed to the 
reduced detection performance for F4, F5, S4, and 
M4. Increasing the number of images across all score  
categories, particularly for the 0.5 class, would likely 
improve model generalization and overall classification 
performance.
	 Sung Soo Park et al.24 proposed a deep neural  
network-based phantom scoring method using the 
VGG16Net model for ACR phantom image quality  
evaluation. They applied two classification approaches: 
Multi-Class Classification (MCC), using scores of 0, 0.5, 
and 1, and Binary Classification (BCC), where scores 
of 0.5–1 were labeled as passing and 0 as failing. Their  
reported F1-score was 0.69 for MCC and 0.93 for BCC. 
This result indicates inferior performance for MCC, 
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primarily due to class imbalance, especially the limited 
number of images with a score of 0.5. In the present 
study, the average F1-score for MCC was 0.592, which 
supports the same conclusion. The scarcity of 0.5-score 
images restricted model performance in both studies, 
emphasizing the need for a more balanced dataset.
	 Veli-Matti Sundell et al.21 performed ACR phantom 
image quality scoring using a CNN-based AI model 
composed of six convolutional layers and achieved an 
overall accuracy of 95%. Their model was trained on a 
large dataset of 90,288 images, including 4,752 images  
with visible objects (score of 1) and 14,256 images 
with non-visible objects (score of 0), collected from 
eight mammography systems manufactured by three  
manufacturers. The substantial dataset size and system 
diversity enhanced model learning and improved  
generalization. However, their model sensitivity decreased 
as object size decreased, which is consistent with the 
reduced sensitivity for smaller objects observed in this 
study.
	 To address these limitations, future studies should 
use a larger and more diverse dataset that includes  
images of varying quality from multiple imaging systems 
to improve both model training and generalizability 
of CNN-based AI models. Beyond increasing dataset 
size, specific strategies are needed to enrich borderline  
cases (score of 0.5), which are critical for quality control 
decisions. Potential approaches include: (1) acquiring 
additional phantom images at exposure settings that 
produce near-threshold visibility for specific objects;  
(2) applying controlled contrast reduction and localized 
mild blurring to high-quality images to simulate subtle loss 
of conspicuity; (3) generating synthetic phantom images 
or using generative models to simulate near-threshold 
object visibility while preserving realistic background 
and noise characteristics; and (4) employing training 
strategies such as class-balanced sampling, focal loss, 
and cost-sensitive learning to reduce the impact of  
residual class imbalance during model optimization.

Conclusion
	 This study evaluated five CNN-based AI models for 
classifying objects in ACR phantom images. GoogLeNet  
demonstrated the best performance for fiber and  
mass classification, whereas ResNet50 was most  
effective for speck classification. GoogLeNet accurately 
classified fibers F1-F3 with an FPR below 0.12 and other 
statistical metrics above 0.76. It also demonstrated 
strong performance for mass classification, achieving 
an FPR below 0.12 and other statistical values exceeding 
0.75. ResNet50 performed best for speck classification, 
with an FPR below 0.09 and other statistical metrics 
above 0.82, except for S4. Using the best-performing 
models across all 16 object positions, classification 
accuracies were as follows: fibers-F1 (98.76%), F2 
(91.51%), F3 (75.96%), F4 (53.33%), F5 (30.90%), and 
F6 (42.37%); specks-S1 (99.61%), S2 (99.03%), S3 
(82.38%), S4 (64.20%), and S5 (100%); and masses-M1 
(98.53%), M2 (76.96%), M3 (75.37%), M4 (84.30%), and 

M5 (89.13%). Overall, GoogLeNet achieved accuracies 
ranging from 30.9% to 98.8% for fibers and masses,  
whereas ResNet50 achieved 64.2% to 100% for specks. 
To improve clinical applicability and align with ACR  
guidelines, future work should prioritize increasing  
prediction accuracy for intermediate objects, particularly 
for F3, F4, M2, and M3.
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	 Executive functions (EFs) are higher-order cognitive processes essential 
for learning, self-regulation, and social adaptation. Children with autism 
spectrum disorder (ASD) frequently exhibit EF deficits, which contribute 
to challenges in communication, behavior, and daily functioning. Growing 
attention has been directed toward alternative therapeutic approaches for 
enhancing EF skills, with music therapy (MT) increasingly recognized as a 
promising intervention. Music engages neural circuits within the frontal lobe-an 
area central to EF-while simultaneously providing a multisensory, motivating, 
and socially interactive medium for intervention. This review synthesizes 
current research across three key areas: (1) the association between EFs, social 
communication, and behavior; (2) the relationships between music, the brain, 
and EFs; and (3) empirical studies on MT-based EF training in children with 
ASD. Collectively, findings indicate that MT holds considerable potential as a 
complementary approach for strengthening EF skills and, in turn, improving 
social communication and adaptive behavior in this population.
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Introduction
	 Autism spectrum disorder is classified in the 
Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM-5) as a neurodevelopmental disorder 
defined by persistent deficits across two core domains. 
The first domain involves impairments in social 
communication and interaction, which may include 
limited eye contact, reduced emotional reciprocity, 
difficulties in forming and sustaining relationships, 
restricted imaginative play, and atypical use of verbal 
or nonverbal language in social contexts. The second 
domain concerns restricted and repetitive patterns of 
behavior, encompassing repetitive motor movements 
or use of objects, strong adherence to routines, highly 
fixated interests, and atypical responses to sensory 
input-such as hypersensitivity, hyposensitivity, or 
unusual fascination with sensory stimuli. These 
defining characteristics shape the clinical presentation 
of ASD and present substantial challenges for children’s 
learning, social integration, and adaptive functioning.1 
Importantly, the two core domains are closely linked 
with deficits in executive functions (EFs). Growing 
evidence suggests that many of the behavioral and 
communicative features of ASD are not only from social 
or language impairments but also from underlying EF.2 
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This recognition has shifted research attention toward 
interventions that can strengthen EF in more engaging 
and ecologically valid ways.3 Music has emerged as 
evidence that is capable of stimulating attention, 
emotional regulation, and cognitive flexibility through 
its multisensory and social nature.4 Consequently, 
understanding EFs provides a necessary foundation for 
exploring why music therapy may be particularly suited 
to enhance these higher-order cognitive processes in 
children.5

Executive functions 

	 Executive functions-sometimes referred to as 
executive control or cognitive control-are higher-order 
cognitive processes that guide goal-directed behavior, 
regulate actions, and enable adaptive responses to 
changing demands.6 They are typically conceptualized 
as comprising three interrelated core components: 
cognitive flexibility,7 inhibition,8 and working memory.9

	 Cognitive flexibility refers to the capacity to shift 
thinking and adapt to new or unexpected situations 
across different contexts.10 Inhibition is the ability to 
suppress impulsive responses, resist distractions, and 
sustain attention on relevant tasks.8 Working memory 
involves the temporary storage, organization, and 
retrieval of information, supporting essential skills 
such as planning, reasoning, comprehension, and 
problem-solving.9-11 These three core components of 
EFs undergo rapid development during early childhood, 
particularly between ages two and five, and continue to 
mature throughout adolescence into adulthood.12

	 Brain maturation plays a critical role in the 
development of EFs. Core EF skills previously mentioned, 
such as cognitive flexibility, inhibitory control, and 
working memory, are primarily supported by the 
prefrontal cortex (PFC). These processes also rely on 
interconnected neural circuits involving the cingulate 
cortex, parietal cortex, basal ganglia, amygdala, 
hippocampus, and other subcortical structures. 
Together, these networks enable individuals to solve 
complex problems, regulate behavior, and adapt to 
changing demands. The amygdala, situated within the 
limbic system, plays a crucial role in linking cognition 
with emotion and motivation. The rapid exchange of 
signals between the PFC and limbic system allows 
individuals to sustain interest, regulate attention, and 
prioritize meaningful information while filtering out less 
relevant stimuli.13 This dynamic interaction illustrates 
how brain maturation underpins both the cognitive and 
emotional dimensions of EF development.
	 Accordingly, understanding how music engages 
EF-brain systems would provide a strong foundation 
for investigating its therapeutic potential for ASD. 
The following section will therefore address: (1) the 
association between EFs, social communication, and 
behavior; (2) the relationships between music, the 
brain, and EFs; and (3) empirical studies on MT-based 
EF training in children with ASD.

Executive functions, social communication, and 
behavior 
	 Executive functions are closely associated with 
the social communication difficulties and restricted, 
repetitive behavior patterns observed in children with 
ASD. Effective social interaction relies on several EF skills, 
including the ability to inhibit inappropriate responses, 
plan conversational turns, and flexibly shift topics.  
	 When these skills are impaired, children often 
struggle to engage appropriately with others, and their 
everyday functioning might be disrupted.
	 Howard et al. investigated the relationship 
between EFs, sustained attention, language skills, 
and social communication in 180 children with ASD 
aged 2-8 years.14 The study found that children with 
stronger EF abilities—particularly in working memory 
and planning/organization—demonstrated higher 
levels of social communication comprehension and 
expression. Elevated EF skills were also linked to fewer 
pragmatic difficulties in communication. Furthermore, 
children who were able to sustain longer attention 
spans exhibited stronger expressive language abilities. 
Collectively, these findings highlight that EFs and 
attentional control play pivotal roles in supporting 
language development and social communication in 
children with ASD.
	 Executive functions also play a critical role in the 
language and speech development of children with 
ASD. In terms of receptive language, these children 
often demonstrate reduced vocabulary knowledge and 
usage compared with typically developing peers. This 
limitation is linked to difficulties in sustaining attention, 
regulating focus, and exercising self-control, all of 
which are necessary for consistently engaging with 
learning stimuli.15

	 Ellis et al. reported that school-aged children 
with ASD frequently display EF deficits in inhibition, 
cognitive flexibility, and working memory, which in 
turn are strongly associated with poorer language 
comprehension.16 Consequently, children with ASD 
often show lower levels of receptive vocabulary. 
Expressive language skills are similarly influenced by 
EF abilities-particularly planning, organization, lexical 
retrieval, and sentence formulation. Consistent with 
these findings, studies by McEvoy et al. and Gilotty 
et al. demonstrated that EF deficits negatively affect 
both communication and social skills.17,18 Specifically, 
children with ASD often struggle to maintain joint 
attention during conversations and may exhibit 
inappropriate initiation patterns, further complicating 
effective social interaction.
	 Restricted and repetitive behavioral patterns-such 
as repetitive movements, rigid adherence to routines, 
and highly focused interests-are strongly associated 
with deficits in EFs, particularly cognitive flexibility 
and inhibition. Iversen and Lewis conducted a meta-
analysis examining the relationship between these 
behaviors, EF performance, and parental reports.19 
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Their findings indicated that higher levels of restricted 
and repetitive behaviors were consistently linked to 
greater EF deficits in flexibility, inhibition, and caregiver-
reported EF skills.
	 Similarly, Berenguer et al. investigated the 
interplay between ASD, EFs, Theory of Mind (ToM), 
and behavioral problems.20 ToM, defined as the ability 
to understand that others hold beliefs, thoughts, and 
perspectives different from one’s own, was found to 
be impaired in children with both ASD and ADHD. The 
study showed that deficits in EF and ToM contribute 
jointly to difficulties in interpreting others’ intentions, 
which in turn exacerbate behavioral problems.
	 While these studies show consistent links 
between executive function performance and social 
or behavioral outcomes, most of them are cross-
sectional and correlational rather than experimental 
studies, and several rely on parent reports. These 
factors might make it difficult to determine whether 
executive function directly causes improvements in 
behavior or communication. Moreover, differences in 
age, intelligence, and co-occurring conditions such 
as ADHD may also influence how strongly executive 
function relates to social and behavioral skills.2 Further 
longitudinal or intervention studies are needed to 
clarify these relationships.
	 In conclusion, children with ASD commonly 
experience deficits in EFs-particularly cognitive 
flexibility, inhibition, and working memory-that 
contribute to difficulties in social communication 
as well as the presence of restricted and repetitive 
behaviors, which lead to challenges in daily adaptability 
and behavioral regulation. Strengthening EF skills is 
therefore a critical therapeutic priority, as doing so 
can promote more effective communication, support 
social integration, and encourage adaptive behavioral 
patterns.

Music, brain, and executive functions
	 A variety of interventions are available to support 
development in children with ASD, including speech 
therapy, occupational therapy, and applied behavior 
analysis, each of which should be tailored to the 
individual child’s needs and characteristics.3 Among 
these, music therapy (MT) has received increasing 
attention as a complementary approach.21 Emerging 
evidence suggests that MT is effective in fostering 
language, social, and behavioral development,22 as 
well as engaging both cognitive and emotional systems, 
which may offer a promising pathway for enhancing EFs 
in children with ASD.23-24

	 Early childhood is often described as a golden 
period of intellectual, emotional, and behavioral 
growth. During this stage, the brain is highly flexible 
and particularly sensitive to environmental stimuli.25 
Rapid synaptic formation occurs as children engage 

with experiences and external inputs, shaping neural 
architecture and cognitive development. Among the 
most powerful of these stimuli is music, a complex 
multisensory experience that promotes integrated 
brain learning. Music engages both hemispheres 
of the brain simultaneously, activating networks 
involved in auditory processing, movement, language, 
and emotion.4 When children are exposed to music-
whether through listening, singing, or movement-
the brain coordinates these functions in parallel, 
strengthening connections between neural pathways. 
This integrated stimulation supports the development 
of essential cognitive and behavioral skills, including 
attention, short-term memory, self-control, and social 
interaction.26

	 Beyond its immediate effects, music training and 
regular music exposure can lead to lasting structural 
and functional changes in the brain. These neuroplastic 
adaptations are particularly evident in regions 
associated with movement and auditory processing, 
where music training has been shown to increase 
cortical representation. Such training also enhances 
a range of cognitive skills, including verbal memory, 
phonological awareness, and spatial reasoning. 
Moreover, research indicates that attentive listening 
to music can induce changes in the auditory cortex, 
supporting the view that music exposure may positively 
influence executive functioning by strengthening neural 
networks involved in attention, memory, and cognitive 
control.27-28

	 Music therapy is a structured therapeutic process 
in which trained therapists use musical experiences-
and the therapeutic relationship itself-to promote 
health and facilitate change according to individualized 
goals.29 The American Music Therapy Association 
(AMTA) defines MT as an intervention designed to meet 
physical, emotional, cognitive, and social needs through 
musical activities such as composing, singing, moving, 
and listening.30 Evidence from a systematic review by 
Rodriguez-Gomez and Talero-Gutiérrez5 indicates that 
MT can stimulate activity in the frontal lobe, the brain 
region central to EFs. Such stimulation has been shown 
to significantly support the development of cognitive 
flexibility, inhibitory control, and working memory in 
children.
	 In conclusion, music therapy is more than an 
enjoyable activity; it is a powerful therapeutic tool for 
strengthening EFs, particularly in children who require 
support for learning and behavior. By integrating 
structured musical experiences into developmental 
programs, MT can promote cognitive flexibility, inhibitory 
control, and working memory while also fostering social 
and emotional growth. Consequently, incorporating 
music as a sustained component of child development 
initiatives should be actively encouraged and further 
expanded in both clinical and educational settings.
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Music therapy effects on executive functions in 
children with ASD
	 A growing body of research, conducted both 
internationally and in Thailand, demonstrates that music 
therapy interventions targeting EFs can significantly 
enhance EF skills in children with ASD.23-24 Recent 
publications reinforce MT as a promising intervention 
for cognitive development, providing empirical support 
for its effectiveness across diverse cultural and clinical 
contexts.
	 For example, Sharma and Mehta23 conducted a 
study in India examining the effects of music therapy 
(MT) on executive functions in 100 children with ASD. 
Participants in the experimental group attended MT 
sessions twice weekly for 40 minutes over eight weeks, 
while the control group received no intervention. The 
sessions incorporated rhythm- and melody/swar-based 
activities, with both children and caregivers engaging 
in interactive exercises. Tasks included passing small 
cushions and large pillows in time with musical 
rhythms to encourage attention and coordination, 
singing familiar songs such as Chanda Mama Door Ke, 
Chiriyan Di Chaal, and Jingle Bells, and participating in 
movement-based games (e.g., “sing and stop,” “clap 
and go,” “clap and jump”).
	 Results showed that children in the experimental 
group demonstrated significant improvements in EF 
performance, as indicated by reduced post-intervention 
dysfunction scores. However, the study had several 
limitations: it did not account for children’s baseline 
interest in music, the short intervention period may have 
limited the effect size, and individual rather than group 
therapy was used due to variability in hyperactivity and 
sensory sensitivities among participants.23

	 Rupsuwan et al. conducted a single-case study in 
Thailand to examine the effects of a virtual music therapy 
(MT) model on executive functions in a five-year-old 
boy with ASD.24 The child and his mother participated 
in eight sessions delivered twice weekly for 30-45 
minutes for four weeks. Sessions were conducted via 
telehealth, with the therapist using a laptop equipped 
with a camera and condenser microphone, while the 
mother joined through a smartphone.
	 The intervention targeted EF skills by combining 
intellectual and emotional engagement through music 
listening, structured musical activities, and behavioral 
reinforcement strategies. Activities included instrument 
play, singing, movement, and musical games. The 
therapist provided live music by singing and playing the 
guitar, adjusting rhythm, tempo, and dynamics to match 
the child’s progress. Favorite songs were incorporated 
to enhance motivation, and the child was encouraged 
to choose instruments and participate actively. Both 
live and recorded music supported movement-based 
activities, with lyrics, rhythm, and tempo providing 
cues for attention, initiation, and stop–go responses.24

	 Results showed improvements in EF performance, 
including working memory, inhibitory control, and 

cognitive flexibility, as well as reductions in behavioral 
problems. However, the results of this study were 
limited by its single-subject design without a control 
group, short intervention period, and the inherent 
limitations of virtual delivery (e.g., reduced nonverbal 
interaction, internet instability, and limited camera 
angles, which could restrict the generalizability of the 
results.24

	 Rupsuwan et al.24 highlighted the multifaceted 
impact of virtual music therapy (MT) on executive 
functions (EFs).24 First, working memory improved 
through repetitive melodies and lyrics that supported 
song recall, particularly when paired with role modeling 
and therapist guidance. Second, inhibitory control was 
strengthened via musical play and movement activities 
that incorporated role switching and rhythmic start–
stop patterns, thereby enhancing sustained attention. 
Third, cognitive flexibility was fostered through varied 
musical elements-such as changes in rhythm, tempo, 
lyrics, and volume-that encouraged adaptation to 
auditory shifts and behavioral adjustment in social 
contexts. Fourth, emotional regulation benefited, 
as music and movement provided calming effects, 
facilitated emotional expression, and supported the 
management of negative emotions. Finally, planning 
and organization were promoted through composing 
and engaging in songs tied to daily routines and target 
behaviors, helping the child sequence tasks and 
structure actions effectively.
	 Despite these positive outcomes, the study faced 
several limitations. Its single-subject design without a 
control group restricts generalizability, while the short 
intervention period precludes long-term follow-up. 
Additionally, constraints of virtual delivery-including 
reduced nonverbal interaction, restricted camera 
angles, and internet instability-introduced time lags 
and limited engagement.24

	 Consistent with the findings of Srinivasan and 
Bhat,31 rhythm and melody stimulate reward- and 
emotion-related brain circuits. Regular participation 
in rhythm-based activities helps children regulate 
arousal, reduce anxiety, and sustain attention-effects 
that are particularly valuable during therapeutic or 
educational sessions. Activities such as clapping to 
rhythm, playing percussion instruments, or moving in 
response to melodic cues also support gross and fine 
motor coordination, thereby strengthening timing, 
sequencing, and inhibitory control-core aspects of 
executive function frequently impaired in ASD.
	 Similarly, Sutikno et al. demonstrated that singing 
activities in preschool children enhance memory, 
increase learning motivation, and foster creativity.32 
Participation in singing activates neural processes that 
facilitate the absorption and retention of information. 
Moreover, the repetitive use of words in theme songs 
reinforces recall, enabling children to remember and 
integrate material more effectively.
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Although existing studies indicate that MT can enhance 
several aspects of executive functioning in ASD, 
current evidence on music therapy targeting executive 
functions in autistic children remains limited, with 
few studies explicitly evaluating EF outcomes and 
mostly relying on small or single-case samples. The 
group-based interventions23 demonstrated general 
feasibility, whereas individualized, virtual approaches24 
provided insight into mechanisms such as rhythm-
based attention and emotional engagement. Active, 
participatory forms of music therapy, particularly 
incorporating rhythm, singing, and movement, appear 
most effective for improving inhibitory control and 
working memory, while effects on planning and 
cognitive flexibility are less consistent.
	 Taken together, these studies demonstrate that 
music therapy, whether delivered in person to large 
groups or virtually in single-case formats, consistently 
benefits the development of EFs in children with ASD. 
Repetitive, rhythm- and melody-based activities, 
along with active caregiver participation, appear to be 
key mechanisms underlying improvement. However, 
methodological differences emphasize the need for 
future research to balance the scalability of group 
interventions with the individualized, domain-specific 
insights afforded by case studies.

Practical implications
	 This study highlights several important 
implications for practice and research. Rhythm- 
and melody-based activities can be embedded into 
interventions to strengthen working memory, attention, 
inhibition, and cognitive flexibility. Simple strategies 
such as repetitive songs and musical games serve as 
effective tools for reinforcing EF skills both in therapy 
and in daily routines. Caregiver involvement enhances 
engagement and promotes generalization, while parent 
training extends benefits into the home environment.
	 The Indian study demonstrated the feasibility 
of structured, group-based MT, whereas the Thai 
case illustrated the potential of telehealth delivery, 
suggesting that MT can be adapted to diverse contexts, 
including resource-limited settings. Incorporating 
children’s preferred music increases motivation, 
while rhythmic cues help regulate behavior and 
reduce repetitive patterns. Collectively, these findings 
position MT as a practical, child-friendly intervention 
for improving cognitive and behavioral outcomes. 
Nonetheless, further research is needed to evaluate 
longer intervention periods, develop standardized 
protocols, design scalable models, and determine 
how factors, such as age, baseline cognitive ability, 
and sensory sensitivities, e.g., auditory hypersensitivity 
commonly found in ASD, influence responsiveness and 
comfort for broader implementation of the intervention.

Conclusion
	 Children with ASD commonly experience deficits 

in EFs-particularly cognitive flexibility, inhibition, 
and working memory-that adversely affect social 
communication and behavior. Music therapy has 
emerged as a promising and engaging intervention 
that stimulates brain regions involved in EF, most 
notably the prefrontal cortex. Interestingly, it integrates 
cognitive, motor, and emotional engagement within 
a single activity, activating multisensory and brain 
systems that support EF. Evidence from studies 
conducted across different countries demonstrates 
that MT, whether delivered in person or virtually, can 
significantly enhance EF skills in children with ASD. 
Reported benefits include improvements in working 
memory, inhibitory control, emotional regulation, 
and behavioral planning. Additionally, structured and 
individualized MT interventions have been shown to 
reduce repetitive behaviors and foster broader social 
and communicative development. Collectively, these 
findings underscore the therapeutic value of integrating 
music-based EF training into intervention programs 
for children with ASD. By strengthening cognitive 
and behavioral capacities through enjoyable, child-
centered activities, MT represents a practical and 
adaptable approach to supporting development across 
diverse contexts.
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