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Background: To evaluate peripapillary retinal nerve fibre layer (RNFL) thickness 
and optic disc parameters in iron deficiency anaemia (IDA) patients and its correlation 
with various blood parameters of age and sex matched healthy controls with the 
help of spectral domain optical coherence tomography (SD-OCT).

Materials and methods: Cross sectional, hospital based study was done on patients 
with IDA and healthy patients attending departments of Ophthalmology and 
haematology of a tertiary referral hospital in Eastern India from June 2020 to 
January 2021. Comprehensive ophthalmic examination was done in all patients. 
Peripapillary RNFL thickness was measured using SD-OCT. Blood analysis for all 
patients included blood haemoglobin, serum iron binding capacity, Serum Ferritin, total 
iron binding capacity (TIBC), mean corpuscular volume (MCV), mean corpuscular 
haemoglobin (MCH) and mean corpuscular haemoglobin Concentration (MCHC).

Results: Twenty five patients with IDA and 25 age and sex matched healthy patients 
constituted the study and control groups respectively. Mean age of study and control 
groups was 40.44±5.51 and 39.12±11.60 years respectively. Strong positive correlation 
was noted between mean RNFL thickness and haemoglobin, serum ferritin, serum 
iron and serum transferrin levels. Negative correlation was noted between mean 
RNFL thickness and total iron binding capacity.

Conclusion: Patients with IDA in Eastern India have decreased mean peripapillary RNFL 
thickness. Mean RNFL thickness in different quadrants may not only be dependent 
on iron parameters but might also be influenced by dietary and geographical factors.
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 Anaemia is a common public health problem, iron 
deficiency being the most common cause.1 Women of child 
bearing age are particularly affected.2 Iron is required for 
carrying oxygen and for normal functioning of oligodendrocytes, 

which play an important role in myelination.3,4 Hence, depleted 
iron stores cause hypoxia and defective myelination. Hypoxia 
results in neuronal death through various mediators and 
mechanisms. As a result, retinal ganglion cells undergo 
damage by a compromise in normal perfusion and oxygen 
saturation.5 Iron deficiency also results in dopaminergic 
dysfunction.6 Retinal dopaminergic dysfunction alters receptive 
areas of axons and ganglion cells, which constitute retinal 
nerve fibre layer (RNFL).7

 Decreased thickness of RNFL has been reported in various 
types of ischemic retinal diseases like diabetic retinopathy, 

ABSTRACT

Introduction

Analysis of retinal nerve fibre layer thickness and optic disc parameters in patients of
iron deficiency anaemia
Swati Samant1  Suchismita Mishra1  Smaraki Mohanty2  Deergha Pareek1  Srikant Kumar Dhar3

Pradeep Kumar Panigrahi1*

1Department of Ophthalmology, Institute of Medical Sciences & SUM Hospital, Siksha O Anusandhan (deemed to be) University, 8-Kalinga Nagar,
  Bhubaneswar.
2Department of Community Medicine, Institute of Medical Sciences & SUM Hospital, Siksha O Anusandhan (deemed to be) University, 8-Kalinga
  Nagar, Bhubaneswar.
3Department of Medicine, Institute of Medical Sciences & SUM Hospital, Siksha O Anusandhan (deemed to be) University, 8-Kalinga Nagar,
  Bhubaneswar



S. Samant et al.  Journal of Associated Medical Sciences 2022; 55(2): 1-62

 

 

 

 

 

 

 
 

 

 

 

  

Characteristics Study (n= 25) Control (n= 25) p value

Age 40.44±14.06 37.36±12.83 0.421

Gender

  Male 8 13 0.003

  Female 17 12

Refraction 1.12±0.52 1.17±0.42 0.459

IOP 12.487±1.808 12.607±1.827 0.81587

Hb 6.68±1.98 13.20±1.32 <0.001

Serum Iron 24.5±9.78 86.31±8.44 <0.001

Serum Ferritin 5.03±1.40 36.63±2.82 <0.001

TIBC 416.2±103.24 318.36±7.91 <0.001

Serum Transferrin 5.34±1.47 30.19±1.37 <0.001

MCV 68.79±10.33 87.89±2.41 <0.001

MCH 21.56±4.77 29.24±2.08 <0.001

MCHC 32.26±9.36 34.16±1.77 <0.001
IOP: intraocular Pressure, Hb: hemoglobin, TIBC: total iron binding capacity, 
MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, 
MCHC: mean corpuscular hemoglobin concentration.

glaucoma, retinal vascular occlusion, and retinopathy of
prematurity. Thus decreased RNFL thickness has played a
key role in diagnosis and monitoring of these diseases.8-10

Optical coherence tomography (OCT) is a non-invasive
imaging method that is widely used in the diagnosis of optic
nerve and RNFL diseases.11  The spectral domain OCT (SD OCT)
technique provides faster acquisition, better resolution and
improved imaging of retinal morphology than traditional
OCT.12

  In the current study, we aimed to evaluate peripapillary
RNFL thickness and optic disc parameters in iron deficiency
anemia (IDA) patients and its correlation with various blood
parameters of age and sex matched healthy controls with
the help of SD-OCT.

Materials and methods

  The present study included 25 eyes of 25 adults between
20-55 years of age with iron deficiency anaemia and 25 eyes
of 25 age matched healthy control subjects who had come
for routine check-up procedure to Department of Ophthalmology
and Hematology at a tertiary care hospital in Eastern India
between June 2020 to January 2021. The study adhered to
the basic tenets of Helsinki Declaration. Institutional ethical
committee clearance was obtained prior to beginning the
study. Informed consent was obtained from all patients before
enrolling into the study.
  IDA was diagnosed when serum haemoglobin (Hb)
was <10 g%, serum (Sr) iron ≤50µg/dl, Sr Ferritin concentration
≤15 g µ/dl, Mean Corpuscular Volume(MCV) <80 fl/red cell
and Total iron binding capacity (TIBC) ≥300. Patients with
best corrected visual acuity less than 20/20, myopia or
hypermetropia >4.0 D, lenticular or other ocular media
opacities, evidence of glaucoma ,strabismus, history of
intraocular surgery or ocular trauma, uveitis, diabetic retinopathies,
vitro retinal disorders,, neurologic diseases or any systemic
diseases other than IDA were excluded from the study.
  A complete ophthalmologic examination was done
including visual acuity assessment using Snellen’s visual
Acuity chart, refraction, detailed slit lamp examination for
anterior segment evaluation, intra ocular pressure (IOP)
measurement by Goldmann applanation tonometry and
dilated fundoscopy with indirect ophthalmoscope and 20
Dioptre lens. Blood analysis for all patients included serum
Hb, serum iron binding capacity, Serum Ferritin, total iron
binding capacity (TIBC), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH) and mean corpuscular
hemoglobin Concentration (MCHC).

Outcome Parameters
  Topcon 3D SD OCT-1 Maestro (Topcon Medical System,
Tokyo, Japan) was used to obtain RNFL thickness in peripapillary
region using OCT 3D optic disc cube 200×200 scan protocol.
The signal strength used for analysis was >7. Average, temporal,
nasal, superior and inferior quadrant RNFL measurements
were noted along with disc area, rim area and Cup disc
ratio. Right eyes of all the patients were arbitrarily taken
for analysis.

Statistical analysis
  Data were analysed using the Statistical Package for
Social Sciences version 25. Independent samples t-test was
used for data with normal distribution and Mann–Whitney
U-test was employed for those without normal distribution.
Correlation analysis was performed with Spearman’s
correlation test. Youden’s index was calculated.  p<0.05 was
considered statistically significant.

Results

  The present study included 25 patients with IDA in the
study group and 25 normal patients in the control group.
The mean age of study group was 40.44±5.51 (range 20-60)
years. Mean age of the control group was 39.12±11.60 (20-60)
years. The clinical and laboratory characteristics of cases
and controls are presented in Table 1. There was no significant
difference in the age, refractive status and IOP in both the
groups. Significant differences were noticed in gender, Hb%,
Sr Iron, Sr Ferritin, Sr Transferrin, TIBC, MCV, MCH, and MCHC.
  The average disc area, rim area, cup disc ratio were
same in both the study and control groups. There was no
significant difference between the two groups (Table2).
RNFL thickness values are presented in Table 3. There was
a  statistical  significant  difference  noted  in  average  RNFL
thickness as well as RNFL thickness in superior, inferior and
nasal quadrants between the two groups.

Table 1  Clinical and laboratory characteristics of the groups.
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Table 2  Optic disc parameters of the patients and control 
groups.

Characteristics Study (n= 25) Control (n= 25) p value

Rim Area 1.48±0.28 1.55±0.302 0.400

Disc Area 1.98±0.42 1.97±0.39 0.915

Cup: Disc ratio 0.43±0.16 0.40±0.19 0.255

 On Correlation analysis, a strong positive correlation 
was noted between mean RNFL thickness and Hb, Sr Iron, 
Sr Ferritin and Sr Transferrin while a negative correlation 
was observed between mean RNFL thickness and TIBC 
(Table 4) (Figure 1). Positive correlation noted between 
superior RNFL thickness with Sr Hb, Sr Iron and Sr ferritin 
(r=0.16, 0.05, 0.03) Similarly positive correlation was also 
found between inferior RNFL thickness and Sr Hb (r=0.22). 
We also found a positive correlation between nasal RNFL 
thickness and Sr Ferritin (r=0.362). 

Table 3  Peripapillary retinal nerve fibre layer thickness by 
SD OCT.

RNFL thickness Study (n= 25) Control (n= 25) p value

Average RNFL 
thickness

85.52±13.3 105.2±4.78 <0.001

Superior quadrant 102.88±26.29 137.44±5.45 <0.001

Inferior quadrant 102.8±23.63 129.08±1.85 <0.001

Nasal quadrant 64.24±14.89 86.24±2.44 <0.001

Temporal quadrant 60.8±15.91 67.8±5.04 0.045

RNF: retinal nerve fibre layer.

Table 4  Correlation between average RNFL layer and various 
blood parameters.

Average RNFL 
thickness

95.36± 14.02 µ
Mean±SD Correlation “r” p value

Hb 9.94±3.7 0.892 <0.001

Serum Ferritin 20.8±16.1 0.770 <0.001

Serum Iron 55.4±32.5 0.688 <0.001

Serum Transferrin 17.76±12.63 0.695 <0.001

TIBC 367.28±87.71 -0.368 0.009

RNFL: retinal nerve fibre layer, Hb: hemoglobin, TIBC: total iron binding 
capacity.

 Receiver operating characteristic (Roc analysis) 
shows area under the curve is 0.891 (95% ci 0.78-0.99) 
with a p<0.001. Youden’s index was calculated. Thus, at cut 
off value of 97 µm of total thickness of retinal nerve fibre, 
sensitivity is 100% and specificity is 84% of detecting anemia.

Figure 1. Correlation analysis between retinal nerve fibre layer thickness and laboratory findings of the group.
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Figure 2. ROC Analysis.

 

 

  

  

 

Eltohamy2 showed thinning in average, superior, inferior, 
nasal and temporal quadrants. Study conducted by Jaiswal S. 
et al 3 on patients with IDA showed a decrease in peripapillary 
RNFL thickness in all four quadrants.
 Various ophthalmic diseases like glaucoma are also 
associated with RNFL thinning along with changes in Optic 
Nerve Head.19, 20 Hence, a thorough history regarding iron 
deficiency is vital for these disorders while taking OCT for 
RNFL analysis and management of such patients. Myopia 
and glaucoma are associated with optic nerve head changes 
and RNFL thining.19, 21, 22 We could not find any significant 
optic nerve head changes except RNFL changes, so this should 
be considered while analysis of patients. 
 On correlation analysis between average and quadrant 
wise RNFL thickness with various laboratory parameters, we 
found a strong positive correlation between mean RNFL 
thickness and Sr Hb, Sr Iron, Sr Ferritin and Sr Transferrin 
while a negative correlation is found between mean RNFL 
thickness and TIBC. Positive correlation between superior 
RNFL thickness with Sr Hb ,Sr Iron and  Sr Ferritin was noted. A 
positive correlation was also found between inferior RNFL 
thickness and Sr Hb .We also found a positive correlation 
between nasal RNFL thickness and Sr Ferritin. Strong correlation 
may be related to severe degree of anemia in our study, hence 
reflecting the effect of anemia on RNFL.
 Cikmazkara et al 8 also reported a positive correlation 
between mean RNFL thickness and Sr Hb, Sr Iron, Sr Ferritin, 
and transferrin saturations, while a negative correlation was 
found between TIBC and mean RNFL thickness similar to us. 
Jaiswal et al 3 have reported a positive correlation between 
average RNFL thickness and Sr Hb and serum ferritin, and a 

Discussion

  IDA has been found to be the most prevalent type
of anaemia worldwide.13  It is known to cause various ocular
diseases due to ischaemia.8 Decreased thickness of RNFL
has been demonstrated in various ischaemic retinal diseases.14

In our study, we have evaluated the RNFL thickness and
optic disc parameters in patients with IDA. A significant
(p<0.003) female preponderance was seen in our study
which corroborated with other studies.8, 15, 16  Several studies
conducted  in  Turkish  population  have  detected  anaemia  in
40-50% of the women in the childbearing age, most of which
was related to iron deficiency.17,18

  In our study mean serum Hb value (6.68±1.98 gm %)
was lower and mean Serum Ferritin (5.03±1.40) was higher
than in studies by Cikmazkara I  et al  8  and Akdogan E  et al.16

However, Jaiswal S  et al  3  have reported a lower mean
haemoglobin and Sr Ferritin as compared to our study.
Cases in our study had a higher mean Sr Iron (24.5±9.78)
than that reported by Cikmazkara I  et al.8  However, TIBC
and Sr Transferrin were similar between the two studies.
Low range of Sr Hb in our study could be attributed to the
direct referral of patients from Hematology Department
who already had moderate to severe anemia.
  Average disc area, rim area and cup disc ratio did not
show any statistical significance which was similar to those
reported by Cikmazkara I  et al.8  In our series we found
IDA patients had significantly (p<0.001) thinner average,
superior, inferior and nasal quadrant when compared to
healthy controls. Maximum thinning was seen in nasal
quadrant and maximum thickness was noted in the superior
quadrant. Previous study in adult females with IDA by Moussa
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negative correlation was seen with TIBC. Whereas, Moussa
Eltohamy2  have reported a positive correlation between
mean RNFL, Sr Hb and Sr Iron. All this studies have only
compared the average RNFL with blood parameters. Akdogan
et al  16  reported significant correlations between inferior
quadrant RNFL thickness and Hb, and between nasal quadrant
RNFL thickness and Sr Iron and Sr Ferritin concentrations,
and TIBC which is similar to ours.
  Our study has certain limitations. It has small sample
size and is a hospital based study confined to Eastern India
and so it does not represent typical population of India.
Hence, the results of the study cannot be generalised. Larger
studies from different regions are required to confirm the
results obtained from our study and enhance the clinical
importance of these findings. Further, duration of iron
deficiency and history of blood transfusion were not taken
into consideration. Moreover, the patients were not subdivided
into various groups based on severity of anaemia. It is a
cross sectional study and RNFL thickness was not revaluated
after iron supplementation. Further studies are required to
determine whether these RNFL changes can be reversed
after treatment.

Conclusion

  On assessment of the peripapillary RNFL thickness
and optic disc parameters in IDA  patients in Eastern India
and comparing it to controls, it was seen that the average
RNFL thickness in IDA decreases but quadrant wise it varies
in different regions and is not only dependent on iron
parameters but might also on dietary and geographical
factors.
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Background: Sar CoV2, a novel coronavirus was identified as the cause of respiratory 
abnormality diseases COVID-19. It has no specific symptoms and the transmission 
occurs via respiratory droplets or contaminated surfaces. Seroprevalence studies 
of many diseases have been found to be useful to detect people who were exposed 
to infection and reveal the burden of the disease.

Objectives: This study aimed to assess the correlation between Clinical findings 
and laboratory testing of patients with Sar CoV2 infection as derived by RT PCR 
detection and to investigate serological antibody of IgM, IgG in serum of Covid19 
hospitalized patients.

Materials and methods: The study was conducted on 168 patients with positive 
RT PCR for COVID-19 during June 2021- January 2022 in Khon Kaen Hospital. The 
nasopharyngeal swabs and blood samples were obtained on the day of admission. 
Data collection of patient’s clinical symptoms and laboratory testing were recorded 
for statistical analysis. We performed CBC and anti Sar CoV2 (IgM,IgG) according to 
standard laboratory methods.

Results: The results indicated that seroprevalence of anti Sar CoV2 in COVID-19 
patients was approximately 28% (47/168). The laboratory markers of CBC; as WBC, 
neutrophil, lymphocyte and platelet demonstrated lower significance. No correlation 
was observed between Ct of RT PCR with clinical signs and symptoms of COVID-19 
patients. In case of RBC, Hemoglobin and Hematocrit, there were also no correlation 
with clinical characteristics of COVID-19 patients.

Conclusion: The study observed that WBC count and platelet count was significantly 
lower for some cases. However, awareness of these parameters is required, because 
of the large heterogeneity in test performance. From serological tests it was observed 
that anti Sar CoV2 is not suitable diagnosis of the acute phase of infection. Both 
tests can be used to help RT PCR for diagnosis of Sar CoV2 infection.
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 The coronavirus disease COVID-19 has spread rapidly, 
resulting in high morbidity and mortality. Early on during 
the pandemic, WHO recommended that testing for virus 

should be considered for symptomatic patients as well as 
for those who are asymptomatic but who have been in 
contact with confirmed cases.1 Sar CoV2 virus belongs to a 
family of enveloped RNA virus with a crown or corona like 
appearance.2 The clinical signs and symptoms of COVID-19 
can range from asymptomatic, mild to severe disease. The 
data from pooled prevalence of asymptomatic COVID-19 is 
about 48% and found to be higher in females than males.3 

Most patients presented with mild respiratory tract infection 
characterized by fever and cough (81%) while severe pneumonia 
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Clinical  Characteristics n=168

RT PCR: Detected 100% (168/168)

     Ct≤25 60.12% (101/168)

     Ct≥25 39.88% (67/168)

Gender

     Female   57% (96/168)

     Male 43% (72/168)

Age  

     Mean  (year) 48 (18-64)

Clinical symptoms

     Asymptomatic 51.80% (87/168)

     Mild 35.12% (59/168)

     Severe 13.08% (22/168)

 

Ethical statement
  This study was approved by the Ethical committee
of Khon Kaen Hospital. (Approved no.KEXP64008 ).

Laboratory methods
  The nasopharyngeal swabs and blood samples were
obtained on the day of admission. RT PCR were performed
by automatic analyzer (Cobas 6800; Roche diagnostics GmbH)
where the RT PCR assay was used to detect a conserve
region in the E gene of Sar CoV2. For the complete blood
count (CBC), we used the Sysmex XN series analyzer. We
evaluated serum antibodies by ECLIA method using Cobas
Pro (Roche diagnostics GmbH). The positive and negative
controls were tested in all runs. All of the data from our study
was coded as a research number.

Statistical analysis
  We analyzed the quantitative data expressed as mean
and range with 95% confidence interval. For the qualitative
variables Chi-square testing was used to distinguish clinical
characteristics and laboratory findings among asymptomatic,
mild and severe cases. Statistical significance was taken as
p<0.05.

Results

  The demographic data of the 168 patients are displayed
in Table 1. The mean age of our study was 48 year. Of the
subjects, 43% (72/168) were male and 57% were female.
All of 168 subjects were positive by RT PCR. We divided
all patients into 3 groups; 87 asymptomatic cases who were
taken to admit in Hospitel (Hotel serviced as hospital), 59
cases as characterized as mild and 22 cases diagnosed as
severe COVID-19 and were received for treatment in ICU.
Our study found that 51.8% (87/168) of RT PCR positive
presented as asymptomatic. A 35.1% (59/168) of patients
had mild clinical signs as fever, cough, fatigue and loss of
smell. In 22 severe cases (12.1%), the patients progressed to
severe pneumonia and respiratory failure.

Table 1  Demographic and clinical signs and symptoms of
  the study subjects.

has been reported in 14%. Two % was the overall mortality
rate.4  Reverse-transcription polymerase chain reaction
(RT PCR) for Sar CoV2 is considered as the gold standard for
diagnosis of COVID-19. In the real situation, RT PCR has
not been performed widely in clinical settings because it
requires special equipment, and needs highly skilled laboratory
technicians. Therefore as RT PCR was a time-consuming process,
alternative diagnostic tests should be performed in cases of
emergency. The seroconversion of specific IgM, IgG antibodies
was demonstrated in serum of patients in 4-7 days.5  Most
patients had neutralizing antibodies on day 14-20 but there
was much variability. The antibodies IgG level showed positivity
for 3-6 month.6  The study of immunochromatography assay
detecting IgM,IgG alone was not recommended in early phase
of Sar CoV2 infection. The chest computed tomography combined
with Immunochromatography assay showed sensitivity of
74.3% in asymptomatic patient and 82.4% in symptomatic
patients.7  Asymptomatic cases were defined as cases of no
history of clinical signs and symptoms. Symptomatic patients
exhibited clinical signs and symptoms of COVID-19: fever,
nasal discharge, cough, diarrhea, dyspnea and oxygen saturation
lower than 93%. The most common laboratory abnormalities
were lymphopenia (63-83%), leukopenia as 9-34% and
thrombocytopenia 36%.8  Only 5-10% of COVID-19 patients
progressed to severe. Then, patients in these cases were
admitted to Intensive Care Unit(ICU).9  Mortality in patients
with severe and critical COVID-19 was 26%. The data showed
respiratory failure was the most common cause of death
in COVID-19.10  Moreover, evaluation of laboratory parameters
can be enhanced to discriminate between symptomatic and
asymptomatic cases The aim of this study was to analyze
laboratory abnormalities which correlated with Clinical
characteristic of patients who diagnosed as COVID-19 and
to assess IgM, IgG antibodies which were detected in COVID-19
patients.

Materials and methods

Study design
  We conducted the present study on COVID-19 patients
who were admitted and received medical treatment at
Khon Kaen Hospital, Khon Kaen province, Thailand from
June 2021- January 2022. All patients had RT PCR performed
for Sar CoV2 using nasopharyngeal swabs and clinical
information was collected from medical request records. Blood
samples were taken on the same day that the RT PCR test
was evaluated. We tested CBC, and serum samples were
tested for IgM, IgG antibody. All methods were employed
according to the manufacturer’s instructions and tested as
per the usual laboratory workflow.

Subjects
  We enrolled 168 hospitalized patients in Khon Kaen
Hospital who met the inclusion criteria of RT PCR detected
with clinical data completed. The participants were categorized
into 3 groups by the stage severity for COVID-19.11,12
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 The laboratory investigation report of the 168 patients 
is shown in Table 2.  A PCR cycle threshold Ct<36 was defined 
as a positive result. In our study we were concerned about 
the intensity of viral RNA and investigation of Ct≤25 compared 
with Ct≥25 in patients who tested as RT PCR positive. The 
results demonstrated 60.1% of patients had Ct≤25, while 
39.9% of patients had Ct≥25. When we evaluated between 
the 2 groups of Ct with clinical characteristics, no correlation 
with asymptomatic and severe COVID-19 was observed. In 

Table 2  Laboratory findings of parameters in CBC (Complete blood count) and antibody detection.

Test report Asymptomatic (n=87) Mild (n=59) Severe (n=22) p value

CBC:

     RBC  (106/µL) 4.7 (3.9-4.9) 4.8 (4.1-5.4) 4.5 (3.7-5.3) 0.804

     Hemoglobin (g/dL) 13.2 (12.9-13.5) 13.5 (13.1-13.8) 13.4 (13.1-14.0) 0.290

     Hematocrit (%) 34.9 (33.8-37.0) 36.1 (35.2-38.3) 36.3 (35.1-37.9) 0.568

     WBC (103/µL) 5.9 (5.6-7.8) 5.7 (5.2-7.1) 5.3 (4.6-7.6) <0.05

     Neutrophil  (103/µL) 4.6 (4.2-5.8) 5.0 (4.7-5.2) 6.3 (6.0-7.6) <0.05

     Lymphocyte  (103/µL) 2.2 (1.6-3.1) 2.3 (2.2-2.9) 2.7 (2.6-3.6) <0.05

     Platelet  (103/µL) 179 (157-248) 188 (186-286) 156 (165-235) <0.05

IgM/IgG 

     antibody to Sar CoV2 27% (24/87) 25% (15/59) 36% (8/22)

the case of comparing the RBC, Hemoglobin and Hematocrit 
with clinical group characteristics there was no significant 
correlation. (r=0.29-0.36) According to the data, WBC, neutrophil, 
lymphocyte and platelet counts were analyzed showing 
significant high differences between groups of asymptomatic, 
mild and severe cases. (p<0.05) To evaluate whether the 
antibody level correlated with disease severity, we observed 
a higher level in the severe group compared to the asymp-
tomatic and mild cases.   

 

 

 

 

Discussion

  In our study, we analysed patients who were hospitalized
in Khon Kaen Hospital during the second phase of COVID-19
outbreak. The diagnosis of COVID-19 was complicated due
to the diversity of clinical symptoms. RT PCR of viral RNA
is the gold standard. The limitation of RT PCR was that the
initial RT PCR was not positive in patients with COVID-19
infection.13  Several studies found the IgM,IgG antibody to
protein N can be chosen for screening and estimation of
seroconversion of COVID-19. However, 5-10% of convalescent
individuals did not have the antibody response.14  We observed
the antibodies response in severe COVID-19 to be higher than
in the asymptomatic and the mild groups. Normally asymptomatic
and mild cases have a short time stay in hospital. This
reason supported the study that the population failed to
develop antibody against Sar CoV2. This may be from the
ability to produce different immune response in infected
individuals.15

  Our study was similar to E.Ozcan.  et al. in the year
2020.16  The laboratory findings of the neutrophil, lymphocyte
and platelet were lower when compared to normal healthy
individuals. In results for 4 parameters (WBC, neutrophil,
lymphocyte and platelet) for asymptomatic, mild and severe
cases, we found significantly lower values for the clinical
characteristics of these 3 groups.

Conclusion

  From this study, we have useful information to select
the test method for diagnosis of SarCoV2 infection. In situation
of RT PCR positive, the associated clinical characteristics
have been observed in the process of work during COVID19
pandemic in Khon Kaen hospital. The results of this study
supported no significant difference in Ct ratio of viral RNA
with severity of clinical signs and symptoms. Some CBC
marker changes as WBC, neutrophil, lymphocyte and platelet
should be considered in testing COVID19 patients.
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Background: A white cane is the most common equipment used by the blind for 
navigation. However, a cane can detect obstacles only at ground level, while many 
physical barriers can be at mid-body or head level.

Objectives: The aim of this study was to create a white cane with ultrasonic sensors 
that could detect objects at waist and head levels.

Materials and methods: Ten blindfolded participants, 5 males and 5 females, were 
recruited by means of purposive sampling into the study. All these participants 
tested the efficacy of the modified cane by walking through 3 obstacle spots; the 
first was a barrier at head level; the second and third were barriers at waist level.  
The instruments used were: 1) The Satisfaction Assessment for Assistive Devices 
and 2) the electrical and assembly compartments for the ultrasonic detector. The 
data was analyzed using descriptive statistics.

Results: The results demonstrated that all blindfolded participants could get through 
the three testing stations by using the modified white cane. They also revealed high 
satisfaction with both the usability and efficiency of the modified cane. The highest 
satisfaction in usability was for the size of the cane (x±SD = 4.50±0.533). Participants 
also reported very high satisfaction with the efficiency of the cane in detecting 
objects at mid-body (x±SD = 4.70±0.48) and head levels (x±SD = 4.50±0.53).

Conclusion: All these results indicated that the modified cane with ultrasonic 
detectors was beneficial for detecting objects at mid-body and head levels in visually 
impaired people.
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 The number of people who are visually impaired is 
increasing. In the year 2015, an estimated 36 million people 
around the world were blind; 217 million had moderate or 
severe vision impairment, and 188 million had mild vision 

impairment.1 In Thailand, in the year 2019, there were 191,264 
people with defective vision out of 2,058,082 people with 
disabilities2 in the total population of 66,186,727.3 This makes 
it the third in the country in terms of the number of people 
suffering from a disability.2 Visual impairment and age-related 
eye diseases affect economic and educational opportunities.4  

They can also reduce the quality of life5, and increase the risk 
of death in these individuals.6, 7 Visually impaired people face 
many challenges in their daily lives, such as reading, cooking, 
socialization, transportation, exploring unfamiliar environments, 
and, especially, moving from place to place.8 Navigating 
independently, without the assistance of others, is a major 
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Introduction
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challenge for these people.9, 10 The most common and accessible 
assistive device for individuals without vision is the white 
cane.11, 12

 The white cane can detect physical barriers in front 
of people with visual disturbances, but only at ground level. 
It cannot explore aerial obstacles or architectural barriers 
near the middle and upper body parts of blind people, such 
as timber branches, suspended advertisement boards, etc., 
and these can be dangerous to those with blindness.13, 14 
Manduchi and Kurniawan15 studied mobility-related accidents 
in 300 blind participants, and they revealed that 40% of 
these individuals reported head accidents at least once a 
year.  In addition, they reported that 23% of the incidents 
had medical consequences. Many walking assistants have 
been developed for obstacle detection at the aerial level with 
sensor feedback signals.16-21 Sensor-based walking aids provide 
people with visual impairments with information about their 
surroundings through an audio signal, vibration, or both.22 
Among the different sensors, ultrasonic sensors are widely 
used.23  Dos Santos, et al.11 developed an electronic white 
cane to detect objects above the waist for blind users. 
However, there were 3 electronic compartments affixed 
separately to the handle of the white cane -namely the 
ultrasonic sensor, the microcontroller, and the battery-and 
this may have caused maintenance difficulties. Kulyukin, 
Gharpure, and Nicholson24 developed a walking aid for 
visually impaired people called RoboCart where the authors 
used radio frequency identification (RFID) to tag the objects. 
However, this system is impractical for use in real life as it 
is not easy to trace everything with RFID. The virtual white 
cane or the hand-held range sensing device25 and the smart 
cane26 are some other equipment for people with visual 
impairment. These also have some limitations, such as being 
bulky in size, uncomfortable use, and difficulties using them 
in public.   
 In Thailand, Punyanon27 has developed ultrasonic sensor 
equipment that can be attached to a cap worn above the 
eye level of the blind persons in order to detect barriers 
in front of them above their waistline, and Kongkumsuk28 
has produced an ultrasonic box that is fixed to eyeglasses 
for persons with visual impairment to explore objects from 
mid-body and above. However, the equipment was bulky 
and the weight of it dragged down the cap and eyeglasses 
when the users were walking.   
 Researchers, therefore, were interested in the development 
of the white cane with ultrasonic sensors that could detect 
obstacles both at mid-body and at head levels. The ultrasonic 
detector should be attached to the handle of the white cane 
firmly and tidily and be easy to use. This is consistent with the 
Empowerment of Persons with Disabilities Act, B.E 2007, 
in Thailand, which states that assistive devices should be 
accessible by people with disabilities in order to promote 
independent living and a good quality of life (QOL) for these 
individuals.29 

Materials and methods

  The present study aimed to create a white cane with
an ultrasonic sensor to detect physical barriers at waist
and head levels in front of people with visual impairment.
This study also investigated the effectiveness of the modified
white cane and evaluated satisfaction among the blindfolded
subjects using the equipment.

Participants
  Ten non-visually impaired adult participants, 5 males
and 5 females, were recruited by means of purposive sampling
from the 4th  year occupational therapy students at the
Faculty of Associated Medical Sciences, Chiang Mai University,
in the academic year 2020. The selection of subjects was in
accordance with the inclusion criteria as follows:

Inclusion criteria
1) All senses are intact throughout the whole body.

Superficial, deep, and cortical senses were tested 
by the 3-scale (intact, impaired, and absent) sensation 
examination.

2) People with a normal gait pattern. Tested by allowing 
subjects to walk on a 6-meter walking path.

3) Height between 151 and 190 centimeters (cm),
as most people’s heights are between this range.

4) Willing to participate in the research project where 
all subjects are required to close their eyes with 
eye pads on and walk in the simulation environment 
during the testing procedure.

Instruments
1.  The Satisfaction Assessment for Assistive Devices The 

Satisfaction Assessment for Assistive Devices was 
developed by Punyanon.27  The instrument assesses the

satisfaction of users with assistive devices in two aspects:
1)  the appearance of the device size, weight, and assembly
compartments), and 2) the efficiency of the device (precise
detection of obstacles and accurate warning signal). Scores
of satisfaction are ranked from 1 to 5 in each case, in which
1 refers to very low satisfaction, 2 to low satisfaction, 3 to
moderate satisfaction, 4 to high satisfaction, and 5 to the
highest satisfaction.
  2.  Electrical and assembly compartments for the
ultrasonic detector

a. one piece of ESP32 DOIT NodeMCU ESP32 
circuit board

b. two pieces of HC-SR04 Ultrasonic Module Distance 
Measuring Transducer Sensors

c. one piece of flame retardant FR-4: used as an 
electrical insulator

d. two pieces of 3-volt vibration motors
e. one piece of Module Stepdown 6-30V to 5V 

3A fix 5V
f.  one piece of 9-volt battery holder
g. one piece of 9-volt battery
h. one piece of on/off switch (DC power)
i. one piece of 5-meter electric wire
j. The wooden electronic box
k. The white cane.
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Research Procedure 
 The research procedure was conducted step by step 
as follows: 1) The research project was approved by the 
Ethics Committee, Faculty of Associated Medical Sciences, 
Chiang Mai University (CMU), Thailand (ethics clearance 
number: 541/2563), 2) After the ethics approval, the research 
team created the circuit diagram and established the electrical 
circuit board of the ultrasonic detector, 3) Assembled all of 
the electrical compartments together into a wooden box 
and fixed this box to the white cane, 4) The authors of this 
paper contacted two experts - one a specialist who works in 
the area of assistive technology and the other an occupational 
therapist who has worked with visually impaired people for 
more than 5 years- to evaluate and comment on the modified 
white cane, 5) There was a public announcement of the 
research project to the 4th year occupational therapy students 
at the Faculty of Associated Medical Sciences, CMU and they 
were invited to participate in the study, 6) In accordance with 
the inclusion criteria, we recruited 10 participants, 5 males 
and 5 females, 7) We set up the simulation environment for 
training and testing the usability and efficiency of the fabricated 

white cane, 8) All subjects signed the consent form prior to 
participating in the testing procedure, and 9) The research 
team and research assistants (RA) collected data during the 
testing process.

Development of the White Cane Modified with an Ultrasonic 
Detector
 The development of the white cane modified with 
the ultrasonic detector in the present study used ultrasonic 
principles. The ultrasonic transmitter sends a sound wave 
forward, and when it hits an object, a reflective wave is sent 
back to the ultrasonic receiver, which is converted into a 
vibration signal in real-time. The development process of 
the modified white cane was conducted step by step as 
follows.
 1)  The circuit board (model no. ESP32 DOIT NodeMCU 

ESP32 DEVKIT V1 ESP-32S NodeMCU ESP-WROOM-32 
Wi-Fi) and Bluetooth Dual-Core (model no. ESP-32 
ESP-32S ESP-32D) were fixed to the flame retardant 
FR-4. The electrical circuit diagram of the ESP32 
DOIT NodeMCU is shown in Figure 1.

Figure 1. Ultrasonic sensor electrical circuit diagram.

 2)  Two ultrasonic sensors: module HC-SR04P, the 
3-volt vibration motor and the Module Step-down 
6-30V to 5V 3A fix 5V were connected to the circuit 
board. 

 3)  We affixed the battery holder with a 9-volt battery 
and affixed the on/off DC power switch to the circuit 
board. 

 4)  All of the assembly compartments were put in a 
small wooden electronic box (Figure 2) and attached 
to the handle of the traditional white cane (Figure 3).  
A three-dimension diagram of the wooden electronic 
box, which included size and shape, was shown 
in Figure 4. The weight of all the compartments 
and the wooden electronic box was 195 grams. 
Wooden electronic box was coated with lacquer 

to make it more durable. The traditional white cane has 
a length of 124 cm and a weight of 300 grams.  
The total weight of the modified white cane, therefore, 
was 495 grams. This cane has three main parts: 
a handle (grip) made from anatomic rubber, a straight 
aluminum shaft, and a nylon tip that is in direct 
contact with the object or the ground. 

 5)  The ultrasonic sensors inside the wooden box can 
detect obstacles from mid-body to head level in 
front of the subjects. The lower sensor explored 
barriers at mid-body level and the upper sensor 
detected obstacles at head level (Figure 5). The 
frequency of the ultrasonic wave for the detection 
of objects was set at 45 kHz. It can detect both 
transparent and opaque objects.
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Figure 2. The wooden electronic box. Figure 3. A white cane with the wooden electronic box.

Figure 4. A three-dimension diagram of the wooden electronic box. Figure 5. Ultrasonic sensor detection degree.

  6)  With a cane tilt angle of 43 degrees, the detection 
distance of the ultrasonic sensor was set at 80 cm 
in length in front of users, and 60 cm at maximum 
width (diameter), which meant each sensor covered 
an area of 2,826 cm2 as calculated by the πr2 formula 
(r=30 cm). The angle between the upper and the 
lower sensor was set at 135 degrees to allow the 
ultrasonic wave to detect objects in as much space 
as possible (Figure 5). However, the empty space 
between the detection areas of the upper and lower 
sensors was 7 cm wide. Users press the on/off button 
to start or stop the electrical circuit of the ultrasonic 
detector system.

 7)  When detecting obstacles, the sensor sends a 
vibration signal to the finger loops at the handle 
of the white cane. The index finger loop vibrates 
for objects at mid-body level, and the thumb loop 
vibrates for obstacles at head level (Figure 3). 

Cost of the modified white cane with ultrasonic detector
 The total price for the modified white cane with the 
ultrasonic detector in the present study was 800 baht (24.63 USD). 
This can be broken down into 1) electronic compartments 
and circuits, 380 Baht (11.70 USD), 2) vibration system and 
equipment box, 150 Baht (4.62 USD), and 3) the white cane, 
270 Baht (8.31 USD).  All these electronic compartments can 
be found in most electronic shops, and the white cane can 
be bought from a medical equipment shop or purchased 
online.  

Test of the efficacy of the modified white cane with ultrasonic 
detectors 
 In the simulation testing room, we used a piece of 
cardboard (19 cm2), and we hung it from the ceiling as the 
test’s obstacle at head level. We used a pipe tree as a testing 
barrier at the mid-body level. There were 3 testing spots 
along the walking path. The first spot was the head-level 
testing station. The second and third spots were designed 
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to test reactions at waist level. The total walking distance 
was 8 meters, and the width of the route was 1.5 meters.  
Researchers used a two-inch high feature board on both 
sides of the path as the walking frame. The first testing 
station, used for testing at head level, was set at 2 meters 
from the starting point. The second and third stations, 
for testing at waist level, were set at 4 and 6 meters, 
respectively (Figure 6). The participants were unaware of  
the number of testing points in the evaluation room prior 
to testing.

Figure 6. A simulated path for a blindfolded walking test.

The participants were divided into 3 groups depending on 
their height including:
 1)  For subjects who were between 151 and 160 cm, 

the cardboard was hung 146 cm from the floor in 
the middle of the walking track for head-level 
testing, and the pipe tree’s branch, 2.2 cm in diameter, 
was set at 75.5 cm from the floor, protruding from 
the side of the testing track. The pipe tree was 
positioned on the right-hand side of the second 
testing spot but was located on the left-hand side 
of the third testing station. The pipe tree stood beside 
the simulation path where its branch protruded 50 cm 
into the track on the right side for the second testing 
spot, whereas the pipe tree branch protruded from 
the left side at the third testing station. 

 2)  For subjects between 161 and 170 cm, the cardboard 
was hung at 156 cm from the floor in the middle 
of the walking track for head-level testing, and 
the pipe tree's branch was set 80.5 cm from the 
floor, protruding 50 cm into the track from the 
right side of testing spot number 2 and 50 cm into 
the track from the left side of testing spot number 3 
(Figure 6).

 3)  For subjects between 171 and 180 cm, the cardboard 
was hung 166 cm from the floor in the middle of 
the walking track for head-level testing, and the 
pipe tree's branch was set at a height of 85.5 cm 
from the floor, protruding 50 cm into the track 
from the right side of testing spot number 2 and 
50 cm from the left side of testing spot number 3.

 All participants signed the consent form prior to the 
beginning of the study.  They had been informed about the 
objectives and procedures of the research project and 
assured of the absence of any risks to their physical health 
and the possibility of leaving the study at any time. The 
experimental process consisted of 2 sections.  Section 1 was 
conducted in the training room, where the obstacles at head 
level and at mid-body level were set up. The obstacles at head 
level used cardboard hung from the ceiling at 3 different 
heights-146, 156, and 166 cm from the floor, while the 
barriers at waist level used a pipe tree whose branch was 
positioned at the height of 75.5, 80.5, and 85.5 cm from 
the floor, and its branch protruded 50 cm into the path.  
The research team suggested participants choose a walking 
path that suited their height. The participants were also 
instructed on how to use the modified white cane and were 
allowed 10 minutes for familiarization. The instructions 
included: how to hold and position the cane (in front of the 
body); how to move the cane (rolling from side to side); how 
to turn on and off the electronic switch, and how the modified 
cane emits feedback as it approaches obstacles (increasing  
the vibration). The participants held the modified white cane 
in their dominant hands, kept their eyes open normally, and 
were instructed to walk toward the set-up obstacles at 
their self-selected walking speed to get familiar with the 
feedback vibration on their index fingers and thumbs. Section 
2 was conducted in the testing room near the training 
room. Each subject covered both eyes with the standard 
eye-pads prior to entering the testing room.  The research 
team brought the subjects into the testing venue one by one. 
At the start, each participant stood at the starting point in 
the middle of the path and could not protrude any part 
of their body or the modified white cane across the beginning 
line. They held the modified white cane in their dominant 
hand and waited for the researcher to inform them that 
they could start. All participants were also instructed not 
to touch the obstacles, relying only on the cane feedback, 
and to follow the floor path with the cane.  Also, if they 
detected an obstacle, they had to stop and shift their 
steps to the right or left until the vibration signal on their 
finger stopped, then move forward. The research team 
announced, "Start walking," and the subject then walked 
forward at their self-selected speed.  
 All subjects were informed that a vibration signal 
occurring at the index finger indicated an obstacle at mid-body, 
while a vibration at the thumb indicated a barrier at head 
level.  When the subject passed through the third station, 
the principal investigator informed each individual that the 
test was over and took off their eye pads, then asked them 
to leave the testing venue without a conversation with the 
next examinee.     
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Table 1  Time used and walking speed in the testing of the 
efficacy of the modified white cane (n=10).

Subjects
Time used 
(seconds)

Speed
 (meters/second)

1 67.00 0.12

 2 92.00 0.09

3 94.00 0.09

4 83.00 0.10

5 98.00 0.08

6 65.00 0.12

7 77.00 0.10

8 84.00 0.10

9 103.00 0.08

10 96.00 0.08

Average 85.9±13.03 0.10±0.02

 

 

 

 

lower sensors of the modified white cane of 7 cm in width.  
However, when users swung the modified white cane left 
and right and stepped forward a little, the ultrasonic wave 
could detect the obstacles.

 In addition, the blindfolded participants reported high 
satisfaction with both the usability and efficiency of the 
modified white cane (Table 2). The highest score for satisfaction 
in usability was for the size of the wooden box on the white 
cane (X±SD = 4.50±0.53). This might be because all the electrical 
compartments were arranged tidily in a small and light 
weight wooden box (Figure 2) and the wooden electronic 
box was affixed slightly below the hand-grasping point of a 
white cane, which did not obstruct the user’s hand when 
they held the device (Figure 3). Kamal, Bayazid, Sadi, Islam, 
& Hasan16 noted in their study regarding the walking assistants 
for the visually impaired that the large physical size of the 
tools can be an obstacle for users. All of the subjects in the 
present study also reported very high satisfaction on the 
efficiency of the modified white cane in terms of its ability 
to detect objects at mid-body (X±SD = 4.70±0.48) and at head 
levels (X±SD = 4.50±0.53). This could be because the ultrasonic 
sensor can effectively detect objects in front of the users 
and transform the reflective wave into a strong vibration 
signal sent to the index finger-loop (for barriers at waist level) 
or thumb-loop (for obstacles at head level). Therefore, they 
stopped in time before hitting the obstacles and shifted their 
steps to the right or left to get through. These findings are 
consistent with a study conducted by Islam, Sadi, Zamli, and 
Ahmed23 on walking aids for visually impaired people, which 
revealed that the common requirements of these individuals 
on walking aids were proper feedback signal, light weight, 
easy to carry, low cost, and cosmetic suitability.

Data Analysis
  Descriptive statistics were used to clarify socio-demographic
data, walking time, and speed, and illustrate the satisfaction
in the participants on the modified white cane.

Results

  There were 10 blindfolded subjects, 5 males and 5
females, who participated in the present study.  The age of
these participants was between 21 and 22 years old.  There
were 2 subjects who had a height between 151-160 cm, 5
were between 161-170 cm, and 3 were between 171-180
cm; 8 participants were right-handed and 2 of them were
left-handed.
  Results in the test of efficacy and satisfaction for the
modified white cane are demonstrated in Table 1 and
Table 2 respectively.

Discussion

  Walking locomotion is important for the activities
of daily living for almost all people, and evidence indicates
that mobility difficulty affects social participation in persons with
visual impairment.30  It is, therefore, crucial that health
professionals and responsible persons find assistive devices
to promote independent locomotion for these individuals.
  These tests of the efficacy of the modified white cane
in 10 blindfolded subjects revealed that all participants could
get through the 8-meter path with 3 testing obstacles at
waist and head levels successfully. Time used for walking
ranged from 65 to 103 seconds, with the average time
at 85.9±13.03. The average speed in meters per second was
0.10±0.02 (Table 1). The average walking speed of participants
in the present study was quite low compared to a study by
dos Santos,  et al.11  who investigated walking speed in 31
blindfolded subjects while using an electronic and traditional
white cane in an outdoor environment and revealed that
subjects achieved a walking speed of 0.42-meters per second
with the electronic white cane. This might be because the
participants in the present study were not experienced in
using the white cane beforehand and were not familiar with
the condition of being blindfolded.  In addition, testing was
conducted only once for everyone in a limited space.
  The white cane used in the present study, with an
ultrasonic detector made from electronic compartments and
the degree of object exploration set to a certain amount,
can help people with visual disturbances walk more safely
than a traditional white cane can.  The ultrasonic detector
can detect objects up to 80 cm in front of users, and this
allows visually impaired persons to stop in time as soon as
the electrical circuit transforms the feedback wave generated at
the obstacle, which sends a vibration signal to the thumb
or the index finger loop. In addition, the ultrasonic wave in
the present study can detect barriers in front of it across a
space of 2,826 cm2, so this can protect the whole body of
users. One of the key performances of walking aids for the
blind is the coverage range of their object detection.23  The
ultrasonic wave also can detect transparent and opaque
objects, even when the object is very small. There was an
empty space between the detection areas of the upper and
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Table 2  Satisfaction on the modified white cane in blindfolded subjects (n=10).

Testing items Mean scores of satisfactions 

1. Usability

     1.1 easy to use 4.10 (0.57)

     1.2 suitable size (wooden electronic box and the white cane) 4.50 (0.53)

     1.3 easy to carry 4.00 (0.82)

     1.4 seems strong and durable 4.20 (0.42)

     1.5 seems easy to maintain 4.00 (0.82)

2. Efficiency

     2.1 detecting obstacles at head level 4.50 (0.53)

     2.2 detecting obstacles at mid-body level 4.70 (0.48)
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 Obstructive sleep apnea (OSA) is a sleep disorder 
characterized by partial or total upper airway occlusion that 
disrupts normal breathing and ventilation during sleep.1 OSA 

is associated with morbidities that affect the cardiovascular, 
neurocognitive, and metabolic systems.2 A prevalence of OSA, 
which has been observed as 2-3% in children of normal weight, 
can increase to 13-59% in cases of obesity.1,3 In addition, 
obesity has been shown to be the strongest risk factor for 
developing OSA due to the contribution of excessive fat 
deposition on upper airway narrowing, chest wall compliance, 
and diaphragm function, which consequently reduced lung 
volume and capacity, and increased airway resistance. 
Additionally, an increased airway resistance or a reduction in 
pulmonary compliance which elevated work of breathing 

ABSTRACT

Background: Studies have demonstrated a potential risk of pulmonary and respiratory
muscle dysfunction in individuals with obstructive sleep apnea (OSA) and/or obesity.
Inspiratory muscle training (IMT) is an adjunct intervention designed to improve
respiratory muscle strength, decrease severity of OSA, and to enhance sleep quality
in adults with OSA. However, its effects on children with OSA and obesity are still
largely unknown.

Objectives: This case report aims to show the feasibility and the effects of IMT on
pulmonary and respiratory muscle function and sleep apnea symptoms of children
and adolescents with OSA and obesity.

Case description: Four children and one adolescent who were diagnosed with OSA
and classified as obesity underwent IMT with training load at 60% of the individual’s
maximal inspiratory pressure (MIP) for 12 weeks.

Results: No adverse effects occurred during evaluation and IMT. The participants’
compliance with IMT varied from 77.4% to 100%. After 12-week of IMT, MIP and
maximal voluntary ventilation (MVV) increased from baseline, varying from 8.0%
to 83.5% and 0.1% to 36.1%, respectively. Scores in the Sleep Related Breathing
Disorder-Pediatric Sleep Questionnaire (SRBD-PSQ) tended to decrease rapidly
at week 3. Thereafter, participants responded differently toward the end of IMT.
Changes in pulmonary function variables were not observed.

Conclusion: Improvements in respiratory muscle strength, endurance, and SRBD-PSQ
scores occurred after IMT, suggesting the feasibility of IMT for increasing inspiratory
muscle performance and for ameliorating sleep apnea symptoms in children and
adolescents with OSA and obesity. However, pulmonary function was unaffected
by IMT.

Introduction
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might cause respiratory muscle dysfunction.4-6 The coexistence 
of OSA and obesity have demonstrated a pronounced 
reduction in vital capacity, forced expiratory volume in 1 second 
(FEV1), functional residual capacity, expiratory reserve volume, 
and total lung capacity of children with obesity. Additionally, 
this is the case for moderate-to-severe OSA compared to those 
without OSA.7 A recent preliminary study found that respiratory 
muscle strength and endurance of children and adolescents 
with OSA and obesity were likely to be lower than the controls, 
but this is not statistically different (all, p>0.05).8 The maximal 
inspiratory pressure (MIP) of this group, which refers to 
respiratory muscle strength are comparable to those of children 
with severe obesity, were inferior to normal weight individuals 
and thus may be considered abnormal.9,10 These results 
suggested a potential risk of pulmonary and/or respiratory 
muscle dysfunction in children with OSA and/or obesity. 
Therefore, interventions that preserve airway patency and 
the passage of oxygen into the lungs, as well as improve 
pulmonary and respiratory muscle function, are required.
 Many options are available to treat OSA including 
noninvasive positive airway pressure, adenotonsillectomy, 
drug treatment, oral appliances, and weight loss/exercise. 
However, such interventions require weighing the pros and 
cons regarding particular options.11 The inspiratory muscle 
training (IMT) which involves breathing exercises using 
a pressure-threshold device becomes of interest because 
it has been reported to be a convenient, practical, and 
time-efficient program that improves MIP, severity of OSA, 
and sleep quality in adults with OSA.12 However, it is unclear 
whether the feasibility and effects of IMT on pulmonary and 
respiratory muscle function in children and adolescents with 
OSA and obesity is suitable for those who are more likely to 
have obstructed airways than adults. The purpose of this 
case report was to report pulmonary and respiratory muscle 
function and sleep apnea symptoms in five cases of children 
and adolescents with OSA and obesity after receiving a 12-week 
IMT program

Table 1  Characteristics of participants.

Characteristics
IMT (n=5)

Case 1 Case 2 Case 3 Case 4 Case 5

Age (years) 10 13 10 16 10

Gender Female Male Female Male Male

BW (kg) 57.1 67.7 49.3 121.3 47.5

Height (m) 1.40 1.55 1.45 1.71 1.39

BMI (kg/m2) 29.13 28.18 23.45 41.48 24.58

Polysomnography indices

  AHI (events/hour) 2 2.4 3 29 4.6

  ODI (events/hour) 1 3.3 5 13 1.6

  SaO2nadir (%) 89 84 84 86 81

  MeanSaO2 (%) 97 97.3 97 97 97.1

Severity of OSA based on AHI    Mild    Mild    Mild Severe    Mild

History of tonsil or adenoid hypertrophy No Yes No Yes Yes

Adenotonsillectomy surgery No Yes No Yes Yes

Underlying disease No Allergic rhinitis No No Allergic rhinitis
AHI: apnea hypopnea index, BMI: body mass index, BW:  body weight, ODI : oxygen desaturation index, SaO2nadir: oxygen saturation nadir, MeanSaO2: mean 
of oxygen saturation, OSA: obstructive sleep apnea

Case Description

  Four children and one adolescent with OSA and obesity
aged 10–16 years were recruited via advertisement and flyers
from the Snoring Clinic of Maharaj Nakorn Chiang Mai Hospital.
The inclusion criteria were diagnoses of OSA and obesity.
The assessment of OSA was performed using polysomnography
(PSG) (SOMNOlab-2 AASM sleep diagnostic system, Hamburg,
Germany). The subjects were classified as OSA if there was a
presence of obstructive sleep-disordered breathing symptoms
in combination with an AHI ≥ one episode/hour13  and classified
as obesity based on standard guidelines, respectively.13,14  The
exclusion criteria included the presence of craniofacial
abnormalities, underlying conditions that affect pulmonary
and respiratory muscle function (e.g., sinusitis, respiratory
tract infection, and rib fracture), and medication with
neuromuscular side effects. The study protocol was approved
by the Research Ethics Committee, Faculty of Associated
Medical Sciences, Chiang Mai University (AMSEC-64FB-001)
and was registered by ClinicalTrials.gov (Thai Clinical Trials
Registry: TCTR20210611007). Written informed consent was
obtained from participants and their parents. The participant
characteristics are shown in Table 1. Based on the AHI, cases
1, 2, 3, and 5 had mild OSA and case 4 had severe OSA.
All male participants had previously undergone an aden-
otonsillectomy and two of these (case 2 and 5) had allergic
rhinitis, while the two females had no history of tonsil or
adenoid hypertrophy. They were advised to maintain their
usual activities of daily living and physical activity (PA) level
was monitored during the study. Routine treatment including
counseling for diet, PA, and drug therapy were provided by
otolaryngologists. All participants performed the anthro-
pometric variables, MIP, pulmonary function testing (PFTs),
and maximal voluntary ventilation (MVV) with a 5-minute
intermission between the tests in the laboratory at a
temperature of 25 °C and a relative humidity of 50.5±1.3%.
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 PFTs and MVV were evaluated using the Easy on-PC 
spirometer, software version V03b (NDD® Medical Technologies, 
Switzerland), according to the standardized protocols.15 
MIP was measured using a handheld mouth pressure meter 
(Micro RPM, Micro Medical Ltd., Rochester, Kent, UK) as 
previous described.16 The Thai translated 22-items SRBD-PSQ 
was used to assess sleep related breathing disorders in 
children.17 Parents were instructed to complete the survey 
queries about snoring, daytime sleepiness, and inattention. 
The SRBD-PSQ score was computed by the number of ‘yes’ 
answers divided by the total items answer ‘yes’ and ‘no’’.  A 
cut-off value of 0.33 is used to identify pediatric OSA. The 
intra-rater reliability of MIP, PFTs, and MVV were good to 
excellent (the intraclass correlation coefficient, ICC>0.9, all 
p<0.05), except FEF25-75% which was moderate (ICC=0.642, 
p=0.109). Body weight and percent body fat were determined 
using a bioelectrical impedance analyzer (Tanita BC-418, 
Tokyo, Japan). Height was measured using a wall-mounted 
stadiometer (Health-O-Meter 402 KL, IL). The validated Thai 
Physical Activity Questionnaire for Children and Adolescents 
(PAQ-A/C) was used to evaluates level and frequency of 
moderate to vigorous PA over the last 7 days of participants.18 

Children and adolescents completed the questionnaire by 
scoring the 10-item of PAQ-C and the 9-item of PAQ-A, 
respectively on a five-point Likert scale (5 score = higher level 
of PA; 1 score = lower level of PA). The summary score is 
the average of all question items except the last item of 
each PAQ that asking for other reasons that prevented the 
participant from engaging in regular PA. Outcomes were 
measured by two independent assessors at baseline and 
follow-ups at weeks 3, 6, 9, and 12. At baseline, the percent 
predicted of FVC and FEV1, as well as MIP and MVV of our 
participants was found to be lower than the references values 
of the children and adolescents of the same age and gender 
of previous studies, suggesting deficits in pulmonary and 
respiratory muscle function.10,19

 Participants underwent IMT using the Powerbreathe® 
classic light resistance (POWERbreathe® International Ltd., 
Warwickshire, UK). The training protocol was comprised 
of a 12-week home-based IMT with an initial load at 60% of 
the individual’s MIP as recommended by previous studies.20,21 
Previous findings indicated the beneficial effects of 8-week 

IMT for improving the severity of OSA and sleep quality and 
excessive daytime sleepiness in patients with OSA.11,20 However, 
a longer period effect of IMT on the severity of OSA and 
respiratory muscle function have never been investigated. 
Each participant was asked to practice IMT at the laboratory 
for familiarization, and heart rate (HR) was monitored. 
Participants were encouraged to breathe deeply and slowly. 
Oxygen saturation (O2sat) and rate of perceived exertion 
(RPE) were measured throughout the first training session. 
Training loads were adjusted at every 3-week follow-up, 
corresponding to 60% of the new measure MIP and a 
symptom-limited was imposed. The training program was 
supervised by a professional physiotherapist. Participants 
were instructed to perform 80 breaths per day (10 breaths 
per cycle with a 1-minute rest interval for 8 cycles), 7 days 
a week for 12 weeks. To promote exercise adherence and 
safety status, each participant received a logbook to record 
the exercise sessions and any adverse effects that might 
have occurred during or after each exercise session. Adherence 
to the program was done via daily phone contact and/or 
LINE application. Flow diagram of participants throughout 
this study is shown in Figure 1. At the first training session, 
IMT caused an increased effort from RPE 0 to 4 with HR of 
84 beats per minute (bpm) and O2sat of 98% for participant 
case 1. Similar response of RPE with HR of 78 bpm and 
O2sat of 99% for participant case 2. IMT caused an increase 
in RPE from 0 to 2 with HR range of 74-86 bpm and O2sat  
range of 97-99% for participants case 4 and 5. Only participant 
case 3 had increased in RPE from 0 to 1 with HR of 75 bpm 
and O2sat range of 98-100%. The initial resistive load for IMT 
varied among participants and the training load tended to 
increase by time range of 14.3- 80%, except for participant 
case 5 who had a constant load at 50 cmH2O from week 
3 to week 9 and increased to 60 cmH2O for the last three 
weeks (Table 3). Chest pain was reported during training 
at the end of week 10. After decreasing training load to 50 
cmH2O, the patient could perform IMT without chest pain 
until week 12. During the same time, a patient went to see 
the doctor and was diagnosed as having recurrent adenoid 
hypertrophy. He has planned to do have an adenoidectomy 
in a few months. 

Table 3  Resistive load and training volume for inspiratory muscle traning of each participant.

Case 1 Case 2 Case 3 Case 4 Case 5

wk3 wk6 wk9 wk12 wk3 wk6 wk9 wk12 wk3 wk6 wk9 wk12 wk3 wk6 wk9 wk12 wk3 wk6 wk9 wk12

Load 
(cmH2O)

50 70 70 90 40 50 60 60 50 60 60 70 70 80 80 80 50 50 50 60→50

Vol 
(breaths)

1,600 1,680 1,680 1,680 1,680 1,680 1,680 1,680 1,680 1,680 1,680 1,680 1,680 1,120 1,360 1,040 1,680 1,680 1,680 1,200

Adherence 
rate

98.8% 100% 100% 77.4% 92.9%

Vol: volume, wk: week
Noted: Participant case 5 had chest pain during training at week 10, therefore the training load was reduced from 60 cmH2O to 50 cmH2O.
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 After 12 weeks of IMT, most participants achieved 
adherence rate range of 92.9-100%, except participant case 
4 who had low adherence to IMT (Table 3). Mean changed 
from baseline of MIP was 18.2 cmH2O (20.04%), 25.6 
cmH2O (28.2%), 37.2 cmH2O (41%), and 37.2 cmH2O (41%) 
at weeks 3, 6, 9, and 12, respectively (Figure 2). Notably, 
MIP of participant case 5 almost unchanged from baseline 
values throughout the period of study. Mean changed from 
baseline of MVV was 4.1 L (7.1%), 2.1 L (3.6%), 4.5 L (7.8%), 
and 6.2 L (10.7%) at weeks 3, 6, 9, and 12, respectively 
(Figure 3). Sleep apnea symptoms were measured using 
SRBD-PSQ scores with a cut-off value of 0.33 revealed that 
almost participants were at high risk of OSA, except participant 

case 1 who had non-risk at baseline. According to the SRBD-PSQ 
score, participants 3 and 4 are defined as non-OSA risk 
after IMT at week 3 and participant case 2 at week 9. A 
decreased SRBD-PSQ score was observed from week 3 through 
the end of the study period. However, participant case 5 still 
had OSA (Figure 4). Variables of PFTs, anthropometry, and 
PAQ-C scores of all participants did not change in each 
period of training compared to the baseline value (Table 2). 
Four of the five participants informed us of their willingness 
to continue training after IMT completion. Some parents 
reported improvement of children in terms of reduced snoring 
after IMT.

 

Figure 1 — Flow diagram of par2cipants throughout interven2on. 

 

Figure 1. Flow diagram of participants throughout intervention.

 

 

Figure 2. Changes in the MIP from baseline to 12 weeks of IMT. 

 

 

Figure 3. Changes in the MVV from baseline to 12 weeks of IMT. 

Figure 2. Changes in the MIP from baseline to 12 weeks of IMT.

Children and adolescent with known OSA 
and obesity (n=28)
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Figure 4. Changes in the SRBD-PSQ from baseline to 12 weeks of IMT. 
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Table 2  Changes in variables of pulmonary function, anthropometry and physical activity from baseline to 12 weeks of IMT.

Baseline
Post-training

week 3 week 6 week 9 week 12

Pulmonary function variables

FEV1 (L) 2.39 2.41 2.45 2.45 2.41

(-0.16-4.95) (-0.01-4.82) (-0.04-4.94) (0.05-4.85) (-0.16-4.99)

FVC (L) 2.80 2.86 2.90 2.87 2.82

(-0.69-6.29) (-0.57-6.28) (-0.62-6.43) (-0.49-6.22) (-0.67-6.31)

FEV1/FVC 0.876 0.863 0.865 0.873 0.874

(0.71-1.04) (0.70-1.03) (0.71-1.02) (0.72-1.02) (0.73-1.01)

FEF25-75% (L) 2.72 2.71 2.82 3.00 2.87

(0.97-4.46) (1.54-3.88) (1.64-4.00) (2.10-3.89) (1.39-4.35)

Anthropometric variables

BMI (kg/m2) 31.35 31.57 31.87 32.28 32.15

(8.45-54.26) (8.90-54.24) (9.35-54.40) (10.74-53.83) (10.88-53.43)

PBF (%) 39.37 42.73 36.80 43.77 42.80

(27.83-50.91) (27.94-57.53) (21.37-52.23) (31.55-55.98) (30.74-54.86)

Physical activity

PAQ A/C score 1.82 2.21 2.17 1.99 2.16

(0.27-3.38) (0.51-3.92) (-0.08-4.43) (1.24-2.74) (0.24-4.07)
Results are shown as mean and 95% confidence interval (CI), BMI:  body mass index, FEF25-75%:  forced expiratory flow between 25% and 75% of FVC, 
FEV1:  forced expiratory volume in 1 second, FVC : forced vital capacity, PAQ A/C:  Physical Activity Questionnaire for Children and Adolescents, PBF:  percent body fat.
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Discussion

  Our findings showed the positive effects of the 12-week
home-based IMT program on MIP, MVV, and SRBD-PSQ
scores, but not for the PFTs variables. Aside from the main
purposes, the observed BMI and PAQ (A/C) scores which
were  not  altered  throughout  the  study,  affirmed  that  PA
and BMI did not affect any positive results. These results
indicated the feasibility of IMT to increase inspiratory muscle
strength and endurance and for mitigating OSA symptoms in
children and adolescents with OSA and obesity. In this study,
initial training load varied among participants according
to his/her health condition, age and gender, however IMT
should be done with a symptoms limit. IMT caused an
increase in RPE ranging from 1 to 4 which represented the
effort as being very easy to somewhat hard and did not
induce a marked decrease in O2sat during loaded breathing.
No adverse events were reported throughout the training
period, except for participant 5, who experienced sharp
pain on inspiration at the end of week 10. However, such
a symptom immediately disappeared after reducing the
training load and maintaining that load for the rest of the
training period. Thus, the 12-week home-based IMT protocol
of the present study was shown to be feasible and safe for
further study.
  In this study, the MIP was increased to week 9 of
the IMT and further training up to week 12 resulted in less
improvements. This was consistent with previous findings
which had performed IMT for patients with chronic lung
disease and healthy subjects. They found that benefits are
likely to be optimal with 6-8 weeks of training.21,22  Likewise,
the MVV was increased with time, but to a lesser extent
than MIP. This discrepancy may be explained by the principle of
pressure-flow specificity of IMT which is proposed by Romer
et al.22  Moreover, each participant exhibited increased MIP
and MVV at different rates, although four of five participants
had mild OSA and one had severe disease (participant case 4).
This reason for this discrepancy could not be determined, but
could possibly be explained by the underlying disease, gender,
and adherence to IMT. Three participants were male who had
adenotonsillectomies  prior  to  participating  in  the  study,  and
two of them had rhinitis. At week 10 of training, one of them
had recurrent adenoid hypertrophy, while participant case 4
had the lowest adherence rate of training. Such information
may help researchers in designing and conducting a subse-
quent randomized controlled trial to establish efficacy of IMT.
According to SRBD-PSQ scores, two participants were defined
as non-OSA after IMT at week 3 and one at week 9. Another
one showed a decrease of SRBD-PSQ scores at week 3, but
OSA remained till the end of the study. These results suggested
that IMT possible attributed to reduced symptoms of OSA.
However, one participant was identified as non-SRBD from
the beginning to the end of the study period. The inconsistent
results of SRBD-PSQ score among participants suggested that
further study using standard equipment such as polysomnog-
raphy that assesses OSA symptoms more accurately would
be more valid than SRBD-PSQ.19

  There are several limitations in this case report that
should be emphasized. The absence of a study arm involving
a sham IMT intervention is relevant. Therefore, no causal

inferences could be made about the IMT effects. A pilot
study is warranted prior to implement on a larger scale. In
addition, our IMT trial was performed on five participants
who had different underlying diseases, gender, and severity
of OSA. Therefore, these factors may have possibly contributed
to the outcomes. Finally, a study of the long-term effects
of IMT is needed to identify the optimal IMT protocol and
to investigate the responses of all outcome measures.

Conclusion

  Positive outcomes in inspiratory muscle strength and
endurance, and SRBD-PSQ score after IMT, suggesting that
IMT  can  be  trained  with  the  improvement  of  respiratory
muscle function and OSA symptoms in children and
adolescent with OSA and obesity.
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Background: The Monte Carlo (MC) simulation is an effective tool for determining 
the absorbed dose in small field sizes. To calculate accurate results, the MC simulation 
requires precise geometric and material descriptions of the linear accelerator head. 
Due to proprietary information issues, the description of the Varian TrueBeam™ 
linear accelerator (Varian Medical Systems, Palo Alto, CA) head geometry and material 
information are not available. Instead, the manufacturer provided a phase-space 
file just above the jaw for each photon energy level. Although several studies have 
validated the accuracy of this phase-space file, to the best of our knowledge, there 
are no reported data for a small field size (<2x2 cm2) of 6 MV photon beams.

Objectives: The purpose of this study was to evaluate the Varian TrueBeam™ 
phase-space file of the 6 MV photon beam provided by the manufacturer for the 
Monte Carlo (MC) simulation in small field dosimetry.

Materials and methods: The TrueBeam™ linear accelerator was simulated using an 
EGSnrc MC code with a Varian phase-space file as the input. The simulation was 
compared with the measurement using percent depth dose (PDD) and beam profile, 
and the field output factor (FOF) for the 0.6x0.6, 1x1, 2x2, 3x3, 4x4, 6x6, and 10x10 cm2 
field sizes.

Results: The agreement between the measurements and simulated PDD data was 
under 2.2% beyond the buildup region. The distance to agreement (DTA) in the 
buildup region was within 1.0 mm. The simulation data presented identical profiles 
with the measurement within 1.0% of the dose difference or 1.2 mm of the DTA. 
The mean dose difference in the radiation field was ≤1.5% for the ≥1x1 cm2 field 
size. The largest deviation was observed in the 0.6x0.6 cm2 inline beam profile. The 
deviation of the penumbra and full width at half maximum (FWHM) between 
simulation and measurement was <2 mm. The agreement of the simulated and 
measured FOF was within 1.0%, except for the 0.6x0.6 cm2 field size.

Conclusion: Overall, the MC simulation demonstrates data that is consistent with 
the measurement for the ≥1x1 cm2 field sizes. These data assure that the 6 MV 
Varian phase-space file can be used as a radiation source for accurate MC dose 
calculation in a small field. However, a large discrepancy in beam profiles was 
observed at the 0.6x0.6 cm2 field size due to the different primary source sizes 
among TruebeamTM machines.
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the detector and medium. 
 In 2017, the International Atomic Energy Agency 
(IAEA) along with the American Association of Physicists in 
Medicine (AAPM) published Technical Reports Series #483 
(TRS 483)1 that provides a code of practice (CoP) for small 
field dosimetry. The CoP defines the field output factor 
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output. The third condition is associated with the detector for a given field size. These detector aspects 
include the volume averaging around high-gradient dose distributions and the fluence/dose perturbations 
due to the different physical densities between the detector and medium.  
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#%&' ). The equation for the patient dose is: 
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In large clinical fields, the field output factor has commonly been approximated by the ratio 
between detector readings in the clinical field (𝑀𝑀!!"#$

#!"#$) and reference field (𝑀𝑀!%&'
#%&' ) because the stopping-

power ratios and perturbation correction factors are normally constant with field size. For small fields, 
this condition no longer holds. TRS 483 has recommended the field output correction factor (𝑘𝑘!!"#$,!%&'

#!"#$,#%&' ) 
to account for the differences in the response of a detector in the clinical and reference fields. The 
equation then becomes 
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Another approach to determine the absorbed dose is the Monte Carlo (MC) method, which has 

been found to be an effective tool in overcoming the challenges of small field dosimetry. The MC can 
simulate the scenario of the radiation transport to calculate the accurate deposited dose when 
measurement is not possible.2 Many recent studies have used the MC simulation to examine the field 
output correction factors of small field sizes.3-5 To calculate accurate results, the MC simulation requires 
precise geometric and material descriptions of the linear accelerator head. Due to proprietary information 
issues, the description of the Varian TrueBeam™ linear accelerator (Varian Medical Systems, Palo Alto, 
CA) head geometry and material information upstream of the jaw are not available. Instead, the Varian 
MC research team provided a phase-space file just above the jaw for each photon energy level. This phase-
space file can be used as source to transport particles through the geometry of the jaws, and other beam 
modifiers, for calculating the absorbed dose. The Varian phase-space file was generated using GEANT4 
MC code with the Varian TrueBeam™ head schematics imported from the computer-aided design as the 
input.6 The first version of the phase-space file was stored in a cylindrical space that cannot be used by 
the BEAMnrc MC code that requires the planar format. Varian subsequently released the second version 
of the phase-space file that was stored on a flat surface. 

 Although several studies have validated the accuracy of this phase-space file, to the best of our 
knowledge, there are no reported data for the 6 MV photon beam field sizes smaller than 2x2 cm2.6-11 The 
primary photon source width strongly affects the beam profiles of small fields due to the source occlusion 
effect. The source size of the TrueBeam™ machine varies between 1.0–1.5 mm.12 Thus, It cannot be 
assumed that this universal phase–space file will produce an accurate dose distribution for small fields.  

This study compares the dosimetric characteristics of the measured Varian TrueBeam™ 6 MV 
small photon beams with the MC simulation using the version 2 phase–space data available from the 
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strongly affects the beam profiles of small fields due to the 
source occlusion effect. The source size of the TrueBeam™ 
machine varies between 1.0-1.5 mm.12 Thus, It cannot be 
assumed that this universal phase-space file will produce 
an accurate dose distribution for small fields. 
 This study compares the dosimetric characteristics 
of the measured Varian TrueBeam™ 6 MV small photon 
beams with the MC simulation using the version 2 phase-space 
data available from the manufacturer. The simulation was 
compared with the measurement using percent depth 
dose (PDD), beam profile, and field output factor (FOF) as 
a function of jaw setting.

 All simulations and measurements were performed 
on a Varian TrueBeam™ linear accelerator using 6 MV photon 
beam energy. 

Monte Carlo simulation
 The EGSnrc code system,13 user codes BEAMnrc,14 
and DOSXYZnrc15 were used for the MC simulations. Each 
simulation consisted of three steps. First, BEAMnrc was used 
to simulate the particle transport through the components 
of the linear accelerator treatment head. Second, DOSXYZnrc 
was used to compute the dose deposited within the water 
phantom. Finally, the obtained results were compared with 
the measured data.
 The Varian TrueBeam™ version 2 phase-space file 
of the 6 MV photon beam energy was adopted from the 
MyVarian website (https://www.myvarian.com).6 This phase-space 
file contains information about the radiation interactions 
within the linear accelerator treatment head, such as the 
position, energy, directionality, and type of each particle.  
The phase-space file was then used as the radiation source 
in BEAMnrc. The data for the material and geometry of 
the linear accelerator components below the phase-space 
plane were taken from the Varian TrueBeam™ Monte Carlo 
package version 1.1 available on the MyVarian website. Figure 1 
presents the schematics of the linear accelerator model 
simulations by BEAMnrc. The Varian phase-space file was 
located above the Y jaw at 26.7 cm from the source. Only the 
X and Y jaws were modeled using JAWS CM. The slab of air 

Introduction

  Recent advanced techniques in photon beam radiotherapy
have  been  developed  to  improve  the  accuracy  of  radiation
delivery while still allowing for shorter treatment times.
These advances have led to an increased use of small fields
over the past decades.1  However, accurate dose measurement
in small fields is challenging due to its three conditions.
The first condition is the lack of lateral electronic equilibrium
(LCPE) that occurs when the size of the field becomes smaller
than the range of the lateral charged particle equilibrium
(rLCPE). Source occlusion also occurs in small fields as a second
condition, resulting in an overlapping of the penumbra. Both
conditions are responsible for a sharp drop in beam output.
The third condition is associated with the detector for a given
field size. These detector aspects include the volume averaging
around high-gradient dose distributions and the fluence/dose
perturbations due to the different physical densities between

Materials and methods
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was created after the X jaw using SLABS CM at a distance of 
100 cm from the source. The particles that reached the end 
of the air slab were stored in the second phase-space file. 
These field size-specific phase-space files were used as an 
input source for the subsequent water phantom simulation 
in DOSXYZnrc. The number of histories ranging from 
1x109-4x1010 was simulated with BEAMnrc transporting 
the particles from the location of the Varian phase-space 
file. The global ECUT and PCUT was 0.521 MeV and 0.01 
MeV, respectively. The particles with total energies below 
these values were terminated with the energy deposited 
in the current voxel. No variance reduction techniques were 
used. The default EGSnrc transport parameters were applied 
in the simulation.

Figure 1.  Schematic representation of the Varian TrueBeam™ linear accelerator 
model.

 The MC methodology was evaluated by comparing 
the simulated PDD, beam profile, and FOF with the meas-
urements. This process used nominal field sizes of 0.6x0.6, 
1x1, 2x2, 3x3, 4x4, 6x6, and 10×10 cm2 for the jaw-collimated 
fields. 
 To calculate the three-dimensional dose distributions 
in a virtual water phantom, a 30x30x30 cm3 water phantom 
was generated using DOSXYZnrc. The voxel sizes were between 
0.1 x 0.1 x 0.5 cm3 and 0.5x0.5x0.5 cm3. The voxel resolution 
varied according to the field size to obtain accurate penumbra 
data. A large enough number of histories were selected for 
each simulation to keep the statistical uncertainty less than 
0.5% at the maximum dose voxel and 0.7% for all the voxels 

inside the radiation field.
 The output files that contain the dose deposited in 
each voxel per number of particles and the associated 
statistical uncertainty were created using the DOSXYZnrc 
code. These files were exported to MATLAB (The MathWorks, 
Natick, MA) to calculate the dosimetric quantities. The PDDs 
and beam profiles were normalized so that a comparison  
between the MC simulation and the measurements could 
be done. To calculate the PDD, the dose scoring in voxels 
along the central beam axis was normalized to the dose 
at dmax. The simulated beam profile was determined by 
normalizing the voxel dose at 10 cm depth to the dose on 
the central axis.

Measurements

Percentage depth doses and beam profiles
 The PDDs, crossline profiles, inline profiles, and FOFs 
were acquired in a 3D water scanning system (Blue Phantom2, 
IBA Dosimetry, Memphis, TN) with OmniPro-Accept software. 
The experiments were set at 100 cm SSD. The PDDs for the 
6x6 and 10x10 cm2 fields were measured using IBA CC13 
(IBA Dosimetry, Schwarzen-Bruck, Germany). For field sizes 
smaller than 6x6 cm2, the Sun Nuclear EDGE detector (Sun 
Nuclear Corporation, Melbourne, FL) was used. The measured 
crossline and inline beam profiles were obtained using the Sun 
Nuclear EDGE detector scanning across the field area at a 
depth of 10 cm. Similar to the MC simulation, the depth-dose 
curves were normalized to the maximum dose depth to calculate 
the PDD of each field size. The beam profiles were normalized 
to 100% at the central axis to their corresponding field size.

Field output factors
 The FOFs at the 10 cm depth were measured using the 
IBA CC01, Sun Nuclear EDGE, and PTW 60003 natural diamond 
(PTW, Freiburg, Germany) detectors. These detectors were 
recommended by TRS 483 for small field dosimetry. The 
characteristics and description of the detectors used in this 
study are presented in Table 1. The IBA CC01 and Sun Nuclear 
EDGE detectors were set perpendicular to the central beam 
axis. Both detectors were positioned at the center of the 
radiation beam using crossline and inline scans to find the 
position of the maximum signal according to the TRS 483 
guidelines. The natural diamond detector was vertically 
positioned and aligned at the center of the light field crosshair 
of the 1x1 cm2 field. The IBA DOSE-1 electrometer was 
connected to each detector to measure the collected charge.   

Table 1  Resistive load and training volume for inspiratory muscle traning of each participant.

Type Model Active volume Active volume dimensions Application

Cylindrical Ionization 
chamber

IBA CC01 10 mm3 Ø 2 mm x Ɩ 3.6 mm Field output factors

IBA CC13 130 mm3 Ø 6 mm x Ɩ 5.8 mm PDDs≥6x6 cm2

Shielded diode
Sun Nuclear Edge 0.019 mm3 Square 0.8 mm x 0.8 mm 

thickness 0.03 mm

PDDs<6x6 cm2 
Beam profiles 

Field output factors

Natural diamond PTW 60003 natural 
diamond

1.2 mm3 Disk, Ø 2.3 mm thickness 
0.28 mm

Field output factors
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Percentage depth doses
 To compare the simulated and measured PDD data, 
two different evaluation parameters were considered: the 
dose difference in the region beyond dmax and the distance 
to agreement (DTA) in the buildup region. The dose difference 

was defined as the percentage difference of the simulated 
to the measured dose. The DTA is the distance between 
a measurement and the MC calculation point with the same 
absorbed dose16. The percentage depth dose curves of the 
6 MV photon beam are plotted in Figure 2 for the 10x10, 
6x6, 4x4, 3x3, 2x2, 1x1, and 0.6x0.6 cm2 field sizes delivered 
at 100 cm SSD. The differences between the simulation and 
measurement are described below. 
 In a region deeper than the maximum dose (>1.5 cm), 
the measurement and MC simulation data closely agreed 
with a dose difference of less than 2.2%, while the mean 
dose differences were less than 1.0% for all field sizes. The mean 
dose difference ± standard deviation between the simulated and 
measured PDDs beyond the buildup region are reported in 
Table 2. The absolute value of the dose difference was 
taken before finding the mean value. In the buildup region, 
the maximum deviation was found up to 8%. Because the 
buildup region is a high dose gradient region, small spatial 
shifts between the measurement and MC dose distribution  

analyzed in the buildup region, we found a 1.0 mm agreement 
between the MC produced PDD and the measurement. 
Further comparison of the PDD at a 10 cm depth (PDD10) 
and PDD at a 20 cm depth (PDD20) for simulation and 
measurement is also presented in Table 2. The maximum 
difference was ~1.0% for PDD10 and PDD20.

 The FOFs in this study are defined in Eq.3. The ratio 
of the detector reading normalized to the 10x10 cm2 
reference field was multiplied by the field output correction 
factors (k). These k factors were taken from Table 26 of TRS 
483 except for that for the Sun Nuclear Edge detector at 
the 0.6x0.6 cm2 field size. This is because the protocol 
provides the k factor of Sun Nuclear Edge only for field sizes 
≥0.8x0.8 cm2. 
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 where A and B is the crossline and inline FWHM, 
respectively, at the 10 cm depth, determined from the beam 
profile measured with the Sun Nuclear EDGE detector.

Figure 2.  Percent depth dose curves for all field sizes. Measurements are plotted as solid lines, and the Monte Carlo data are plotted as points. Percent 
differences between the simulation and measurement are presented in the lower panels.

Results  
can result in a high dose difference. When the DTA was
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Table 2  The mean dose difference and standard deviation of PDDs between simulation and measurement beyond the buildup 
region. The comparison of PDD at 10 cm and PDD at 20 cm are reported.

Field size 
(cm2)

Mean dose difference (%) 
±SD

PDD10 PDD20

MC Measured %diff MC Measured %diff

10x10 0.6±0.6 66.4 66.2 -0.4% 38.0 38.3 0.9%

6x6 0.4±0.5 63.9 63.8 -0.2% 35.3 35.4 0.4%

4x4 0.4±0.2 62.0 62.1 0.2% 33.5 33.4 -0.2%

3x3 0.3±0.3 60.3 60.7 0.7% 32.4 32.3 -0.4%

2x2 0.4±0.2 58.9 59.2 0.5% 31.3 31.5 0.5%

1x1 0.3±0.2 57.2 57.3 -0.2% 30.3 30.3 0.3%

0.6x0.6 0.7±0.4 55.3 54.8 -1.0% 29.0 29.0 -0.1%

Beam profiles
 For the dose profiles, the crossline and inline directions 
were considered. Figure 3 presents the normalized measured 
and simulated half-profiles for all field sizes at the 10 cm 
depth. To evaluate the beam profile, the dose difference 
was analyzed in the radiation field region (within 80% of 
the normalized dose). The agreement between the simulation 
and measurement in the shoulder and penumbra region 
(beyond the in-field region) was evaluated by determining 
the DTA. Table 3 demonstrates the dose differences inside 
the radiation field between the measurement and simulation. 
The mean dose difference was less than or equal to 1.5% for 
field sizes ≥1x1 cm2. For field sizes ≥4x4 cm2, the deviation 
was within 1.5% for more than 97% of the points in the 
radiation field region. For field sizes ≤3x3 cm2, a large deviation 

was observed. The mean dose differences were found up 
to 5.0% for the 0.6x0.6 cm2 field size. The pass rate (the point 
displaying a percent difference of ≤1.5%) in the radiation 
field region was 78%, 75%, and 67% for the crossline profile 
of the 2x2, 1x1, and 0.6x0.6 cm2 field, respectively. For the 
inline profile, the pass rate was 81%, 75%, and 17% for the 
2x2, 1x1, and 0.6x0.6 cm2 field, respectively. The discrepancy 
between the simulation and measurement was also found 
in the profile shoulders. In the small field, the profile exhibited 
a very steep dose gradient, and the flattened region was 
less than 80% of the normalized dose. Therefore, the DTA 
was applied to evaluate every point of the 0.6x0.6, 1x1, 
and 2x2 cm2 fields. The DTA of the region where the dose 
difference exceeded 1.0% was less than 1.0 mm and 1.2 mm 
for all crossline and inline profiles, respectively.

Figure 3.  Crossline (left) and inline (right) half profiles for the 10x10, 6x6, 4x4, 3x3, 2x2, 1x1, and 0.6x0.6 cm2 field sizes. Measurements are plotted as continuous 
lines, and the Monte Carlo data are plotted as points.
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 Other profile characteristics, the FWHM and penumbra, 
were evaluated. The results are summarized in Table 4. The 
FWHM was determined from a distance of 50% relative dose 
and the penumbra was defined as the region between 20% 
and 80% of the central axis dose. As seen in Table 4, the 
simulated FWHM agrees with the measurement within 1.5 mm 
for the field sizes >0.6x0.6 cm2. The deviation of the penumbra 
was also within 1.5 mm for all field sizes. Overall, the FWHM 
and penumbra widths tended to be larger than the measurement 
in the inline direction, with the differences increasing with the 
decreasing field size. However, the differences did not exceed 
2.0 mm.

Table 3  Percent difference of the beam profiles between Sun Nuclear Edge measurement and MC simulation inside radiation 
field. The DTA of the region where the dose difference exceeds±1% is shown.

Field size (cm2)
Crossline profile Inline profile

Mean dose 
differences (%)±SD

DTA (mm)
Mean dose 

differences (%)±SD
DTA (mm)

10x10 0.2±0.2 <1.0 0.3±0.2 <1.0

6x6 0.7±0.4 <1.0 0.4±0.3 <1.0

4x4 0.5±0.4 <1.0 0.4±0.4 <1.0

3x3 0.5±0.5 <1.0 0.3±0.2 <1.0

2x2 0.7±0.7 <1.0 0.9±0.9 <1.2

1x1 0.6±0.7 <1.0 1.5±1.4 <1.1

0.6x0.6 4.9±3.6 <1.0 5.4±3.6 <1.2

Field output factors
 The comparison of the FOFs between the MC 
simulation and measurement for field sizes ranging 
from 0.6×0.6 cm2-10×10 cm2 are given in Table 5. Excellent 
agreement between the MC simulation and measurement 
was found within 1.0%, except for the 0.6x0.6 cm2 field, 
where the maximum difference was 2.2% obtained by the 
IBA CC01 detector. The FOF of the 0.6x0.6 cm2 field measured 
by the Sun nuclear EDGE detector was omitted because no 
correction factor was provided by TRS 483.

Table 4  Comparison of simulated and measured FWHM (distance between 50% isodose level) and penumbra width (distance 
between 20% and 80% isodose level) for all field sizes.

Field 
size 

(cm2)

Crossline (mm) Inline (mm)

FWHM width Penumbra width FWHM width Penumbra width

MC Measured Deviation MC Measure Deviation MC Measured Deviation MC Measure Deviation

10x10 110.0 110.1 0.1 5.3 5.5 -0.2 110.0 108.9 1.1 6.5 5.6 1.0

6x6 66.0 66.0 0.0 4.6 4.3 0.3 66.1 64.9 1.2 6.0 4.6 1.4

4x4 44.1 43.9 0.2 4.0 3.6 0.4 44.1 42.9 1.2 5.0 3.8 1.2

3x3 33.0 32.9 0.1 3.7 3.4 0.3 33.1 31.7 1.4 4.9 3.8 1.1

2x2 22.0 22.0 0.0 3.6 3.5 0.1 22.0 20.8 1.2 4.6 3.5 1.1

1x1 11.1 10.8 0.3 3.2 3.2 0.0 11.3 9.9 1.4 4.0 3.1 0.9

0.6x0.6 7.0 6.6 0.4 2.8 2.9 -0.1 7.7 6.0 1.7 3.3 2.7 0.6

Table 5  Field output factors of 6 MV using IBA CC01, Sun Nuclear EDGE, and PTW natural diamond compare with simulated 
FOF. The corrections were based on TRS 483 except for 0.6x0.6 cm2 field size measured with Sun Nuclear EDGE where 
the correction factor is not provided by TRS 483.

Field Size 
(cm2)

Field output factors

Simulation EDGE %Diff Diamond %Diff CC01 %Diff

6x6 0.923 0.919 -0.4 0.918 -0.5 0.919 -0.4

4x4 0.867 0.862 -0.6 0.862 -0.6 0.864 -0.4

3x3 0.833 0.829 -0.5 0.829 -0.5 0.831 -0.3

2x2 0.795 0.791 0.5 0.790 -0.6 0.790 -0.6

1x1 0.683 0.690 0.9 0.683 0.0 0.679 -0.6

0.6x0.6 0.490 - - 0.485 -1.0 0.479 -2.2
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maximum dose difference of 1.5% for the PDD of a 10x10 cm2 
field. These studies, as well as ours, found that the maximum 
deviation was in the distal region of the PDD. In addition, 
an increasing discrepancy between the measured and 
simulated PDD with depth was observed in many reports7-10, 18 
that evaluated the Varian phase space file. A possible 
explanation for the discrepancy in the deeper depth region 
might be the differences in the primary beam energy of the 
phase-space file and the Varian TrueBeam™ machine in the 
experiment.7,19 
 The comparison of our simulated PDD10 and PDD20 
with other Varian TrueBeam™ data20-23 is summarized in  
Table 6. Our MC results agree within 1.0% for all the compared 
linear accelerators for the 3x3–10x10 cm2 field sizes. In 
addition, the simulated PDD10 values fall within the range 
of those reported by Mamesa23 who measured the PDDs 
of small fields using several detectors. 

Table 6  Summary of the PDD parameters of 6 MV photon beam from MC simulation (this study) and measured data from 
previous studies. Measured PDD10 from Mamesa et al. were estimated from Figure 1. reported in their paper.

Field sizes 
(cm2)

PDD10 PDD20

MC
(this study)

Glide-Hurst 
et al.20 Bayer et al.21 Chang et al.22 Mamesa et al.23 MC

(this study)
Chang et al.22

10x10 66.4 66.2 66.1 66.3 - 38.0 38.1

6x6 63.9 - - 63.5 63.2 - 64.4 35.3 35.1

4x4 62.0 - 61.4 61.4 61.0 - 62.0 33.5 33.3

3x3 60.3 - - 60.3 59.6 - 60.8 32.4 32.4

2x2 58.9 - - - 58.0 - 59.6 31.3 -

1x1 57.2 - - - 56.0 - 58.4 30.3 -

0.6x0.6 55.3 - - - - 29.0 -

 For the dose profile, small differences were observed 
between the measurement and simulation in the in-field 
dose area for field sizes ≥3x3 cm2. The DTA of the region 
where the absolute difference exceeds 1.0% was less than 
1.2 mm. Therefore, the simulated data demonstrated identical 
profiles with the measurement within 1.0% of the dose 
difference or 1.2 mm of DTA. The FWHM of the 10×10 cm2 
field at the 10 cm depth was similar to that described by 
Chang22 with a difference of 0.7 mm. However, our simulated 
FWHM was 2.0 mm smaller than that reported by Glide-Hurst 
et al.20 and Beyer et al.21. These differences were due to the 
volume averaging effect of the detector used for the beam 
profile scanning. The Glide-Hurst and Bayer studies used 
an IBA CC13 detector to measure the profile data, whereas 
the beam profiles were measured with an IBA SFD diode 
detector in Chang’s study. The large active volume of the 
detector can lead to inaccurate field edge measurements 
where a steep dose gradient exists. The previous literature 
also reported that the FWHM measured using the IBA CC13 
detector was 1.8 mm larger than that measured by the Sun 
Nuclear EDGE detector for the 10x10 cm2 field.24 Besoli 
et al.,7 who validated the Varian phase-space file of the 
6FFF MV beam, found that the simulated penumbra was 
more similar to the diode measurement. Our study used a 

Sun Nuclear Edge detector to measure the beam profile. 
Thus, the measured and simulated penumbra and FWHM 
results agreed within 2.0 mm for all field sizes. The profile 
data of the field sizes ranging from 1x1 cm2-6x6 cm2 were 
reported by Mamesa et al.23 and the difference in FWHM 
was less than 2.0 mm compared with our MC results. 
 The discrepancy between the measurement and 
simulation in the inline profile was higher than the crossline 
profile. The widening of the simulated inline profile was 
observed as the field sizes decreased. Beam profile deviations 
were also observed for field sizes ≤3x3 cm2 in other studies.8, 9, 18 A 
possible reason for the discrepancy might be partly ascribed to 
the difference in the primary photon source width among the 
Varian TrueBeam™ linear accelerators, which were in the 
range of 1.0-1.5 mm.12, 25 Pervious studies have found that 
the dose profile of a small field (<1x1 cm2) was strongly 
dependent on the primary photon source size. Cranmer-Sargison 
et al.25 reported that the dosimetric field widths increased as 
the source size increased. This is due to the partial source 
occlusion by the collimated jaw and is markedly affected by 
the upper jaws because it is closer to the source than the 
lower one. The slight deviation in the profile shoulder region 
between the MC and measurement is also explained by the 
difference in the source size. Because the Varian phase-space 

Discussion

  The present study evaluated the MC simulation using
the Varian phase-space file version 2 of the 6 MV photon
beam for small field dosimetry. The MC simulation and
measurement PDDs, beam profiles, and FOFs were compared.
Overall, the MC simulation provided data that was consistent
with the measurement. The agreement between all measured
and MC simulated PDDs data in this study was under 2.2%
beyond the buildup region. Large differences were found
in the deeper depths (>25 cm) of the PDD where the MC
simulation overestimated the dose compared with the
measurement data. Our results agree with those of Bergman
et al.,9  who simulated the dose distribution of the 6 MV
photon beam using a Varian phase-space file. In their study,
a maximum deviation of 2% between the simulated and
measured PDD for field sizes 2 × 2 cm2-40 × 40 cm2  was
reported. In another study by Cheng  et al.,17  they reported a
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file was scored above the collimator jaw, the user cannot 
change the primary photon source parameters, such as 
the energy, angular spread, and diameter. Therefore, it is 
not possible to fine tune the beam model to better match 
a specific linear accelerator. This could be crucial issue in a 
very small field (<1x1 cm2) when the beam profile is highly 
dependent on the primary source size and source occlusion 
effect. 
 It should be noted that no corrections were made 
for the PDD and beam profile measurements in this study. 
The accuracy of the small field measurement by the Si-based 
diode detector was reported by Francescon et al.26 The variation 
of the field output correction factor of the diode detector as 
a function of depth and distance from the central axis for PDD 
and beam profile measurements was reported in the literature. 
The beam profile in water measured with the diode detector 
yielded accurate results up to the penumbra region, but 
meaningfully underestimated the dose in the tail region where 
the field output correction factor was increased. Similar 
results were found by Papaconstadopoulos et al.27 where 
the diode detector demonstrated minimal deviations within 
the radiation field. In contrast, significant corrections were 
observed at the gradient and the low-dose region of the 
profile. However, the error in the gradient and tail region 
of the beam profile is not clinically meaningful, because it is 
considered a very low dose area.26 Dwivedi28 reported that the 
variation of the beam profile measured by the Sun Nuclear Edge 
detector for field sizes ranging from 0.6x0.6 cm2-6x6 cm2 
was less than 0.5 mm in FWHM compared with EBT3 
radiochromic films (Ashland Inc., Wayne, NJ, USA). Although 
the Sun Nuclear Edge detector exhibits the correction factor 
>5% at all depths as reported by Francescon et al., other 
studies28, 29 demonstrated that the PDD at the fall-off 
region measured by the Sun Nuclear Edge detector for field 
size ≤1x1 cm2 was comparable with other detectors that have 
been recommended to avoid the need to correct the PDD, 
such as EBT3 film and the PTW microdiamond detector.30

 For the FOF measurements, the Sun Nuclear Edge 
detector exhibits the overresponse FOFs for field size smaller 
than 2x2 cm2 due to the scatter from the high density 

encapsulating material of the detector.31-33 In contrast, the 
IBA CC01 and PTW natural diamond detectors were influenced by 
volume averaging effects that underestimated the FOFs.10, 34 
However, this effect becomes less critical for the PTW natural 
diamond detector due to the smaller size of the active 
volume. In addition, the PTW natural diamond detector 
measurement values were very consistent with the MC 
values, only deviating ≤1.0%. The difference in FOFs between 
the measurement and the 6 MV Varian phase-space file 
in the present study agrees well with previous studies by 
Constantin et al.6 and Bergman et al.9 However, the smallest 
field sizes in these studies were limited to 4x4 cm2 and 2x2 cm2. 
The data for comparison obtained using the 6 MV Varian 
phase space file for field sizes <2x2 cm2 are scarce, only 
Gete et al.8, who evaluated the 6FFF phase-space file, 
have reported the FOF for the 1x1 cm2 field. In our study, 
the simulated FOF fell within 2.2% of the measured FOF for 
all field sizes. This is better than that reported by Gete et al.8 
where a deviation of 2.9% was found between the IBA 
CC01 detector and the simulated output factor of the 1x1 cm2 
field, whereas the deviation was less than 1.0% in our 
study. However, no correction factor was applied in Gete 
et al.,8 because the TRS 483 was not published at the time 
of their study. The output factors of small fields cannot be 
accurately approximated as the ratio of the detector readings 
as it is usually done for broad beams. Many studies have  
reported that the deviation of the field output factors 
reduced significantly when the field output correction 
factors based on TRS 483 were implemented.23, 35, 36 A further 
comparison with previous studies is presented in Table 7. 
The agreement was within 1.0% compared with Mamesa 
et al.23 for the 1x1 cm2-10x10 cm2 field sizes. The FOFs taken 
from Mamesa’s study were averaged between the IBA 
CC01, IBA EFD, and IBA PFD detectors. Casar et al.37 also 
reported the FOFs that were determine by fitting the signal 
of the EBT3 radiochromic films and the W1 plastic scintillator 
(Standard Imaging, Middleton, WI, USA) using an analytical 
function. A 90 cm SSD was used in their study, making a 
direct comparison with our results difficult. However, the 
difference was ~1.6% compared with our MC results. 

Table 7  Comparison of field output factors between our MC simulation and measured data from previous studies.

Field size (cm2) MC (this study) Mamesa et al.23 %Diff Casar et al.37 %Diff

6x6 0.923 0.921 -0.2 0.915 -0.9

4x4 0.867 0.865 -0.2 0.866 -0.1

3x3 0.833 0.832 -0.2 0.834 0.1

2x2 0.795 0.791 -0.6 0.793 -0.3

1x1 0.683 0.688 0.7 0.694 1.6

 Many studies have found that the intermachine 
variability of the Varian TrueBeam™ machine is very small 
among different institutes.20-22 Tanaka et al. 38 found a small 
difference of 1.0% and 1.5% when comparing the PDDs 
and beam profiles, respectively, between 21 TrueBeam™ 
machines and average data. They also reported that the 
deviation of the output factor of each data set from the 

average value was within 1.0% for the 3x3 cm2- 30x30 cm2 
fields. These data support that the Varian phase-space file 
approach is feasible for MC simulation for large field because 
the TrueBeam™ linear accelerator data is very consistent. 
However, for small field, the dosimetric parameters is vary 
due to the difference in source size and detector selection. 
Akino et al.36 found that the differences of the FOFs were 
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within ±5% for 0.5x0.5 cm2  among 12 TrueBeam™ machines.
The variation of PDD at 0.5x0.5 cm2  was >1%. Whereas the
variability <1% for 1x1 cm2  was reported in their study. In
this work, the MC results using the Varian phase-space file
were compared with the published measured data from
many institutions. The results revealed that our simulation
agreed with other TrueBeam™ machines published data,
including PDDs, beam profiles, and FOFs. Although a few
studies have reported the commissioning data of Varian
TrueBeam™ for small field sizes, the consistence between
the  MC  simulation  and  measurement  in  this  study  indicates
the excellent performance of the phase-space file for field sizes
down to 1x1 cm2. For very small field sizes (<1x1 cm2), it is
recommended that the phase-space file should be evaluated
with measurement data from a given TrueBeam™ machines.

Conclusion

  The Varian TrueBeam™ 6MV phase-space file version
2 released by Varian Medical System was evaluated against
the measurement for small field sizes down to 0.6x0.6 cm2.
The MC simulation demonstrates good agreement with
the PDDs. Although discrepancies in the inline profile were
observed for field sizes ≤3x3 cm2, it did not affect the PDD
or the output factor, except for the 0.6x0.6 cm2  field where
the difference in the output factor was up to 2%. The
Varian phase-space file can be used as a radiation source
for accurate MC dose calculation with existing TrueBeam™
models for field sizes ≥1x1 cm2. For very small field sizes
(<1x1 cm2) where the beam profile is strongly influenced
by the source size, we recommend that the user verifies
the phase-space with a specific TrueBeam™machine.
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Background: Star fruit (Averrhoa carambola L.) is seasonal and originates from many Southeast 
Asia countries, including Thailand. Previous evidence claimed that it has various antioxidative 
compounds such as phenolics, saponins, flavonoid C-glycosides, tannin and L-ascorbic acid. 
In Thailand, the sweet-type of star fruit (SF) is cultivated and marketed more than the sour-type, 
but their different antioxidant and active compounds between both types have not been 
investigated.

Objectives: This study aimed to compare the active compounds and anti-oxidant activity 
between sweet- and sour-type SF in vitro.

Materials and methods: Active compounds such as total phenolic compound, total flavonoids 
and L-ascorbic acid in extracts were evaluated between sweet- and sour-type SF crude extracts 
by using Folin-Ciocalteau reagent, aluminum chloride colorimetric assay and high-performance 
liquid chromatography, respectively. Antioxidant activity on scavenging radicals such as the 
2,2'-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS•+) cation and 1,1-diphenyl-2-pic-
rylhydrazyl (DPPH) cation and nitric oxide (NO) was analyzed. Moreover, the protective activity 
of glutathione (GSH) oxidation from free radicals generated by high voltage (HV)-stimulation 
in a mixture of plasma micro/nanobubble water; the same as that of protein oxidation in 
bovine serum albumin (BSA) and malondialdehyde (MDA) from 2,2’-Azobic (2-amidinopropane) 
dihydrochloride (AAPH), was evaluated in vitro.

Results: Sour-type SF extract at 1 gm showed higher total phenolics (1,625±2.3 µg equivalent 
gallic acid [GAE]), total flavonoid (245±3.6 µg equivalent quercetin), and ascorbic acid (Vit C) 
(565±4.5 µg) than sweet-type (520±3.5 µg GAE, 187±2.5 µg, and 513±2.6 µg). In addition, 
sour-type SF showed a lower dose of inhibitory concentration of 50% (IC50) than sweet-type 
on scavenging DPPH (32.32±2.3 & 58.9±2.4 mg) and NO (23.1 ± 1.1 mg & undetected). However, 
IC50 on ABTS•+ scavenging of sweet-type was lower than that of sour-type (348.8±2.5 & 
511.9±2.6 mg). Sweet-type showed protective effects with a dose response at 0.25-1.0 mg 
of extract, 125-500 µg of protein carbonyl and 62.5-500 µg of lipid peroxidation. However, 
sour-type at high doses showed pro-oxidant activity on increased GSH oxidation, protein 
carbonyl and MDA formation.

Conclusion: Sour-type SF showed higher active antioxidants, such as total phenolics, total 
flavonoids and Vit C as well as radical scavenging of DPPH and NO, than sweet-type SF. However, 
high concentrations aggravated GSH, protein and lipid oxidation. Whereas, sweet-type SF 
showed beneficial protective effects.
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 Many fruits contain various multi-vitamins and 
polyphenolic compounds, and have antioxidant activity 
that benefits human health.1 Star fruit (SF) or Carambola is 
seasonal with the scientific name of Averrhoa carambola 
Less and has been cultivated in many countries of Southeast 
Asia, including Thailand. Nowadays, SF has many species 
or varieties such as Taiwan (big size with a green edge and 
sweet taste), Malaysia (big size with a sweet taste, and a 
lot of juice), and Guangdong, China (big size and white with 
a sweet taste).2 However, two distinct classes of carambola 
can be found in Thailand; small size with a sour taste and big 
size with a sweet taste. They generally have typical charac-
teristics of a five-pointed star-like cross section and green 
to yellowish skin, and has a very sour-slightly-sweet flavor.3 
Previous reports showed that the chemical constituents of 
SF are flavonoid C-glycosides, saponins, tannin,4,5 L-ascorbic 
acid, (-) epicatechin and gallic acid (GAE).6,7 In addition, its 
pharmaceutical values as a traditional medicine are anti- pyretic, 
appetite stimulation, laxation, diuretics and digestives.2,7 In 
2016, a study of SF juice supplement sour-type folk variety 
in Chiang Mai province showed L-ascorbic acid (16-17 mg 
in 100 g of extract) and retinoic acid (0.1-0.2 µg in 100 g 
of extract).8 Furthermore, supplementation of fresh ripe 
sour-type SF juice at 100 g for one month, could increase 
high density lipoprotein (HDL) and decrease low density 
lipoprotein (LDL) as well as reduce inflammatory status by 
decreasing tumor necrosis factor (TNF)-α, interleukin-23 
(IL-23) and nitric oxide (NO) levels in aging people. However, 
other types of star fruit; e.g., bigger size and sweeter taste, 
are available in Malaysia and India and distributed in many 
Thai markets. Updated data in 2020 showed that the sweet-type 
had antioxidant and anti-inflammatory activity in in vitro 
study, active compounds composed of total phenolic, total 
flavonoids and L-ascorbic acid.9 In addition, it could improve 
total antioxidant capacity (TAC) and ascorbic acid (Vit C), 
and reduced lipid peroxide, as well as TNF-α in the plasma 
of people suffering from chronic obstructive pulmonary 
disease (COPD), after taking one-month of a prototype 
supplement containing sweet-type star fruit and honey.10 
Thus, both types of SF showed antioxidant compounds and 
effectiveness in people. 
 Unfortunately, the comparative activity between both 
types of SF had not been confirmed. Therefore, this study 
aimed to confirm their active compounds, especially total 
phenolic compound, total flavonoids, L-ascorbic acid, and 
scavenging activity on radicals such as organic cation radicals, 
2,2'-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) 
(ABTS)•+ and NO. Moreover, the effect of protective activity 
on glutathione (GSH), protein and lipid peroxide formation 
from oxidative stress in vitro model is very challenging.          

 

and then cleaned by soaking in clean water five times before 
blending in a fine homogenizer. The fibers and seeds were 
removed by filtering with a clean filter cloth and the SF juice 
was kept in a clean bottle before producing it in dry powder 
form or crude extract by the freeze-drying technique at the 
MANOSE RERSEARCH CENTER, Suthep sub-district, Mung 
district, Chiang Mai, Thailand. The final yield of crude 
extracts from fresh SF juice (5.0 %/w:w) was collected in a 
dark bottle and refrigerated before future analysis.

Figure 1. Star fruit; sweet-type (left) and sour-type (right).

Active compound analysis
Total phenolics
 The total content of phenolics in crude extracts of 
sweet- and sour-types of SF were evaluated by following 
the Singleton and Rossi’s protocol,11 in which 50 μL of 
extracts (6.25-25 mg/mL) was mixed with 1.8 mL of diluted 
Folin-Ciocalteau reagent (10% v/v) (Merck KGaA, Germany), 
and kept in the dark for 5 min before adding 1,200 μL 
of (7.5%) sodium carbonate (Merck, Darmstadt). After 
that, the tubes were incubated for 60 min, and the pellets 
removed by centrifuging at a short high speed of 10,000 rpm, 
and the supernatant was read at 765 nm by spectropho-
tometry (Drawell Scientific, Shanghai). The total phenolic 
content at 1 gm of crude extract was calculated by comparing 
with standard GAE (0.008-1.0 mg/mL) (Fluka, Switzerland).

Total flavonoid content
 Total flavonoid content in crude extracts of sour- and 
sweet-types was determined using the aluminum chloride 
colorimetric assay, adapted from a previous protocol.12 Crude 
extracts at 25, 50 and 100 mg/mL, or different dilutions of 
standard quercetin (0.078-2.5 mg/mL) (Aldrich, Germany) 
at 500 μL, were added in 100 μL of 10% AlCl3 (Fischer Scientific, 
UK) solution. Then, 100 μL of sodium acetate solution (1.0 mol/L) 
(Fischer Scientific, UK) was added to 2.8 mL of deionized water. 
After 30 min incubation in the dark at room temperature, 
absorbance was measured by spectrophotometry (Drawell 
Scientific, Shanghai) at 415 nm. Total flavonoid content of 
both extracts at 1 gm was expressed as the mg of quercetin 
(Sigma-Aldrich, Germany).

L-ascorbic acid assay
 The protocol for evaluating Vit C content in SF crude 
extracts from the sour- and sweet-types was performed by 
high-liquid chromatography (HPLC).13 Before analysis, each 
extract at 20 mg was dissolved in 1.0 mL of deionized water, with 
the pellets being removed by short high-speed centrifugation at 
10,000 rpm. Supernatant was filtered through a micro-filter 
(0.22 μm) before being analyzed in the HPLC system. The 

Introduction

Materials and methods

Star fruit preparation
  Raw sweet-type SF from the Malaysian variety was
cultivated at organic gardens in Pathum Tani province and
purchased for this study, whereas, the sour-type SF was
purchased from a local farm in Chiang Mai province. Both types
were baked in sealed boxes for 2 weeks until ripe (Figure 1),
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specific peak and concentration of L-ascorbic acid in extracts 
were identified with a C18 reverse phase column (Eclipse 
Plus C18: 5 μm, 4.6 x 250 mm; Agilent, USA) under formic 
acid (0.1% v/v) (Sigma-Aldrich, Germany) as a mobile 
phase (pH 2.5) at a flow rate of 0.8 mL/min. Specific retention 
time for Vit C peak within 3.90-4.01 min was presented 
by a diode array detector (DAD) (SPD-MZOA, SHIMADZU, 
JAPAN) at 244 nm. The concentration of L-ascorbic acid in 
each extract was compared to standard Vit C (Fisher Scientific, 
UK).

Antioxidant activity assays
DPPH scavenging assay
 Scavenging activity of the sour- and sweet type SF 
extracts that bleached the 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) radical was evaluated as in the previous protocol.14 
DPPH•+ was generated by mixing the DPPH (CALBIOCHEM, 
Darmstadt, Germany) in Ethanol (Merck KGaA, Darmstadt, 
Germany). Different concentrations of both types of SF 
extracts were added at 12.5-100 mg to DPPH solution in 
the dark for 30 min before reading the absorbance with 
a spectrophotometer (Drawell Scientific, Shanghai) at 515 
nm. The percentage of scavenging or inhibitory concentration 
of 50% (IC50) of sweet- or sour-type SF extract from a 
global curve fitted the equation in the SigmaPlot progm for 
Windows (version 11.0).  

ABTS•+ scavenging assay
 Scavenging activity of sour- and sweet-type SF extracts 
that bleached the 2,2-Azino-bis (3-ethylbenzo thiazo-
line-6-sulfonic acid) (ABTS•+) cation was evaluated by 
following the previous protocol.15 Stock ABTS•+ solution 
was generated by mixing ABTS (CALBIOCHEM, Darmstadt, 
Germany) solution (14 mmol/L) with 14 mmol/L of potassium 
persulfate (Merck KGaA, Darmstadt, Germany) in deionized 
water for 12 h in the dark before diluting in deionized water 
for starting absorbance of 0.70±0.02 at 734 nm by spectro-
photometry (Drawell Scientific, Shanghai). Ten μL of sour- or 
sweet-type SF extract (100-800 µmg/mL) was added to 
990 μL of working ABTS•+ solution in a plastic cuvette (size 
1.5 mL), and gently alternated inversely 3 times before 
absorbance was read. The concentration of extracts (mg) 
at 50 percent of scavenging or reduced ABTS•+ between 
sour- and sweet-type SF was calculated by the global curve 
fit equation in the SigmaPlot program for Windows (version 
11.0).

Nitric oxide (NO) scavenging assay 
 NO scavenging protocol was adapted from a previous 
report.16 NO was generated by dissolving sodium nitroprusside 
(AnalaR NORMAPUR, VWR, Prolabo, Belgium) in deionized 
water (10 mmol/L), and kept in light at room temperature 
for 3 h before evaluation. The reaction mixture (3 mL) 
containing 2 mL of (10 mmol/L) sodium nitroprusside (SNP), 
0.5 ml of saline phosphate buffer containing KH2PO4, 
Na2HPO4, NaCl and KCl (Merck, USA) (pH.7.4) and 0.5 mL 
of standard GAE (Fluka, Switzerland) solution or aqueous 
sour- or sweet-type SF extracts (6.25-100 mg/ml) was 
incubated at 25°C for 150 min. A 0.5 mL of the reaction 
mixture was taken to mix with 1.0 mL of sulfanilamide (Fluka, 
China) (1% in 2.5% of H3PO4, Merck, USA) and allowed to 

stand for 5 min in the dark at room temperature before a 
further 1 mL of napthyl ethylene diamine dihydrochloride 
(0.1% in water) (VWR, Prolabo, Belgium) was finally added. 
When the mixed solution was allowed to stand for 20 min 
at 25°C, absorbance at 537 nm was read by spectropho-
tometry (Drawell Scientific, Shanghai). The concentration 
of extracts (mg), at 50 percent of scavenging or reduced 
ABTS•+ between the sour- and sweet-type SF, was calculated 
by the global curve fit equation in the SigmaPlot program 
for Windows (version 11.0).

Protective activity of star fruit extracts
Glutathione (GSH) oxidation from high-voltage (HV) 
stimulation
 The protective activity of GSH from free radi-
cals was performed as in a previous study by stimulating 
HV in micro/nano-bubble (mnb) water mixture or using 
the Plasma-nano bubble technique at the High Voltage 
Engineering Laboratory, Department of Electrical Engineering, 
Faculty of Engineering, Rajamangala University of Technology 
Lanna, Chaing Mai, Thailand (Figure 2).17 Previous reports 
demonstrated that discharged plasma in ionized water is 
able to dissociate water molecules and produce many reactive 
species such as radicals (hydroxyl radicals, OHo; superoxide 
radical, Oo), hydrogen peroxide (H2O2), etc.18 Then, GSH 
can be oxidized directly by those radicals in the system.19 
The laboratory-made plasma generator in this model study 
consisted of an HV power supply and a discharged plasma 
electrode. Micro/nano-air bubble water was generated in 
deionized water by a micro-bubble generator (AURA Tec 
Co., Ltd., model OM4-MDG-045) before preparing stock 
GSH (Sigma, St. Louis, Co, USA) at 100 mg/mL. One hundred 
mL of stock GSH solution was prepared in a 150-mL beaker 
before standing in a plastic box. The HV power supply 
used a high voltage transformer and direct current (DC) 
half wave circuit to convert input current at 1.5-2.0 amps, 
100 volts and 50 Hz into an HV of up to 6 kVp and 1 Ap of 
discharged current. The discharged plasma electrodes had a 
ground electrode placed at the bottom of the beaker, and 
an anode electrode of tungsten (1.5 mm diameter) was 
dipped into the solution to produce the electrical plasma 
discharged in it. The protective effects between sweet- and 
sour-type SF extract at 0.25-1.0 mg was evaluated at 5-min 
incubation, designed at the same standard as Vit C (Fischer 
Scientific, UK) at 0.2 mg/mL, and confirmed in the system. 
Residual GSH concentration was determined using the 5, 
5'-dithio-bis (2-nitrobenzoic acid) (DTNB) protocol.20 Two 
hundred μL of mixed solution was taken to mix with 500 μL 
of DTNB (Sigma-Aldrich, Germany) and 500 μL of phosphate 
buffer (pH 8.0) solution. After incubating at room temperature 
for 5 min, a clear yellow supernatant solution was read by 
spectrophotometry at 412 nm (Drawell Scientific, Shanghai). 
The percentage of GSH was presented by comparing with 
non-HV stimulation.

Protein carbonyl formation in AAPH oxidized BSA
 Protein oxidation was modified in bovine serum albumin 
(BSA) (20%) (Plasma Fractionation Center, The Thai Red Cross 
Society, Thailand) from 2-2' azo-bis-(2-methyl-propionamidine) 
HCl (AAPH) oxidation as in a previous protocol.21 A mixture 
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of 200 µL of BSA (5 mg/mL), 400 µL of AAPH (200 mmol/L), 
and 100 µL of extract or GAE solutions (125-500 µg/mL) 
was incubated for 2 hours at room temperature. Protein 
carbonyl in the mixture was identified from a previous 
protocol.22 A protein pellet in 400 µL of mixture was separated 
after precipitating with tricarboxylic acid (TCA) (10%), 
washed three times with ethanol-ethyl acetate (1:1, v/v) 
(1 mL) and centrifuged at 3,000 rpm for 3 min. The protein 
pellet was redissolved in 500 µL of guanidine hydrochloride 
(6 mol/L) and 500 µL of 2,4-Dinitrophenylhydrazine (DNPH) 
(10 mmol/L). After incubation for 10 min, absorbance was 
read by spectrophotometry at 370 nm (Drawell Scientific, 
Shanghai). The protein carbonyl was calculated by using a 
molar efficiency of 2.2x104 cm-1 M-1. 

Figure 2.  High-voltage stimulation in the micro/nano-bubble water system. 
(Figure was modified with copyright permitted from a previous 
publication9).

Lipid oxidation in erythrocytes from AAPH oxidation.
 The last model of protective effect on lipid peroxidation 
of SF extracts was studied in healthy whole blood from AAPH 
oxidation.23,24 Blood samples (10 mL each) were obtained by 
venipuncture from elderly healthy volunteers, who were aware 
of the study design and gave informed consent under the Ethic 
Human Committee at the Faculty of Associated Medical Sciences, 
Chiang Mai University, Thailand (AMSEC-62FB-001). Blood of 
1.0 mL treated with AAPH in the presence or absence of the SF 
extracts at 62.5-500 µg/mL was incubated for up to 4 hours at 
37°C. A negative control that ran together with an equivalent 
volume of isotonic buffer solution did not change the contents 
of thobarbituic acid-reactive substances (TBARs) significantly in 
red blood cells (RBCs) within 6 hours. After incubation for 4 hr 
and centrifugation at 3,000 rpm for 5 min, malondialdehyde 
(MDA) in plasma was detected with the reaction of TBARs.25 
A 250 µL of H3PO4 (0.4 mol/L) and 250 µL (0.6%) of 
thobarbituic acid (TBA) were added to 1 mL of reaction 
mixture before incubating at 95°C for 60 min. After stopping 
the reaction by cooling in an ice bath, the pink color of the 

 

 

  

Active compounds Sweet-type SF Sour-type SF
Total phenolics (µg GAE) 520±3.5 1,625±2.3*

Total flavonoids (µg QE) 187±2.5 245±3.6*

Vit C (µg) 513±2.6 565±4.5*

Figure 3.  HPLC peak of Vit C in both sour- and sweet-type SF extracts at 
20 mg/mL and standard Vit C at 45 µg/mL.

.

Note: * p<0.05 from Two-Independent-Samples Tests) (Mann-Whitney U test).

supernatant obtained was read by spectrophotometry (Drawell
Scientific, Shanghai) at 532 nm. Tetramethoxypropane was
used as standard. The protective effect on MDA formation
of extracts was confirmed by standard Vit C.

Statistical analysis
  All data were represented with the mean and standard
error of mean (SEM). Non-parametric Kruskal-Wallis and
Mann-Whitney U tests were used for statistical analysis
between standard antioxidants and different doses of
extracts.

Results

The results of active compounds
  The active compounds are represented in Table 1.
Sour-type SF extract at 1 gm showed the higher total phenolics
(1,625±2.3 µg of equivalent GAE) and total flavonoids
(245±3.6 µg of equivalent quercetin) when compared to
sweet-type SF extract (520±3.5 mg GAE & 187±2.5 µg). In
addition, the results of Vit C content in both extracts were
higher in sour-type (565±4.5 µg/g extract) than in sweet-type
(513±2.6 µg/g extract), which confirmed the specific retention
time of standard Vit C (Figure 3).

Table 1  Active compounds of star fruit extract (1 gm).



J. Kaju et al.  Journal of Associated Medical Sciences 2022; 55(3): 36-4340

Radical scavenging activity
 The results of three scavenging models on three radicals: 
DPPH cation, NO and ABTS•+ is presented in Figure 4. Sour-type 
SF showed higher activity with a lower concentration on 
scavenging DPPH (32.32±2.3 mg) and NO (23.10±1.1 mg), 
when compared to sweet-type SF (58.90±2.4 mg and 
non-detected) (Figure 4.A & C). However, sweet-type SF 
showed the higher activity on scavenging ABTS•+ (348.80±2.5 mg), 
when compared to sour-type SF (511.90±2.6 mg) (Fig. 4.B).   

Figure 3.  HPLC peak of Vit C in both sour- and sweet-type SF extracts at 
20 mg/mL and standard Vit C at 45 µg/mL.

Protective activity of star fruit
 The results of protective activity between sour- and 
sweet-type SF extracts were represented by three models: 
protective effects on GSH from high-voltage stimulation, 
protein carbonyl formation from AAPH-oxidized BSA, and 
protective activity of lipid peroxide formation in AAPH-oxi-
dized whole blood.
 In the system of oxidation, the GSH by HV was confirmed 
as in the previous study.9 The GSH was oxidized and 
significantly reduced from 100±0.08 to 20.80±0.04 % after 
high-voltage stimulation for 5-15 min. Protective effect 
in the system was confirmed by standard Vit C (0.2 mg) 
with time-dependence (100±0.2, 94.5±0.16, 80.43±0.21, 
and 73.11±0.12%). Sweet-type SF extract showed protective 
effect on GSH oxidation (88.45±2.12, 84.19±2.10, and 
77.29±1.5 %) with dose responses from 1.0-0.25 mg. 
Although, the sour-type SF extract showed protective effect 
on GSH oxidation from HV, high doses (1.0 and 0.5 mg/mL) 
showed pro-oxidative effects (79.81±1.28 and 82.92±0.38 %) 
when compared to lower concentrations (85.42±0.25%) 
(Figure 5A). 
 The results showed the protective effect of SF extract 
on BSA from AAPH oxidation. Protein carbonyl at 4.2±0.08 mmol/g 
protein was produced in the system after AAPH-oxidation, 
and significantly reduced to 2.06±0.04, 1.47±0.11, and 
1.28 mmol/mg protein when GAE co-incubated with 
dose-response. The sweet-type SF extracts showed significant 
reduction of protein carbonyl to 2.41±0.08, 1.4±0.07 
and 0.95±0.04 mmol/g protein, with a dose response of 
125-500 µg when compared to non-treated AAPH oxidized 
BSA. Whereas, sour-type SF extract showed slightly inhibitory 
activity at 125 µg (3.89±0.21 mmol/g protein). However, it 
presented the pro-oxidative effect by significantly increasing  
the protein carbonyl content depending on the concentration 
being at 250 (5.06±0.10 mmol/g protein) and 500 µg (5.5±0.27 
mmol/g protein) when compared to non-treated AAPH 
oxidized BSA (4.22±0.08 mmol/g protein) (Figure 5B).
 The last protective model of SF extracts is presented 
in Figure 5C. The MDA formation in RBCs was increased 
after oxidation from AAPH (3.94±0.21 µmol/L) without any 

Figure 4.  Radical scavenging activity of sour- and sweet-type SF extracts. 
A: DPPH, B: ABTS, and C: NO.

Figure 4.  Radical scavenging activity of sour- and sweet-type SF extracts. 
A: DPPH, B: ABTS, and C: NO.
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treatment (first bar), when compared to that in those not 
oxidated (1.34±0.11 µmol/L) (data did not shown). The 
protective effect was confirmed by comparing with standard 
Vit C at 62.5-500 µg/mL (2.57±0.123 to 0.95 µmol/L). 
Sweet-type SF extract showed a protective effect on MDA 
formation with dose responses from 62.5 µg (2.95±0.23 
mmol/L), 125 µg (2.81±0.12 mmol/L), 250 µg (2.72±0.15 
mmol/L, and 200 µg (2.45 mmol/L). Data showed similarity 
to the sour-type SF extract at 62.5 µg (2.94±0.21 mmol/L), 
125 µg (2.74±0.17 mmol/L) and 250 µg (2.75±0.15 mmol/L), 
but the pro-oxidative effect from high dose extract at 500 µg 
showed higher MDA formation (4.52±0.12 µmol/L), when 
compared to non-treated RBCs from AAPH oxidation and 
all of them treated with SF extracts (Figure 5C). 

Figure 5.  Protective effects of SF extracts; sour- and sweet-types compared to 
standard Vit C or GAE, and control (first bar). GSH: glutathione, 
MDA: malondialdehyde, *, # p<0.05 from Kruskal-Wallis H test.

 

 

 
 

 

 

 
 

Discussion

  This study was an updated and a confirmed work of
SF distributed in Thailand,9,10  and it also supports a previous
study on elderly people.8,20  The results in this study represented
active compounds such as phenolics and Vit C is the same
as in the previous evidence from the data.4,5,6,7  In particular,
the sour-type in Chiang Mai province, Thailand, contained
approximately 16-17 mg of L-ascorbic acid in 100 g of
extract.8  Whereas, the yield of L-ascorbic acid in sweet-type
SF was lower at approximately 5-6 mg in 100 g of extract.9

The results in this study also presented more L-ascorbic
acid in the sour-type when compared to the sweet-type as
well as total phenolics and total flavonoid contents.
  Moreover, this study proved the activity of extract
on scavenging radicals in different modes; DPPH, ABTS•+

and NO, which is all important in the basic knowledge of
the antioxidant activity. These three models are based on
the different activities of active compounds, be they hydro-
philic or lipophilic compound in either type of SF extract.
DPPH can be applied slowly to the antioxidant activity of
various types of antioxidant compounds, and even with
weak antioxidants26  that are utilized in aqueous and non-
polar organic solvents or both hydrophilic and lipophilic
antioxidants.27  Whereas,  ABTS  cation  radicals  represented
TAC.28,29  Furthermore, NO scavenging also was shown in
elderly people, in which plasma NO was reduced after
consumption of SF juice for 4 weeks.20  NO scavenging of
SF extract was evaluated following the previous protocol,
which was generated from SNP in deionized water.12  Thus,
hydrolipic compound, such as L-ascorbic acid, was found
in both types of SF extract as expected. In addition, the
results on NO scavenging was confirmed with standard GAE,
which is a versatile scavenger that rapidly deactivates a
wide variety of reactive oxygen species (ROS) and reactive
nitrogen species (RNS).30  ABTS•+  is the last model in the
scavenging assay, and its scavenging5  is prepared in deionized
water. The results in this study showed that sour-type SF
had a lower dose of IC50 or higher scavenging activity of
DPPH and NO when compared to sweet-type. However,
the IC50 on ABTS•+  scavenging of sweet-type had lower
and higher activity than  in sour-type. Therefore, a higher
content of L-ascorbic acid, total phenolics and total flavo-
noids in sweet-type may not reflect the results because a
previous report claimed that total phenolic and flavonoid
compounds  directly  affect  antioxidant  capacity.31  Unfortunately,
other non-phenol compounds in sweet-type SF have been
preferred such as diglucosides, carambolasides and
phenylpropanoids; (+)-isolariciresinol 9-O-β-D-glucoside,
(+)-lyoniresinol 9-O-β-D-glucoside, (−)-lyoniresinol 9-O-β-D-glucoside
and 1-O-feruloyl-β-D-glucose, three benzoic acids, protocatechuic
acid, and 1-O-vanilloyl-β-D-glucose.32  Therefore, some
analytical results should be confirmed in the future. However,
the results confirmed that both sweet- and sour-type of
SF showed antioxidant compounds, which affect scavenging
free radicals and are important in the physiological function
of humans.
  Moreover, results of the protective effect of SF extract
on main antioxidant GSH were confirmed in an  in vitro
model. GSH with HV stimulation was studied previously in
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the oxidation model.9 Surprising results of sour-type SF in 

 

 

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

Thailand, for providing this study with research equipment.
that study compared previous evidence of sweet-type having
higher concentration and reduced protective activity in the
protection of GSH. GSH was oxidized in the system with timely
response from 5 to 15 min of stimulation, similar to a previous
study.9  When using standard L-ascorbic acid, the protective
effect was presented in comparison to the non-treated system.
The results showed that sour-type extract acted with pro-oxidant
activity. Previous potentially relevant articles showed that Vit C
was used to produce pro-oxidant by free radical formation;
H2O2  generation.33  Free radical formation in the micro/nano-bubble
water system was recognized as the plasma-nano bubble
technique,17  in which gas bubbles were produced into any
liquid.34  After the electrical current is released in micro/nano
water bubbles in a short time, many reactive species such
as  radicals,  hydroxyl  radicals,  OH°;  superoxide  radical  (O2-),
H2O2,  etc.  are  generated,35,36  which  could  be  rechecked  by
optical emission spectroscopy (OES).17  Therefore, those free
radicals could be oxidized by GSH in this study.19  The results
of provoked activity on GSH oxidation in sour-type SF may be
the high content of Vit C when compared to the sweet-type.
  The results of SF sweet-type extract also showed the
protective effect on protein and lipid peroxidation with the
dose response. In contrast, the sour-type extract showed
pro-oxidative effect on protein and lipid oxidation. It is
possibly the higher concentration of Vit C that is referred
to in previous evidence.37  Similarly, previous evidence showed
that storage of erythrocyte with Vit C increased protein sulhydryls
(P-SH) levels and decreased superoxide dismutase (SOD),
referring to the modulator of oxidative stress condition.38

Moreover, a higher flavonoid in sour-type SF possibly may
involve the pro-oxidant behavior in this study. Previous evidence
reported that flavonoids contain multiple hydroxyl substitutions
and important peroxyl radical activity.39  Thus, the results in
this study showed the pro-oxidation activity of SF sour-type
and antioxidant activity of sweet-type in  in vitro  models. Thus,
the results in this study supported previous studies in which
participants who had chronic obstructive pulmonary disease
(COPD)10  stabilized with antioxidant activity in sweet-type SF.
However, the benefits of sour-type SF must be considered and
need to be studied further.

Conclusion

  Sour-type SF showed higher active antioxidant compounds
such as total phenolics, total flavonoids and Vit C as well
as radical scavenging activity of DPPH and NO than sweet-type.
However, its high concentration aggravated GSH, protein
and lipid oxidation. On the other hand, sweet-type SF showed
higher activity on scavenging ABTs radicals and beneficial
protective effects in in vitro models.
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Background: Candida albicans is the most isolated fungal agent in a worldwide 
health system. Species distribution of Candida infection is different according to 
geographical regions. However, a shift in favor of non-albicans Candida species 
with antifungals resistance have increased as an important cause of candidemia.

Objectives: This study aimed to identify the species of yeasts isolated from the 
blood samples of patients at the university hospital and to determine in vitro 
susceptibilities of three most common isolates against nine antifungal agents.

Materials and methods:In total, 130 yeast isolates from 130 patients were defined 
the species using matrix-assisted laser desorption/ionization-time of flight mass 
spectrometry (MALDI-TOF MS). Antifungal susceptibility testing was carried out 
using broth dilution Sensititre YeastOne panels included amphotericin B, 5-fucytosine, 
fluconazole, itraconazole, voriconazole, posaconazole, anidulafungin, micafungin, 
and caspofungin.

Results: The most common species in all age groups was C. tropicalis (n=48, 36.9%), 
followed by C. albicans (n=38, 29.2%). C. glabrata (n=23, 17.7%) was more common 
among elderly patients, while C. parapsilosis (n=9, 6.9%) was more frequently 
isolated from younger patients. Antifungal susceptibility testing in Candida species 
expressed MIC in the low level of almost antifungal drug except for reduced fluconazole 
susceptibility against C. glabrata and C. tropicalis isolates.

Conclusion: C. tropicalis is the most common infection in candidemic patients. 
Fluconazole resistance strains were found in C. glabrata and C. tropicalis, respectively. 
In addition, voriconazole resistance strains were found in C. tropicalis.
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 Bloodstream yeast infection (BYI) especially the genus 
Candida has increased worldwide in healthcare system 
because of the rising number of immunosuppressed patients 
leading to high disencouragement and fatality in the range 

of 40% to 60%.1 From the ARTEMIS DISK Surveillance Program 
between 1997 and 2007, Candida albicans is the major species 
reported just before C. glabrata, C. tropicalis, C. parapsilosis 
and C. krusei (Pichia kudriavzevii), respectively.2 Species 
spreading of Candida infection is different according to 
geographical regions. However, a change of species distribution 
to non-albicans Candida (NAC) may be increasingly resistant 
to common antimicrobial agents.3 Recently, 52 candidemic 
patients in a University Hospital Thailand have been identified 
as NAC (64%) and Candida albicans (36%). From 35 % of 
C. tropicalis isolates, 68.7% were high-level fluconazole 
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on an Autoflex III MALDI-TOF/TOF mass spectrometer 
(Bruker Daltonics, Bremen, Germany). Instrument calibration 
using the Bruker Bacterial Standard Escherichia coli 
(#8255343) was performed with Flex control program. Ionized 
spectra for each spot were acquired on linear mode at a 
laser frequency of 20 Hz within a mass range from 2000 to 
20000 Da. MBT Compass software was automatically smoothing, 
normalization, baseline subtraction and peak selection of 
different mass spectra. Mass spectra of each sample were 
selected to create sample profiles that were compared 
with those of MBT 8468 MSP Library using pattern-matching 
algorithms. Identification was provided with accompanying 
scores as per the manufacturer’s schemes: a score <1.7 
indicated no reliable identity; a score between 1.7 and 1.9 
indicated identity at genus level; a score ≥2.0 indicated identity 
at species level. 

Antifungal Susceptibility testing with Sensititer YeastOne
 Susceptibility testing, reading, and interpretations of 
the results using Sensititer YeastOne (SYO) was followed 
according to the manufacturer’s instructions (Thermo Fisher 
Scientific, Cleveland, OH, USA). All yeast isolates were 
subcultured on SDA at 35°C for 24 hr to 48 hr to confirm 
their purity and viability. After that, standard 0.5 McFarland 
yeast suspensions were adjusted in sterile distilled water 
with Sensititre nephelometer, and the reference method 
was performed simultaneously.  The plates contained serial 
two fold dilutions of amphotericin B (0.12 to 8 mg/L), 
5-flucytosine (0.06 to 64 mg/L), fluconazole (0.12 to 256 mg/L), 
itraconazole (0.015 to 16 mg/L), voriconazole (0.008 to 
8 mg/L), posaconazole (0.008 to 8 mg/L), anidulafungin 
(0.015 to 8 mg/L), micafungin (0.008 to 8 mg/L), and caspofungin 
(0.008 to 8 mg/L) and MICs endpoints were read after 24 hr of 
incubation (72 hr for C. neoformans) by the color changed 
from blue indicating no growth to magenta indicating growth.8 

MIC results interpretation
 Interpretation of susceptibility was performed by 
applying  the clinical break points (CBPs ) defined by the 
European Committee on Antimicrobial Susceptibility Testing 
(EUCAST) and Clinical & Laboratory Standards Institute (CLSI).11-13 
In the results that CBPs absence of EUCAST and CLSI , isolates 
were defined as having a wild-type or a non-wild-type drug 
susceptibility phenotype including amphotericin, 5-fucytosine, 
itraconazole, posaconazole and voriconazole (only C. glabrata) 
according to the epidemiological cutoff values (ECV) determined 
by SYO,14-15 as shown in Table 3.

Statistical analysis
 Analytical data between age group and yeast species 
were explained as a mean with standard deviation and a 
95% confidence interval. The level of significance was set 
at 0.05. The data were analyzed using the Kruskal-Wallis 
test to avoid random significance when comparing several 
groups. The statistical tests were conducted with the aid of 
SPSS Statistical software version 27.

 

 

 

 

 

resistance.4  Therefore, rapid and curate species identification
have become important, especially in cases involving invasive
infection.
  The situation of non-albicans Candida  was increasingly
resistant to commonly used antimicrobial agents especially
in azole agents.5-6  Recently, fluconazole resistance in  C. glabrata
strains has been reported in Asia-Pacific region including
Thailand.7-8  Increasing resistance rates of fluconazole,
voriconazole, micafungin, caspofungin and anidulafungin
in non-albicans candidemia isolates especially  C. tropicalis
and  C. glabrata  isolates were reported in 5 tertiary hospitals of
Taiwan.9  In  Thailand,  C. glabrata  and  C. tropicalis  isolates
were increasingly resistant to azole agents and  C. glabrata
isolates were decreasingly susceptible to echinocandins
especially caspofungin.8, 10

  These research objectives were to identify yeasts in
the species level and investigate their antifungal susceptibility
patterns. All strains were isolated from blood samples of
suspected yeast septicemic patients in 3.25 years period at
a Thai University Hospital. In vitro antifungal susceptibility
testing of three most common yeasts isolated from blood
was conducted using nine antifungal agents in the SYO
panel included amphotericin B, 5-fucytosine, fluconazole,
itraconazole, voriconazole, posaconazole, anidulafungin,
micafungin, and caspofungin.

Materials and methods

Sample collection
  A total of 130 yeast isolates obtained from blood
culture from January 2013 to March 2016 (3.25 years) in
Microbiology Laboratory, Thammasat University Hospital
located at the central region of Thailand  were tested for
identification and antifungal susceptibility test. The isolates
were collected in sequential order without selection criteria.
Duplicate  isolates  from  the  same  patient  were  excluded.
Reference strains of  Candida parapsilosis  ATCC 22019 and
C. krusei  ATCC 6258 were used as quality control. The study
was approved by the Ethics Sub-Committee Board for
Human Research Involving, Thammasat University, No.3,
Thailand, Protocol code 132/2562.

Yeast identification using Matrix-assisted laser desorption/
ionization-time of flight mass spectrometry (MALDI-TOF MS)
  Yeast isolates were subcultured on Sabouraud dextrose
agar (SDA) at 37°C for 24 to 48 hours and fresh growth was
extracted using formic acid extraction method described,
briefly, fresh cells were suspended in a 1.5 mL sterile tube
and mix thoroughly in 300 µL of sterile distilled water. Then,
Yeast suspension was added with 900 µL of absolute ethanol
and centrifuged at 13,000 rpm for 2 min and discarded
the supernatant. The air-dried pellet at room temperature was
resuspended in 50 µL of 70% formic acid and mix thoroughly
before the addition of 50 µL of acetonitrile. After 2-min
centrifugation at 13,000 rpm, 1 µL of the supernatant was
placed onto a single spot of the polished steel target plate
and air-dried prior to MALDI-TOF analysis.10  Each spot was
covered by 1 µL of α–cyano-4-hydroxycinnamic acid (HCCA) in
50% acetonitrile and 2.5% trifluoroacetric acid (TFA)
(Sigma-Aldrich, France) matrix. Identification was performed
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Figure 1. Yeast species and an average patient’s age (year) during the infection.

 
 

Table 1  Yeast species classification among 130 patients with positive blood cultures.

Yeast species
Patients or 

Isolates N (%)
Gender Age 

Mean±SDMales (N) Female (N)

Candida albicans 38 (29.2) 21 17 58±25

Non-albicans Candida (NAC)

Candida tropicalis 48 (36.9) 27 21 58±25

Candida glabrata 23 (17.7) 16 7 64±23

Candida parapsilosis 9 (6.9) 4 5 42±32

Candida krusei (Pichia kudriavzevii) 1 (0.8) 1 0 73

Candida rugosa (Diutina rugosa) 1 (0.8) 0 1 49

Candida intermedia 1 (0.8) 1 0 70

Candida haemulonii 1 (0.8) 0 1 92

Candida nivaniensis 1 (0.8) 0 1 31

Other yeasts species

Cryptococcus neoformans 5 (3.8) 3 2 41±22

Lodderomyces elongisporus 1 (0.8) 1 0 40

Trichosporon asahii 1 (0.8) 1 0 14

Total 130 (100) 75 55 57±25

 The yeast species suspected fungemia was as follows. 
C. tropicalis, 48 (36.9%); C. albicans, 38 (29.2%); C. glabrata, 
23 (17.7%); C. parapsilosis, 9 (6.9%); other NAC [C. krusei 
(Pichia kudriavzevii), C. rugose (Diutina rugosa), C. intermedia, 
C. haemulonii and C. nivariensis, 5 (3.8%); Cryptococcus 
neoformans, 5 (3.8%); and others (Loderomyces elongisporus 
and Trichospron asahii), 2 (1.5%) (Table 1).

Results

Species identification
  Overall, 130 isolates were collected from blood samples
of 130 patients (75 males and 55 females) from January
2013 to March 2016 (3.25 years). The mean and median
ages were 57 and 63 years, respectively, with an age range
of 1-92 years.
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 From figure 1, C. albicans, C. tropicalis, C. glabrata and 
other NAC were more common among elderly patients 
(mean age >50 years), while C. parapsilosis, C. neoformans 
and other yeasts were more frequently isolated from younger 
patients (mean age<50 years). Notwithstanding, no statistically 
significant difference was found between yeast species and 
age groups.
 The blood cultures were collected from patients who 
were admitted in different wards. Altogether, there were 

43 patients (33.1%) at ICUs, 50 patients (38.5%) at medicine 
wards, 13 patients (10%) at surgical wards, 6 patients (4.6%) 
at pediatric wards, and 18 patients (13.8%) at other wards. 
Table 2 shows the yeast species distribution in relation to 
the hospitalized unit of the patient. Fungemia caused by 
yeasts were found in patients mostly admitted to medicine 
units (38.5%) and ICU (33.1%). However, yeast septicemia 
was uncommonly found in the pediatric units.

Table 2  Number of yeast species identified from patients in hospital wards.

Yeast species
Hospital Wards

ICU Medicine Surgery Pediatric Other Total

C. albicans 15 8 7 1 6 38

C. tropicalis 15 24 1 1 7 48

C. glabrata 8 8 3 2 2 23

C. parapsilosis 3 3 1 1 1 9

Other NAC 1 3 1 0 0 5

C. neoformans 0 2 0 0 3 5

Other yeasts 1 0 0 1 0 2

Total N (%) 43 (33.1%) 50 (38.5%) 13 (10%) 6 (4.6%) 18 (13.8%) 130 (100%)

Antifungal susceptibility patterns
 MICs were used to evaluate the efficacy of nine 
antifungal agents among C. albicans, C. tropicalis and 
C. glabrata from the blood samples summarized in Table 3. 
Following the EUCAST and CLSI clinical breakpoints (CBPs), 
we found that all C. albicans isolates were susceptible to 
fluconazole and voriconazole. Overall, 21(91.3%) of all 
C. glabrata isolates showed reduced susceptibility to 
fluconazole (MIC90=32 µg/mL). Interestingly, 32 (66.7%) 
and 10 (20.8%) of C. tropicalis isolates showed susceptible 
and intermediate/SDD to fluconazole, whereas MIC90 
indicated resistant level (MIC90=16 µg/mL). The MIC values 
for posaconazole were overall low in C. albicans, but rather 
high in C. tropicalis when applying the EUCAST CBPs. The 

MIC values foranidulafungin, micafungin and caspofungin 
were overall low in all isolates when the CLSI CBPs were 
applied. However, 21 (55.3%) of C. albicans isolates were 
susceptible to andulafungin when applying EUCAST CBPs. 
Applying the epidemiological cutoff values (ECVs), all the 
isolates had wild type phenotype drug susceptibility to 
amphotericin, 5-flucytosine, micafungin and caspofungin. 
For triazole agents, all C. albicans isolates had wild type 
phenotype drug susceptibility to itraconazole and posa-
conazole, whereas 2 (4.2%) C. tropicalis isolates exhibited 
non-wild type phenotypes to itraconazole and only one 
isolate (4.4%) of C. glabrata exhibited non-wild type phenotypes 
to itraconazole, voriconazole and posaconazole.

Table 3  Antifungal susceptibility testing against Candida spp. isolated from blood samples.

Susceptible isolates N (%) ECV Isolates N (%)

Range MIC50 MIC90 EUCAST CLSI SYO Wild type Non-wild type

C. albicans (n=38) Amphotericin B 0.12-0.5 0.5 0.5 38 (100) ND 2 38 (100) 0 (0)

5-Flucytosine 0.06-0.25 0.12 0.25 ND ND 0.5 38 (100) 0 (0)

Fluconazole 0.25-1 0.5 1 38 (100) 38 (100)

Itraconazole 0.015-0.12 0.12 0.12 16 (42.1) ND 0.12 38 (100) 0 (0)

Voriconazole 0.008-0.03 0.008 0.015 38 (100) 38 (100)

Posaconazole 0.008-0.06 0.03 0.06 38 (100 ND 0.06 38 (100) 0 (0)

Anidulafungin 0.015-0.12 0.03 0.12 21 (55.3) 38 (100)

Micafungin 0.008-0.015 0.008 0.015 38 (100) 38 (100)

Caspofungin 0.015-0.25 0.03 0.06 ND 38 (100) 0.25 38 (100) 0 (0)

MIC50:  minimal inhibitory concentration value at which ≥50% of the isolates in a test, MIC90: maximum inhibitory concentration of an antibiotic, at which 
90% of the isolates, ECV: epidemiological cutoff value, ND: not determined, S: susceptible, I: intermediate, SDD: susceptible dose-dependent.
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Table 3  Antifungal susceptibility testing against Candida spp. isolated from blood samples. (continues)

Susceptible isolates N (%) ECV Isolates N (%)

Range MIC50 MIC90 EUCAST CLSI SYO Wild type Non-wild type

C. tropicalis (n=48) Amphotericin B 0.12-1 0.5 1 48 (100) ND 2 48 (100) 0 (0)

5-Flucytosine 0.06-0.12 0.06 0.12 ND ND 0.5 48 (100) 0 (0)

Fluconazole 1-256 2 16 32 (66.7, S) 32 (66.7, S)

10 (20.8, I) 10 (20.8, SDD)

Itraconazole 0.12-1 0.25 0.5 7 (14.6) ND 0.5 46 (95.8) 2 (4.2)

Voriconazole 0.12-8 0.25 1 7 (14.6, S) 7 (14.6, S)

35 (72.9, I) 35 (72.9, I)

Posaconazole 0.12-1 0.25 0.5 0 (0) ND 1 48 (100) 0 (0)

Anidulafungin 0.015-0.25 0.12 0.25 18 (37.5) 48 (100)

Micafungin 0.015-0.06 0.03 0.03 ND 48 (100) 0.12 48 (100) 0 (0)

Caspofungin 0.03-0.12 0.03 0.06 ND 48 (100) 0.25 48 (100) 0 (0)

C. glabrata (n=23) Amphotericin B 0.25-1 0.5 1 23 (100) ND 2 23 (100) 0 (0)

5-Flucytosine 0.006-0.12 0.06 0.06 ND ND 0.25 23 (100) 0 (0)

Fluconazole 16-256 32 32 21 (91.3, I) 21 (91.3, SDD)

Itraconazole 0.12-16 1 2 ND ND 2 22 (95.6) 1 (4.4)

Voriconazole 0.06-8 1 2 ND ND 2 22 (95.6) 1 (4.4)

Posaconazole 0.12-8 2 2 ND ND 4 22 (95.6) 1 (4.4)

Anidulafungin 0.015-0.06 0.015 0.03 23 (100) 23 (100)

Micafungin 0.008-0.015 0.015 0.015 23 (100) 23 (100)

Caspofungin 0.03-0.12 0.06 0.12 ND 23 (100) 0.25 23 (100) 0 (0)

MIC50:  minimal inhibitory concentration value at which ≥50% of the isolates in a test, MIC90: maximum inhibitory concentration of an antibiotic, at which 
90% of the isolates, ECV: epidemiological cutoff value, ND: not determined, S: susceptible, I: intermediate, SDD: susceptible dose-dependent.

cavities of aged patients24 lower urinary tract23 or gastrointestinal 
tract25 may support the opinion that NAC is more common 
midst aged patients. C. tropicalis and C. albicans were found 
in all age groups with the same mean age (58+25 years).  Our 
study found that candidemia from C. tropicalis mostly occurred 
in medicine ward that was related to reported risk factors 
including the insertion of inherent urinary catheters, period 
of stay in hospitalized unit, diabetes mellitus, lengthened 
antibiotic therapy, immunosuppressive treatment, surgeries, 
and aging.26

 In current work, we reported MIC values using the 
EUCAST and CLSI CBPs because no standard CBPs were 
determined by commercial antifungal susceptibility testing 
including the SYO method.11 Reduced fluconazole susceptibility 
was perceived in C. glabrata and C. tropicalis isolates, 91.3% 
and 20.8%, respectively. This indicated that the use of 
fluconazole for treatment should be avoided in candidemic 
patients from non-albicans Candida. Our study found that 
C. glabrata is the second most common NAC in blood cultures. 
Fluconazole resistance in C. glabrata was reviewed in 
previous study.27 Prolonged fluconazole exposure of this 
strain brought to develop its resistance28 by upregulating 
CgCDr1 and CgCDR2 efflux pump expression significantly.29 
ErG11 and UPC2 overexpression level were related to the 
reduction of fluconazole susceptibility in C. tropicalis fungemia.30 
When applying the EUCAST CBPs, 21 (55.3%) of the C. albicans 
isolates and 18 (37.5%) of the C. tropicalis isolates were 

Discussion

  Hitherto, we reported that over 90%of yeast septicemic
cases in the Thammasat University Hospital occurred from
three  Candida  species  including  C.  tropicalis,  C.  albicans  and
C. glabrata, respectively. This similar result from blood culture
was conducted in the same geophysical area of Thailand during
2016 to 2017.16  Likewise, the previous study in Pakistan and
India found  C. tropicalis  was the most isolated candida in blood
culture.17  On the contrary,  C. albicans  isolates (46%) were
reported as the most common cause of invasive fungal infection
in a study in Srinagarind University Hospital, the Northeast
Thailand between 2006 and 2011 and other countries in
Asia-Pacific region including Australia, Japan, Korea, Hong Kong
(China), Taiwan, Malaysia, Saudi Arabia and Singapore.17-18  A
predominance of  C. tropicalis  may cause from its pathogenic
mechanism  reported  as  a  very  strong  biofilm  producer,19-20

the  owner  of  various  virulence  factors  such  as  hemolysin,
proteinase activity and the ability to survive to high salt
concentration.19, 21  Besides, geographic variance especially
in tropical countries including Thailand.16-17, 22  Although no
statistically significant difference between species of  Candida
and age group was seen,  C. glabrata  seem to be the most
frequent detection among aged patients (mean age = 64±23
years) and  C. parapsilosis  seem to be more frequently isolated
from younger patients (mean age = 42+32 years). Simultaneously,
C. glabrata  and  C. parapsilosis  were described in previous
as common isolates in relation to different age groups studies.23

The colonization of NAC including  C. glabrata  in the oral
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categorized as intermediate anidulafungin susceptibility.
However, according to the CLSI CBPs, these isolates were
reported as anidulafungin susceptibility result. Anidulafungin
intermediate susceptible result of  Candida  strains should
be confirmed  FKS  mutation by  FKS  genes  sequencing.31

Resistance to all  echinocandins including caspofungin
anidulafungin or micafungin of  Candida  isolates possessed
distinctive  FKS  hot spot mutations.31

Conclusion

  In  summary,  C. tropicalis  was the major species
identified from the blood samples of patients with candidemia.
Reduced susceptibility to antifungal drugs was not seen in
Candida  albicans  isolated from blood, while triazole resistance
was perceived in NAC including  C. glabrata and C. tropicalis.
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Background: Perilla frutescens is a long-established plant that is often used in foods and 
traditional medicines in Asian countries. The perilla leaf contains a considerable number of 
bioactive substances, such as phenolics and flavonoids, which have been demonstrated to 
possess anticancer activity in vitro and in vivo.

Objectives: We aimed to study anti-metastatic activity, anti-invasion activity, and anti-migration 
activity of perilla leaf water extract (PLW) at 90°C for 1-5 min in MDA-MB-231 aggressive 
human breast cancer cells.

Materials and methods:Dry perilla leaves were extracted using hot water for 1-5 min to obtain 
crude extract and then lyophilized for PLW powder. PLW was evaluated for total phenolic, 
total flavonoid, and rosmarinic acid (RA) contents by Folin-Ciocalteau reagent, aluminum 
chloride colorimetric assay, and ultra-high-pressure liquid chromatography, respectively.  
Antioxidant activity of PLW was determined by DPPH and ABTS assays. MTT assay was performed 
to evaluate the cytotoxicity of PLW on MDA-MB-231 cells. Effective PLW was further determined 
its inhibitory effect on human breast cancer cell metastasis by a Boyden chamber-based 
transmembrane assay, the MMP-9 activity, and the proteolytic type IV collagenase activity.

Results: PLW by 5-min infusion showed the highest amount of total phenolic and flavonoid 
contents, as well as RA. Moreover, by the 5-min infusion, PLW had the highest antioxidant 
capacity when compared to PLW by infusions for 1-4 min. Following that, cytotoxicity testing 
revealed that the PLW is not toxic to MDA-MB-231 cells after a 24-hr exposure. The PLW at 
non-toxic doses (12.5-100 µg/mL) intensely presents an inhibitory effect on cell invasion and 
migration. The gelatinolytic activity showed that the PLW at concentrations of 12.5-100 µg/mL 
decreases MMP-9 activity in a dose-related manner. Furthermore, after treatment with the 
PLW, the proteolytic type IV collagenase activity was reduced considerably in a dose-related 
manner.

Conclusion: Our findings further showed that the PLW samples inhibit proteolytic enzymes 
involved in basement membrane breakdown, which might explain the anti-invasion and 
anti-migration properties of breast cancer cells. From the result, the application of perilla 
leaf might be developed as an herbal tea and used as an anti-metastatic agent for breast cancer 
prevention and treatment.
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 Female breast cancer is the most commonly diagnosed 
cancer and was the fifth leading cause of cancer death 
globally, in 2020.1 In Thailand, breast cancer is the third 
most commonly occurring cancer and the third leading cause 
of cancer death.2 Importantly, metastasis of breast cancer 
cells remains the primary cause of death in the majority 
of breast cancer patients.3 The breast cancer cell metastasis 
occurs as the common metastatic process seen in a variety 
of solid tumors, which is promoted by the crucial steps including 
detachment from the primary tumor, migration, invasion, 
and travel to other sites through blood and lymphatic vessels, 
then adhesion and growth at a site other than the primary 
tumor.4 The crucial step that promotes cancer cell metastasis 
happens through the activity of proteolytic enzymes, particularly 
matrix metalloproteinases (MMPs) and collagenase, on the 
extracellular matrix (ECM). Especially, the type IV collagen-specific 
collagenases and MMP-9, show an important role in the 
degradation of ECM components.5,6 Inhibiting ECM-degrading 
enzymes is thus an attempt to prevent the metastasis of 
the cancer cells.
 Recently, various investigations have provided support 
for the use of plant phytochemicals and derivatives in cancer 
metastasis prevention. Interestingly, several studies suggested 
that plant polyphenols, such as epigallocatechin gallate, resveratrol, 
curcumin, and rosmarinic acid can inhibit breast cancer 
cell metastasis by suppressing MMPs and collagenases 
activity.7-10 Thus, plant polyphenols may offer a new source 
of anti-metastasis agents against breast cancer cells.
 Perilla frutescens is used as functional foods and 
traditional medicines for the treatment of several conditions 
and diseases in Asian counties.11 It is an aromatic plant of 
the mint family (Lamiaceae) that grows up to 4–6 feet tall 
with square and branching stems. Its dark green and hairy 
leaf is large (7x12 cm) with an oval shape and pointy end 
(Figure 1).  Many studies have revealed that the Thai perilla 
leaf contains a variety of bioactive polyphenol substances 
such as rosmarinic acid, luteolin, and apigenin, which have 
a wide range of biological activities including anti-mutagenicity, 
anti-inflammation, anti-oxidant activities, and inhibition 
of carcinogenesis.12 Moreover, our previous study showed that 
perilla leaf ethanolic extract (PLE) could inhibit migration and 
invasion of aggressive breast cancer cell line, MDA-MB-231.13 
Thus, perilla leaf has the potential to be developed as a herbal 
supplement for anti-metastasis agents against breast cancer.
 However, ethanol, the most commonly effective solvent 
used for extracting bioactive compounds, is more toxic and 
regarded as an environmental pollutant. Unlike ethanol and 
organic solvents, water is an environmentally friendly solvent. 
It is a nontoxic, nonflammable, and simple solvent.14 Using 
the different solvents and extraction processes might be 
different in bioactive substances and their activities. A 
study in 2018 by Pintha et al. showed that PLE by means 
of maceration has anti-metastatic properties in vitro.13 In 
the current study, we explored the anti-metastatic activities 
including anti-invasion and anti-migration of perilla leaf water 
extract (PLW), which was prepared by means of infusion 
and compared with PLE.

Introduction Materials and methods

Plant material and extraction
  Thai perilla leaf samples were collected from Phayao,
Thailand. The voucher number was deposited at Queen
Sirikit Botanic Garden Herbarium, Chiang Mai, Thailand
(Code: QBG-93756). For the preparation of PLW, the dried
leaves of perilla were firstly finely crushed and infused in
hot water (90°C) for 1-5 min. Then, the extracts were filtered
through filter paper (Whatman No.1), lyophilized, and powdered.
For the preparation of PLE, the dried leaves of perilla were
extracted with 70% ethanol at a 1:10 ratio for 12 hrs with
constant stirring and then left overnight. The ethanolic solution
was then filtered using filter paper (Whatman No.1). The
PLE was evaporated and lyophilized to powder, respectively.
PLW and PLE were kept at -20°C until used for further experiments.

Quantification of total phenolic content (TPC)
  Briefly, 20 µL of the different concentrations of PLW
or PLE dissolving in DMSO (RCI Labscan limited, Bangkok,
Thailand) was added to 100 µL of Folin-Ciocalteu reagent
(10% v/v) (Merck, Darmstadt, Germany) into 96-well plate
and incubated in the dark standing at room temperature.
After 3 min, 80 µL of sodium carbonate (7.5% w/v) (VWR
Chemicals BDH®, Leicestershire, UK) was added. The reaction
was incubated for 30 min at room temperature in the dark,
the absorbance was measured at 765 nm using a Synergy™
HT Multi-Detection Microplate Reader (BioTek Instruments,
Inc., VT, USA). TPC was expressed in milligram of gallic acid
equivalents (GAE) per gram dry weight of extract (mg GAE/gm
extract) using a calibration gallic standard curve.15

Quantification of total flavonoid content (TFC)
  Concisely, 25 µL of the assigned concentrations of
PLW or PLE in DMSO (RCI Labscan limited, Bangkok, Thailand)
was mixed with 125 µL of deionized water and 7.5 µL of 5%
NaNO2  (VWR Chemicals BDH®, Leicestershire, UK) in a 96-well
plate. Following 6 min, 15 µL of 10% (w/v) aluminum chloride
(VWR Chemicals BDH®, Leicestershire, UK) was added to
the mixture at room temperature in the dark for another
6 min. After that, 50 µL of 1 M NaOH (VWR Chemicals BDH®,
Leicestershire, UK) was added and the volume was made up
to 250 µL with deionized water. The reaction was incubated
at room temperature in the dark for 15 min and the absorbance
of sample was measured at 532 nm using a Synergy™ HT
Multi-Detection Microplate Reader (BioTek Instruments Inc., VT,
USA). TFC was expressed in milligrams of catechin equivalents
(CE) per gram dry weight of extract (mg CE/gm extract)
using a calibration catechin standard curve.15

Detection of rosmarinic acid (RA) in PLW and PLE
  The ultra-high-pressure liquid chromatography (UHPLC)
condition was performed using reverse-phase ZORBAX Eclipse
plus C18 column (4.6 mm x 150 mm, 5 µm particle diameters)
(Agilent Technologies Inc., CA, USA). The assay was performed
using two solvents, including 0.1% trifluoroacetic acid (VWR
Chemicals BDH®, Leicestershire, UK) in acetonitrile and
100% methanol. Samples (10 µL) were injected into the
column with a flow rate of 1.0 mL/min. The RA peaks were
detected at 280 nm. The peak area and retention time of
each  fraction  were  compared  with  a  calibration  curve  of
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various concentrations of RA standard and calculated and 
expressed as mg/gm extract.16

Determination of antioxidant activity by DPPH radical 
scavenging assay
 In brief, the mixture of 20 µL of assigned concentrations 
PLW or PLE and 180 µL of 0.2 mM DPPH reagent (Sigma-Aldrich, 
MA, USA) were added to a 96-well plate. After incubation 
at room temperature in the dark for 30 min, absorbance 
of the reaction mixture was detected at 517 nm against 
blank as methanol using a Synergy™ HT Multi-Detection 
Microplate Reader (BioTek Instruments Inc., VT, USA). The 
percentage of scavenging inhibition was calculated, and 
the antioxidant activity was expressed as scavenged free 
radicals by 50% (SC50).17

Determination of antioxidant activity by ABTS radical 
scavenging assay
 Briefly, the mixture (10 µL) of the PLW or PLE assigned 
concentrations and 990 µL of working ABTS solution 
(Sigma-Aldrich, MA, USA) were incubated for 6 min at room 
temperature in the dark. The absorbance of the reaction 
sample was detected at 734 nm against with distilled water 
as blank reference, using the UV-visible spectrophotometer 
(Shimadzu, Kyoto, Japan). The percentage of scavenging 
inhibition was calculated and the antioxidant activity was 
expressed as scavenged free radicals by 50% (SC50).17

Cell lines and culture condition
 MDA-MB-231 human breast carcinoma cells and 
NIH3T3 fibroblast cells were obtained from the American 
Type Culture Collection (ATCC, DC, USA). MDA-MB-231 and 
NIH3T3 cell lines were cultured and maintained in Dulbecco's 
Modified Eagle Medium (DMEM) (Thermo Fisher Scientific 
Inc., MA, USA) supplemented with 10% (v/v) fetal bovine 
serum (Thermo Fisher Scientific Inc., MA, USA), penicillin 
(100 U/mL) and streptomycin (100 μg/mL) (Thermo Fisher 
Scientific Inc., MA, USA) in 5% CO2 with humidified incubator 
at 37°C. 

Determination of cytotoxicity by MTT assay
 The MDA-MB-231 cells were seeded in a 96-well 
plate for 24 hrs prior treatment with PLW or PLE (0-200 µg/mL) 
for 24 hrs. Next, 15 µL of MTT dye (5 mg/mL) (AppliChem, 
Darmstadt, Germany) was added and incubated at 37°C 
for 4 hrs. After 4 hrs, all solutions were removed. Then, 
DMSO (100 µL) (RCI Labscan limited, Bangkok, Thailand) 
was added to dissolve the formazan crystal. The formazan 
crystal product measured the absorbance at 540/630 nm 
using a Synergy™ HT Multi-Detection Microplate Reader 
(BioTek Instruments Inc., VT, USA). The percentage of cell 
viability was calculated and non-cytotoxic concentrations 
(≤IC20) were used for the further experiments.15

Determination of cell migration and invasion
 Cell migration was tested using polyvinylpyrrolidone-free 
polycarbonate filters (Merck, Darmstadt, Germany) coated with 
0.01% (w/v) gelatin (Sigma-Aldrich, MA, USA), whereas cell 
invasion was tested with a filter coated with Matrigel (Corning, 
NY, USA) (15 gm per filter). The NIH3T3 fibroblast cell culture 
media was added to the lower chamber to function as a 

chemoattractant. The top inserts were then seeded with 
1.5×105 MDA-MB-231 cells in DMEM containing various doses 
of PLW or PLE (0-100 µg/mL). After that, the chambers were 
incubated at 37°C with 5% CO2. Cells that migrated or 
invaded through the bottom surface of the membrane were 
preserved with methanol and stained with toluidine blue 
(VWR Chemicals BDH®, Leicestershire, UK) after an 18 hrs 
incubation period. Migrating or invading cells in 20% acetic 
acid were detected at the 570 nm absorbance with a Synergy™ 
HT Multi-Detection Microplate Reader (BioTek Instruments 
Inc., VT, USA). The cell migration or invasion were calculated 
as follows: (ODtreated/ODcontrol)×100%.18

Determination of MMP-9 activity 
 The culture supernatant of MDA-MB-231 cells after 
treatment with PLW or PLE (0-100 µg/mL) was subjected 
to gel electrophoresis. Equal quantities of total protein of 
each treatment were loaded on 10% polyacrylamide gels 
(Bio-Rad, CA, USA) containing 0.1% (w/v) gelatin (Bio-Rad, CA, 
USA). The electrophoretic gels were sliced into single-lane 
strips after being washed twice with Triton X-100 (AppliChem, 
Darmstadt, Germany). Each gel strip was re-incubated in 
activation buffer for 24 hrs with PLW or PLE (0–100 µg/mL) 
and then stained with 0.1% (w/v) Coomassie Brilliant Blue 
R (Bio-Rad, CA, USA). The proteolytic activity of MMP-9 
was thought to be displayed as clear bars on a blue backdrop, 
signifying digested bands. The digested bands were quantified 
using Bio 1D software (Viber Lourmat).16

Determination of type IV collagenase activity 
 An EnzChek collagenase assay kit (Thermo Fisher 
Scientific Inc., MA, USA) was used to determine the proteolytic 
activity of type IV collagenase (Molecular Probe). In a 96-well 
microplate, 1 U/mL collagenase was combined with 10 µg/mL 
fluorescein-conjugated gelatin (DQ gelatin) with different 
doses of PLW or PLE suspended in reaction buffer. The rate 
of proteolysis was measured by using a fluorometer to 
measure fluorescence intensity at 3 min intervals for 30 min. 
At an excitation wavelength of 485 nm and an emission 
wavelength of 528 nm, the fluorescence levels were measured. 
The activity of enzyme inhibitors was calculated using linear 
regression of the fluorescence intensity obtained at the 
time.16 

Statistical analysis
 The results were presented as mean±standard deviation 
of three independent experiments using one-way ANOVA 
with Dunnett's test. For all assessed multiple comparisons, Prism 
version 6.0 software was utilized, and p<0.05, p<0.01, and 
p<0.001 were measured to be significant.
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(infusion for 1-5 min) ranged from 107-120 mg CE/gm extract. 
PLW by 5-min infusion exhibited greater TPC (222±2.73 mg 
GAE/gm extract) and TFC (120±4.41 mg CE/gm extract) as 
compared to PLW by infusion for 1-4 min. However, the 
greatest amounts of TPC (260±15.24 mg GAE/gm extract) 
and TFC (136±6.59 mg CE/gm extract) were found in PLE.

Figure 1. Perilla frutescens plant (A), front side (B), and backside (C) of its leaves (Photos taken at University of Phayao, Thailand).

Table 1  Total phenolic and flavonoid contents of PLW and PLE.

Extracts %Yield
Total phenolic content 
(mg GAE/gm extract)

Total flavonoid content
(mg CE/gm extract)

PLW by 1-min infusion 14.7 195.00±4.03 107.00±4.98

PLW by 2-mininfusion 15.6 204.00±1.86 112.00±7.80

PLW by 3-min infusion 14.5 205.00±0.89 115.00±6.26

PLW by 4-min infusion 15.3 206.00±4.73 116.00±6.28

PLW by 5-min infusion 15.4 222.00±2.73 120.00±4.41

PLE 12.3 260.00±15.24* 136.00±6.59*
*p<0.05 vs PLW by infusion for 1-5 min.

RA content in PLW compared to PLE
 The main peak in the RA standard was observed at 
a retention time of 5.483 min (Figure 2G). The RA content 
in PLE was 167.54±0.92 mg/gm extract (Figure 2F). The RA 
contents in PLW by infusion for 1-5 min were 104.26±3.28, 
105.60±0.69, 106.77±1.69, 108.56±0.10, and 110.23±1.66 
mg/gm extract, respectively (Figures 2A-E). As shown in 
Figure 2, the PLW by 5-min infusion had the greatest amount 
of RA, when compared to the PLW by infusion for 1-4 min.

Antioxidant capacities of PLW and PLE
 Table 2 showed the SC50 values of DPPH and the 
ABTS•+ scavenging radicals of PLW and PLE. For the DPPH 
method, SC50 values of PLW by infusion for 1-5 min ranged 
from 23.99-24.79 µg/mL. PLW by 5-min infusion showed 
the highest activity with the SC50 values of 23.99±0.31 µg/mL 
but did not show a significant difference when compared 
to PLE (23.26±0.76 µg/mL). Similarly, PLW by infusion for 
1-5 min could inhibit the stable ABTS•+ radicals with SC50 
values of 7.70-8.26 µg/mL, with the greatest activity as 
shown in PLW by 5-min infusion (7.70±0.14 µg/mL). On 
the other hand, PLE revealed the most ABTS•+ radicals’ 

inhibitory activity with the SC50 values of 6.90±0.11 µg/mL 
that showed a statistical significance when compared to 
PLW by infusion for 1-5 min.

Cytotoxicity of PLW to MDA-MB-231 cells
 MDA-MB-231 cells were treated with varying 
concentrations of the extracts (12.5-200 µg/mL) for 24 hrs 
and compared to non-treated cells to assess the cytotoxic 
impact of PLW by 5-min infusion and PLE. As demonstrated 
in Figures 3A-B, PLW by 5-min infusion and PLE at concen-
trations of 12.5-200 µg/mL did not cause substantial 
toxicity in MDA-MB-231 cells, when compared to untreated 
control cells. As a result, subsequent tests utilized PLW by 
5-min infusion or PLE concentrations of up to 200 µg/mL.  
From the UHPLC results of this study, 1 gm of PLW by 5-min 
infusion yielded RA about 110 mg. Therefore, PLW by 5-min 
infusion at doses of 12.5-200 µg/mL was RA about 1.38-22 
µg/mL. Thus, the effect of RA (1-20 µg/mL) on the viability 
of MDA-MB-231 cells was determined. There was no 
significant effect on cell viability after RA treatment for 24 hrs 
as shown in Figure 3C.

Results

Phenolic and flavonoid contents of PLW compared with PLE
  Table 1 shows the total phenolic and flavonoid contents
of PLW at different times of infusion (1–5 min) compared
to PLE. The TPC of the PLW (infusion for 1-5 min) ranged
from 195-222 mg GAE/gm extract, whilst the TFC of the PLW
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Figure 2. The UHPLC chromatogram of PLW by 1-min (A), 2-min (B), 3-min (C), 4-min (D), and 5-min (E) infusion comparison with PLE (F) and RA standard (G).

Table 2  The scavenge DPPH and ABTS•+ radicals of PLW and PLE.

Extracts SC50 values of DPPH scavenging (µg/mL) SC50 values of ABTS•+ scavenging (µg/mL)

PLW by 1-min infusion 24.57±0.37 8.19±0.32

PLW by 2-min infusion 24.48±0.63 8.26±0.25

PLW by 3-min infusion 24.79±0.38 7.75±0.20

PLW by 4-min infusion 24.72±0.21 7.79±0.12

PLW by 5-min infusion 23.99±0.31 7.70±0.14

PLE 23.26±0.76 6.90±0.11*
*p<0.05 vs PLW by infusion for 1-5 min.
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Inhibition effect of MDA-MB-231 on cell migration and 
invasion by PLW
 MDA-MB-231 cells were shown to have considerably 
less invasion and migration when exposed to PLE at a 
concentration of 100 µg/mL (Figure 4). As shown in Figure 4A, 
PLW by 5-min infusion concentrations of 12.5-100 µg/mL 
decreased cell invasion of MDA-MB-231 cells passing through 
the Matrigel in a dose-related manner with IC50 values at 
71.03±2.82 µg/mL. On the other hand, PLW considerably 

reduced cell migration when tested on the gelatin-coated 
filters (Figure 4B) as well as PLE (100 µg/mL). In addition, 
MDA-MB-231 cells were treated with RA at a non-toxic 
dose of 10 µg/mL. At this concentration, RA remarkably 
decreased the cell migration and invasion by approximately 
50% and 30%, respectively when compared with the untreated 
cells. Our results confirmed that RA in PLW can evidently 
reduce MDA-MB-231 cell invasion and migration.

Figure 3.  The cytotoxic effect of PLW by 5-min infusion (A), PLE (B), and RA (C) on MDA-MB-231 cells. Data were represented as a percentage of viable cells 
compared to the untreated control cells.

Figure 4.  Effect of PLW by 5-min infusion, PLE, and RA on cell invasion and cell migration in MDA-MB-231 cells.  Cell invasion (A) and cell migration (B) were 
expressed as a percentage compared to the untreated control cells. (*p<0.01, **p<0.001 when compared to untreated control cells).
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Reduction of activity of MMP-9 by PLW
 The different doses of PLW by 5-min infusion (0-100 
µg/mL) or PLE (100 µg/mL) or RA (100 µg/mL) were added 
to the culture supernatant of MDA-MB-231 cells to determine 
whether the extracts might decrease MMP-9 activity. The 
results demonstrated that the administration of PLW by 
5-min infusion (25-100 µg/mL) dramatically reduces the 
activity of MMP-9 in a dose-related manner (Figure 5A). 
Moreover, MMP-9 activity is substantially reduced by treatment 
with PLE (100 µg/mL) or RA (100 µg/mL).

Inhibition activity of type IV collagenase by PLW
 Collagenase was incubated with varied concentrations 
(0-100 µg/mL) of PLW by 5-min infusion to assess the inhibitory 
effect of the PLW on the activity of type IV collagenase. 
The results demonstrate that PLW by 5-min infusion, as 
well as PLE (100 µg/mL) and RA (100 µg/mL), dramatically 
decrease type IV collagenase activity in a dose-related manner 
(Figure 5B).

Figure 5.  Effects of PLW by 5-min infusion, PLE, and RA on MMP-9 and type IV collagenase activities. (*p<0.01, **p<0.001 when compared to untreated control 
cells).

 

 

only polar compounds. However, this study found that RA was 
the main component and bioactive ingredient in PLW and 
PLE. RA is a phenolic compound which has been used as a 
natural food supplement. There are many reports about 
the beneficial activities on health, including antioxidant, 
anti-microbial, anthelmintic, anti-inflammatory agents, 
anti-allergy, anti-diabetic, and neuroprotective functions.20 
For anti-cancer effects, RA could suppress the development 
of cancers in several organs including the colon, breast, liver, 
stomach, as well as leukemia cells.21

 Extraction solvents and time have an impact on bioactive 
components, which, in turn, have a main effect on the extract's 
biological activity.22, 23 The antioxidant activity of extracts was 
investigated in this study utilizing the DPPH and ABTS•+ 
scavenging radical activity assays. The results suggested that 
PLW still had antioxidant activity as well as PLE, with the 
maximum activity being PLW by 5-min infusion. Consequently, 
PLW by 5-min infusion was utilized in the subsequent studies 
and further characterization of its anti-metastasis activity 
was compared to PLE.
 Invasion and migration of cancer cells are crucial 
components of cancer metastasis, which is the major cause 
of cancer recurrence and death in cancer patients. Even 
though breast cancer therapies have advanced to unprecedented 
levels in recent years, many patients continue to face the 
problem that their cancer's proliferation and metastasis 
cannot be managed, partially due to inadequate therapy 
or therapeutic resistance.3 The results represent the inhibitory 
efficiency of PLW against migration and invasion of breast 

Discussion

  The therapeutic options to prevent metastasis in
breast cancer patients are currently limited. Standard
chemotherapeutics mainly exert anti-cancer effects by
mechanisms such as inhibiting DNA/RNA synthesis, inducing
apoptosis or suppressing cell proliferation, although they
do not prevent cell motility. As a result, cancer cells that
survive or resist chemotherapy can undergo migration and
invasion, resulting in metastases.19  The search for new anticancer
agents with anti-metastatic effects is still therefore required.
  Perilla frutescens  is an herbal medicine regularly used
and cultivated in nations throughout South-East Asia.11  It 
has been demonstrated to contain polyphenol compounds
such as rosmarinic acid, apigenin, and luteolin, which have 
a wide range of biological activities. Our previous study
showed that PLE by mean of maceration has antimetastatic
properties  in vitro.13  However, ethanol might be regarded as
environmental pollutant. In certain processes, water can be
replaced ethanol for food and pharmaceutical manufacturing,
resulting to reducing costs and eliminating the environmental
problems.14  Thus, this study aimed to investigate the
development of perilla leaf extract used as herbal tea
supplement for anti-metastasis of breast cancer. To extract 
bioactive compounds from perilla leaf, this study utilized
hot water infusion and ethanol maceration. The results
showed that different extraction methods, solvents, and times
caused different contents of bioactive compounds in the
extracts. Moreover, PLE has been shown to contain both
polar and non-polar compounds, whereas PLW contains
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Background: Overweight and obesity are major public health concerns worldwide, as they increase 
cognitive dysfunction and depression among diabetic and obese individuals.  Studies have shown 
that increased physical activity decreased cognitive impairment and depression in such persons.  
However, a comparison of physical activity, cognitive function and depression among Thai adolescences 
who are underweight, normal weight, overweight, and obese has never been investigated. In 
addition, it is known that physical activity was associated with cognitive and brain function in people 
of all ages. Moreover, physical activity can be used as tool for the treatment and prevention of 
psychiatric diseases. However, the associations of physical activity with cognition and mental 
health problem such as depression in Thai adolescents with underweight, overweight, and obese 
have never been investigated.

Objectives: This study compared the levels of physical activity, cognitive function and depression 
among Thai adolescents who were underweight, overweight and obese.  In addition, the associations 
of physical activity with cognitive impairment and depression were also studied.

Materials and methods: 212 adolescents were divided into five groups depending on their body 
mass index (BMI) classifications as followed as: 1) normal weight group (n=66), 2) underweight 
group (n=41), 3) overweight group (n=38), 4) obesity type 1 group (n=37), and 5) obesity type 2 
group (n=30).  After that, assessments of physical activity, cognitive function and level of depression 
were conducted for all the participants. The measurement outcomes of this study including physical 
activity components, cognitive performance, and depression severity were measured in all groups.  
In this study, multi-factor ANOVA was used to compare the difference between physical activity, 
depression, and TMT scores among the groups. The multiple correlation analysis was used to 
analyze the correlation between physical activity and its associated factor in each group. P value <0.05 
was statistically significant.

Results: Levels of total physical activity and depression were decreased in adolescents who were 
underweight, obese type 1 and obese type 2.  In contrast, cognitive level was decreased in adolescents 
with only obesity type 2. It was interesting that level of total physical activity in adolescents with 
obese type 2 was significantly decreased when compared with overweight adolescents, while the 
total physical activity between obesity type 1 and 2 adolescents showed no significant difference.  
It is possible that severity of obesity type 2 was higher than that for overweight persons, while the 
level of severity between obese type 1 and 2 individuals may have little difference in this study.  
Moreover, our results showed that the level of physical activity only in leisure time in adolescents 
with obesity type 2 was lower than that in those overweight.  It is possible that physical activity 
during leisure time may be a major factor in inducing a difference in the level of total physical 
activity between adolescents with obesity type 2 and those overweight.

Conclusion: Level of total physical activity in Thai adolescents with obesity type 2 was decreased 
via decreased physical activity during leisure time. It is possible that the decrease of physical 
activity during leisure time may be a major factor in the decrease of total physical activity in Thai 
adolescents with obesity type 2.
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Introduction

  Overweight and obesity are major public health concerns
worldwide and their prevalence has increased over the last
twenty years.1  It has been established that overweight
and obesity are associated with several problems such as
cardiovascular and neurological disease and diabetes.2,3

Moreover, studies have demonstrated that the level of excessive
blood sugar increased the impairment of brain structures
that led to cognitive dysfunction in diabetic and obese
individuals.4  This is consistent to other studies that reported
obesity associated with cognitive impairment, especially in
perception, learning and memory.5  In addition, studies have
shown that obesity also increases the risk of depression in
these individuals.6  It is interesting that a study demonstrated
that obesity increased the risk of cognitive impairment
in individuals with depression.7  Furthermore, the cognitive
level of obese individuals with depression was significantly
decreased when compared to those without.8  Therefore,
it is necessary for researchers to try and reduce cognitive
impairment and depression for obese individuals in order
to maintain good quality of life by doing physical exercises
and nutritional consumption. Recent study found that
physical activity (PA) can decrease body fat in diabetic
and obese individuals.9  Moreover, physical activity can also
decrease cognitive impairment in children and adolescents
who are obese or overweight.10  Interestingly, the recent
study reported that the physical activities such as strength
exercise, flexibility exercise (range-of-motion exercises or
stretching), and walking can reduce stress level in individual
with depressive disorder.11  However, the comparison of
physical activity, cognitive function, and depression among
Thai adolescents who were overweight and obese has never
been investigated. In addition, it was established that the
prevalence of underweight adolescents has increased
worldwide.12, 13  Study reported that older adults with underweight
was associated with the low levels of physical activity, cognition,
and quality of life.14, 15  Moreover, the study reported that
psychological problems was also increased in underweight
adolescents.16  Thus, this study compared the levels of
physical activity, cognitive function and depression among
Thai adolescences who were underweight, normal weight,
overweight and obese. In this study, the measurement
outcomes including physical activity components, cognitive
performance, and depression severity were measured in all
groups. In addition, the associations of physical activity with
cognitive impairment and depression were also studied. It
is known that physical activity was associated with cognitive
and brain function in people of all ages.17, 18  However, the
associations of physical activity with cognition in Thai
adolescents with underweight, overweight, and obese
have never been investigated. Additionally, it is established
that physical activity can be used as public health tool for
the treatment and prevention of psychiatric diseases.19

However, the associations of physical activity with mental
health problem such as depression in Thai adolescents with
underweight, overweight, and obese have never been
investigated. Thus, the associations of physical activity with
cognition, and depression in Thai adolescents with normal
weight, underweight, overweight, and obese were also

studied in this study.  This study hypothesized that levels of
physical activity and cognition were decreased in Thai
adolescents with obesity and underweight when compared
with normal weight. Moreover, we hypothesized that level
of depression was increased in Thai adolescents with obesity
and underweight when compared with normal weight. This
information can provide understanding on the levels of
physical activity, cognition and depression severity in Thai
adolescents who are underweight, normal weight, overweight,
and obese. Moreover, this information can provide under-
standing on the associations of physical activity with cognitive
impairment and depression in Thai adolescents with underweight,
normal weight, overweight, and obese.

Materials and methods

Study design and participants
Study design
  A cross-sectional design was employed to compare the
levels of physical activity, cognitive function and depression
among Thai adolescents who were underweight, normal weight,
overweight, and obese. In addition, the associations of physical
activity with cognitive impairment and depression in underweight,
normal weight, overweight, and obese Thai adolescents were
also studied.

Setting
  Adolescents with underweight, normal weight, overweight,
and obese studying in Chiang Mai University, Chiang Mai
province, Thailand was invited to participate in the study.
The periods of recruitment, exposure, and data collection
in this study were conducted from November 2020 to April
2021.

Participants
  Study protocol was reviewed and approved by the
Institutional Ethics Committee of the Faculty of Associated
Medical Sciences, Chiang Mai University, Chiang Mai, Thailand.
All the participants gave their written informed consent. All
methods were performed in accordance with the relevant
guidelines and regulations (Ethic number: AMSEC-63EX-066).
The population consisted of 1st  year health science students
at Chiang Mai University, Chiang Mai province, Thailand (N=1064).
The sample size (n=212) was calculated using Power Analysis
and Sample Size (PASS) software based on the following
assumptions: 95% confidence interval, a 5% margin of error
and a population proportion of 78%. The number of participants
(n=212) was selected considering equal sex and age ratio of
the population. Each member of the population has an equal
chance of being selected by the random sampling method.
After that, 212 participants were divided into five groups
depending on the World health organization Asian body
mass index (BMI) classifications20: BMI ≤18.5 kg/m2  as
underweight, between 18.5 and 22.9 kg/m2  as normal
weight, between 23 and 24.9 kg/m2  as overweight and BMI
between 25 and 29.9 kg/m2  as obesity type 1, and BMI
≥30 kg/m2  as obesity type 2. Thus, 212 participants were
divided into five groups as followed as: 1) normal weight group
(n=66), 2) underweight group (n=41), 3) overweight group
(n=38), 4) obesity type 1 group (n=37), and 5) obesity type
2 group (n=30). Assessments of physical activity, cognitive
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function and level of depression were conducted for all the 
participants on the same day. The measurement outcomes 
of this study including physical activity components, cognitive 
performance, and depression severity were measured in all  
groups. The exclusion criteria used in this study were the 
inability to complete all questionnaires assessments, the 
physical disability, and participant’s underlying diseases 
(depression, diabetes and eating disorders). In this study, 
the physical disability, which refers to a limitation on a person's 
physical functioning and mobility, was evaluated by inter-
viewing the participants' illness history.  Participants, who 
have a one of seven types of physical disabilities (cerebral 
palsy, stroke, spina bifida, arthritis, spinal cord injury, epilepsy, 
and muscular dystrophy), were excluded from this study. 

Assessment of physical activity 
 The Global Physical Activity Questionnaire (GPAQ) 
is a self-administered questionnaire that assesses physical 
activity and was designed originally by the World Health 
Organization (WHO).21, 22 The reporting duration (min) and 
frequency (time/week) of physical activity for the participants 
were divided into three domains: work, transportation, 
and leisure. The total scores of physical activity were 
calculated by the sum of total metabolic equivalent of task 
(MET)-minutes of the activity computed for each domain.23 
Next, the total scores of physical activities were classified 
into two groups: sufficiently active (at least 600 MET-minutes 
per week) and inactivity (less than 600 MET-minutes per week). 
For the examples of questions in each domain of physical 
activity (work, transportation, and leisure) were shown 
below:21, 22

 -  Work domain: Does your work involve vigorous-intensity 
activity that causes large increases in breathing 
or heart rate like carrying or lifting heavy loads, 
digging or construction work for at least 10 minutes 
continuously?

 -  Transportation domain: Do you walk or use a bicycle 
(pedal cycle) for at least 10 minutes continuously 
to get to and from places?

 -  Leisure domain: Do you do any moderate-intensity 
sports, fitness or recreational (leisure) activities that 
cause a small increase in breathing or heart rate 
such as brisk walking, (cycling, swimming, volleyball) 
for at least 10 minutes continuously?

Assessment of cognition 
 In this study, the Trail Making Test (TMT) was used 
to evaluate neuropsychological function.  The TMT consists 
of two parts: Part A (TMT-A) and B (TMT-B).  Both parts can 
provide information about visual scanning ability, motor 
speed and dexterity, and speeded processing, while Part B 
provides information about cognitive flexibility, alternating 
attention, and ability to inhibit a dominant but incorrect 
response.24 Performance of the TMT was calculated by taking 
the completion time of the TMT-B minus that of the TMT-A 
(delta TMT). TMT performance provided information about 
cognitive flexibility and working memory.25

Assessment of depression 
 The Patient Health Questionnaire modified for 
Adolescents (PHQ-A) is a check list questionnaire that 

 

 

 

consists of 9 questions related to symptoms occurring in
adolescents. Total scores ranging from 0 to 27 are used
to self-screen for primary depression during the previous
2 weeks. The PHQ-A scores can be classified as minimal
(PHQ-A scores ≤4), mild (PHQ-A scores 5-9), moderate
(PHQ-A scores 10–14), moderately severe (PHQ-A scores
15-19) and severe depression (PHQ-A scores 20-27).26

Data analysis
  All data were presented as mean values±SD. Multi-factor
ANOVA was used to compare the difference between physical
activity, depression, and TMT scores among the groups. In
addition, the associations of physical activity with cognitive
impairment and depression were also studied. It is known
that physical activity was associated with cognitive and
brain function in people of all ages.17, 18  However, the
associations of physical activity with cognition in Thai ad-
olescents with underweight, overweight, and obese have
never been investigated.  Additionally, it is established that
physical activity can be used as public health tool for the
treatment and prevention of some psychiatric diseases.19

However, the associations of physical activity with depression
in Thai adolescents with underweight, overweight, and obese
have also never been investigated. Thus, the associations
of physical activity with cognitive impairment and depression
in Thai adolescents with normal weight, underweight, overweight,
and obese were studied in this study.  In this study, the multiple
correlation analysis was used to analyze the correlation
between physical activity and associated factor. A  p<0.05
was statistically significant.

Results

Participant characteristics
  General characteristics of all the participations are
shown in Table 1. In this study, the analyzed sample included
66 participants with normal weight, 38 with overweight,
37 with obesity type 1, and 30 with obesity type 2. The mean
BMI of each type of participant was 20.36±0.16 of those
with normal weight, 17.51±0.13 of those underweight,
23.85±0.11 of those overweight, 27.37±0.24 of those with
obesity type 1 and 33.53±0.68 of those with obesity type 2.
In this study, the passive and active leisure activities were
interviewed. It is known that the passive leisure activities
involved using little or no physical or mental activity such
as watching television, reading books, etc. In contrast, active
leisure activities involved using physical or mental energy
such as exercise, dancing, swimming, etc. Our results showed
that the frequency of adolescents who performed active
leisure activities was not significantly different among the
five groups. Moreover, the underlying diseases, such as
hyperlipidemia and hypertension, had no significant differences
among the five groups at the time of this study. Also, the
socioeconomic status, physical disability, and history of head
injury, had no significant differences among groups. Thus,
these findings suggested that the personal factors including
socioeconomic status, physical disability, underlying disease,
and history of head injury were not significantly different
in Thai adolescents with normal weight, underweight, overweight,
and obese type 1 and 2 in this study. (Table 1)
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Figure 1.  Total score of physical activity, (A): average scores of work activity, (B): average scores of transportation activity, (C): average scores of leisure 
activity, (D): in normal weight, underweight, overweight, and obese adolescences, *p<0.05 vs. normal weight, #p<0.05 vs. overweight, PA: physical 
activity.

BMI: body mass index.

The average score of physical activity among the groups
 The ability of young adults to perform physical activity 
is shown in Figure 1. In this study, the total physical activity 
score was investigated and is shown in Figure 1A. The results 
showed that the total physical activity scores of individuals 
who were underweight, overweight, and obese type 1 and 
2 were significantly lower than normal weight individuals 
(Figure 1A). Moreover, the total physical activity scores of 
obesity type 2 individuals were also significantly lower than 
overweight persons (this result showed the increase of total 
physical inactivity in Thai adolescents with obese type 2). The 

Table 1  General characteristics of the participants in each group.

General characteristics
Groups

Normal weight
(n=66)

Underweight
(n=41)

Overweight
(n=38)

Obese 1
(n=37)

Obese 2
(n=30)

Gender (frequency) Male/Female 25/41 5/36 10/28 13/24 7/23

Age(years) Average (SD) 18.86±0.65 18.76±0.62 18.84±0.49 18.81±0.52 19±0.69

BMI (kg/m2) Average (SD) 20.36±1.29 17.51±0.8 23.85±0.66 27.37±1.48 33.53±2.74

Leisure (frequency) Passive/Active 50/16 39/2 29/9 30/7 23/7

Socioeconomic status (frequency) Low/Middle/High 2/62/2 0/37/4 0/33/5 1/33/3 1/29/0

Underlying disease (frequency) Yes/No 5/61 6/35 7/31 4/33 7/23

History of head injury (frequency) Yes/No 0/66 1/40 2/36 1/36 7/23

Physical disability (frequency) Yes/No 0/66 0/41 0/38 0/37 0/30

ability of adolescents to perform physical activity in each 
domain (work, transportation, and leisure) is shown in Figure 
1B-D. The results demonstrated that the average scores of 
works, transportation, and leisure activities in underweight, 
overweight, and obese type 1 and 2 individuals were 
significantly decreased when compared with normal weight 
persons.  Interestingly, the average scores of leisure activities 
in obese type 2 individuals were significantly decreased when 
compared with overweight persons (this result showed the 
increase of leisure inactivity in Thai adolescents with obese 
type 2) (Figure 1B-D). 

Average score of depression among the groups
 Results of depression, using the PHQ-A, are presented 
in Figure 2. The increase in PHQ-A scores represented the 
increase of depression level.  The results of this study showed 
that depression levels in the underweight, obesity type 1 and 
obesity type 2 groups were significantly increased when 

compared with the normal weight group. In addition, the 
average score of depression in obese type 2 individuals was 
significantly increased when compared with overweight 
persons (Figure 2). Thus, these findings suggested that the 
depression severity was increased in Thai adolescents with 
obese type 2. 
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Figure 2.  Depression score of normal weight, underweight, overweight, and obese adolescences, *p<0.05 vs. normal weight, #p<0.05 vs. overweight, 
PHQ-A: patient health questionnaire-adolescent.

Average score of cognition among the groups
 The results of cognitive function by using the TMT 
average score are presented in Figure 3. There were significant 
differences in the TMT-A between obese type 1 and 2 individuals 
and normal weight persons (Figure 3A). The average cognition 
score in individuals with obesity type 2 was significantly 
different in the TMT-B when compared to normal weight, 
underweight, overweight, and obese type 1 persons (Figure 3B).  

TMT performance was presented by delta TMT scores (TMT-B 
minus TMT-A) as shown in Figure 3C. The results showed that 
TMT performance in individuals with obesity type 2 was 
significantly decreased when compared to those with normal 
weight, overweight and obesity type 1 (Figure 3C). Thus, these 
findings suggested that the cognitive impairment was 
increased in Thai adolescents with obese type 2.

Figure 3.  Number of seconds in the TMT-A, (A): TMT-B, (B): delta TMT (TMT performance), (C): in normal weight, underweight, overweight, and obese 
adolescences, *p<0.05 vs. normal weight, †p<0.05 vs. underweight, #p<0.05 vs. overweight, ‡p<0.05 vs. obese type 1, TMT: Trail making test.
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Table 2  Correlations between the physical activity and associated factors.

Parameters
Normal weight Underweight Overweight Obese 1 Obese 2

(n=66) (n=41) (n=38) (n=37) (n=30)

Correlation between the physical activity 
and delta TMT (s)

r=-0.162 r=-0.083 r=-0.205 r=-0.013 r=-0.507(*)

p=0.195 p=0.604 p=0.216 p=0.089 p=0.011

Correlation between the physical activity 
and PHQ-A

r=0.07 r=-0.621(*) r=-0.119 r=-0.406(*) r=-0.742(*)

p=0.578 p=0.008 p=0.477 p=0.014 p=0.005

with obesity type 2 (r= -0.507, p=0.011).  Furthermore, the 
results in this study demonstrated that depression (PHQ-A 
score) was associated negatively with physical activity in 
adolescents who were underweight (r= -0.621, p=0.008), 
obese type 1 (r= -0.406, p=0.014), and obesity type 2 
(r= -0.742, p=0.005) (Table 2).

Correlations between physical activity and associated 
factors
 Correlation analysis between physical activity and 
associated factors in each group is shown in Table 2. The 
results showed that cognitive function (TMT performance) 
was associated negatively with physical activity in adolescents 

Cognition was defined as the TMT performance (delta TMT: TMT-B minus TMT-A). * p<0.05, TMT: Tail making test.

 

 

 

 

between 25 and 29.9 kg/m2 as obese 1, and BMI ≥30 kg/m2 
as obese 2.20 Therefore, this study reported that the level of 
total physical activity in adolescents with obesity type 2  
was lower than that in overweight individuals only. Moreover, 
our result showed that level of physical activity during leisure 
time in adolescents with obesity type 2 was lower than that 
in those overweight.  This finding is consistent to the result 
of total physical activity showed that the level of total physical 
activity in adolescents with obesity type 2 was lower than that 
in overweight individuals. It is possible that physical activity 
during leisure time may be a major factor in inducing 
a difference in the level of total physical activity between 
adolescents with obesity type 2 and those overweight. Moreover, 
it is consistent with results of this study in that physical 
activity in other domains showed no significant difference 
in level of work and transportation of physical activities 
between adolescents with obesity type 2 and those overweight.  
In the future, this hypothesis needs to investigate that the 
mechanism of decreased total physical activity in Thai 
adolescents with obesity type 2 was induced via reducing 
the physical activity during leisure time or not.
 Furthermore, this study observed that the depression 
level was increased significantly in Thai adolescents who were 
underweight, and obese type 1 and 2. These findings are 
consistent with previous studies, which found that the prevalence 
of depression was higher among underweight and obese 
individuals.31 It is interesting that results in this study demon-
strated the depression level in adolescents with obesity type 2 
as increased significantly, when compared with those overweight. 
It is possible that increased BMI may increase the severity of 
depressive symptoms. This hypothesis is consistent with a 
study showing that BMI was associated with severity of 
depressive symptoms in overweight and obese individuals.32  

However, this hypothesis needs to be clarified in the future. 
Additionally, it is interesting that our result showed the difference 
of depression level between adolescents with obesity type 2 
and those overweight. Moreover, our results showed that 
cognitive flexibility and working memory were decreased 
significantly in adolescents with obesity type 2 only. According 
to previous study, the results indicated that increased BMI 

Discussion

  This study compared the levels of physical activity,
cognitive function and depression among adolescents who
were underweight, normal weight, overweight, and obese.
Moreover, it reported the correlation between physical
activity and associated factors in Thai adolescents with
underweight, normal weight, overweight, and obese type
1  and  2.  In  this  study,  the  data  of  socioeconomic  status,
underlying disease, head injury, and physical disability was
investigated by interviewing in all participants. It is established
that the socioeconomic status, underlying disease, head injury,
and physical disability can affect the levels of cognition,
depression, and physical activity in the healthy people.27-30

However, our results showed that the socioeconomic
status, physical disability, and history of head injury, had no
significant differences among groups. Thus, these findings
suggested that the personal factors including socioeconomic
status, physical disability, underlying disease, and history
of head injury were not influence on levels of cognition,
depression, and physical activity in all participants of this
study. In the results of physical activity levels, it was observed
that the levels of total physical activity in Thai adolescents,
who were underweight, overweight, and obese type 1
and 2, were decreased significantly when compared to
those with normal weight. This finding is consistent with
previous study, which showed that physical activity was
decreased significantly in underweight, overweight and
obese individuals.9  It was interesting that results in this
study demonstrated the level of total physical activity
in adolescents with obese type 2 as significantly decreased
when compared with overweight ones, while the total
physical activity between obese type 1 and 2 individuals
showed no significant difference. It is possible that severity
of obesity type 2 was higher than that for overweight
peoples, while the level of severity between obese type 1
and 2 individuals may have little difference in this study.
This hypothesis is consistent to World health organization
Asian BMI classification used in this study: BMI ≤18.5 kg/m2

as underweight, between 18.5 and 22.9 kg/m2  as normal
weight, between 23 and 24.9 kg/m2  as overweight and BMI
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showed significantly increased episodic memory deficit in
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  In addition, this study investigated the correlation
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finding is consistent with a study showing that physical activity
associated with cognitive function in obesity.34  Furthermore,
the results of this study showed that depression associated
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Conclusion

  In conclusion, this study showed that level of total
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leisure time may be a major factor in the decrease of total
physical  activity  in  Thai  adolescents  with  obesity  type  2.
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Background: Severe sepsis and septic shock are among the leading causes of morbidity 
and mortality in intensive care units worldwide despite rapid advances in treatment 
protocols. Even with all advances, determining the prognosis of sepsis continues to 
remain tricky.

Objectives: This study was planned to assess early onset coagulopathy as a predictor 
of outcome and mortality in septicemic patients and to study the underlying risk 
factors associated with mortality in septicemic patients with underlying coagulopathy.

Materials and methods: 240 patients fulfilling the criteria of SIRS and sepsis were 
included in the study. Coagulation parameters including platelet count, prothrombin 
time – international normalized ratio (PT-INR), activated partial thromboplastin 
time (aPTT) were evaluated within 48 hours of admission and 28-day mortality 
was evaluated. Independent predictors of 28-day mortality were evaluated using 
logistic regression model.

Results:Twenty-eight-day mortality rate was 77.77% (98/126) in patients with 
coagulopathy and a meagre 1.7% (2/114) in patients without coagulopathy which 
was statistically significant (p<0.05). Log Odd’s ratio calculated using chi-square 
test was found to be 5.2781, 95% CI (1.633-17.321), which was highly significant. 
Univariate logistic regression for mortality showed PT-INR, aPTT and APACHE II  
scores to be independent variables. Multivariate logistic regression revealed 
severe increase in PT-INR [adjusted OR=1.622 (0.841, 3.092)], moderate increase 
in aPTT [adjusted OR=4.537 (0.989, 7.326)], and severe increases in aPTT [adjusted 
OR=3.851 (2.438, 4.996)], and APACHE II scores [adjusted OR=5.381 (1.925, 11.01)], 
were independently associated with 28-day mortality whereas age, sex, any severity 
of thrombocytopenia, mild to moderate increase in PT-INR, and mild increase in aPTT 
were not.

Conclusion: Early onset coagulopathy was found to be significantly associated with 
increased mortality risk in septicemic patients. Septicemic patients should be 
screened for coagulopathy within 24-48 hours of admission in appropriate clinical 
scenario to predict mortality outcome and take necessary action at the earliest.
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culture reports), fulfilling the criteria of Systemic inflammatory 
response syndrome (SIRS) were included in the study. 
Patients less than 16 years of age, patients admitted with 
trauma, surgical patients, pregnant women, and unwilling 
patients were excluded from the study. Detailed history 
regarding onset of symptoms and comorbidities was obtained. 
Risk factors included diabetes mellitus, hypertension, 
chronic kidney disease (CKD), chronic liver disease (CLD), 
malignancy (on treatment with either chemotherapy/
radiotherapy except palliative care), HIV infection, and 
ischemic heart disease (IHD). Coagulation parameters 
were obtained within 48 hours of admission which included 
platelet count, prothrombin time – international normalized 
ratio (PT-INR), activated partial thromboplastin time (aPTT), 
and other tests e.g. procalcitonin (PCT) (done as per Clinician 
discretion). Acute physiology and chronic health evaluation 
score (APACHE II) was calculated based on clinical and laboratory 
parameters and interpreted accordingly.9 Patients were 
followed up over a period of 28 days, and 28-day mortality 
was noted, if any. Data obtained was categorized as mentioned 
in Table 1. Patient was considered to have coagulopathy 
even if any one of these parameters were deranged which 
include platelet count <1,50,000, PT-INR>1.5 times the upper 
limit of normal (ULN) and aPTT>1.5 times ULN.3,10 Patients 
admitted with septicemia having coagulation parameters 
deranged within 48 hours of admission were considered to 
have early-onset coagulopathy in our study.11

Table 1  Categorization of data.

Platelet count (cells/mm3)

>1,50,000 No thrombocytopenia

1, 50,000-75,000 Mild thrombocytopenia

75,000-50,000 Moderate thrombocytopenia

50,000-25,000 Severe thrombocytopenia

<25,000 Life-threatening thrombocytopenia

International Normalized Ratio (INR)

Normal

more than 1-1.5 times ULN Grade 1 (mild derangement)

more than 1.5-2 times ULN Grade 2 (moderate derangement)

more than 2 times ULN Grade 3 (severe derangement)

Serum procalcitonin 

PCT<0.5 ng/mL Local bacterial infection possible, 
systemic infection (sepsis) unlikely.

PCT>0.5 & <2 ng/mL Suggests systemic infection (sepsis).

PCT>2 & <10 ng/mL Suggests severe sepsis.

PCT>10 ng/mL Suggests exclusively septic shock

 Statistical analysis was carried out with the help of 
SPSS (version 20) for Windows package (SPSS Science, 
Chicago, IL, USA) and appropriate statistical methods were 
used to analyse the data. The description of the data was 
done in form of mean±SD for quantitative data while in 
the form of frequency and proportion for qualitative 
(categorical) data. The p values of p<0.05 were considered 
significant. For quantitative data, Student’s t-test was used 

Introduction

  Sepsis is a well-known clinical syndrome that results
from an overly aggressive systemic host response to infection.1

Severe sepsis is characterized by hypotension, coagulopathy,
and multisystem organ dysfunction, which are primarily caused
by dysregulation of host-derived inflammatory mediators.2

Coagulopathy is a condition in which the blood’s ability to
clot the blood is impaired.3  Derangement of coagulation
parameters is one of the common laboratory findings in
septicemic patients.
  The complex triad of infection, inflammation and
ensuing coagulopathy have been variably implicated in the
pathophysiology of severe sepsis. In sepsis, the inflammatory
response of the host to an invading organism develops a
procoagulant state. The relationship between tissue factor
(TF) and inflammatory cytokine release is crucial to this
process of initiating the coagulation cascade.4  Tissue factor
is responsible for binding and activating Factor VII on cell
surfaces, resulting in the formation of the enzyme-cofactor
complex that stimulates the formation of Factor Xa.
TF are also expressed by endothelial cells, mononuclear
phagocytes such as monocytes and macrophages in various
organs like lung, kidney, and brain astrocytes. After TF
expression, proinflammatory cytokines including TNF,
IL-8, and IL-6 are upregulated and they play a significant
role in natural anticoagulant suppression and endothelial
damage.5  Next, platelet-activating factor (PAF) is released
directly as a result of inflammation which accelerates the
process of thrombosis by expression of platelet p-selectin
which in turn increases monocyte TF expression and platelet
adhesion to leukocytes and endothelium. When platelets
are attached to leukocytes and endothelium, they serve as
a surface for thrombin production and cellular signalling of
other coagulation factors.6  In severe sepsis, the disruption
of three intrinsic anticoagulants (tissue factor pathway
inhibitor, activated protein C, and thrombomodulin) lead
to the onset of hyper-coagulopathy.
  Severe sepsis and septic shock remain among the
leading causes of morbidity and mortality in intensive care
units worldwide despite rapid advances in treatment
protocols.7,8  Several trials and protocols have focused on
developing better methods for detecting sepsis early, managing
it effectively, and preventing complications. Even with all
advances, determining the prognosis of sepsis continues
to remain tricky. This study was planned to assess early onset
coagulopathy as a predictor of outcome and mortality in
septicemic patients and to study the underlying risk factors
associated with mortality in septicemic patients with
underlying coagulopathy.

Materials and methods

  This was a hospital based prospective observational
study carried out from November 2018 to October 2020 in
IMS and SUM Hospital, Bhubaneswar after approval from
institutional ethics committee. Based on previous literature,
prevalence  of  coagulopathy  in  sepsis  being  around  48%,
the sample size was calculated to be around 240 with 8%
allowable error at 5% level of significance and 80% power of
test. Patients with suspected or documented infection (via
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and thrombocytopenia is often the most frequent finding.10 

 Sepsis leads to deranged coagulation, ranging from 
mild alterations up to severe disseminated intravascular 
coagulation (DIC). PT-INR levels were normal in 33% (80/240) 
study subjects whereas 29.6% (71/240) had mild derangement, 
15% (36/240) moderate and 22.1% (53/240) had severe 
derangement in PT-INR value. The aPTT values were normal 
in 37.1% (89/240) study subjects whereas 35.4% (85/240), 
19% (46/240), 8.3% (20/240) of study subjects had mild, 
moderate, and severe aPTT derangements respectively. 
Similar findings were seen in a study of 235 patients by 
Chakraverty et al. wherein INR was deranged in 66% cases.13

 Coagulopathy was seen in 52.5% (126/240) study 
subjects and was absent in the rest of the study subjects. 
Thrombocytopenia related coagulopathy was seen in 44.1% 
(106/240) patients; PT-INR derangement related coagulopathy 
was seen in 37.08% (89/240) patients and aPTT derangement 
related coagulopathy was observed in 27.5% (66/240) 
patients.
 Lower 28-day mortality, 14.1% (19/134) was observed 
in with patients having normal platelet counts whereas 
54.16% (26/48) mortality was seen in mild thrombocytopenia, 
92.85% (13/14) in moderate thrombocytopenia, 93.1% (27/29) 
in severe thrombocytopenia and 100% (15/15) mortality in 
life threatening thrombocytopenia (Figure 1). This was found 
to be statistically significant by using Fisher’s exact test 
(p<0.05). Sharma et al. in their study of 69 patients with 
septic shock in 2007, observed that incidence of thrombo-
cytopenia in their study was 55% and platelet count was 
found to be predictor of increased mortality.14

 Patients with normal PT-INR had 3.7% (3/80) mortality 
whereas mortality was 22.53% (16/71) in mild PT-INR 
derangement, 88.8% (32/36) in moderate and 92.4% (49/53) 
in severe PT-INR derangement respectively, which was found 
to be statistically significant with Fisher’s exact test (p<0.05) 
(Figure 2). Chakraverty et al. observed that PT-INR 
derangement was associated with poorer outcome in critically 
ill patients.13
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Figure 1. Analysis of 28-day mortality with thrombocytopenia in study subjects (p<0.001).

to test statistical significance of difference between two
independent group means. Chi square test (or Fisher’s exact
test in case of small frequencies in cell) was used to examine
the association between patients with diabetes, chronic
liver disease or chronic kidney disease and patients with and
without  thrombocytopenia.  To  determine  the  independent
variables among various parameters l ike age, sex,
thrombocytopenia, elevated PT-INR, aPTT and APACHE II
scores on 28-day mortality, a univariate logistic regression
analysis was performed, and then multivariate logistic
regression was calculated to calculate the independent
predictors of mortality using the 28-day mortality as the
dependent factor. When appropriate, the odds ratio (OR) was
calculated.

Observation and discussion

  The study was conducted on 240 subjects fulfilling
the inclusion and exclusion criteria. Mean age of the patients
was 56.27 years (19-101, SD=15.05) in our study. Maximum
number of patients (32.9%) were in 61-70 years age group
followed by 23.3% patients in 71-80 years age group. There
was a male preponderance (53% vs 43%). Diabetes mellitus
was observed to be the most common underlying illness
present in 32.5% cases followed by hypertension (HTN) in
19.6%, chronic liver disease (CLD) in 15.0%, ischemic heart
disease (IHD) in 12.5% and malignancy in 11.7%. Chronic
kidney disease (CKD) was present in 6.7% cases and human
immunodeficiency virus (HIV) infection in 4.6% cases.
  In our study we observed that 55.8% (134/240) of
septicemic patients did not have thrombocytopenia whereas
20% (48/240) patients had mild thrombocytopenia, 5.8%
had  moderate  (14/240),  12.1%  (29/240)  had  severe  and
6.3% (15/240) had life threatening thrombocytopenia within
48 hours of admission which was in concurrence with a
retrospective analysis by Venkata C  et al. in 2013, where
thrombocytopenia occurred in 47.6% of the sepsis-related
304 cases admitted in ICU.12  Most critically ill patients with
a  systemic  inflammatory  response  have  coagulation  disorders
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Figure 2. Analysis of 28-day mortality with PT-INR in study subjects (p<0.001).

 Mortality was 10.1% (9/89) in patients with normal 
aPTT values; 34.1% (29/85) in mild aPTT derangement, 
95.6% (44/46) in moderate and 90% (18/20) in severe aPTT 
derangement which was again statistically significant (p<0.05) 
(Figure 3).
 28-day mortality rate was 77.77% (98/126) in patients 
with coagulopathy and a meagre 1.7% (2/114) in patients 
without coagulopathy which was statistically significant 
(p<0.05). Log Odd’s ratio calculated using chi-square test 
was found to be 5.2781, 95% CI (1.633-17.321), which was 
highly significant. 

 Mortality in patients having thrombocytopenia 
related coagulopathy was 76.41% (81/106), and amongst 
non-thrombocytopenic patients was 14.1% (19/134) (Figure 4). 
This finding contrasted with the observation made by Venkata 
et al. in a retrospective analysis in 2013, which included 
304 patients where no significant mortality difference was seen 
in thrombocytopenic (32.4%) and non-thrombocytopenic 
patients (24.5%).11 This apparent difference could partly be 
explained by the presence of other coexistent abnormal 
coagulation parameters in our patients, however adjusted 
Odd’s ratio was not found to be significant. 
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 Twenty-eigth-day mortality in patients with coagulopathy 
associated with PT-INR derangement was 91% (81/89) and 
in patients with coagulopathy associated with aPTT 
derangement was 93.9% (62/66) (Figure 4). Significant 
statistical association was observed by using Fisher’s exact 
test (p<0.05) between 28-day mortality and coagulopathy. 
 In our study, 28-day mortality was seen in overall 
41.7% (100/240) study subjects and remainder 58.3% 
(140/240) subjects survived during the 28-day follow up. 
Todi et al. in a multicentric prospective observational study 
conducted in India in 2010, which included 5,478 admissions, 
observed that the mortality rate among admissions related 
to sepsis was 59.26%15. Mortality rates seen in our study 
was considerably higher as compared to western literature. 
This difference was possibly due to sample size bias. 
 Measurement of procalcitonin (PCT) can be used as 
a marker of severe sepsis caused by bacteria and generally 
grades well with the degree of sepsis16. In our study, PCT 
was done in 42 subjects, at clinician’s discretion, wherein 
26.2% (11/42) had normal PCT levels, 9.5% had levels 
between 0.51-2.0 ng/ml (suggestive of sepsis), 21.4% had 
levels between 2.01-9.99 ng/mL (suggestive of severe sepsis) 
and 42.9% had levels >10 ng/mL (suggesting septic shock).16,17 
Observed mortality rate increased with higher PCT values 
such that no mortality 0% (0/29) was seen in subjects with 
normal PCT values and 100% (18/18) mortality was seen 
in subjects with values >10 ng/mL. Thus, high PCT level 
was associated with increased mortality risk. Relationship 
between 28-day mortality and PCT level was found to be 
statistically significant by Fisher’s exact test (p<0.05). Similar 
findings were observed in 2015 by Li et al. in a retrospective 

analysis of 115 patients admitted in ICU with ventilator 
associated pneumonia where serum procalcitonin was found 
to be an independent prognostic biomarker of mortality 
in critically ill patients.17 Also, relationship between PCT and 
coagulopathy was assessed in our study. Coagulopathy was 
absent i.e., 0% (0/11) in subjects with normal PCT levels; 
however, prevalence of coagulopathy increased to 100 % 
(18/18) in subjects having PCT>10.0 ng/mL. This association 
was also shown to be statistically significant with Fisher’s 
exact test (p<0.05). 
 Mortality was also seen to increase with an increase 
in APACHE II score. In our study, 0 % (0/110) mortality was 
seen with APACHE II score 5-14 whereas 100% (91/91) 
mortality was seen with APACHE II score >25 (Figure 5). 
This association was shown to statistically significant with 
Fisher’s exact test (p<0.05). This was in concurrence with 
a study conducted by Naved et al. which included all patients 
admitted to ICU wherein 84.6% deaths had APACHE II 
score between 31-40.18 Desai et al. in a prospective study 
in rural ICU setting observed mortality rate of 87.5% (i.e., 
21 out of 24 non-survivors) having APACHE II score >21.19

 Presence of coagulopathy was seen to increase with 
an increase in APACHE II score. Coagulopathy was present 
in 18.18% (20/110) patients with APACHE II score 5-14, 30% 
(9/30) patients with APACHE II score 15-19, 66.66% (6/9) 
in patients with APACHE II score 20-24 and 100 % (91/91) 
in patients with APACHE II score >25 (Figure 5). This was 
found to be statistically significant using Fisher’s exact test 
(p<0.05). This was in concurrence with a prospective multi-
national clinical trial study in 2005, conducted by Dhainaut 
et al., where alteration in coagulation parameters was 
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Figure 5. Analysis of 28-day mortality with APACHE II scoring in study subjects.

associated with increased 28-day mortality rate and inte-
grating composite coagulopathy with the APACHE II score 

improved the ability to predict which patients would develop 
multiple organ failure and die.20

 In our study, out of 126 subjects who were found 
to have coagulopathy, maximum mortality was seen in 
<40 years age group and with >60 years age group. 100% 
mortality was seen in age group <40 years (9/9) and 
81-90 years age group (13/13), whereas 82.7% (72/87) 
mortality was seen in age group above 60 years. Relationship 
between age group and 28-day mortality was seen to be 
statistically significant using Fisher’s exact test (p<0.05). 
Higher mortality rates (50-60%) was seen in elderly age group 
admitted with sepsis in studies conducted by Nasa et al. 
in 2012 and Martin et al. in 2006.21,22 Because of its 
association with comorbidities, impaired immunological 
responses, malnutrition, greater exposure to presumably 
resistant strains in healthcare facilities, and increased 
use of medical devices such as indwelling catheters and 
central venous lines, the elderly age group is most likely a 
risk factor for mortality.23 However, when age group less 
than 40 years were considered, out of 18 patient in-toto 
enrolled in our study, 50% (9/18) had coagulopathy, out of 
which 100% (9/9) died. Contrasting results were obtained 
by Martin et al. in their longitudinal observational study 
in 2006, involving 10,422,301 adult septicemic patients 
over 24 years wherein younger septicemic patients had 
decreased mortality rate. This difference could be due to 
the different sample size.  Also, in our study, septicemic 
patients were having additional coagulopathy element were 
taken into consideration unlike Martin et al study which 
included only septicemic patients21. Younger age group 
patients admitted with septicemia and having additional 
element of coagulopathy had significantly increased mortality 
rate. However, we could not find any major study in previous 
literature to compare our findings.

 In our study, 58.2% (57/98) mortality was observed 
in male population and 41.8% (41/98) was observed in female 
population. This relationship of gender with 28-day mortality 
was observed to be statistically significant using Fisher’s 
exact test (p<0.05). Gender related differences in mortality 
rate was also seen by Adrie et al. and women were found 
to have much lower mortality rates as compared to male 
population.24 The higher immune system activation, sex 
hormone profile and sex-related gene polymorphisms in 
females could probably explain this variation.24

 The mortality rate amongst patients with coagulopathy 
and comorbidities were also assessed. Malignancy (28/28) 
and HIV (11/11) were associated with 100% mortality whereas 
diabetes, hypertension, CKD, IHD, CLD were found to be 
89.74% (35/39), 93.75% (30/32), 91.6% (11/12), 90.9% 
(10/11) and 52.7% (19/36) respectively. In our study, significant 
proportion of patients with underlying medical illnesses 
developed coagulopathy followed by mortality. However, 
coagulopathy observed in patients with CLD was possibly 
related to the underlying CLD itself and hence observed 
mortality amongst CLD was on lower side as compared to 
other illnesses. Wang et al. in 2012 in their longitudinal 
study observed association between baseline chronic 
medical conditions and sepsis and hence they inferred that 
patient’s comorbidities and functional health status were 
also important determinants of outcomes in sepsis.25

 Univariate logistic regression for mortality showed 
PT-INR, aPTT and APACHE II scores to be independent variables. 
Multivariate logistic regression revealed severe increase in 
PT-INR [adjusted OR=1.622 (0.841, 3.092)], moderate 
increase in aPTT [adjusted OR=4.537 (0.989, 7.326)], 
and severe increases in aPTT [adjusted OR=3.851 (2.438, 
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4.996)], and APACHE II scores [adjusted OR=5.381 (1.925,
11.01)], were independently associated with 28-day mortality
whereas age, sex, any severity of thrombocytopenia, mild
to moderate increase in PT-INR, and mild increase in aPTT
were not.

Conclusion

  Early onset coagulopathy is significantly associated
with increased mortality risk in septicemic patients. Septicemic
patients should be screened for coagulopathy within 24-48
hours of admission in appropriate clinical scenario to predict
mortality outcome and take necessary action at the earliest.
Significant correlation exists between APACHE II scoring
and coagulopathy. Role of PCT in septicemic patients with
coagulopathy might have considerable prognostic significance.
Underlying medical illnesses, age and gender are of important
consideration  while  treating  septicemic  patients  and  hence
should be carefully assessed. Younger age group patients admitted
with septicemia having additional coagulopathy element may
have increased mortality risk. However larger studies are
required to confirm this observation on wider scale.

Limitations

  Sample size was small. This being a tertiary care
hospital-based study, it may induce bias by selecting more
seriously  ill  patients  which  are  referred  from  peripheral
hospitals and therefore may be associated with increased
mortality rate. Pregnant females and trauma related sepsis
were excluded from our study. Also, differences in treatment
protocols between clinicians could affect outcome and we
would require large multicentric trials for reducing the bias.
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Background: Oxidative stress (OS) and inflammation have been suggested to play 
a pivotal role in the pathogenesis of chronic diseases. Oxidative stress and inflammatory 
markers (IM) may be change after regular physical exercise. However, physical 
activity affects the redox balance and inflammatory markers in abdominal obese 
(AO) women are still unclear.

Objectives:  Aim of this study was to assess OS, total antioxidant and IM on before 
and after 2 months participation in aerobic dance exercise of 151 obese women.

Materials and methods: A total of 151 obese women [median aged=48.0 years] 
participated in aerobic dance exercise.  All women were subjected to physical and 
medical examination. Venous blood samples were collected for all biochemical 
examination.

Results: At the end of the study, the median of glucose, triglyceride, insulin levels, 
Model assessment of insulin resistance, malondialdehyde, high sensitivity C-reactive 
protein, tumor necrosis factor α and interleukin-6 were significantly decreased 
(p<0.05) and high-density lipoprotein-cholesterol and total antioxidant capacity 
(TAC) were significantly increased (p<0.05) after participation in aerobic dance 
exercise. Oxidative stress, TAC and IM were involved into the adaptive metabolic 
changes and redox responses induced by physical exercise aerobic dance.

Conclusion: Exercise aerobic dance reduced the potential OS, IM and protects the 
higher risk for developing diseases in AO that pathophysiologically linked to OS 
and IM. 
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 Physical exercise is the performance of some activity 
induces metabolic changes including develop or maintain 
overall health and physical fitness. Regular exercise decreases 
the obesity, cardiovascular risk and chronic diseases. Exercise 
has been advocated as a major component in the medical 
management of T2DM patients to improve their health,1 

with consequent improvements in insulin sensitivity, glycemic 
control, lipid profile and blood pressure.1,2 These may 
be caused by the most significant changes in the muscular 
tissue, in which the increasing energy demand and greater 
oxygen utilization by mitochondria.3 Oxidative stress and 
inflammation have been suggested to play a central role in 
the pathogenesis of both diabetes and atherosclerosis.4

 Lifestyle changes and physical exercise can reduce 
the risk of diabetes, cardiometabolic and many chronic 
diseases risk by changing in risk factors, including glucose, 
lipids, oxidative stress, and inflammation.5-7 The responses 
to physical exercise interventions are assessed with 
anthropometric measurement, blood glucose, lipid profiles 
and inflammatory biomarkers, such as interleukin 6 (IL-6), 
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to dance away the weight and shake out the stress.

Anthropometric and blood pressure measurement
 Subjects’ height, weight, and blood pressure (BP) were 
measured, and body mass index (BMI) was calculated. 
Waist circumference (WC) was measured at the midpoint 
between both of rib cage and the top of lateral border of iliac 
crest during minimal respiration. AO defined as WC≥80 cm 
or 31.5 inches (female).11 Blood pressure (BP) was measured 
after the participants were seated and rested for 5 minutes 
as the mean value of at least two measurements of 
these participants on the same day with a Terumo digital 
BP monitor (ES-P110). Hypertension was defined as an 
average BP≥140/90 mmHg or if the participant was taking 
antihypertensive medications or had been diagnosed with 
HT.12

Blood sample collection and biochemical determination 
 Venous blood samples were collected without stasis 
after a 12 hr fast and a 30 min rest in a supine position. 
Blood specimens were processed and assayed on the central 
laboratory of Department of Medical Technology, Faculty 
of Allied Health Sciences on the same day. A serum sample 
from each subject was divided into four aliquots (2–3 mL 
each) one for automatic  analyzer and other aliquots were 
frozen and stored at -20oC for later analysis of MDA, TAC, 
TNF-α and IL-6 both in before and after a study period. 
Fasting plasma glucose (Glu), total cholesterol (TC), triglyc-
erides (TG), high density lipoprotein cholesterol (HDL-C) 
were determined by using HITACHI 912 auto-analyzer and 
low-density lipoprotein cholesterol (LDL-C) was calculated 
by Friedewald’s equation, which is valid for TG values less 
than or equal to 400 mg/dL.

Insulin Assay
 Fasting insulin levels were measured based on 
micro-particle enzyme immunoassay technology using 
Abbott reagents with Axsym system (Abbott laboratories, 
Illinois, USA). All participants underwent evaluation of 
Homeostasis model assessment (HOMA)-formula for insulin 
resistance index (HOMA-IR), HOMA-B (as beta cell function or 
insulin activity), and Quantitative Insulin Sensitivity Check 
Index (QUICKI; as insulin sensitivity).13-15 HOMA-IR was 
defined using the following formula: fasting glucose (mmol/L) 
× fasting insulin (lU/mL)/22.5. 
HOMA-B as formula: [20 × insulin (lU/mL)]/[glucose (mmol/L) 
- 3.5].
QUICKI as formula: 1/[LOG (insulin (lU/mL)] + LOG [glucose 
(mmol/L)].

Malondialdehyde (MDA) assay
 The method is based on the formation of red (pink) 
chromophore following the reaction of thiobarbituric acid 
(TBA) with MDA and the other breakdown products of 
peroxidized lipids called thiobarbituric acid reactive substance. 
One molecule of MDA reacts with two molecules of TBA to 
yield a pink pigment with maximum absorption at 532 nm. This 
was measured by spectrophotometry using 1,1,3,3-tetraeth-
oxypropane as standard as described previously.16 The results 
were expressed as μmol of MDA formed per liters of serum. 
Intra-assay and interassay imprecision were 3.24 and 5.78%, 

tumor necrosis factor-α (TNF-α), and C-reactive protein
(CRP).8,9  In many cases, the most effective intervention to
prevent or treat chronic disease is increasing physical
exercise or active lifestyle; however, the molecular or
cellular mechanisms by which physical exercise and activity
of their effects remain poorly understood.
  Herein, we assessed the blood glucose, insulin, lipid
profiles, malondialdehyde, total antioxidant and inflammatory
markers both at before and after an aerobic dance exercise
participation in AO women subjects, to test whether different
in responses after an aerobic dance exercise period may
occur in these AO women subjects. We aimed to identify
clinical markers that could be potentially useful for patients
at risk for chronic diseases linked to oxidative stress and
inflammation.

Materials and methods

Subjects:
  One hundred and fifty-one women from the seven
sub-districts of Sai Ngam district, Khampangpetch Province
(February 2011-January 2013) were selected from the total
of 428 AO subjects (waist circumference (WC) ≥80 cm) who
participated in a Project of Health Survey for Protection
of Hypertension and T2DM (age≥40 years).10  All eligible
participants were apparently healthy with no clinical signs
of associated pathologies, no antihypertensive, antihyper-
glycemic medication, no history of coronary, cerebrovascular
atherosclerotic disease, recurrent or a past history of psychiatric
illness, end stage renal failure, cancer, infection and any
life threatening diseases. They all agreed to participate a
two  month  aerobic  dance  exercise  (45-60  minutes)  and
agreed to donate blood sample both in before and after
participation in the present study. All women were subjected
to physical and medical examination. All participants gave
written informed consent and they all agreed to participate
and to provide blood sample for their health check before
and after study period. The Ethics Committee of Naresuan
University approved the study protocol.

Aerobic dance exercise
  All 151 women were participated the aerobic dance
exercise  in  each  center  of  the  seven  sub-districts  of  Sai
Ngam district, Khampangpetch Province. This aerobic dance
exercise session proceeded for 45-60 minutes/day, 5 days/week
on the 2 months study. This aerobic exercise was performed
between 5:00 and 6:00 pm, participants were recommended
to do 8-minute warm-up routine, which stretches and
strengthens the muscles of the hips, thighs, and ankles
before start into an aerobic dance exercise. After warm-up,
participants will begin with a fast music (k-pop, hip-hop,
pop) for bounce, bending the knees and moving the shoulders.
Step one foot out to the right for a double bounce, bring
it back in, and repeat to the left. Next step to the side for
a single bounce and do the same on the other side. Keep
the shoulders moving to this dance workout and pick up
the rhythm with some quicker side steps. Move the arms
even more for a total-body workout taken from the dance
floor (field). Bounce the body as continue the dance workout
with forward steps. Really pop those hips and raise the elbows.
Follow along with this fun aerobic dance exercise workout
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Table 1  Categorization of data.

Variables Before (n=151) After (n=151) p value

Age (yr) 48.0 (41.0-56.0)* 48.0 (41.0-56.0)*

Systolic BP (mmHg) 126.0 (116.0-140.0) 126.0 (114.0-138.0) 0.336

Diatolic BP (mmHg) 80.0 (71.0-85.0) 79.0 (72.0-85.0) 0.450

BMI (kg/m2) 26.2 (23.4-29.1) 25.7 (23.8-28.8) 0.054

WC (cm) 87.0 (80.0-94.0) 86.0 (81.0-94.0) 0.372

Glu(mmol/L) 5.28 (4.95-6.05) 4.95 (4.51-5.72) <0.001

BUN (mmol/L) 4.64 (3.57-5.71) 3.92 (3.21-4.64) <0.001

CT(µmmol/L) 79.56 (70.72-79.56) 79.56 (70.72-88.40) <0.001

UA (mmol/L) 339.2 (261.8-428.4) 315.4 (267.8-392.7) 0.002

TC (mmol/L) 5.57 (2.97-6.27) 5.24 (4.64-6.19) 0.005

TG (mmol/L) 1.89 (1.29-2.98) 1.66 (1.13-2.31) <0.001

HDL-C (mmol/L) 1.45 (1.25-1.79) 1.50 (1.32-1.75) <0.001

LDL-C (mmol/L) 3.07 (2.42-2.68) 2.94 (2.29-3.56) 0.033

Insulin (µU/mL) 6.00 (4.00-9.50) 5.50 (3.70-8.30) 0.008

HOMA-IR 0.80 (0.50-1.30) 0.70 (0.50-1.10) 0.009

HOMA-B 69.2 (46.4-95.1) 75.0 (53.3-105.9) 0.006

QUICKI (insulin sensitivity) 123.8 (75.7-189.3) 143.4 (89.8-205.0) 0.002

MDA (µmol/L) 4.67 (3.82-5.78) 4.50 (3.66-5.50) 0.007

TAC (µmol TroloxEquiv/L) 564.0 (407.4-774.2) 547.0 (423.0-787.0) 0.006

hs-CRP (mg/L) 2.36 (0.95-5.84) 2.16 (0.97-4.26) <0.001

TNF-α (pg/mL) 3.58 (2.21-4.98) 3.14 (2.13-4.58) 0.004

IL-6 (pg/mL) 2.78 (1.21-3.74) 2.01 (1.12-3.00) <0.001

respectively. The normal range of MDA was <3.5 μmol/L.

Total antioxidant (TAC) status
 The method is based on formation of the ABTS•+ 

cation [2, 20-azinobis (3-ethylbenzothiazoline-6-sulfonic acid)] 
and its scavenging by antioxidant sample constituents 
(serum) measured by spectrophotometry at 600 nm decay 
of green/blue color absorption is inversely associated with 
antioxidant sample content and the control antioxidant is 
Trolox, a hydrophilic vitamin E analog.17

Systemic inflammation assays
 The concentrations of IL-6, TNF-α determined using 
the ELISA assay kits purchased from Invitrogen (Carlsbad, 
CA). Standard curves were constructed for determination 
of each analyte concentration according to the manufac-
turers’ instructions. In accordance with standard practice, 
a protocol provided by Invitrogen for custom assays was 
used with no modifications. High sensitivity CRP (hs-CRP) 
concentrations were determined by using latex-enhanced 
immunoneplelometric assay on the Hitachi 912 auto-analyzer 
(Roche Diagnostic, Switzerland) that has been standardized 
against the World Health Organization reference. The normal 
range of hs-CRP was <3.0 mg/L.

 

 

*Data are median (interquartile range) of variables with a skewed distribution.

Statistical analysis:
  The distributions of variables were expressed in median
and interquartile range. Wilcoxon signed ranks tests (2-tailed
non-parametric tests) were used to assess the differences
between before and after of the study period. The  p  values
less than 0.05 were considered statistically significant.

Results

  General clinical characteristics at start and after
participation of aerobic dance exercise study of these AO
women are listed in Table 1. One hundred and fifty-one AO
women were carried out the 2 months period of continuous
aerobic  dance  exercise  without  any  adverse  events.
During the aerobic dance exercise period, twenty-four
participants dropped out from one hundred and seventy five
participants of the aerobic dance exercise study. All clinical
markers before and after aerobic dance exercise study are
show in Table 1. After aerobic dance exercise period, we
found that Glu, BUN, CT, UA, TC, TG, HDL-C, LDL-C, insulin
levels, HOMA-IR, MDA, hs-CRP, TNF-α and IL-6 levels were
significantly decreased (p<0.05), while HDL-C, TAC, HOMA-B
(β-cell function) and QUICKI (insulin sense) were significantly
increased (p<0.05), respectively as shown in Table 1.
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Discussion

  AO is the one major risk factor of metabolic syndrome
(MetS), which a cluster of cardiovascular risk factors char-
acterized  by  visceral  obesity,  dyslipidemia  (low  levels  of
HDL-C and elevated TG levels), hypertension, glucose
intolerance, and also demonstrated by insulin resistance and
low-grade inflammation with increased adipokine production.10

Our study demonstrated that AO women were elevated in
BP, BMI, WC, Glu, TG and LDL-C, insulin, insulin resistance,
MDA, TNF-α, IL-6, hs-CRP, and decreased in HDL-C, insulin
sensitivity (QUICKI), β-cell function (HOMA-B) and TAC at
the  beginning  time.  MDA  is  a  lipid  peroxidation  marker
which results from increased oxidative stress in AO subjects.10

More  important  of  ROS  elevation  may  cause  damage  of
macromolecules and produce cytotoxic end products.18,19

Vascular oxidative stress caused activation of systemic
inflammatory pathways that play a major role in the
pathogenesis of CVD. Total antioxidant status is a measurement
of the net balance of the interactions between ROS and
antioxidants in circulation, assessing the ability of the
antioxidants to inhibit the specific radical formation.20  This
method provides an overall measure of antioxidant status
and  does  not  give  information  on  the  specific  species  of
antioxidants. OS or increased free radical generation leads
to inflammation, lipid peroxidation and macro-molecules
damage, which are associated with the onset of various
pathological conditions, such as cardiovascular disease (CVD),
diabetes mellitus, cancer, and obstructive pulmonary
disease.21,22

  Adipose tissue produces numbers of adipokines and
cytokines such as adiponectin, leptin, TNF-α and IL-6. IL-6
has been suggested to promote hs-CRP production from
the liver as a biomarker of the sub-clinical inflammation
related to obesity.23  Hs-CRP is a sensitive marker of low-grade
inflammation that is not only associated with insulin resistance,
but also predicted the development of MetS, T2DM,
hypertension and CVD.24,25  Furthermore, cardiovascular
morbidity and mortality is increased in patients with elevated
CRP levels.26  After 2 months participation in aerobic dance
exercise, these AO women were demonstrated decreased
in GLU, UA, TC, TG, LDL-C, MDA, TNF-α, IL-6, hs-CRP, insulin,
insulin resistance while increased in HDL-C, insulin sensitivity
(QUICKI), β-cell function (HOMA-B) and TAC without weight
loss. Physical activity and exercise training increase energy
expenditure and reduce body fat and visceral fat, even
with/without weight loss,27,28  and caused the reduction of
IL-6 and TNF-α,29-31  as in the same of present study (shown
in Table 1). Moreover, exercise or physical activity also
induces adiponectin production from adipose tissues.32-34

It exerts antiapoptotic, anti-inflammatory, and antioxidative
activities.35,36

  On the other hand, many studies of the interventional
studies and randomized controlled trials demonstrate did
not  significantly  effect  of  regular  aerobic  exercise  on  the
systemic  inflammatory  biomarkers  in  adults  37-39  and  the
regular  aerobic  exercise  did  not  reduce  CRP  levels.40  The
effects  of  physical  exercise  may  depend  on  the  type  of
activity (aerobic/resistance), intensity (mild/moderate/in-
tense/exhaustive), and frequency (sessions per day/week/
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Background: Post-stroke survivors experience significant challenges with their 
functional health. Despite advances in neuro-rehabilitation, they cannot participate in 
meaningful daily life activities, leading to disability. Many intervention approaches 
are applied in stroke rehabilitation to make them independent and lead a quality 
life.

Objectives: The objective of this pilot study was to investigate the effect of the 
Metacognitive Strategy Training (MCST) on Conventional Occupational Rehabilitation 
Therapy on improving independence and reducing the disability of post-stroke 
survivors.

Materials and methods: Thirty subjects with post-stroke syndrome participated in an 
exploratory, double-blind, randomized controlled trial with pre-post and follow-up 
studies. Subjects were randomized over two intervention groups. Group-1 received 
MCST with conventional therapy (n=15), and Group-2 conventional therapy only 
(n=15). The Functional Independence Measure (FIM) measures independence at 
baseline (Time1), post-intervention (Time2), and after six months (Time3).

Results: Changes in Functional Independence Measure scores for the two groups 
over six months showed significant effects of group (F(1,24)=9.422, p<0.005), 
time (F(1.160, 27.848)=21.449, p<0.0001) but time and group interaction was not 
significantly affected (F(1.160, 27.848)=0.172, p=0.719). Post hoc analysis with a 
Bonferroni adjustment revealed that FIM  was statistically significantly increased 
from pre-intervention to post-intervention (22.597 (95% CI, 34.511 to 10.683), 
p<0.0001), and from pre-intervention to six month follow up. (24.203 (95% CI,37.554 
to 10.853), p=0.0001), but not from post-intervention to six months (1.606 (95% 
CI, -5.988 to 2.776), p=1.000).

Conclusion: MCST has better efficiency in reducing disability and improving the 
independence of post-stroke survivors in the long term. 
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Introduction

  Stroke, the life-changing syndrome, causes sensorimotor,
language, and cognitive impairment, which varies on the
severity of damage.1,2  Though there are many advances in
neuro-rehabilitation, half of the post-stroke survivor depends
on others for their activities of daily living (ADL) as they
cannot achieve their functional goals.3  The limitations in
ADL and constraints for meaningful participation in social
goals leads to disability of post-stroke individual.4  It is the
fourth leading cause of disability and the fourth-highest
burden of disease worldwide (WHO).5

  Many intervention strategies have been adopted to
improve the ADL of post-stroke survivors. Evidence suggests
that the conventional approach used for stroke rehabilitation
is only confined to improving the particular task trained to
the individual after repetitive practices.6,7  Also, the retention
effect of the learned skills is not consistently maintained
in the long term.8,9  The conventional approach lacks the
scope for generalization and transferring learned skills to
other tasks or contexts to improve the ADL.10  To overcome
this, the novel metacognitive strategy training is applied in
stroke rehabilitation.
  Metacognitive strategy training (MCST), or strategy
training, is a top-down holistic approach that helps to improve
ADL and occupational performance and maintains the
post-stroke individual's independence. MCST does not focus
on the participant's impairment, causing the performance
limitation as in the conventional approach.11  The approach
uses meaningful activities as the basis of the end goal of
the intervention.12  It combines theory and evidence of motor,
cognitive sciences, and learning principles in a client-centred
framework.  In  this  performance-based  problem-solving
approach, the client learns and acquiesces skills to maintain
independence. This process incorporates the strategy of
goal-plan-do-check through guided discovery.13,14  In the MCST
intervention process, the client identifies the challenging
activities according to their importance. With the help of
the therapist, the client sets realistic goals, plans the steps
to achieve the goals, then performs the activities, and finally
checks the mistakes and rectifies himself. Then the client
practices the task in a correct pattern repetitively. During
the intervention process, the therapist facilitates learning
of the client through prompting, cueing, and questions rather
than direct teaching, unlike the conventional approach. By
this strategy, the participants go through a personalized
assessment of ADL and social goals of real life problems
and learn to use these techniques for other untrained new
activities and situations through self-monitoring. Hence MCST
improves independence in daily activities and promotes
participation in meaningful activities leading to continued
improvement rather than further deterioration in the long
term.15,16

  The concepts and theories underlying MCST are
experience-dependent neuroplasticity which suggests that
learning new skills leads to structural and functional changes
in the brain.17  For example, the experience-dependent
neuroplasticity causes the enhanced growth of the hippocampal
area in music learners. The sensorimotor network changes
in dancers occur as they perform the activity repetitively.18-20

As a result, the experience-dependent neuroplasticity helps
the clients re-engage in occupation with the changes in
the brain.21,22  Therefore, the MCST intervention targets the
improvement of performance and activity participation
which will help for impairment reduction within specific
cognitive domains of the participants. MCST approach
directly affects the action of the frontoparietal network of
our brain. The cognitive control network involves flexible
moment-to-moment task control and reflects composi-
tional coding to enable the transfer of knowledge to novel
tasks.23,24

  Previous reports suggest there are escalating pieces
of evidence for MCST on the improvement of functional
outcomes of post-stroke survivors.11,15,25–29  Also, shreds of
evidence suggest that MCST has more significant improvements
in the vocational and community outcomes of the post-stroke
individual.10,11,13,14,24,27,28,30–32  Hence our study has hypothesized
that “MCST has a significant effect in improving functional
independence and reduction of disability of stroke survivors".
The objective of our study is to investigate and compare
the efficacy of MCST on conventional therapy on the functional
independence and reduction of disability of the post-stroke
survivors.

Materials and methods

  The  study  design  was  an  explorative,  randomized;
double-blind controlled pilot trial. The participants were
selected from two centers; a tertiary care hospital and a
tertiary care rehabilitation institute. After selection, for
allocation  of  groups,  participants  were  randomized  to
receive either the conventional occupational therapy or the
MCST occupational therapy. The inclusion criteria of the
participants for the study were based on the diagnosis of
first onset subacute and chronic stroke age 18 to 60 years
diagnosed by a neurologist. The client is medically stable
(afebrile, with stable vital signs, without essential changes
in medical conditions or required changes in treatments
within 48 hours before assessment, with functional limitations,
being able to take adequate nutrition orally), with sufficient
language skills to understand and respond to primary
interview and questionnaires.
The exclusion criteria were the followings:

1. Participants of acute post-stroke (less than 15 days),
Stroke Patients with comorbidities and other 
neurological diagnoses like multiple sclerosis,
motor neuron disease, and Parkinson's disease.

2. Patients having psychiatric diseases like dementia,
current bipolar disorder, major depressive disorder,
or psychotic disorder were excluded from this study.
The patients having cognitive impairment (screened 
by MMSE, score <24), aphasia (both receptive and 
expressive), and vision abnormalities (e.g., diplopia).

3. Patients having alcoholic substances were not 
included in the study.

4. The participants participate less than 80% of the 
intervention program or did not follow up were 
excluded from the study.

  To maintain and confirm the balanced group sizes
blocked randomization of ratio 1:1 procedure was used
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from each site. The random number function in Excel 
(Microsoft Corporation, Microsoft Excel 2010, Version 14.0.) 
was used to create a random sort order within each block. 
To ensure allocation concealment, we created sequentially 
numbered sealed opaque envelopes with the support 
of an external therapist who was not associated with the 
study. After reviewing all inclusion/exclusion criteria and 
getting consent from the patients, the treatment group 
allocation was completed. The treating therapist was blinded 
to the randomization procedure and block size. The ethical 
committee approved the study at the university.

Assessment and intervention procedures
 After the recruitment of participants, the baseline 
assessment was conducted by one of the authors, who 

was blinded to group allocation. Before starting therapy, 
the occupational therapist conducted a goal-setting interview 
using the Canadian Occupational Performance Measure 
(COPM) for both groups. The participants spell out 4 to 6 
meaningful functional activity goals prioritizing their 
importance. The experimental MCST intervention was based 
on CO-OP treatment guidelines.33 The duration of the 
intervention MCST group was 45 minutes in each session 
for a minimum of 3 sessions and a maximum of 5 sessions 
in a week. Each participant was given a maximum of 10 
sessions of MCST therapy. Among the selected goals, only 
three goals were trained, and the rest untrained activities 
were kept for the transfer of skills for the experimental group. 
The therapist trained participants on the global cognitive 
strategy goal-plan-do-check.

 The MCST intervention procedure consists of the 
key principles such as goal setting, Dynamic Performance 
analysis and global strategies (Figure.1). The participants 
used this strategy during the treatment procedure as the 
fundamental concept of the problem-solving framework, 
which enabled identifying domain-specific strategies, 
acquiring skills, and achieving goals. The therapist guided 
the participants in discovering a plan to achieve the goals 
for their individualized prioritized tasks. The participants 
performed the activities as per the plan and then checked 
whether the plan had worked as expected. If the goal was 
not achieved, the therapist facilitated the participants to 
modify the plan or the alternative methods to reach the 
goal. In every new plan, the participant repeats the strategy 
Do-Check cycle till the achievement of the goal. The therapist 
regularly gives opportunities to participants and facilitates 
the generalization of skills and strategies in different contexts 
and environments. During this whole procedure, the participants 
were provided with a workbook and materials to note the 
critical points for achieving individualized goals. At the end 
of each session, the therapists prompted the participants to 
identify critical principles they learned and discuss methods 
for applying these principles in subsequent sessions. Then 
the participants checked whether the plan worked or required 
reviewing. The these steps were repeated iteratively until 
the goals were achieved. 
 The control group was given conventional therapy, 
a combination of component-based therapy, and task-specific 

Global 
strategies

Goal -Plan-Do-
Check.(Guided 

discovery)

Break down 
points 

Dynamic 
Performance 

Analysis

Goal setting
client chosen 
goals (COPM)

Figure 1. Intervention process of MCST group.

training. The therapy is based on impairment-level or 
component-level treatment (e.g., ROM, muscle strength, 
muscle tone, synergy, etc.) and techniques with short-term 
goals evaluated by the therapist and managed by direct 
training and whole-activity treatments. In the control 
group, participants engaged in a facilitated discussion with 
the therapists, who used already transcribed, open-ended 
questions to encourage the participants’ rehabilitation 
experiences.
 Both the MCST and the control groups also received 
stroke rehabilitation with specific services as per the individual 
needs like physical therapy, speech-language therapy, or 
nursing.

Outcome measures 
 The measurement of the study was done through the 
functional independence measure (FIM) and the demographic 
characteristics of all the participants. Demographic (age, 
gender, education, occupation) were collected through 
personal interviews and medical information (stroke onset, 
sub-type, stroke-affected side, area of lesion) from the patients' 
medical records that were included in the study. One of our 
authors, who was blinded to group allocation, conducted a 
standardized assessment before the intervention at starting 
Time 1), after 2 weeks of discharge from occupational therapy 
at two months (Time 2), and six months after Time 1 (Time 3). As 
the number of intervention sessions varied among participants 
based on the severity of their stroke and their individual 
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rehabilitation needs, the therapists or the administrative 
staffs were asked to inform the authors when the participant 
was discharged from occupational therapy after the completion 
of 12 sessions or 6 weeks of therapy, whichever came first. 
Time 2 assessments were performed for 15 days or two 
weeks after intervention for both groups to give community 
exposure to the participants.   
 The functional Independence Measure (FIM) assesses 
and grades functional independence. It is an eighteen-items 
questionnaire, and it measures physical and cognitive 
function and the level of independence and disability of 
an individual. It is a Likert type of 7-point scale and graded 
in descending order as -7. Complete Independence (Safety 
and Timely), 6-Modified independence (with the help of 
device), 5-Helper-Modified Dependence with Supervision, 
4- Minimal Assistance (subjects performs75% of task), 
3-Moderate Assistance (subjects performs 75% of task), 
2-Maximal Assistance (subjects performs50% of task), 1-Total 
Assistance or entirely dependent. The internal consistency 
in 96.9% of tests and item discriminant validity in 100% 
of tests. The validity and reliability of FIM are maintained 
for assessing independence in people with stroke, and the 
reliability coefficients for each impairment category for both 
subscales ranged from 0.86 to 0.97.34,35

Data Analysis
 Data were analyzed by SPSS Version 17.0 (SPSS Inc., 
Chicago), and the significance level for all tests was set 
at p<0.05. The normality of data was confirmed using 
Shapiro-Wilk's test. To examine baseline between-group 
differences, independent sample t-tests were used for 
continuous data and x2 (chi-square) for categorical data. 
Between-group baseline comparisons were made on age, 
gender, education, and FIM scores. Means and standard 
deviations were calculated for both groups for the primary 
outcome measure, FIM. We used repeated measure ANOVA 

 

 

Figure 2. Flow diagram of study procedure.
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Withdrew the consent 
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Sexond follow up (N=30)
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(N=6)

Conventional therapy+MCST (Experimental group, N=18)Conventional therap (Control group, N=18)
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Selection of post stroke patients (N=56)

Intervention

to examine the participant's independence in daily activities
(FIM scores) improved over time at three-time points
(from baseline to three months and six months and three
months to six months) with different intervention assignments
(MCST & conventional). Wilk's lambda was calculated followed
by appropriate Mauchly’s test of sphericity, and pairwise
comparison between time, group, and time group interaction
was compared with a significance level less than 0.05. Post
hoc  analysis  with  a  Bonferroni  adjustment  was  done  for
multiple comparisons.

Results

  From the flow of the study procedure, fifty-six
participants enrolled in the study (Figure 2). Of these, 17
participants were excluded because they did not meet
eligibility criteria, and 3 participants withdrew during the
screening process before randomization. Thus, we randomized
36 participants to the intervention, 18 in each group. Six
participants could not continue at least 80% of the intervention
program. Hence only thirty participants are considered for
the study (Figure 2).
  Our study found 73.3% male and 26.7% female in the
experimental group and 91% male and 9% female in the control
group. The mean age is 46.42±9.88 and 44.81±11.25 for the
experimental group & control group, respectively. The mean
year of education is 13.46±3.99 and 13.23±3.93for the
experimental group & control group, respectively. Mostly
ischemic left side affection hemiplegia participated in both groups
in our study. The mean stroke duration was 13.30±15.33&
12.74±14.81 for the experimental group & control group,
respectively. All the participants were right-handed in the
experimental group, and 91% were right-handed in the
control group. Both groups did not differ in baseline criteria
(Table 1). Table 2 represents FIM's mean and standard
deviation between the groups at different time points.
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Table 1  Socio demography data.

Variables Experimental Group (n=15) Control  Group (n=15)

Age

    Mean±SD 46.42±9.88 44.81±11.25 T=0.065, p=0.437

Gender

      Male 73.3% 91% X2=1.262, p=0.261

      Female 26.7% 9%

Year of education

       Mean±SD 13.33±4.065 12.55±3.04 T=0.508,  p=0.616

Affection side

        Left. side 80% 55% X2=1.930, p=0.165

        Right. Side 20% 45%

Subtype stroke

        Hemorrhagic 27% 36% X2=0.280, p=0.597

        Ischemic 73% 64%

Stroke duration (month)

       Mean±SD 13.30±15.33 12.74±14.81 T=0.863, p=0.397

Type of stroke

        Acute 73% 73% X2=0.140, p=0.647

        Chronic 27% 27%

Dominance hand

        Rt. handed 100% 91% X2=.053, p=0.819

        Lt. handed 0% 9%

Table 2  Descriptive statistics with mean and SD for experimental 
and control group at three time points for FIM.

Variable Mean SD

FIM 1 Experimental group 100.27 24.417

Control  group 75.91 31.316

FIM 2 Experimental group 120.73 7.43

Control  group 100.64 20.68

FIM 3 Experimental group 124.40 2.613

Control  group 100.18 30.717

 From the repeated measures ANOVA for the FIM at 
3-point time Sphericity assumption is violated (p<0.001). 
Since the sphericity assumption was violated “Greenhouse 
-Geisser" correction method was referred to as interpretation 
(Table 3).
 As our data violated the assumption of sphericity, 
we look at the values in the "Greenhouse-Geisser" row. 
We can report that When only considering time as an 
independent variable, there is a significant difference between 
the scores of FIM of groups over three-time points with 
(F 1.160, 27.848)=21.449, p<0.0001).

Table 3  Mauchly's test of sphericity. Measure: FIM at different time points.

Within Subjects 
Effect

Mauchly's W
Approx. 

Chi-Square
df Sig.

Epsilon

Greenhouse-Geisser Huynh-Feldt Lower-bound

FIM 0.276 29.581 2 0.000* 0.580 0.617 0.500
*Significant (p<0.001).

 Similarly, considering only one group, there is  
(F (1,24)=9.422, p<0.005) of two groups over six months 
of the period. When considered time and group interaction then 
there is no significant difference (F (1.160, 27.848)=0.172, 
p=0.719). From the result, we conclude that the changes 

in score from one-time point to another time point (baseline 
to post-intervention to follow up) between the groups. 
Similarly, the change or difference between groups averaged 
over each time point. But the difference between the 
group is not improved at different time points (Table 4 and 5). 
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Table 4  Tests of within-subjects effects. Measure: FIM at different time points.

Type III Sum of 
Squares

df
Mean 

Square
F Sig.

Partial Eta 
Squared

Sphericity Assumed 9299.139 2 4649.569 21.449 0.000* 0.472

FIM Greenhouse-Geisser 9299.139 1.160 8014.263 21.449 0.000* 0.472

Huynh-Feldt 9299.139 1.233 7539.981 21.449 0.000* 0.472

Lower-bound 9299.139 1.000 9299.139 21.449 0.000* 0.472

Sphericity Assumed 74.370 2 37.185 0.172 0.843 0.007

FIM * group Greenhouse-Geisser 74.370 1.160 64.094 0.172 0.719 0.007

Huynh-Feldt 74.370 1.233 60.301 0.172 0.734 0.007

Lower-bound 74.370 1.000 74.370 0.172 0.682 0.007

Sphericity Assumed 10405.297 48 216.777

Error (FIM) Greenhouse-Geisser 10405.297 27.848 373.649

Huynh-Feldt 10405.297 29.599 351.537

Lower-bound 10405.297 24.000 433.554
* Significant (p<0.0001).

Table 5  Tests of between-subject effects.

Source df F Sig.

Intercept 1 773.273 0.000

Group 1 9.422   0.005*

Error 24
* Significant (p<0.0001).

 Post hoc analysis with a Bonferroni adjustment 
revealed that FIM was statistically significantly increased 
from FIM 1 to FIM 2 (MD -22.597 (95% CI, -34.511 to 
-10.683), p<0.001) and FIM 1 to FIM 3 (MD -24.203 (95% CI, 
-37.554 to -10.853), p<0.001) but not from FIM 2 to FIM 3 
(MD -1.606 (95% CI, -5.988 to 2.776), p>0.001 (Table 6).

Table 6  Pairwise comparisons. Measure: theme.

(I) FIM (J) FIM Mean Difference (I-J) SE Sig.b 95% Confidence Interval for Difference

Lower Bound Upper Bound

1 2 -22.597* 4.629 0.000* -34.511 -10.683

3 -24.203* 5.187 0.000* -37.554 -10.853

2 1 22.597* 4.629 0.000* 10.683 34.511

3 -1.606 1.703 1.000 -5.988 2.776

3 1 24.203* 5.187 0.000 10.853 37.554

2 1.606 1.703 1.000 -2.776 5.988
* Significant (p<0.0001).

 
behaviour, planning, self-monitoring, and problem-solving 
skill of the participants. The goal-directed behaviour also 
creates interest, motivation, and control over participants' 
emotions. It improves the active participation and determination 
of the participants.10,11,15 Hence, they do repeated practice in 
different environments in a different context, which improves 
experience dependant neuronal plasticity in the brain network, 
shaping the subsequent recovery trajectories.36,37 It establishes 
patterns of behaviour or habits of the individual.38 As a result, 
there is a more remarkable improvement in functional 
independence leading to a reduction in disability in the MCST 
treatment approach compared to conventional therapy. 
There is no significant improvement from post-intervention 
(3 month) to the follow-up (6 month) between the groups. 
However, the mean score of the MCST group is improved 

Discussion

  From  the  pilot  study,  we  investigated  the  effect  of
MCST intervention on improving the functional independence
of post-stroke survivors. We found there is a better improvement
of functional independence in activities of daily living in the
participants of MCST as compared to the participants of the
conventional group after the completion of therapy. Also,
after six months from baseline, that is, after the 3 moths
follow-up period, this improvement is better in the MCST group
than  in  a  conventional  therapy  group.  These  findings  are
consonant with the previous study's findings.10,11,15,33  These
improvements may be because, in MCST, we used the global
cognitive strategy with dynamic performance analysis, and
the therapist acts as a moderator, not a direct trainer like
in conventional therapy.14,24,28  MCST improves goal-directed
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where as in the conventional therapy group there is no such
change in improvement in scores. This fact might pronounce
there is steady improvement in the MCST intervention. This
improvement may be because, the MCST intervention helps
in generalization of learning and makes the participants
confident  15,33  In our study the MCST group has more female
participants than the conventional therapy which slowed
down the rate of recovery of the MCST group.39,40  Hence
caused the statistical insignificance between 3 months
& 6 months.

Limitation
  The study is a pilot study with a Small sample size.
Therefore, a large sample size is recommended to generalize
the inference. The conventional therapy given to the control
group was not standardized for the intervention based on
impairment and components decided by the therapist. A
standardize conventional intervention protocol may be
used in future studies for better comparison of Experimental
MCST intervention. This study had a relatively short follow-up
period, three months after the post-intervention assessment
and an average of 7 months following the baseline assessment.
Hence a larger follow-up period, at least minimum of 1 year
is recommended to infer a better retention effect of the MCST
intervention.

Conclusion

  MCST has greater efficacy in improving independence
and reducing disability of post-stroke survivors than standard
conventional therapy. So it can be applied as an intervention
technique in the field of neurorehabilitation of post-stroke
survivors for its long-term effect & better outcome. Many
valuable lessons are learned while conducting this early
phase of the clinical trial, which may be useful in designing
the future confirmatory trials.
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Background: Acute promyelocytic leukaemia (APL) usually presents with disseminated 
intravascular coagulation or hyper-fibrinogenolysis followed by bleeding manifestation. 
But thrombosis as a presenting manifestation is less often reported in APL.

Objectives: We describe an uncommon case of chronic deep venous thrombosis 
(DVT) of lower limb with unsuspected APL.

Results: A 27 year old male presented with DVT and was treated with enoxaparin 
and later Dabigatran for 2 months without any improvement. A routine haematological 
assessment showed Leucopenia with few circulating abnormal promyelocytes. The 
bone marrow assessment with flow cytometry and molecular studies established 
the diagnosis of APL. Patient was never having any bleeding manifestation despite on 
anticoagulation too. A thrombophilia work up revealed presence of hyper-homo-
cysteinemia and mild lupus anticoagulant in addition to APL as a prothrombotic 
event.

Conclusion: DVT with leukopenia warrants further investigation to rule out Acute 
Promyelocytic Leukaemia. It includes a thorough peripheral smear examination to 
look for few circulating abnormal promyelocytes, bone marrow studies and molecular 
/cytogenetics analysis. 
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 Acute promyelocytic leukaemia (APL) is one of the 
subtypes of acute myeloid leukaemia (AML) with high cure 
rate as well as high mortality. It commonly presents with 
bleeding manifestation and disseminated intravascular 
coagulation (DIC) which is responsible for early death. 
Comparatively thrombosis is not a very common manifestation 
and most commonly presents during recovery phase from 
chemotherapy. But, thrombosis especially chronic deep  

ABSTRACT

Introduction venous thrombosis (DVT) as an initial manifestation is still
rare with few case reports in literature.1  We report such a
rare case of unprovoked chronic DVT in a young adult with
APL.  Additional  prothrombotic  risk  factors  like  hyper-ho-
mocysteinemia and transient mild positive lupus anticoagulant
were identified.

Case report

  A 27 year old male evaluated outside for the complaint
of sudden onset unprovoked pain and swelling of right calf
for the past 10 days.Professionally being an academician
he had relatively sedentary lifestyle with long hours of
computer work. He was born of non-consanguineous marriage
with no significant family history of thrombophilic risk
factors. He was taking many ayurvedic medications. The
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physical examination revealed swelling and tenderness of 
right calf. No hepatosplenomegaly or lymphadenopathy 
noted. The systemic examinations were within normal 
limits.The right lower limb venous system Doppler showed 
hypoechoic thrombus filling the lumen of vein extending 
from mid superficial femoral vein till distal posterior tibial 
vein distally extending through sapheno-popliteal junction 
in the small saphenous vein suggestive of DVT. The chest 
X-ray and abdominal ultrasound didn’t elicit any abnormality. 
He was started on injection low molecular weight heparin 
(LMWH) enoxaparin 60 mg twice a day for 2 days followed 
by Dabigatran 150 mg twice a day for 2 months. But the 
DVT didn’t resolve clinically with persistent leg swelling. 
 He was referred for haematology consultation after 
2 months for non-resolving DVT despite on anticoagulants. 
He was haemodynamically stable with unremarkable physical 
examination. The laboratory investigations revealed following 
findings. The complete blood count revealed leukopenia 
with Hb 11.6 gm/dL, WBC count 1.62x103/μL, platelet 
count 106x103/μL, RBC count 3.5x106/μl, PCV 32.2%, 
MCV 92 fL, MCH 33.1 pg, MCHC 36 gm/dL, RDW-SD 47.7 
fL, RDW-CV 14.6%, reticulocyte count 0.92%. The peripheral 
smear showed normocytic normochromic blood picture 
with macrocytes, tear drop cells and few fragmented RBC. 
We reviewed the whole slide in search of abnormal cells. 
Interestingly it also elicited 3 % abnormal promyelocytes 
with occasional faggots (Figure 1A). The liver function tests 
were normal with total bilirubin 0.37 mg/dL, bilirubin (direct) 

0.12 mg/dL, alkaline phosphatase 117.0 IU/L, SGOT 17.50 IU/L, 
SGPT 16.30 IU/L, total protein 8.45 gm/dL, albumin 4.95 gm/dL. 
The vitamin B12 levels were >2000 pg/mL. The renal function 
tests were also within normal limits with creatinine 1.19 mg/dL, 
urea 15 mg/dL. The uric acid levels were 5.30 mg/dL with 
no evidence of hyperuricemia. The screening for hepatitis B, 
hepatitis C and HIV were negative. 
 In view of leukopenia with few circulating abnormal 
promyelocytes, a possibility of acute promyelocytic leukaemia 
was considered with review of clinical history and physical 
examination for any specific bleeding manifestation. Still we 
couldn’t elicit any features of active or past bleeding since 
presentation. A bone marrow aspiration was done which 
showed 66% abnormal promyelocytes with hyper-granular 
cytoplasm and faggots and strong myeloperoxidase stain 
positivity (Figure 1B and 1C). A flow cytometry assessment 
was performed. The gated population showed moderate 
CD45 positivity with intermediate side scatter (SSC) and 
were positive for cytoplasmic MPO, CD117, CD13, CD33, 
CD38 (subset 52%), CD58 while were negative for CD34, 
nuclear TdT, HLA DR, CD19, CD79a, membrane CD3, 
cytoplasmic CD3, CD7, CD64, CD11c, CD14, CD56, CD36, CD4,  
CD2, CD16, CD15, CD10 (Figure 2). A conventional cytogenetics 
showed t(15;17)(q22;12) and reverse transcriptase showed 
PML-RARA positivity with bcr1 transcript (Figure 1D). 
A diagnosis of acute promyelocytic leukaemia with PML-RARA 
was rendered.

Figure 1.  Peripheral smear Shows a promyelocyte with faggot (Leishman Giemsa stain, oil immersion field 1000X)(A), Bone marrow aspiration smear 
shows abnormal promyelocytes with faggots (Leishman Giemsa stain, oil immersion field 1000X) (B). Promyelocytes are strong myeloperoxidase 
positive (MPO stain, oil immersion field 1000X) (C). RT PCR showing t(15;17) PML-RARA bcr-1 transcript (D).
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Figure 2Flow cytometry assessment on BD FACSCanto II 3 Laser 8 color flow cytometry and 
analyzed by FACSDiva 2.1 software shows the promyelocyte  / blasts gate on moderate CD45 
with intermediate side scatter (SSC) population which is positive for cytoplasmic MPO, CD117, 
CD13, CD33, CD58, CD64 (dim) while negative for CD34,nuclear TdT, HLA DR, CD19, CD79a, 
membrane CD3, cytoplasmic CD3, CD7, CD64, CD11c, CD14, CD56, CD36, CD4, CD2, CD16, CD15, 
CD10, CD38. 

 
 

Figure 2.   Flow cytometry assessment on BD FACSCanto II 3 Laser 8 color flow cytometry and analyzed by FACSDiva 2.1 software shows the promyelocyte/
blasts gate on moderate CD45 with intermediate side scatter (SSC) population which is positive for cytoplasmic MPO, CD117, CD13, CD33, CD58, 
CD64 (dim) while negative for CD34, nuclear TdT, HLA DR, CD19, CD79a, membrane CD3, cytoplasmic CD3, CD7, CD64, CD11c, CD14, CD56, CD36, 
CD4, CD2 CD16, CD15, CD10, CD38.
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  We further evaluated for prothrombotic or bleeding
risk factors. The prothrombin time (PT) 12.2 seconds (Reference
interval 9.4-11.4 sec), activated partial thromboplastin time
(aPTT) 32.2 sec (RI 21.4-29.0 sec), thrombin time 23.9 sec
(RI 14-21 s), Fibrinogen 246.8 mg/dL (200-400 mg/dL).
D-dimer was elevated with 2.53 μg/L fibrinogen equivalent
unit (FEU) (Reference cut off <0.5 μg/L FEU) which was
indicative of ongoing thrombosis. The assessment for inherited
thrombophilic risk factors showed mild hyperhomocys
teinemia with Homocysteine levels 20.76 μmol/L (RI 5.46-
16.20) with normal levels of protein C 65%, free protein S
77%, factor VIII 154%). Thesickling test was negative. The
assessment for acquired thrombophilia showed mild positivity
for lupus anticoagulant with a Dilute Russell's Viper Venom
Time (DRVVT) screen by confirm ratio of 1.31 (RI<1.2).
  Patient was started on chemotherapy with all-trans
retinoic acid (ATRA) 45 mg/m2  plus Arsenic trioxide (ATO)
0.15 mg/kg IV for 5 days a week in induction phase followed
by consolidation with some modifications and injection
dexamethasone 10 mg/m2  12 hourly for prevention of
differentiation syndrome until end of induction therapy. He
didn’t develop differentiation syndrome during the therapy.
He achieved post induction morphological remission. DVT
resolved completely. He is doing well with 2 years of follow
up without any relapse of APL or recurrence of DVT.

Discussion

  The acute promyelocytic leukaemia (APL) is classically
known for bleeding issues, especially due to disseminated
intravascular coagulation (DIC) or secondary hyperfibrinolysis.
Paradoxically thrombotic events complicating APL is a rarely
reported events. In one of the series,  M Breccia  et al  have
reported an incidence of 8.87% (n=11) of major thrombotic
events in 124 APL cases.2  One of the largest series of 94
cases of APL with thrombosis was reviewed by Rashidi  et al.
They found that 40.4 % (n=38) developed thrombosis before
initiation of therapy, 43.6% (n=41) during induction therapy.3

The common thrombotic events include DVT or pulmonary
embolism (PE), myocardial infarction (MI), and stroke. Cerebral
venous sinus thrombosis, hepatic vein thrombosis, acute
limb ischemia, splenic infarction, portal vein thrombosis,
renal artery thrombosis or more than one thrombotic events
though rare but have also been reported in literature.3-8

But a thorough literature survey didn’t show any evidence
of chronic DVT as a presenting manifestation of APL.
  The ATRA therapy was also associated with an increased
risk of thrombosis as high as 16%. It has been postulated
that ATRA causes an imbalance between procoagulant and
fibrinolytic forces which possibly induces a prothrombotic
state. ATRA causes upregulation of cytokines production
leading to persistent mild increased coagulation activation
markers. Although in literature, there are several case reports of
thrombosis and APL but the number of cases with thrombosis
especially chronic DVT as presenting manifestation of APL
are a few.
  The risk factors for developing thrombosis in APL
included a higher leukocyte count, immunophenotypic
expression of CD2&CD15, prevalence of the bcr3 transcript
type, and expression of FLT3-ITD. The order of frequency of

 

        
        

 

sites is deep vein thrombosis, sub-endocardiac ischemia,
and intraventricular thrombosis. A low fibrinogen <170 mg/dL;
anaemia (haemoglobin>10 gm/dL), M3 variant subtype
are the other risk factors of thrombosis. But contrary to it,
our case showed Sanz low risk with low WBC count, normal
platelet count, negative for CD2 and CD15 and PML-RARA
bcr1 transcript.
  In order to analyse the non-leukemic prothrombotic
risk factors, we found hyperhomocysteinemia and mild
positive lupus anticoagulant in our case. There are few
reports of acute myeloid leukemia especially APL with
hyperhomocysteinemia causing thrombosis.It has been
observed in a murine model of APL that Methionine-induced
hyperhomocysteinemia could revert the fibrinolytic pathway
activation.9  Hence we feel that hyperhomocystenemia in
our case might be the cause of thrombosis and non-development
of bleeding due to DIC or hyperfibrinolysis and remained
undiagnosed for 2 months. But the cause of hyperhomosys-
teinemia can be hereditary or due to disturbed metabolism
of homocystein as seen in cancer as we couldn’t do any
molecular studies.10  Similarly few case reports have been
described about AML with coexisting antiphopholipid
syndrome but specifically APML with lupus anticoagulant
are scarce.11-13

  Our case is rare in many aspects and provides major
input regarding approach to cases with unprovoked DVT and
leukopenia. It shows that an unprovoked DVT may mask and
delay the diagnosis of APL especially low risk groups. The
peripheral smear with unexplained leukopenia requires
a thorough evaluation of the whole slide which may be
lifesaving in a scenario of APL which is otherwise highly fatal.
In addition all cases of thrombosis in APL should be searched
for other additional inherited or acquired prothrombotic risk
factors. Possibly we are describing the first case of chronic
DVT as the presenting manifestation of APL with additional
leukaemia associated hyperhomocysteinemia and mild lupus
anticoagulant.
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Background: Mycobacterium tuberculosis is the most common causative agent of tuberculosis. 
It releases secretory proteins, especially the Ag85 complex, from actively growing mycobacteria, 
which can be detected in mycobacterial liquid culture. Ag85B is the most abundant in the 
Ag85 complex and is an interesting target for the detection of tuberculosis. In addition, 
measuring Ag85 level is beneficial for comparing growing and non-growing mycobacteria in 
liquid culture.

Objectives: To detect Ag85B protein from active growing M. tuberculosis in liquid culture 
for the diagnosis of tuberculosis and compare the level of Ag85B between growing and 
non-growing mycobacteria.

Materials and methods: A sandwich ELISA assay using anti-Ag85B monoclonal antibody 
was performed to detect Ag85B protein. Drug-susceptible mycobacteria, M. tuberculosis 
H37Ra and M. tuberculosis H37Rv, as well as 12 other M. tuberculosis complex strains 
isolated from clinical specimens were cultured in liquid media. In addition, mycobacterial 
culture was separated into two conditions: untreated and treated with streptomycin. Then 
the liquid media were collected, filtered for sterility, and used for the detection of Ag85B. 
The levels of Ag85B between treated and untreated conditions were analyzed.

Results: In untreated mycobacterial culture, Ag85B protein was detected and continuously 
increased each day. However, Ag85B in treated mycobacterial culture increased slightly in the 
early days and then stabilized. These results demonstrate that the growth of mycobacteria 
was inhibited after culturing with streptomycin. Thus, the increase of Ag85B was not observed 
because this protein cannot be secreted by dead mycobacteria. On the other hand, living 
mycobacteria can secrete the Ag85B protein continuously. Moreover, Ag85B accumulated 
and increased with each passing day.

Conclusion: M. tuberculosis can produce and release Ag85B protein. In this study, detection of 
Ag85B in liquid culture by a sandwich ELISA assay was used to identify M. tuberculosis. When 
M. tuberculosis was suppressed or killed by anti-TB medications, it stopped growing and the 
increase in Ag85B proteins disappeared. As a result, the levels of Ag85B could be used to 
detect living mycobacteria. Furthermore, this knowledge can be further applied to monitor 
mycobacterial growth affected by testing mycobacteria with anti-TB drugs. 
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 Tuberculosis (TB), which is caused by Mycobacterium 
tuberculosis complex (MTBC),1 is still one of the top 10 causes of 
death in the world,2 in part because TB is a disease that is 
transmitted through the respiratory system. However, TB is 
curable and preventable. In addition, multi-drug resistant 
TB (MDR-TB) is a major public health concern. Moreover, 
there is a delay in treatment or a lack of access to therapy, 
resulting in community spread. To be properly treated, patients 
with TB require rapid, accurate and consistent antibiotic 
medication.3 However, there are numerous limitations 
to the diagnostic techniques and drug susceptibility tests 
generally available for diagnosing latent or active TB and 
monitoring therapy response. These limitations have a 
considerable impact on the transmission of tuberculosis. 
To overcome these issues, a new technique for detection is 
necessary. Currently, the standard method for mycobacterial 
drug susceptibility testing is based on mycobacterial culture 
on solid media, which takes approximately 4 to 6 weeks 
to provide results.4 For rapid detection, a molecular assay 
and a liquid culture method were developed. However, a 
mismatch between phenotypic and molecular methods 
for drug susceptibility testing of drug-resistant tuberculosis 
was reported by Ahmad and colleagues in 2006.5 
 The antigen 85 (Ag85) complex, which consists of three 
related proteins, Ag85A (32 kDa), Ag85B (30 kDa), and Ag85C 
(32.5 kDa), was secreted by mycobacteria.6, 7 Living mycobacteria 
secrete Ag85 proteins continuously throughout culture in 
broth media. Among the Ag85 complex, Ag85B is the most 
abundant protein produced by MTBC when grown in broth 
culture and discovered on the surface of the mycobacterial 
cell.6,7 Furthermore, Ag85B detection has been employed 
as a rapid TB diagnosis method.7 However, Ag85 could be found 
in both M. tuberculosis and non-tuberculosis mycobacteria 
(NTM) liquid culture.8 Bacterial protein secretion (Ag85B) in 
target organ is dynamic and regulated, and quantification 
of secreted bacterial proteins can contribute to the under-
standing of pathogenesis and immunity in tuberculosis and 
other infections.9

 Therefore, Ag85B proteins might be an interesting 
target for identifying or monitoring the active growth of 
mycobacteria. In this study, we propose to detect Ag85B 
from the active growth of mycobacteria in liquid culture, and 
to evaluate Ag85B levels from mycobacterial liquid culture, 
treated and untreated with streptomycin (SM).

 

Preparation of mycobacterial and bacteria culture filtrate 
from liquid culture
 Each mycobacterial suspension was prepared. The 
concentration of cells in the mycobacterial culture was 
adjusted to 106 CFU/mL based on turbidity using McFarland 
Standard No. 1. Streptomycin, an anti-TB drug, was used to 
treat each mycobacterial species at the standard drug 
susceptibility levels (2.0 µg/mL) in Middlebrook 7H9 
supplemented with OADC. Then the liquid media were 
collected from each mycobacterial culture on days 0, 1, 
3, 6, 9, 12, and 15. In addition, Staphylococcus aureus or  
Escherichia coli culture filtrate were also prepared. Individual 
bacterial culture in log phase in trypticase soy broth 
(0.5 McFarland, ~1.5 × 108 CFU/mL) were diluted 1:100 in 
Middlebrook 7H9 tubes. After that liquid media were  
collected from each bacterial culture on the same day as 
collect liquid media from M. tuberculosis culture. These  
bacteria were used as the controls for Ag85B detection. 
The collected liquid medium of M. tuberculosis, S. aureus 
and E. coli were transferred to a sterile microtube after being 
filtered through membranes with a pore size of 0.2 µm. 
One hundred microliters of M. tuberculosis culture filtrate 
were placed into 1% Ogawa medium and cultivated at 37°C 
for 6 weeks to check for sterility. The remaining filtered 
solution was stored at -20°C. If no mycobacteria grew on 
the medium after 6 weeks, the culture filtrate was tested 
for Ag85B by sandwich ELISA.

Sandwich ELISA for detection of Ag85B protein
 This study performed sandwich ELISA assay for Ag85B 
detection using the protocol suggested by Phunpae and 
colleagues in 2014.7 Briefly, the anti-Ag85B monoclonal 
antibody clone AM85B-8, kindly provided by Prof. Dr. Watchara 
Kasinrerk, Biomedical Technology Research Center, Department 
of Medical Technology, Faculty of Associated Medical Sciences, 
Chiang Mai University, was employed to establish an ELISA 
for detecting Ag85B. ELISA wells were coated with 50 μL 
(40 μg/mL) of anti-Ag85B mAb clone AM85B-8 as captured 
antibody. The wells were blocked with 2% skimmed milk 
in PBS pH 7.2, at 37°C for 1 hr. The culture filtrate samples were 
added into the antibody coated wells. The plate was subsequently 
incubated at 37°C for 1 hr and washed 3 times. Fifty microliters 
of rabbit anti-Ag85B polyclonal antibody at a concentration 
of 20 μg/mL was added and incubated at 37°C for 1 hr. 
The antigen-antibody complexes were detected by adding 
HRP-conjugated swine anti-rabbit immunoglobulin antibodies, 
which were purchased from Dako (Glostrup, Denmark), and 
the color was developed using TMB substrate (Invitrogen). 
The reaction was stopped by adding 1 N HCl and the absorbance 
was measured at 450 nm.  The sandwich ELISA assay was 
usually tested each sample in triplicate on a particular day.

Detection of mycobacteria by fluorescent staining
 Microscopic slides were prepared. Thirty microliters 
of M. tuberculosis cultures each day (on days 0, 1, 3, 6, 9, 
12, and 15) were transferred to a glass slide and spread 
to a diameter of 1 cm. The slides were air dried and then 
heat fixed over the flame. The samples were stained with 
Auramine O stain. Auramine O was added to the slide and 
incubated at room temperature for 15 min. After rinsing 

Introduction

Materials and methods

Mycobacterial strain
  This study was performed with mycobacteria, including
M. tuberculosis  H37Ra,  M. tuberculosis  H37Rv, and  M. tuberculosis,
isolated  from  12  clinical  specimens.  These  mycobacteria
were obtained from the Tuberculosis Laboratory, Office of
Disease Prevention and Control Region 1, Chiang Mai, and
the Division of Clinical Microbiology Laboratory, Department of
Medical Technology, Faculty of Associated Medical Sciences,
Chiang Mai University. All mycobacteria were cultured in
Ogawa media for 3 to 6 weeks before use. In addition, the
characteristics of drug-resistant mycobacteria were tested
using a standard agar proportion method.
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result showed that all samples, 100%, no bacterial contamination. 
Then samples were analyzed for the presence of Ag85B 
using a sandwich ELISA assay. In addition, the sensitivity of 
this sandwich ELISA assay for detecting Ag85B protein was 
8 ng/mL and the cutoff value indicating a positive result 
is 0.500.7 The results were performed by statistical t-test 
analysis with a 95% confidence interval. 
 The result showed that Ag85B could be detected from 
all studied M. tuberculosis. As a negative control, Ag85B 
was not detected from S. aureus, Gram-positive bacteria, 
and E. coli, Gram-negative bacteria, cultured in liquid media. 
Moreover, the amount of Ag85B secreted by M. tuberculosis 
in the liquid media was found to increase further each day 
as living mycobacteria could secrete the Ag85B protein 
continuously. Therefore, this study observed that longer 
M. tuberculosis cultivation was related to higher levels 
of Ag85B in liquid culture. When comparing the daily 
increase in Ag85B with day 0, Ag85B levels increased with 
a significant difference (p≤0.05) from day 3 onwards 
(Figure 1, Figure 2 and Table 1).

Figure 1.  Detection of Ag85B protein from M. tuberculosis H37Ra cultured in liquid media using sandwich ELISA method. S. aureus and E. coli were used 
as the negative controls for Ag85B detection. *: Statistically significant (p≤0.05, t-test).

Figure 2.  Detection of Ag85B protein from M. tuberculosis H37Rv cultured in liquid media using sandwich ELISA method. S. aureus and E. coli were used as 
the negative controls for Ag85B detection. *: Statistically significant (p≤0.05, t-test).

with water, the slide was decolorized with 0.5% acid-alcohol
for a maximum of 2 min and then washed with water. The
slide was then counterstained with potassium permanganate
for 2 min. The slide was again washed with water and air
dried. The slides were scanned using a fluorescence microscope at
400x magnification. Mycobacteria was graded by following
the European Union/WHO scale.10

Results

Detection of Antigen 85B in the  M. tuberculosis  culture
  As living  M. tuberculosis  can secrete Ag85B in liquid
media, the detection of Ag85B is an interesting target for TB
diagnosis. To study the release of Ag85B from  M. tuberculosis
in liquid culture, sandwich ELISA was performed for Ag85B
detection. Culture filtrates of  M. tuberculosis  H37Ra and
M. tuberculosis  H37Rv, drug-susceptible mycobacteria, were
collected on days 0, 1, 3, 6, 9, 12, and 15. All liquid culture
media were filtered through a standard syringe filter, pore
size 0.2 µm and then the culture supernatant were tested
for sterility by culture in Ogawa medium for 4-6 weeks. The
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Identification and monitoring of Antigen 85B in the 
mycobacterial culture treated with streptomycin
 M. tuberculosis H37Ra, M. tuberculosis H37Rv, and 
12 clinical isolates of M. tuberculosis were inoculated with 
SM in liquid media. All samples in this study were tested 
using standard methods to confirm M. tuberculosis. These 
mycobacteria were cultured in parallel with the untreated 
group without SM in liquid media to study the release of 
Ag85B when M. tuberculosis was treated with or without 
an antimicrobial drug. Culture filtrates were collected on 
days 0, 1, 3, 6, 9, 12, and 15. Then samples were analyzed 
for the presence of Ag85B using a sandwich ELISA assay. 
The results were obtained by statistical t-test analysis with 
a 95% confidence interval.
 Ag85B was detected in 12 clinical isolates of M. tuberculosis 
cultured in liquid media. Moreover, Ag85B was found to 
increase further each day, the same as the increase of Ag85B 
from M. tuberculosis H37Ra and M. tuberculosis H37Rv.
 The results of M. tuberculosis H37Ra, M. tuberculosis 
H37Rv and 10 clinical isolates of M. tuberculosis cultured 
in liquid culture containing SM showed that Ag85B levels 
were slightly increased on days 3-9 and then stable (Figure 3, 
Figure 4 and Table 1). In parallel, positive fluorescent 
AFB stains on days 0, 1, 3, 6, 9, 12, and 15 were quantified 

as 1+, 1+, 1+, 1+, 2+, 2+, and 2+ respectively. In addition, 
these 10 clinical isolated cultures were characterized as 
drug-susceptible mycobacteria by the standard proportion 
method. When these mycobacteria were cultured in liquid 
media containing SM, their growth was inhibited and unable 
to release Ag85B. As Ag85 cannot be secreted by dead myco-
bacteria, stable Ag85B accumulation in liquid culture was 
observed. There was no significant difference (p>0.05) in 
the Ag85B levels when comparing day 6 with days 9, 12, 
and 15.
 In contrast, an increase in Ag85B levels was observed 
in 2 of 12 clinical isolates in liquid culture containing SM. 
The pattern of increase in Ag85B was also similar in both 
aforementioned samples (SM-resistant mycobacteria No. 1 
and 2), as shown in Figure 5 and Table 1. In addition, these 
2 clinical specimens were characterized as SM-resistant 
M. tuberculosis by standard proportion method. Moreover, to 
determine the number of SM-resistant M. tuberculosis by 
fluorescent AFB staining without and with SM on days 0, 1, 
3, 6, 9, 12, and 15, specimens were graded as 1+/1+, 1+/1+, 
1+/2+, 2+/2+, 3+/3+, 3+/3+, and 3+/3+, respectively. This 
indicated that over more days of SM-resistant mycobacterial 
culture, the accumulation of Ag85B increased continually 
in liquid media. This also indicated that mycobacteria were 

Table 1  Detection of Ag85B protein from M. tuberculosis sample cultured in liquid media using sandwich ELISA method.

Sample 
No.

Mycobacterial
Samples

Treatment with 
Streptomycin

ELISA absorbance at 450 nm of M. tuberculosis culture filtrate (Mean±SD)

Day 1 Day 3 Day 6 Day 9 Day 12 Day 15

1 Drug-susceptible MTB with 0.843±0.03 0.835±0.03 0.931±0.02 0.937±0.03 0.979±0.01 1.035±0.04

without 0.848±0.02 1.063±0.03 1.577±0.01 1.942±0.04 2.007±0.01 2.378±0.03

2 Drug-susceptible MTB with 0.379±0.04 0.439±0.01 0.539±0.04 0.541±0.02 0.534±0.01 0.673±0.04

without 0.513±0.02 0.786±0.03 1.436±0.02 1.866±0.04 1.91±0.01 2.055±0.04

3 Drug-susceptible MTB with 0.612±0.02 0.608±0.01 0.679±0.04 0.698±0.01 0.739±0.02 0.849±0.04

without 0.606±0.04 0.805±0.03 1.451±0.03 2.247±0.03 2.357±0.04 2.409±0.03

4 Drug-susceptible MTB with 0.385±0.04 0.471±0.01 0.508±0.01 0.512±0.04 0.544±0.04 0.577±0.01

without 0.606±0.03 0.683±0.04 1.491±0.04 1.959±0.04 1.987±0.03 2.007±0.04

5 Drug-susceptible MTB with 0.419±0.02 0.562±0.03 0.591±0.02 0.612±0.01 0.652±0.01 0.713±0.02

without 0.463±0.01 0.703±0.02 1.436±0.02 1.927±0.02 1.951±0.02 2.355±0.01

6 Drug-susceptible MTB with 0.535±0.02 0.608±0.02 0.641±0.03 0.647±0.02 0.58±0.03 0.779±0.03

without 0.531±0.02 0.869±0.03 1.156±0.03 1.347±0.02 1.459±0.02 1.593±0.02

7 Drug-susceptible MTB with 0.551±0.04 0.585±0.01 0.643±0.04 0.633±0.02 0.618±0.04 0.772±0.02

without 0.511±0.02 0.577±0.03 0.752±0.04 1.905±0.02 2.43±0.04 2.841±0.01

8 Drug-susceptible MTB with 0.559±0.04 0.585±0.01 0.666±0.01 0.701±0.04 0.824±0.04 0.842±0.03

without 0.552±0.03 0.831±0.04 1.358±0.01 2.066±0.04 2.343±0.01 2.829±0.04

9 Drug-susceptible MTB with 0.566±0.04 0.765±0.04 0.783±0.03 0.812±0.03 0.845±0.04 0.943±0.01

without 0.511±0.04 0.761±0.01 0.822±0.01 1.257±0.04 1.786±0.03 1.997±0.02

10 Drug-susceptible MTB with 0.894±0.04 0.946±0.04 0.964±0.04 1.059±0.02 1.155±0.04 1.158±0.04

without 0.637±0.04 1.204±0.03 1.747±0.03 2.425±0.04 2.418±0.01 2.791±0.04

11 Streptomycin-resistant 
MTB

with 0.721±0.01 0.851±0.02 1.265±0.04 1.552±0.02 1.716±0.04 2.274±0.03

without 0.778±0.03 0.799±0.04 1.173±0.03 1.377±0.04 1.768±0.01 2.353±0.04

12 Streptomycin-resistant 
MTB

with 0.826±0.01 1.027±0.02 1.328±0.04 1.485±0.01 1.921±0.04 2.121±0.02

without 0.812±0.03 1.023±0.04 1.169±0.01 1.397±0.02 1.723±0.02 2.203±0.04

The sandwich ELISA assay was tested each sample in triplicate on a particular day.
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still living and growing in liquid culture treated with SM. 
However, in 10 of 12 clinical isolates, drug-susceptible 
mycobacteria, M. tuberculosis H37Ra and M. tuberculosis 
H37Rv cultured with SM showed similar results in Ag85B 
levels. The Ag85B showed a slight increase and then stabilized, 

as shown in Figure 6. In parallel, the fluorescent AFB staining 
of mycobacteria culture without and with SM on days 0, 1, 
3, 6, 9, 12, and 15 were graded as 1+/scanty, 1+/1+, 2+/1+, 
3+/1+, 3+/1+, 3+/1+, and 3+/1+, respectively.

 

 

 

 
Figure 3. Detection of Ag85B protein from M. tuberculosis H37Ra cultured in liquid media containing 

streptomycin using sandwich ELISA method  
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Figure 3. Detection of Ag85B protein from M. tuberculosis H37Ra cultured in liquid media containing streptomycin using sandwich ELISA method.

 

 

 

 
Figure 4. Detection of Ag85B protein from M. tuberculosis H37Rv cultured in liquid media containing 

streptomycin using sandwich ELISA method  
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Figure 4. Detection of Ag85B protein from M. tuberculosis H37Rv cultured in liquid media containing streptomycin using sandwich ELISA method.
 

 

 
Figure 5. The Ag85B protein detection from streptomycin-resistant M. tuberculosis (Sample No. 11)  
compares between culturing in liquid media with and without streptomycin using sandwich ELISA 

method.  

Figure 5.  The Ag85B protein detection from streptomycin-resistant M. tuberculosis (Sample No. 11)  compares between culturing in liquid media with and 
without streptomycin using sandwich ELISA method.
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Figure 6. The Ag85B protein detection from drug-susceptible mycobacteria (Sample No. 5) 

compares between culturing in liquid media with and without streptomycin using sandwich ELISA 
method 

*:  Statistically significant (p ≤ 0.05, t-test)  

Figure 6.  Ag85B protein detection from drug-susceptible mycobacteria (Sample No. 5) compares between culturing in liquid media with and without streptomycin 
using sandwich ELISA method. *: Statistically significant (p≤0.05, t-test).

Detection of mycobacteria by fluorescent staining
 To define the number of M. tuberculosis according 
to the European Union/WHO scale, M. tuberculosis were 
inoculated in liquid culture with or without antimicrobial 
drug on days 0, 1, 3, 6, 9, 12, and 15. Fluorescent staining 
was performed to observe the number of mycobacteria 
on each day. In case of mycobacteria culture without SM, 
the number of mycobacteria increased and cord formation 
was also observed on smeared slide. Formation of cord 

factor occurred and grew to a large size over additional 
days in mycobacterial liquid culture in the same manner 
as using M. tuberculosis H37Rv as a model (Figure 7-A). 
Furthermore, 2 SM-resistant mycobacteria cultured with SM 
showed a similar number and cord formation to M. tuberculosis 
H37Rv in untreated condition. On the other hand, 10 isolates 
of drug-susceptible mycobacteria and M. tuberculosis H37Rv 
were cultured with SM, showing a small number of mycobacteria 
and no cord formation in liquid media, as shown in Figure 7-B.

 

 

 
Figure 7. Fluorescent acid fast stain of M. tuberculosis H37Rv in untreated liquid culture (A)  

and treated liquid culture with streptomycin (B), at 400x magnification 
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mycobacterial liquid culture. SM is an aminoglycoside 
antibiotic derived from Streptomyces griseus. This drug is a 
common broad spectrum antibiotic used for TB infections 
and for susceptible Gram-negative infections.18

 Ag85B levels were compared among 12 clinical isolates 
of M. tuberculosis in mycobacterial culture with and without 
SM. In this study, mycobacteria have been identified to be 
M. tuberculosis by standard culture method. M. tuberculosis 
in this study can be divided into 2 groups. In the first group, 
consisting of 10 drug-susceptible mycobacteria, Ag85B was 
found to increase slightly on days 3-9 and then remained 
stable when treated with SM in liquid media. In contrast 
to the second group, which consisted of 2 SM-resistant 
mycobacteria treated with SM, the increase in Ag85B was 
the same as in mycobacterial cultures without SM. This 
result is related to the results of Ag85 protein levels. The 
increase in Ag85B was also found in mycobacterial cultures 
with SM. This indicates that mycobacteria cannot be 
suppressed by SM. Therefore, they can grow and continue 
to release Ag85B. However, in case of drug-susceptible 
mycobacteria, the slight increase in Ag85B levels in the first 
period followed by stabilization, some mycobacteria might 
grow during treatment and release Ag85B in the initial phase 
before being suppressed by SM. 
 The number of days required for M. tuberculosis culture 
in liquid medium for collecting the culture filtrate should 
be 3 and 9. Then they were tested with a sandwich ELISA to 
compare the increase in Ag85B. On the third day of Ag85B 
detection, the difference between the alive and the dead 
mycobacteria was the same as using the drug culture. In 
the case of alive mycobacteria, Ag85B levels will continue 
to increase on day 9, but with dead mycobacteria, Ag85B 
levels will remain stable or no difference is observed even 
after longer incubation.
 This study, microorganism identified as M. tuberculosis 
were used as samples for Ag85B detection. This protein was 
identified by establish sandwich ELISA using a monoclonal 
antibody that our researcher produces and develops. This 
is an alternative method to test for M. tuberculosis. However, 
further study should test this method with non-tuberculosis 
mycobacteria for obtaining additional information
 The ELISA assay of this study is useful for preliminary 
detection whether M. tuberculosis is alive because active 
growth will release more Ag85B in the liquid culture medium 
over time. Therefore, this is an advantage for monitoring 
alive mycobacteria as well. This research is especially useful 
in laboratories without an automated instrument for TB 
culture. The standard culture method requires a period of 
4-6 weeks for cultivation; therefore, this method would 
help reduce the time spent in laboratory. Moreover, it is 
particularly useful in laboratories that do not have special 
tools or molecular biology tools, for example, LPA or PCR 
techniques. In addition, the sandwich ELISA assay for the 
detection of Ag85B would provide the starting point for 
the development of new techniques and technologies in 
today's diagnostic tests. It also provides basic knowledge 
in applying other faster techniques such as the development 
of biosensor detection methods.

Discussion

  TB is the most infectious mortal disease in the world,
with an estimated 10 million new cases and 1.5 million
deaths per year.3,11  Therefore, TB patients need to receive
proper and consistent antibiotic treatment as soon as possible
in order to be adequately treated.3  At present, several methods
are performed for the diagnosis of TB, including AFB staining
and mycobacterial culture. However, there are some limitations;
for example, using microscopic examination for AFB staining
has low sensitivity.12  Mycobacterial culture is the gold standard
method for TB diagnosis, although it takes a long time to
complete, at about 4-6 weeks.4,13  Rapid mycobacterial culture
methods and molecular assays, which have a high specificity,
should play a key role in TB diagnosis.14  However, they are not
possible in all clinical settings. However, serology-based TB
tests have the potential to solve these issues. This is due
to the fact that they may be completed rapidly at a low cost,
especially in a low-resource clinical setting. Moreover,
numerous studies have investigated proteins as potential
candidates for TB immunodiagnostic tests. Antigen 85 complex
is also being studied as a potential antigen for diagnosing
or monitoring mycobacterial infection growth.
  The Ag85 complex is the largest amount of protein
secreted by actively replicating  M. tuberculosis. In addition,
Ag85  complex  has  2  forms,  soluble  form  and  solid  form,
which are found on the surface of mycobacterial cell
membranes.15  The Ag85 complex is a  Mycobacterium-specific
30-32 kDa family of three proteins (Ag85A, Ag85B, and Ag85C).
Moreover, Ag85B was found to be the most abundant protein
in liquid culture.16  Therefore, Ag85B is an interesting target
for diagnosis and monitoring of active TB.17

  In this study, we aimed to detect Ag85B protein from
the active growth of  M. tuberculosis  in liquid culture using
a sandwich ELISA assay that was developed by Phunpae
and colleagues in 2014. Anti-Ag85B mAb clone AM85B-8
was coated on the ELISA plate as capture antibody, and
anti-Ag85 pAb was used as a secondary antibody to detect
antigen-antibody  complexes  on  the  plate.  The  sensitivity
of this ELISA for detecting Ag85B was 8 ng/mL.7  Therefore,
we have a specific and sensitive tool to detect Ag85B in
M. tuberculosis  culture filtrate. The drug susceptible-mycobacteria
M. tuberculosis  H37Ra and  M. tuberculosis  H37Rv have the
ability to produce Ag85B since they are cultured in Middlebrook
7H9 broth. Consequently, Ag85B levels continuously increase
over a longer period of culture. This means that  M. tuberculosis
are still growing and replicating, so they can release Ag85B
and form cord factor.
  The culture supernatant was filtered through a standard
filter. The culture filtrate was sterile. Therefore, it is safe
and can be used for testing. However, the use of culture
filtrate that was filtered immediately when performing ELISA
assay should be performed in a laboratory setting and
operated with caution.
  Moreover, to monitor Ag85B levels from liquid
mycobacterial culture between untreated and treated
M. tuberculosis  culture, the number of  M. tuberculosis  and
cord formation was observed on smeared slide. Mycobacterial
cell and cord factor gradually formed in liquid culture as the
days passed. SM was chosen to be a drug for treatment in
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  In this study, we presented knowledge about the
different Ag85B levels between  M. tuberculosis  cultures
with and without SM. This knowledge might have some
advantages for further studies, including the study of the
different Ag85B levels between mycobacterial cultures with
and without anti-TB drugs and the development of new
techniques for mycobacterial drug susceptibility testing
by detecting Ag85B levels. This fundamental knowledge
would be used in the further development and application
of MTBC detection from clinical specimens, such as sputum or
other respiratory samples. The clinical specimens might be
pretreated with NaOH-NALC methods, and then cultured
in liquid culture medium to monitor the level of Ag85B for
tuberculosis detection. Therefore, in further study, it might
be tested from clinical specimens.

Conclusion

  M.  tuberculosis  can  produce  and  secrete  Ag85B
protein. The Ag85B detection by sandwich ELISA assay can
be used to identify  M. tuberculosis. In addition, the growth
of  M. tuberculosis  can be monitored by detecting an increase
in Ag85B in liquid culture. When  M. tuberculosis  is suppressed
or killed by anti-TB drugs, it stops growing and the increase
in Ag85B proteins disappears. Consequently, the levels of
Ag85B protein could be used to detect live mycobacteria
and monitor the growth of mycobacteria affected by testing
with anti-TB drugs.
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 It has been more than a year, and still, we are battling 
with a Severe Acute Respiratory Syndrome Corona Virus-2 
(SARS-COV-2). Initially, the interim guidelines by the World 
health organization (WHO) stated that infection ranges 
from asymptomatic to critical life-threatening pneumonia 
with the symptomatology of fever, cough and breathing 
difficulty.1 Further, researchers contributed about extra-pulmonary 
manifestations for disease expression and potential sources 
of viral transmission.2 The disease pattern never stopped 
surprising us with its atypical presentations like cerebral 
infarcts, rhabdomyolysis, acute coronary syndromes following 

 

 

ABSTRACT

Introduction full clinical recovery. As it is a novel disease with many faces,
which mandates vigilant monitoring and regular follow-up
by clinicians.2  These rare cases are to be earmarked with
patient-centric specific treatment strategies.
  We observed the following three cases during the
isolation period who tested positive for Reverse transcription
polymerase chain reaction (RT-PCR), COVID test and developed
increased severity of similar symptoms in the fourth week
from the onset of desease symptoms. The basic idea to put
present these cases is not only because of their atypical
presentations but also because of paucity in the literature.

Case scenarios

  Case 1: A 28-year-old male health care worker with
no comorbidities presented with prodromal symptoms of
fever, cough and tested positive for RT-PCR COVID test. The
chest radiograph had normal lung fields and started on
symptomatic treatment with favipiravir, levocetirizine, and
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developed tachypnea with a respiratory rate of 34/min 
and presented to casualty. On examination, he was hemo-
dynamically stable with room air saturation of 89%, and CT 
thorax revealed subpleural opacities with CTSI of 18/25. 
He fitted to the moderate category as of our institutional 
protocol and started injection Dexamethasone 6 mg OD. 
The patient stayed in the hospital (ICU, Ward) for 10 days 
and discharged on the 11th day. (Table 1 and 2).

 Case 3: A 22-year-old female, a known case of thalassemia, 
had come for routine blood transfusion. As a protocol for 
admission, COVID RT-PCR was done, and it turned out to 
be positive. The patient had a history of recurrent admission. 
The patient has admitted to the COVID ward. The patient 
was asymptomatic and fitted into a mild-grade disease 
category, received multivitamins and vitamin C, and was 
discharged home on day 14 after tested negative for RT-PCR.  
The patient developed severe dyspnea and come to a casualty 
with room air saturation of 86% on room air. She was admitted 
in Isolation ICU and CT severity index 20/25 14 days after 
discharge. The patient received Injection Ramdesivir 200 mg 
(Viral replication inhibitor, used for COVID- 19 Pnemonia) 
and Injection Dexamethasone 6 mg, iv for 10 days. She was 
discharged home after clinical improvement on the 14th day 
of readmission. (Table 1 and 2).

oral vitamin C. Patient was asymptomatic during the treatment 
period and discharged home on the 14th day after the RT-PCR 
negative report. The patient developed respiratory distress 
with a respiratory rate of 36/min, and saturation measured 
on pocket pulse-oximeter at home was 90% on room air 
on the 22nd day after discharge. The patient was admitted and 
started on oxygen therapy with a nasal cannula; High Resolution 
Computerized Tomography (HRCT) thorax done on the same 
day showed a CT severity Index (CTSI) of 20/25 and CORADS 5. 
On day 3 of admission patient had an increased requirement 
of oxygen and shifted on to venturi mask. He received 
Injection of Ramdesivir 200 mg 10 days regimen and injection 
dexamethasone 6 mg once a day. The patient was discharged 
after symptomatic improvement. The patient was being 
followed up periodically as a part of the institutional protocol. 
(Table 1 and 2)

 Case 2: A 50-year-old male health care worker, a known 
diabetic and hypertensive with 10 years of duration, has 
presented with fever and cough. Tested to be COVID positive 
by RT-PCR with normal baseline vitals and was in home 
isolation for 14 days and took standard care regimen for 
mild disease (favipiravir, vitamin c, levocetirizine) then the 
RT-PCR report was negative on day 14th of illness. Day 26th 
after the RT-PCR report was negative for the patient, he 

Table 1  Tabular representation of the case details .

Case 1 Case 2 Case 3

Age (years) 28 50 22

Symptoms on Day 1 Fever with cough Fever with cough Asymptomatic

Relapse of symptoms Shortness of breath with room air 
saturation 90%

Tachypnea with Room air satura-
tion of 89%

Dyspnea

CT severity Day 1 3/25 5/25 4/25

CT severity (readmission) Comorbidities 20/25 Obesity (BMI 28 kg/m2) 
(Quetelets Index)

18/25 Diabetes and hypertension
20/25 Thalassemia on frequent 
blood transfusions

Probable anticipated source of 
infection

Health care associated
Health care associated Health care associated

Treatment received on first admission Flavipiravir and levocitirazine Flavipiravir and levocitirazine and 
Vitamin C

Vitamin C
Levocetirizine

Treatment received after relapse of 
symptoms

Ramdesivir and Dexamethasone
Dexamethasone Ramdesivir Dexamethasone

Follow-up (6 months) Stable Stable Stable

Table 2  Tabular representation of the case details .

Symptoms Treatment

Mild Without evidence of breathlessness and hypoxemia. Symptomatic treatment
Flavipiravir
Vitamin C
antihistamines.

Moderate With evidence of breathlessness and hypoxia SpO2 <94% (90-94%). Anticoagulation with low molecular heparin 40 IU, sc.
Dexamethasone 6 mg, IV, OD
Awake proning.

Severe Clinical signs of pneumonia plus one of the following tachypnea 
>30 breaths/min, and hypoxemia SpO2 <90%.

Anticoagulation with low molecular heparin 40 IU, sc.
Ramdesivir 400 mg stat f/b 200 mg, OD
Dexamethasone 6 mg, IV, OD
High Flow Nasal Oxygen
Mechanical ventilation.
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Discussion

  The three cases were treated between July 2020 to
September 2020 with symptomatology mentioned above
and were enrolled after obtaining ethical clearance from
Institutional Ethical Committee of IMS & SUM Hospital,
SOA University and informed consent was obtained from
the clients. All these cases were admitted with mild symptoms
(Table 1), and we had a severity based standard treatment
protocol (Table 2).3  Home quarantine was provided as per
patient preference with regular teleconsultations. Our treatment
protocol incorporated dexamethasone as a part in moderate
to severe categories five along with Ramdesivir (Table 2).

  SARS COV-2 virus belongs to the beta coronavirus
group with a highly contagious nature comparing to another
beta virus-like MERS, with a median incubation period of
2-14 days. Virus spike protein attaches to the Angioten-
sin-converting enzyme-2 (ACE), leading to increased Angiotensin II
levels, ultimately with exaggerated host immune response
leading to cytokine storm (Kawasaki like syndrome) with
the hypercoagulable response from host.4,5,6  The primary
mode of transmission of SARSCOV-2 is the direct person
to person respiratory transmission; when an infected person
coughs or sneezes, the virus shredded in respiratory secretions
might infect another person if he inhales or if it comes in
direct contact with the mucous membranes.7  The other mode
of transmission where patient secretions might contaminate
the surfaces like cots, lift bells, doors by touching the
contaminated surfaces one's hands might get contaminated
and takes a systemic root by rubbing eyes and touching
mucous membranes.8  The later cause has less potential
to become an infection source in the general public, but this has
its mark of incidence among health care workers, which
might probably cause reinfection. Interesting, even though
all three cases had no comorbidities matched, case 1 & 2
are  healthcare  workers  who  resumed  back  to  work  after
normalizing the symptoms and both the cases had the step-up
symptomatology after resuming back to work. Case-3 was
a case of thalassemia, which incidentally detected to be
positive. We have not given a blood transfusion to avoid
transfusion-related immunological complications during this
ongoing hyperimmune response condition, and later she visited
the hospital for blood transfusion.
  In  The Lancet, Christian Holm Hansen and colleagues
conducted a population-level observational study in Denmark.9

Among eligible RT-PCR positive individuals from the first
surge of the epidemic, 72 (0.65%) tested positive again during
the second surge compared with 16 819 (3.27%) of 514
271 who tested negative during the first surge and found
that protection against repeat infection was 80·5% among
the patients who were previously infected with COVID-19
and 47.1% among subjects more than 65 years. This study
concluded only based on RT-PCR, where the chances of false
positivity are high, especially among naturally infected
and immunized subjects. Considering this 20% chance of
reinfection, which can be more commonly seen in geriatric
patients than authors, they can also occur in health care
workers who have a high chance of exposure to high viral
load. The protective immunity obtained by natural infection

to the reinfection remained unanswered. The new variants
with altered phenotype unlikely to be covered under the
immunological natural T cell-mediated immunity. Rosemary
J Boyton supported the chances of reinfection after natural
infection.10  In an early report by Wang D et al., from China, it
was estimated that among the incidence of COVID-19, 43%
were hospital-acquired.11,12  The study extended to evaluate
incidence among the USA residents, which showed near
identical results to the previous study conducted by Wang
D colleagues proving health care individuals are more prone
to infection even with less common modes of transmissions
like fomites, fecal shedding.
  In all our three subjects RT-PCR was negative on the
14th  day of illness and discharged from hospital. A few days
later all of them were presented with increase in severity
of symptoms (clinical) and a rise in CTSI score after a brief
asymptomatic period. The study could not conform the
reinfection at genomic level analysis due lack of development
of specific marker against the new strains of Corona Virus.
This cannot be considered as “long COVID syndrome” as
the symptoms regressed, after a certain period the clinical
symptoms reappeared with increase in severity.13  However,
this cases series can only act as a driving tool for future RCTs
(Randomised Controlled Trail). A statistically significant and
adequately powered sample size would give better evidence
with detailed mapping of immune parameters.
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Background: Obesity and overweight are a risk factors and related to the arteriosclerosis 
mechanism. However, it has not been fully elucidated whether cardio ankle vascular 
index (CAVI) is closely associated with body mass index (BMI) and pressure parameters.

Objectives: This study aimed to compare CAVI and BMI with normal weight and 
overweight/obesity group, and to investigate the correlation between CAVI, ankle 
brachial index (ABI), BMI and pressure parameters.

Materials and methods: One hundred and twenty-four participants were divided 
into normal weight group (n=52), aged 47±12 years and overweight/obesity group 
(n=72), aged 48.50±13 years. Both CAVI and ABI were measured with a VaSera 
VS-1500N®; blood pressures were measured with an Omron M7®.

Results: Average ABI and mean arterial pressure (MAP) of overweight/obesity group 
was higher than the normal weight group. In the univariable analysis, there was 
a significant negative correlation between BMI and the average CAVI (r=-0.194; 
p=0.031), and the association between the average CAVI and ABI were positively 
significant (r=0.225, p=0.012). Using a multivariate regression analysis, the average CAVI 
was negatively associated with BMI (β=-0.217, p=0.014), while the association 
between the average CAVI and ABI was positively correlated (β=0.246, p=0.005).

Conclusion: The average CAVI and BMI were negatively correlated, while the average 
CAVI and average ABI were positively related. Using a multivariate regression analysis, 
the average CAVI is strongly associated with the average ABI and BMI. 
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 Obesity is a major public health problem with the 
number of overweight groups increasing around the world.1 
It is generally understood that excess weight is a risk factor 
for cardiovascular disease, diabetes, hypertension, dyslipidemia 
especially, arterial stiffness.2,3 Arterial stiffness is a consequence 
of pathology alterations that are associated with endothelial 
cells, smooth muscle cells and functional arterial walls. These 

alterations contribute to cardiovascular damage and 
dysfunction.4 Several studies used pulse wave velocity (PWV) 
to evaluate arterial stiffness and to investigate the possible 
correlation of body mass index (BMI) with vascular function 
in overweight and obesity subjects.5-7 However, in the clinical 
research, the problem with the PWV was itself essentially 
dependent on blood pressure. There are arterial indexes 
to investigate vascular damage as the cardio-ankle vascular 
index (CAVI) and ankle-brachial index (ABI). CAVI is the new 
arteriosclerotic index and a strong indicator of arterial stiffness. 
Moreover, CAVI is independent of blood pressure at the time 
of measurement and an indicator for early arteriosclerosis 
patients. While ABIs’ value is used to diagnose peripheral arterial 
disease (PAD).8,9 ABI is defined as the ratio of systolic blood 
pressure at the ankle and at the arm which demonstrates 

ABSTRACT

Introduction



P. Chotimol et al.  Journal of Associated Medical Sciences 2022; 55(3): 109-115110

 

 

 

 

 

 

 
 

 

 

 

 

a high sensitivity and specificity for PAD interpretation.10

  Several studies illustrated that PWV raised in high blood
pressure patients, and positively correlated with BMI.7,11

Furthermore, Rachel P. and  et al  showed that PWV was
strongly correlated with a higher BMI and other parameters
of obesity.6  Many studies showed that overweight/obesity
leads to vascular disorder.12-15  Furthermore, the relationship
between arterial indexes and BMI with excess weight remains
a controversial debate. A previous study reported that
diabetes mellitus without obesity had a significant CAVI.8

According to this study, CAVI could be used to quantify the
severity of arteriosclerosis. Moreover, the lower ankle pressure
ABI has a higher sensitivity in detecting PAD.10  However, the
relationship of excess weight on CAVI, ABI and pressure
parameters have not been fully reported.
  Therefore, this study aimed to compare CAVI and
ABI with normal and overweight/obesity group and to
investigate the association between CAVI, ABI, BMI, and
pressure parameters.

Materials and methods

Study population
  This clinical study included the examination of 124
participants, which was conducted between January and
June in 2017. “This study was conducted in accordance with
the tenets of the Declaration of Helsinki, and the experimental
protocol was approved by the Ethical Committee of Naresuan
University, Phitsanulok Province, Thailand (Certificate of
approval, COA number 352/2016). All participants signed a
consent form before the clinical data could be collected. The
enrolled participants were divided into normal and over-
weight/obesity groups and examined for obesity by following
the Asia-Pacific BMI classification (BMI 18.5-22.9 kg/m2  =
normal; 23.0-24.9 kg/m2  = overweight, and ≥25.0 kg/m2  =
obesity).16  All volunteers answered a medical questionnaire
regarding their illness history.

Body composition and blood pressure measurement
  Body height was assessed without shoes using an
anthropometer with an accuracy of 1 millimeter. BMI
was calculated using the weight (kg) divided by the height
(m) squared. Blood pressure (BP) measurement was performed
after 5 to 10 minutes’ rest using a calibrated oscillometric
device (Omron M7®, Omron Corporation, Kyoto, Japan).
The BP was measured 3 times and then the results were
averaged. Mean arterial pressure (MAP) was calculated as
[(2×diastolic pressure) + systolic pressure]/3. Hypertension
was defined as SBP ≥130 mmHg and/or DBP ≥80 mmHg.17

Pulsatile stress (PS) was computed as the double result of
resting heart rate and pulse pressure (HR x PP).18

CAVI and ABI measurement
  Both CAVI and ABI can be measured noninvasively
using the VaSera VS-1500N® Vascular Screening System
(Fukuda Denshi, Tokyo, Japan) by a cardio-thoracic technologist
at the Cardio-Thoracic Technological department, Faculty
of Allied Health Sciences, Naresuan University, Phitsanulok
Province, Thailand. The subjects sat resting for 10 minutes
before being measured in the supine position, in a quiet room
with the temperature set at about 25°C. Electrocardiography

(ECG) electrodes were placed on both wrists and a microphone
was attached to the second intercostal space of the sternum,
and four blood pressure cuffs were wrapped around the
four extremities. CAVI was automatically calculated from
5 to 6 pulses by the following equation: CAVI = a [(2ρ/PP) ×
ln(SBP/DBP) × PWV2] + b, where ρ is the blood density, PP
is SBP-DBP, SBP is systolic blood pressure, DBP is diastolic
blood pressure, PWV is pulse wave velocity, and a and b
are constants. CAVI was defined as normal (CAVI<8), borderline
(8≤CAVI<9), or abnormal with subclinical possible arteriosclerosis
(CAVI≥9).19  ABI was calculated using the SBP from the
right and left brachial arteries and posterior tibial artery.
An ABI 1.00-1.39 = normal; 0.91-0.99 = borderline; 0.41-0.90
= mild-to-moderate PAD; ≤0.40 = severe PAD; ≥1.40 =
non-compressible.20

Statistical analysis
  Descriptive data was expressed as mean±standard
deviation (SD) or median±interquartile rang (IQR), frequencies,
or as absolute number and percentages when appropriate.
The SPSS software version 17 (SPSS Inc, Chicago, IL, USA)
was used for all our analysis. The Kolmogorov-Smirnov test
evaluated equality distribution. Univariate comparisons
between groups were processed using independent sample
t-test for continuous variables and chi-square test for
categorical variables. For the variables whose distribution
rejected normality, the Mann-Whitney U test and the
Wilcoxon rank-sum test were used to analyze. Univariate
linear regression analyses were performed and was represented
by scatter plot graphs. Multiple regression analysis was analyzed
to identify the independent determinants of CAVI, BMI, ABI,
and pressure parameters. The  p<0.05 were statistically.

Results

  A total of 124 participants were used in this study with
52 of them being normal weight and 72 being overweight/
obesity. The percentages of normal weight, overweight and
obesity was 41.94% (52), 20.16% (25), 37.90% (47), respectively.
Age, sex, and heart rate did not differ significantly between
the two groups (p=0.425,  p=0.564,  p=0.696), respectively. In
the overweight/obesity group, SBP and DBP were significantly
higher than the normal weight group (p=0.002,  p=0.000,
respectively). BMI in the overweight/obesity group was higher
than the normal weight group (26.42±4.69, range 18.65-22.77
versus 20.88±1.74, range 23.16-42.61 kg/m2;  p=0.000). The
percentage of smoking, alcohol intake, hypertension and
diabetes mellitus did not significantly differ between the two
groups. The demographic and personal history of each group
is shown in detail in Table 1.

  Average CAVI, PP and PS did not differ significantly
between the normal weight and the overweight/obesity
group as follows: CAVI = 7.48±1.05 vs 7.33±0.94, at  p=0.173;
PP = 43.00±17.50 mmHg vs 44.75±10.88 mmHg, at  p=0.132;
PS =2881.80±1172.88 mmHg/min vs 3090.50±1121.50
mmHg/min at  p=0.102, respectively. Average ABI and MAP
in the overweight/obesity group was higher than the normal
weight group; ABI = 1.07±0.11 vs 1.02±0.12 at  p=0.017; MAP
= 98.84±17.3 mmHg vs 90.58±13.54 mmHg at  p=0.001,
respectively. The results are shown in Table 2.
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 In the univariable analysis, there was a significant negative 
correlation between average CAVI and BMI (r=-0.194; 
p=0.031), (Figure 1), while the association between the 
average CAVI and ABI are positively significant (r=0.225, 
p=0.012), (Figure 2). A multivariate regression analysis 

showed that the average CAVI was negatively associated 
with BMI (β=-0.217, p=0.014), while the association between 
the average CAVI and ABI was positively correlated (β=0.246, 
p=0.005) as shown in Table 3.

Table 1  The demographic characteristics between normal weight and overweight/obesity participants.

Normal weight (n=52) Oerweight/obesity (n=72) p-value

Age (years)b 47.00±12.00 48.50±13.00 0.425

Male, % (n) 36.54% (19) 41.67% (30) 0.564

BMI (kg/m2)b 20.88±1.74 26.42±4.69 0.000*

SBP (mmHg)a 119.50±21.38 127.75±21.88 0.002*

DBP (mmHg)a 77.00±11.75 83.25±13.75 0.000*

HR (beats/min)b 71.25±15.00 69.50±15.00 0.696

Personal history, % (n)

  Smoking 5.77% (3) 9.72% (7) 0.425

  Alcohol intake 5.77% (3) 12.50% (9) 0.211

  Hypertension 9.62% (5) 20.83% (15) 0.094

  Diabetes mellitus 3.85% (2) 5.56% (4) 0.662
aResults expressed as mean±standard deviation (SD), bResults expressed as Median±interquartile rang (IQR), BMI: body mass index: SBP. systolic blood 
pressure, DBP: diastolic blood pressure, HR: heart rate.

Table 2  The CAVI, ABI and pressure parameters of the normal weight group compared with the overweight/obesity group.

Normal weight (n=52) Oerweight/obesity (n=72) p-value

Average CAVIb 7.48±1.05 7.33±0.94 0.173

Average CAVI ≥9 (%, n) 5.77 % (3) 5.55 % (4) 0.959

Average ABIa 1.02±0.12 1.07±0.11 0.017*

Average ABI ≤0.4 (%, n) 0% (0) 0% (0) 1.000

Average ABI ≥ 1.4 (%, n) 0% (0) 0% (0) 1.000

PP (mmHg)b 43.00±17.50 44.75±10.88 0.132

MAP (mmHg)b 90.58±13.54 98.84±17.30 0.001*

PS (mmHg/min)b 2,881.80±1,172.88 3,090.50±1,121.50 0.102
aResults expressed as mean±standard deviation (SD), bResults expressed as Median±interquartile rang (IQR), CAVI: cardio ankle vascular index, ABI: ankle 
brachial index, PP: pulse pressure, MAP: mean arterial pressure, PS: pulsatile stress.

Table 3 The CAVI, ABI and pressure parameters of the normal weight group compared with the overweight/obesity group.

Univariate analysis Multivariate analysis

r 95%CI p-value β 95%CI p-value

BMI -0.194  -0.079 - -0.004 0.031* -0.217 -0.083 - -0.010 0.014*

Average ABI 0.225 0.683 - 5.395 0.012* 0.246 1.00 - 5.64 0.005*

SBP (mmHg) 0.076 -0.006 - 0.015 0.403 - - -

DBP (mmHg) 0.076 -0.009 - 0.023 0.404 - - -

MAP (mmHg) 0.080 -0.008 - 0.021 0.380 - - -

PS (mmHg/min) 0.030 0.000 - 0.000 0.744 - - -
CAVI: cardio ankle vascular index, BMI: body mass index, ABI: ankle brachial index, SBP: systolic blood pressure, DBP: diastolic blood pressure, 
MAP: mean arterial pressure, PS: pulsatile stress.
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Figure 1. Correlation between CAVI and BMI. CAVI was negatively correlated with BMI (r= -0.194, p=0.031).

Figure 2. Correlation between CAVI and ABI. CAVI was positively correlated with ABI (r= 0.225, p=0.012).
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Discussion

  This study found that both SBP and DBP, and MAP in
overweight/obesity group were significantly higher than the
normal weight group. The MAP of this study was calculated
according to the following formula: [(2×diastolic pressure)
+ systolic pressure]/3. Since an elevation of SBP and DBP in
the overweight/obesity group, MAP increases due to rising
peripheral vascular resistance. In 2002, the Framingham study
reported that BMI ≥25 had prevalence rates of hypertension
for approximately 34% of men and 62% of women.21  Elevated
blood pressure found in overweight/obesity group is related
to systemic vascular resistance. People with an elevated BMI
have increased adipose tissue deposition in the vascular wall
which increases their systemic resistance, and in turn causes
high blood pressure that increases the cardiac workload of
pumping blood around the circulatory system.22  Furthermore,
obesity people are at risk of developing hypertension through
increased activation of the renin-angiotensin-aldosterone
system. In agreement with this mechanism, angiotensinogen,
angiotensin I and II are produced which leads to elevated
blood pressure that induces vasoconstriction mainly from
angiotensin II.23

  This study has found an average CAVI negatively
correlates with BMI (r=-0.194;  p=0.031). Many studies
found that the CAVI was negatively associated with BMI
in healthy subjects. Previous reports demonstrated inverse
relationship of CAVI with BMI in healthy adult subjects.24

Similar to the report from Nagayama D. and et al also found
a negative relationship between BMI and CAVI in healthy
middle aged Japanese participants.25  They suggested that
almost all subjects in their study were non-obesity without
metabolic syndrome. If they had conducted their study
on obesity subjects with metabolic disorder, the results
may have been better understood. Some studies26,27  have
shown that overweight/obesity associated with elevated
LDL-C serum levels induced initial lipidosis, causing soften
the vessel walls that may lead to an inverse linear correlation
between CAVI and BMI in this research. Furthermore, a
negative relation of obesity with both PWV and CAVI has
been published regarding adolescents. Dangrdt F. and  et al
found that PWV in obesity lower than lean children.28

However, the intimal-medial thickness of the dorsal pedal
arteries in obesity was more than in lean children. In addition,
a previous study showed that BMI was negatively correlated
with PWV, with a possibility of not affecting vascular function.29

Several studies reported that BMI negatively correlated with
PWV.28,29  Consistence with our result found that an average
CAVI negatively correlates with BMI. As we can see from
the formula “CAVI = a [(2ρ/PP) × ln(SBP/DBP) × PWV2] + b”,
CAVI is dependent on PWV. So, the association between
PWV with BMI and CAVI with BMI are negatively correlated.
We expand the effects of overweight/obesity on CAVI. This
result  may  represent  the  obesity  paradox  of  overweight/
obesity on arterial stiffness in the early stage of fat accumulation
in Thais subjects. A previous study showed that PWV was
inversely associated with BMI in Chinese people and that
decreasing arterial stiffness in the overweight population
may explain the obesity paradox.30  Furthermore, the
obesity paradox has been demonstrated in population with

heart failure, coronary artery disease and hypertension.31

The average CAVI positively correlates with ABI (r=0.225,
p=0.012) in this study. Both PWV and CAVI are well-known
indicators for arterial stiffness which is caused by arterio-
sclerosis. Joo, H. J., and  et al  analyzed brachial-ankle
PWV (baPWV) and coronary artery stenosis dependence
on ABI.32  Several studies33,34  have shown that an increased
baPWV is significantly associated with the presence of coronary
artery stenosis. Furthermore, the previous studies using a
simple correlation analysis demonstrated that both CAVI
and baPWV were related with Intima–media thickness,
and they also concluded that a high CAVI causes the development
of vascular arteriosclerosis, especially in the carotid and
coronary artery.35  Therefore, this study found that CAVI is
closely linked to arteriosclerosis index with ABI. Overall,
CAVI was negatively correlated with BMI. However, average
CAVI and ABI was positively correlated. High CAVI has been
widely used to evaluate arterial stiffening, while an abnormally
low value of ABI was an indicator of stenosis of the vascular wall
in the lower extremities. The stenosis of vessels may develop
for many years with various arteriosclerosis risk factors
before the obstruction of vascular. Also an ABI greater than
1.3 was incompressible vessels and may lead to artificially
high  value  of  the  ABI.36  We  suggested  that  increasing  of
CAVI and ABI is associated with an increased risk of arterial
stiffness and incompressible vessels .

Study limitations

  Our study has main limitations to be considered.
The history of illness was collected using a health questionnaire,
and the lack of medication and biochemical tests were not
collected. Further investigations of other obesity parameters,
such as body fat percentage and waist-hip ratio, are warranted
to strongly understand the pathophysiology of arteriosclerosis
with CAVI and ABI in longitudinal cohort studies, and these
conditions require elucidation in future studies.

Conclusion

  The average CAVI and BMI was negatively correlated,
while the average CAVI and ABI was positively related. A
multivariate regression analysis showed that the average
CAVI is strongly associated with both ABI and BMI.
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Background: Intensity-modulated radiotherapy (IMRT) techniques have a steep 
dose distribution, leading to large dosimetric errors caused by incorrect daily 
patient setup. Image-guided radiotherapy (IGRT) is an essential technique to verify 
accurate patient setup. The accuracy of verifying a patient’s position depends on 
many factors including the image guidance system and image registration software.

Objectives: This study investigated the dosimetric and geometric differences between 
the original plan and simulated plans with setup errors associated with kilovoltage 
cone-beam computed tomography (kV-CBCT), kV, kV planar image, and electronic 
portal imaging detector (EPID) for brain tumor treatment using IMRT.

Materials and methods: A PIXY Anthropomorphic Training/Teaching Phantom was 
used in this study. IMRT treatment plans with five co-planar fields from a 6 MV 
Elekta Versa HD linear accelerator were generated using the RayStation computer 
treatment planning system. Three image guidance systems, including kV-CBCT, kV 
planar imager, and EPID were used to perform image registration. To evaluate the 
efficiency of each image guidance system, a simulated setup error by couch was 
shifted 0, ±2, and ±4 mm in the lateral, longitudinal, and vertical planes. Errors in 
the image registration from the actual couch shift were collected. Measured errors 
were used to generate the treatment plans of 25 fractions using the IMRT technique 
by random shifts of the isocenter of each fraction while maintaining other planning  
parameters of the original plan. The dose deviation in planning target volume (PTV) 
and geometric deviation compared to original plan were recalculated and analyzed.

Results: Accuracy of image registration in all image guidance systems indicated 
that the registration errors were less than 1.7, 2.0, and 1.0 mm for the kV-CBCT, 
kV planar, and EPID, respectively. The average PTV dosimetric deviation induced 
by the setup error ranged from -2 to 2 mm per fraction; this study showed dosimetric 
deviation at D98% approximately -6%, D95% approximately -4% and D2% below -1%, 
while the average of isodose distribution shift of -5% inside the PTV of the isocenter 
region were -1.58±0.67, -1.28±0.52 and -1.30±0.80 mm in the cerebella, parasagittal, 
and convex areas, respectively. An isodose shift of -10% was <1 mm in all PTV 
locations.

Conclusion: The efficiency of image guidance resulted in small errors within ±2 mm 
using kV-CBCT, kV planar, and EPID. The setup error influenced daily dose distribution, 
while the PTV recorded underdose of about 4% in the brain IMRT technique. 
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 The highly conformal radiation treatment technique 
allows for high doses to be given to the target volume while 
sparing the surrounding tissue. Intensity-modulated radiotherapy 
(IMRT) techniques are widely used in radiotherapy because 
they can deliver a highly conformal dose distribution to the 
target volume while sparing the normal tissue.1 However, 
the steep dose distribution of the IMRT technique can lead 
to large dosimetric errors caused by incorrect patient 
positioning. Therefore, the accuracy of patient positioning 
is the main factor for radiotherapy treatment success. Any 
shift from the intra-inter fraction can result in dose variation 
in the target volume and organs at risk (OAR) between 
planned and delivered doses. Positioning verification by 
image-guided radiotherapy (IGRT) is used to improve the 
position accuracy. Modern image guidance techniques offer 
more precise patient positioning with different image modalities 
such as kilovoltage cone-beam computed tomography (kV-CBCT), 
kV x-ray planar imaging, and electronic portal imaging detector 
(EPID) systems. However, these modalities offer different 
pre-treatment position accuracy, which can impact system 
error and estimation of CTV-PTV margins.2-6 The delivered 
dose of the kV planar image is lower and image quality is 
better than an MV image but its isocenter is not in the 
same direction as the linear accelerator (Linac). CBCT provides 
high resolution 3D patient anatomy which helps to achieve 
high position verification accuracy7 and a lower dose than 
two MV planar images (AP-lateral). Devereux et al.8 suggested 
kV imaging as the method of choice for head and neck IGRT 
but the setup errors of kV-CBCT are smaller than for the kV 
planar image, and the CTV-PTV margin could be reduced.9 

Ideally, the patient’s position should be controlled and 
corrected for every fraction but fractional imaging comprises 
additional doses for the patient. 
 Metastatic brain tumors are commonly found in the 
northern region of Thailand.10 For brain metastatic patient 
treatment, long-term survival and neurocognitive improvements 
were found to be correlated with lesion control. Treatment 
dose compromise could partially preserve the neurocognitive 
memory functions.11-12 Therefore, the treatment of patients 
with metastatic brain tumors using IMRT presents challenges 
to improve potential long-term survival. Clinical studies have 
shown that IMRT techniques reduce complications compared 
to whole-brain radiotherapy (WB-RT) or 3D conformal 
radiotherapy. Brain treatment requires a rigid immobilization 
technique, and daily inter-fractional setup errors may cause 
an underdose in the target volume and overdose in normal 
tissues near the target. Matching of the planning CT and 
in-room images is limited by the modality and algorithms 
of image registration. 
 This study investigated the dosimetric and geometric 
differences between the original plan and the simulated 
plans with setup errors using kV-CBCT, , kV planar image, 
and EPID for brain tumor treatment using IMRT techniques.

 

Medical System, Cleveland, OH) to scan a supine PIXY 
Anthropomorphic Training/Teaching Head Phantom with a 
short thermoplastic mask placed on a B head rest with a 
2-mm slice thickness. CT image data were then transferred 
to the RayStation computer treatment planning system 
version 11B (RaySearch Laboratories, Stockholm, Sweden) 
for target delineation and dose distribution calculation in 
the brain. The radiation oncologist drew the simulated target 
volume and organs at risk (OARs) contours from the CT images 
slice-by-slice on each axial slice plane, with slice thickness 
of 5 mm. The spherical target volume included three locations 
at the cerebella and parasagittal regions of the brain and 
a convex shape near the skull vertex, with an approximate 
size of 2.5 cm in diameter. The planning target volume (PTV) 
was created by symmetrically expanding the target volume 
or clinical target volume (CTV) with a 5-mm margin in all 
directions. The prescribed dose was 5,000 cGy in 25 conventional 
fractions and normalized dose to D95% of PTV. IMRT treatment 
plans with five co-planar fields from a 6 MV Elekta Versa HD 
linear accelerator (Elekta, Stockholm, Sweden) were generated 
using the RayStation treatment planning system. The Elekta 
Versa HD linear accelerator has 160 tungsten Agility multi-leaf 
collimators (MLC) with  9 cm thickness and 0.5 cm width and 
a leaf speed of 3.5 cm/s. The carriage can travel at up to 3 cm/s, 
thus giving a maximum MLC speed of 6.5 cm/s.

Evaluation of image guidance system accuracy
 Image guidance systems such as kV-CBCT, kV planar 
imager, and EPID can be attached to the Elekta linear accelerator 
for position verification according to the machine’s protocol. 
The kV-CBCT imaging and kV planar image were performed 
using an x-ray volumetric imaging (XVI) system mounted 
on a linear accelerator. The kV-CBCT imaging technique 
operates at 100 kV, 10 mA, with the angular range of 200° 
and the angular separation of 0.54°. The kV planar imaging 
technique uses 100 kV and 0.5 mAs. The MV imaging technique 
with the EPID used 2 MUs of 6 MV x-rays. Simulation of 
the intentional setup error by moving the couch in each  
plane was performed at 0, ±2, and ±4 mm in the lateral (X), 
longitudinal (Y), and vertical (Z) planes, including combinations of 
±2 mm and ±4 mm in all planes, and was used to verify the  
accuracy of the image registration software for each image 
guidance system. The planning CT images and in-room images  
of each image guidance system were automatically registered 
in XVI software based on the Feldkamp-Davis-Kress algorithm, 
using bone matching and soft tissue-gray value matching 
followed by manual correction by the same technician. The 
results of phantom setup errors from the actual translation 
are shown in Table 1. The accuracy of the image guidance 
system presented extremes in setup errors different to the 
actual translation below 1.7 mm, 2.0 mm, and 1.0 mm for 
the kV-CBCT, kV planar, and EPID images, respectively.

Simulation of dosimetric deviation induced by the errors 
of the image guidance systems
 This study simulated a plan with a setup error as 
the isocenter of each fraction shifted based on the image 
guidance system errors in the previous process of evaluation 
of the image guidance system accuracy. The simulated plans 
with the setup error were created for all 25 fractions (200 

Introduction

Materials and methods

CT simulation and planning
  The experiment was performed at Lampang Cancer
Hospital using a Philips Brilliance Big Bore CT simulator (Philips
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cGy/fraction) using the isocenters of the simulated plans 
which were randomly shifted from -2 to 2 mm in three 
dimensions from the original treatment isocenter on the 
translation plane for all 25 simulated fractions. The other 
parameters of planning remained unchanged and the dose 
distribution for each fraction was recalculated. Dosimetric 
deviations in terms of the PTV as D98%, D95%, and D2% and 
the geometric deviation between the original plan and 

 

 

Table 1  Setup errors along the lateral, longitudinal and vertical planes of each image guidance system in the PIXY head 
phantom.

Translation
(mm)

Registration error in mm (Lateral/Longitudinal/Vertical)

kV-CBCT kV planar MV planar

AP-Rt. lateral AP-Lt. lateral AP-Rt. lateral AP-Lt. lateral

2.0, 0.0, 0.0 0.3/0.0/0.1 0.6/0.0/0.0 1.0/0.0/0.0 0.0/0.0/0.0 -0.2/0.0/0.0

4.0, 0.0, 0.0 0.2/0.0/0.1 0.3/0.6/0.0 0.0/0.0/0.0 -0.8/0.4/0.0 -0.8/0.0/0.0

-2.0, 0.0, 0.0 0.4/0.1/0.1 -0.2/0.2/0.0 -0.2/0.0/-0.8 -0.4/-0.2/0.0 0.0/-0.4/0.0

-4.0, 0.0, 0.0 0.2/0.1/0.1 -0.3/0.0/0.0 -0.4/0.2/1.0 -0.6/-0.4/0.0 -0.6/-0.4/0.0

0.0, 2.0, 0.0 0.0/0.6/0.1 -0.4/0.2/-0.6 -0.4/0.0/1.0 -0.2/-0.2/0.0 0.0/-0.3/0.0

0.0, 4.0, 0.0 0.1/0.4/0.1 0.0/-0.1/-0.8 0.0/-0.4/0.8 0.0/-0.4/0.0 0.0/-0.1/-0.4

0.0, -2.0, 0.0 0.0/0.1/0.1 0.0/-0.2/-0.2 -0.2/-0.2/1.0 0.0/0.0/0.0 -0.4/-0.2/-0.2

0.0, -4.0, 0.0 0.1/0.7/0.1 -0.6/-0.3/-0.2 -0.4/-0.3/0.8 -0.2/-0.3/-0.3 -0.2/-0.1/-0.2

0.0, 0.0, 2.0 -0.2/-0.1/1.4 -0.4/0.0/-1.0 -0.4/-0.2/-1.0 0.0/-0.4/0.8 0.2/-0.4/-0.8

0.0, 0.0, 4.0 -0.1/0.0/0.9 -0.8/0.2/0.8 -0.8/0.4/-1.0 0.0/-0.2/-0.6 0.0/-0.4/-0.3

0.0, 0.0, -2.0 -0.2/0.0/1.5 -0.8/0.2/0.8 -0.8/0.4/-1.1 -0.2/0.0/-0.2 0.0/0.0/-0.2

0.0, 0.0, -4.0 0.0/-0.1/1.5 -0.8/0.0/0.9 -0.8/0.0/-0.9 -0.6/-0.2/-0.9 -0.6/-0.2/-0.9

2.0, 2.0, 2.0 0.4/0.5/1.5 0.2/0.2/-0.4 0.4/0.4/-0.8 0.4/0.2/-0.6 0.6/-0.4/-0.2

4.0, 4.0, 4.0 0.7/0.6/1.6 -0.3/0.3/-0.4 0.5/0.5/-1.0 -0.8/-0.1/-0.4 0.4/-0.3/-0.6

-2.0, -2.0, -2.0 0.4/0.4/1.4 -0.6/0.0/-0.8 2.0/0.2/-1.4 0.0/0.0/-0.8 0.0/-0.4/ -0.4

-4.0, -4.0, -4.0 0.6/0.4/1.7 -0.4/0.3/0.9 -0.4/0.1/-0.9 -1.0/-0.1/-0.1 -1.0/-0.9/0.3

are shown in Tables 3, 4, and 5, respectively. The average 
of isodose distribution shifts of -5% inside the PTV surface of 
the isocenter region were -1.58±0.67 (ranged from -0.17 to 
-3.65 mm), -1.28±0.52 (ranged from -0.33 to -2.47 mm) and 
-1.30±0.80 (ranged from -0.20 to -4.24 mm) in the cerebella, 
parasagittal, and convex areas, respectively. The average 
of isodose distribution shift of -10% inside the PTV surface 
of the isocenter region was less than 1 mm, except for the 
parasagittal area which saw no dose deviation (range within 
-2 mm). For the inferior end and superior end, the isodose 
distribution shift of -5% and -10% inside the PTV surface 
were on average less than 5 mm in all PTV locations. The 
isodose distribution shift of 5% and 10% were found on the 
outside of the PTV, but small when found on the inside of 
the PTV. The difference of means of the isodose distribution 
shift of -5% between the different three locations (cerebella, 
parasagittal, and convex areas) of the PTV was not significant 
(p>0.05) using one-way ANOVA with SPSS version 17 
(FB7E105EFD8A514130CC).

simulated plans with the setup errors were evaluated in 
RayStation. The geometric deviation of isodose distribution 
shift from the PTV surface was evaluated slide by slide in 
the axial plane in three regions as: (1) at the isocenter 10 
slices were evaluated by ±5 slides from the isocenter; (2) 
the last 5 slides from the inferior end of the PTV, and (3) 
the last 5 slides from the superior end of the PTV. The 
geometric deviation was averaged for all investigated planes.

Results

  The setup errors were found to be less than 2 mm for
all image guidance systems. As a result, the dose deviations
between the original plan and simulated plans with setup
errors are shown in Table 2. Dose 95% coverage of the PTV
was reduced by approximately 4%, while the setup error
had a greater effect on D98%  (about 6%) than on D2%  (less
effect than 1%). Ranges of D95%  variation were 187-198
cGy/fraction, 188-198 cGy/fraction and 185-198 cGy/fraction,
and the ranges of D98%  variation were 176-194 cGy/fraction,
178-196 cGy/fraction and 174-195 cGy/fraction in the cerebella,
parasagittal, and convex areas, respectively. Figure 1 shows
examples of dose deviation between the original plan and
the simulated plans with setup errors of a 2 mm shift in the
lateral, longitudinal, and vertical directions simultaneously.
The hot and cold colors on the heat maps indicate the
overdose and underdose relative to the original dose plan
as no isocenter shift, respectively.
  The geometric deviations of the isodose distribution
of the PTV at the cerebella, parasagittal, and convex shape
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Figure 1.  Examples of dose deviations between the original plan and simulated plans with setup errors by a 2 mm, 2 mm, and 2 mm shift on the X, Y, and 
Z planes in PTV at the cerebella. A: dose distribution of original plan at the isocenter, B: DVH of PTV, C: dose deviation at the isocenter, D: dose 
deviation at the inferior end from the isocenter, and E: dose deviation at the superior end from the isocenter. A positive percentage difference is 
an overdose (red color zone) and a negative percentage difference is an underdose (blue color zone) compared to the original plan.

Table 2  Comparison of dosimetric parameters between the original plan and simulated plans with setup errors. Prescription 
dose in 25 fraction is 5000 cGy, therefore the dose per fraction is 200 cGy per fraction.

Dosimetric parameter Original plan Dose of simulated plans with setup errors. Different of 
accumulation dose

(%)
Dose for all 25 
fractions (cGy)

Dose per fraction 
(cGy)

Avg/fraction
(cGy)

Min
(cGy)

Max
(cGy)

Accumulation Dose 
(cGy)

PTV at cerebella (spherical)

D98% 4923 197 185±5.01 176 194 4621 -6.13

D95% 5000 200 192±3.35 187 198 4796 -4.08

D2% 5271 211 210±0.93 209 212 5256 -0.28

PTV at para-sagittal (spherical)

D98% 4927 197 187±4.65 178 196 4669 -5.24

D95% 5000 200 193±3.04 188 198 4823 -3.54

D2% 5256 210 210±0.65 208 211 5238 -0.34

PTV at vertex (convex)

D98% 4943 198 186±5.18 174 195 4657 -5.79

D95% 5000 200 193±3.74 185 198 4824 -3.52

D2% 5219 209 209±0.84 207 210 5218 -0.02

Note: Origi: original plan, No dev.: no deviation from original plan.

Table 3 Geometric deviation of  isodose distribution of  the PTV at cerebella.

Region Distance
(mm)

-5% difference of isodose 
distribution

(Origi - Simulated)

-10% difference of isodose 
distribution

(Origi-Simulated)

5% difference of isodose 
distribution

(Origi-Simulated)

10% difference of isodose 
distribution

(Origi-Simulated)

Inside PTV Outside PTV Inside PTV Outside PTV Inside PTV Outside PTV Inside PTV Outside PTV

Inferior end Range for all 
25 fractions

-7.14
to

-0.63

0.46
to

7.34

-4.15
to

-0.46

0.36
to

6.63

-1.43
to

-0.36

0.28
to

8.23 No dev.

1.52
to

10.61

Avg -4.05±1.95 2.33±1.98 -2.01±1.02 2.68±1.67 -0.89±0.39 2.47±2.13 4.29±1.77

Isocenter Range for all 
25 fractions

-3.65
to

-0.17

0.13
to

2.89

-1.42
to

-0.28

0.18
to

8.10
No dev.

0.13
to

2.99 No dev.

1.62
to

3.95

Avg -1.58 ±0.67 0.96±0.57 -0.63±0.29 1.25±0.99 No dev. 1.18±1.19 2.61±1.04

Superior end Range for all 
25 fractions

-7.59
to

-0.72

0.28
to

7.55

-4.71
to

-0.63

0.40
to

6.84

-9.54
to

-0.36

0.36
to

8.50 No dev.

1.59
to

9.24

Avg -4.06±2.21 2.74±2.09 -2.93±1.16 3.21±1.73 -1.01±1.55 1.80±1.81 3.77±1.92
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Table 4 Geometric deviation of  isodose distribution of  the PTV at  parasagittal.

Region Distance
(mm)

-5% difference of isodose 
distribution

(Origi-Simulated)

-10% difference of isodose 
distribution

(Origi-Simulated)

5% difference of isodose 
distribution

(Origi-Simulated)

10% difference of isodose 
distribution

(Origi-Simulated)

Inside PTV Outside PTV Inside PTV Outside PTV Inside PTV Outside PTV Inside PTV Outside PTV

Inferior end Range for all 
25 fractions

-7.12
to

-0.40

0.25
to

6.85

-3.62
to

-0.32

1.01
to

6.71 No dev.

0.24
to

11.43 No dev.

2.67
to

8.60

Avg -3.85±2.00 3.56±2.47 -1.94±1.22 3.30±1.93 2.48±2.40 5.01±1.96

Isocenter Range for all 
25 fractions

-2.47
to

-0.33

0.35
to

5.58 No dev.

0.35
to

6.80 No dev.

0.94
to

4.79 No dev.

2.74
to

7.09

Avg -1.28±0.52 2.26±1.04 2.22±1.27 2.08±0.94 4.59±0.77

Superior end Range for all 
25 fractions

-8.02
to

-0.80

0.60
to

9.50

-4.64
to

-1.27

0.46
to

8.00

-2.12
to

-0.25

0.25
to

9.32 No dev.

1.50
to

8.50

Avg -4.52±2.43 3.92±2.30 -2.85±0.92 3.77±1.82 -0.99±0.52 2.47±2.21 3.84±1.63

Note: Origi: original plan, No dev.: no deviation from original plan.

Table 5 Geometric deviation of isodose distribution of  the PTV at convex shape.

Region Distance
(mm)

-5% difference of isodose 
distribution

(Origi-Simulated)

-10% difference of isodose 
distribution

(Origi-Simulated)

5% difference of isodose 
distribution

(Origi-Simulated)

10% difference of isodose 
distribution

(Origi-Simulated)

Inside PTV Outside PTV Inside PTV Outside PTV Inside PTV Outside PTV Inside PTV Outside PTV

Inferior end Range for all 
25 fractions

-8.51
to

-1.29

0.32
to

7.41

-4.56
to

-0.52

0.32
to

8.52

-2.29
to

-0.32

0.32
to

8.06 No dev.

2.86
to

11.22

Avg -4.94±2.04 3.00±1.98 -3.07±1.41 3.47±2.57 -1.08±0.88 2.63±1.80 5.87±1.95

Isocenter Range for all 
25 fractions

-4.24
to

-0.20

0.20
to

5.32

-1.92
to

-0.20

0.32
to

5.33 No dev.

0.61
to

5.66 No dev.

2.34
to

7.31

Avg -1.30±0.80 1.57±1.14 -0.85±0.55 1.18±1.26 1.98±0.82 4.51±1.04

Superior end Range for all 
25 fractions

-6.08
to

-0.40

0.32
to

6.52

-3.09
to

-0.57

0.91
to

6.62

-1.54
to

-0.64

0.52
to

4.77 No dev.

1.04
to

8.44

Avg -2.63±1.49 2.52±1.79 -1.54±0.75 2.85±1.30 -1.09±0.30 1.96±1.18 3.67±1.39

Note: Origi: original plan, No dev.: no deviation from original plan.

 

same isocenter of the Linac and EPID devices detected good 
geometrical uncertainty with a smaller error than the onboard 
imager (OBI), while the lowest MV image resolution still 
achieved high accuracy of image registration. Therefore, 
frequent QC checks and strict adherence to the QA program 
are necessary when using OBI. However, the kV image beam 
had a lower additional dose compared with the treatment 
beam (MV), leading to the use of the kV beam image for 
verification of the patient setup.13 The image registration 
algorithm has the potential to improve the patient verification 
in radiotherapy.14 This result shows that recently developed 
image registration software achieves accurate and precise 
image fusion between the reference image and in-room 
image for brain treatment. The image guidance systems 
can detect deviations of less than 1 mm in 96.25%, 100%, 
and 80% of cases for the X, Y, and Z planes, respectively. 
Guckenberger et al.15 concluded that the translational setup 
errors using the CB-CT scanner and an EPID device differed 
by <1 mm in 70.7% and <2 mm in 93.2% of all cases. This 

Discussion

  IGRT has been introduced as a treatment procedure
to decrease patient positioning setup errors. The actual
treatment position can be accurately confirmed through
image guidance systems such as kV-CBCT, kV planar imager,
and EPID. The efficiency of all image guidance systems to
detect setup errors was below 2 mm, with simulation setup
errors of 0, ±2, and ±4 mm in all planes. As a result, the
newly simulated plans were created by the random shift of
the isocenter from -2 to 2 mm from the original treatment
isocenter on three translation plane dimensions for all 25
fractions. The three image guidance systems (kV-CBCT, kV
planar image, and EPID) had different image data and image
quality for image registration. The kV-CBCT had higher
accuracy correction in the lateral and longitudinal planes
compared with the vertical plane, especially when the vertical
planes were shifted. The phantom’s weight may affect the
translation of the actual position in the vertical plane. The
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average of isodose distribution shifts of -5% inside the PTV
surface of the isocenter area were -1.58±0.67 (3.65 mm
in magnitude), -1.28±0.52 (2.47 mm in magnitude), and
-1.30±0.80 (4.24 mm in magnitude) in the cerebella, paras-
agittal, and convex areas, respectively, and the isodose
distribution shift of -10% inside the PTV surface was less
than 1 mm in all PTV locations.
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Background: Musculoskeletal pain in spinal cord injury (SCI) is a common problem. 
However, not much research exists on the prevalence of pain in ambulatory patients 
with SCI walking either with or without ambulatory assistive devices (AAD).

Objectives: This study aimed to explore the prevalence of musculoskeletal pain and 
to investigate the impact of pain on walking speed in ambulatory patients with SCI 
walking with or without AAD.

Materials and methods: There were 86 patients with SCI who were able to walk 
independently with or without AAD. All the patients were evaluated for musculoskeletal 
pain using a visual analogue scale (VAS). Then their walking speed was assessed using 
a 10-meter walk test (10MWT).

Results: The proportion of patients with pain was high in both groups (63% in patients 
using AAD and 55% in patients not using AAD).  For those with AAD, the fastest walking 
speed was significantly different in patients with mild, moderate, and severe pain 
compared to patients with no pain while for those without AAD, the fastest speed 
was significantly different in patients with moderate and severe pain compared to 
patients with no pain (p<0.05).

Conclusion: Musculoskeletal pain was commonly found in ambulatory patients with 
SCI walking with or without AAD, and this pain impacted their walking speeds. 
The finding of musculoskeletal pain in both patients walking with or without AAD 
could raise healthcare professionals’ awareness of the debilitating impact of 
musculoskeletal pain.  Thus, the development of improved therapeutic approaches for 
reducing this impact is needed. 
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 Musculoskeletal pain is defined as an aching, dull 
sensation that increases with limb movements and arises 
from the musculoskeletal structure.1 When musculoskeletal 
pain occurs, it can potentially interfere with the ability to 

perform daily activities-especially walking, the improvement 
of which is a primary rehabilitation goal in patients with 
neurological deficits.2-4 Spinal cord injury (SCI) commonly 
distorts sensorimotor or autonomic functions and-depending 
on the severity and levels of the injury-results in various 
degrees of diminished functional ambulation.3-5 After SCI,  
80% of patients can regain walking ability after participation 
in rehabilitation.5 Among patients with SCI who regained 
walking ability, a previous study reported that 64% of those 
walked with assistive walking devices including walker  
crutches or cane, and 34% walked without AAD.6 Moreover, 
patients with SCI who had regained walking function also 

ABSTRACT

Introduction
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walked non-functional e.g., household ambulation, slow gait
speed, abnormal gait pattern, and compensatory movement
that subsequently increase the risk of musculoskeletal pain.5,6

The prevalence of musculoskeletal pain in SCI patients has
been reported to be approximately 68-71.1%.2,7  Although
several studies have reported problems with musculoskeletal
pain in patients with SCI, most of the patients featured were
wheelchair users and placed in the same category as overall
ambulatory patients with SCI.2,5,8,9  In addition, patients who
walk with AAD have remaining muscle weakness and walking
asymmetry after SCI.10  Therefore, the upper extremities are
used to aid in locomotion. Barbetta  et al. (2016) reported that
the increased use of upper extremities has been associated
with a higher occurrence of musculoskeletal pain among
individuals with SCI who walk with AAD.11  In contrast to AAD
patients, non-AAD patients can walk independently, but
the ability to walk is diminished and asymmetrical patterns
emerge.10  Therefore, when non-ADD patients walk, the
increased strain on their lower extremities may lead to
musculoskeletal pain. However, there was no evidence of
musculoskeletal pain in ambulatory patients with SCI walking
with or without AAD. Therefore, we hypothesized that patients
with SCI walking with or without AAD might experience
musculoskeletal pain and that the areas of musculoskeletal
pain in each group would differ. Therefore, the objectives
of this study were to investigate the extent of musculoskeletal
pain in ambulatory patients with SCI walking with or without
AAD and to determine the areas of pain in those patients.
Moreover, this study investigated the impact of musculoskeletal
pain on walking speeds in these patients.

Materials and methods

Participants
  One hundred and twelve SCI patients were enrolled
from a tertiary rehabilitation centre and community in the
northeast area of Thailand during January 2017 and October
2018. The sample size calculation (using proportion of prevalence
musculoskeletal pain from pilot study in 54 participants with
SCI=0.66 with precision of estimation =0.1, levels of significant
level at 0.05, and power of test at 0.80) indicated that the
study required 86 participants.
  The participants were ambulatory patients at least
18-years old with SCI stemming from both traumatic and
non-traumatic causes who scored from A to D on the American
Spinal Injury Association [ASIA] Impairment Scale (AIS).12  The
exclusion criteria included inability to understand and follow
commands, leg-length discrepancy, pregnancy, brain involvement
and any underlying disease that caused pain. The study was
approved by the Khon Kaen University Ethics Committee
for Human Research (HE551077), and eligible participants
provided their written informed consent before participating
in the study.

Protocol
  Eligible patients were interviewed and assessed for
baseline demographic and SCI characteristics, including
the cause of the injury, the severity of SCI according to the
AIS criteria, the time of injury, the level and completeness
of the injury (using the ASIA motor and sensory score) and
the walking devices used.12  Pain intensity was assessed

with a visual analogue scale (VAS), and areas of pain were
determined using a body chart diagram.13-15

  For this study, the reasons for musculoskeletal pain
caused by problems with the muscles, joints or bones were
injury, overuse or strain, arthritic changes or wear and tear.
Musculoskeletal pain usually gets worse with movement
and better with rest.1,15  We collected VAS data using visuals
analog scale from interviews with the participants. When
participants had multiple areas with different VAS scales,
we confirmed pain data in those areas using palpation and
active and passive movement; in such cases, we selected the
area of most severe pain as the measure of the patient’s
severity of pain. Patients with SCI who had a VAS scale >1
were classified into the pain group, whereas those with a
VAS <1 was assigned to the no-pain group.16  To differentiate
musculoskeletal pain from neurological pain in this study,
active, passive, and accessory movement tests were used.1

  After the patients were interviewed and assessed
for their baseline demographics and the SCI characteristics
and musculoskeletal pain analyses were completed, the
patients were divided into four groups according to the
severity of their pain: no pain (VAS=0), mild pain (VAS=1-3),
moderate pain (VAS=4-6) and severe pain (VAS=7-10).16

Patients were assessed for their walking speed using a
10-metre walk test (10MWT).17

The 10-metre walk test (10MWT)
  Patients walked at both their preferred and fastest
gait speeds along a 10-metre walkway. The time required
during the middle four metres of the walkway was recorded
to minimise the inclusion of acceleration and deceleration
effects.17  Patients performed three trials at each speed, and
average times in the seconds were recorded.17  When assessing
preferred walking speed and fastest gait speed, all participants
were given time to rest between each test for 5 minutes or
until their tired disappear. We observed no decline in the
walking speed of patients asked to walk at a fast speed.

Statistical analysis
  Descriptive statistics were applied to explain the baseline
demographics, SCI characteristics and the prevalence of
musculoskeletal pain. Findings among groups were compared
using nonparametric Mann-Whitney U tests when the data
were not normally distributed for continuous data. For variables
were categorized data, chi-square test was used to compare
differences between groups. The one-way analysis of variance
(ANOVA) was used to compare walking speeds among groups
of patients who had no pain, mild pain, moderate pain and
severe pain, with a p-value of less than 0.05.

Results

  There were 112 patients with SCI who were interested
in participating in this study. However, 26 patients were
excluded due to osteoarthritis of the knee (n=7) brain
involvement (n=3) and inability to ambulate (n=16). There
were ultimately 86 ambulatory patients with SCI who
participated in this study.
  The patients’ demographic and SCI characteristics are
presented in Table 1. There were no significant differences
among the groups in terms of demographic data or SCI
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characteristics, except for the motor score and gender (Table 1). 
In addition, the average duration of AAD use was 24 months. 
The severity of pain ranged from no pain to severe pain 

in both the AAD (no pain=21, mild pain=8, moderate pain=19, 
and severe pain=9) and the non-AAD groups (no pain=13, 
mild pain=4, moderate pain=8, and sever pain=4).

Table 1  Demographic and spinal cord injury (SCI) characteristics of patients with SCI who walked with or without assistive 
devices (AAD).

Variable AAD group (n = 57) Non-AAD group (n = 29)

Pain (n=35) No pain (n=21) p value Pain (n=16) No pain (n=13) p value

Age (years)a 49.0 (36.0 – 67.5) 61.0 (48.0 - 67.0) 0.312 51.0 (41.0 – 57.0) 55.0 (32.0–58.0) 0.812

Body mass index (kg/m2)a  20.9 (18.6 – 24.0) 21.90 (20.1 - 25.7) 0.227 20.3 (18.7 – 23.7) 22.5 (19.1–24.4) 0.682

Post-injury time (months)a  48.01 (24.0 – 99.0)  48.04 (25.0 - 98.0) 0.921  57.5 (29.0 – 111.0)  63.5 (48.0–180.0) 0.215

Gender:

   - Male, n (%)b 24 (67) 17 (80) 0.726 15 (94) 8 (61) 0.033*

   - Female, n (%)b 12 (33) 4 (20) 1 (6) 5 (39)

Motor score:

   - Upper motor scores (scale)a 32.50 (18.6–23.7) 40.0 (19.1–25.1) 0.017* 37.0 (33.0 – 44.5) 46.0 (44.0–48.0) 0.004***

   - Lower motor scores (scale)a 34.0 (19.5–40.0) 38.0 (27.0–43.0) 0.097 37.40 (34.0 – 44.5) 46.03 (44.6–48.0) 0.008**

Sensory scores (scale)a 180.0 (164.0–196.0) 188.0 (160.0 –99.0) 0.697 197.0 (189.0 – 204.0) 208.0 (188.0–216.0) 0.308

Cause of injury:

   - traumatic, n (%)b 23 (64) 13 (62) 0.582  7 (44) 6 (46) 0.377

   - non-traumatic, n (%)b 13(36) 8(38) 9 (56) 7 (54)

Severity of injury:

   - AIS A and B, n (%) 6 (17) 2 (9) 0.836 - - -

   - AIS C, n (%) 10 (28) 5 (24) - - -

   - AIS D, n (%) 20 (55) 14 (67) 16 13 0.310

Abbreviations: AIS: American Spinal Injury Association (ASIA) Impairment Scales, AIS A: No sensory or motor function is preserved in the sacral segments 
S4–S5, AIS B: Sensory but not motor function is preserved below the neurological level and extends through the sacral segments S4–S5, AIS C: Motor 
function is preserved below the neurological level, and most key muscles below the neurological level have a muscle grade less than three,  AIS D: Motor 
function is preserved below the neurological level, and most key muscles below the neurological level have a muscle grade greater than or equal to three.

Note: aData were presented in terms of median (interquartile range: Q1–Q3). The findings between the groups were compared using the Mann–Whitney 
U test.  bThese variables were categorised data, and a chi-square test was used to compare differences between groups. * Indicates a significant difference 
between groups (p<0.05). ** Indicates a significant difference between groups (p<0.01). *** Indicates a significant difference between groups (p<0.001). 

 The proportion of patients who experienced pain 
was high for both the AAD (63%) and the non-AAD groups 
(55%); however, the areas where pain was experienced 
varied. Moderate severity of upper limb (36%) pain was 
more common in the AAD group, moderate severity pain 
of trunk (59%) and lower limb (36%) pain was more common 
in the non AAD group (Figure 1).
 We examined walking speed and reported pain in 
patients in the AAD and non-AAD groups separately. Within 
the AAD group, a significantly faster gait speed was observed 
in patients with no pain than in those with mild, moderate, 
and severe pain (p<0.05, Figure 2A). In the non-AAD group, 
there was no significant difference in gait speed between 
those with mild and no pain and no significant difference in 
gait speed between those with severe and moderate pain 
(Figure 2B). In addition, there were no differences found in 
the preferred walking speed, both AAD and non-AAD group.

Figure 1.  Prevalence, severity, and area of pain in ambulatory patients 
with SCI who walked with or without AAD. A: walked with AAD, 
B: walked without AAD.
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Figure 2.  Comparison of walking speeds associated with different pain severities among patients with SCI who walked with and without AAD. A: AAD 
group, B: non- AAD group.

  

  
 

experience lingering muscle weakness. Walking in non-AAD 
patients seems to increase the demand on lower-extremity 
muscles. Therefore, walking with an abnormal gait pattern 
and walking asymmetrically while there is still muscle weakness 
after SCI could-especially in the case of ambulatory patients 
with SCI who walk without AAD-lead to chronic arthritis causing 
by repetitive abnormal movements and putting direct strain 
on musculoskeletal structures.
 In addition, the present study found a high prevalence 
of pain in the AAD group (63%, Figure 1A). The AAD group 
showed a high prevalence of upper limb pain. This may be 
explained by the fact that SCI patients who walk with an AAD 
are more likely to have impaired lower limb functions, which 
can increase their dependence on the upper extremity functions 
for mobility.19 The muscles of the upper limbs are primarily 
composed of small muscle fibre groups, whereas lower limb 
muscles primarily consist of large muscle fibre groups.2,19 
Thus, the extra work of the upper limbs that compensates for 
loss of strength and/or mobility in lower limbs might induce 
an injury to the upper limbs structures.19 Previous studies  
reported that repetitive compressive forces on the upper 
limbs in chronic arthritis patients could be caused by long-term 
use of a walker or cane.19-21 These repetitive forces can, in 
turn, contribute to pathologies, such as osteoarthritis, carpal 
tunnel syndrome and tendonitis.19 Another study reported the 
prevalence of upper limb musculoskeletal pain in patients 
with poliomyelitis, which prolonged the use of AAD.22 Therefore, 
medical care and prevention of musculoskeletal pain should 

Discussion

  Musculoskeletal pain is a serious problem and is
commonly found in those with neurological conditions,
especially in patients with SCI. A previous study reported
that patients with SCI had the highest prevalence of chronic
pain when compared with other patients with neurological
deficits.18

  The present study has shown that SCI patients with
or without an AAD who participated in this study had problems
with musculoskeletal pain. An important finding of the present
study is the high prevalence of pain in the non-AAD group
(55%, Figure. 1). We found that the areas of pain in this group
were mostly reported in the lower limbs and trunk. This may
be explained by the fact that patients with SCI have sensorimotor
deficits as indicated by the data showing significantly lower
upper and lower motor scores in patients who had pain than
those who had none (Table 1). Although these patients can walk
independently, their sensorimotor impairments are likely
to cause them to walk asymmetrically and with an abnormal
gait pattern. Kumprou  et al. reported that different degrees of
impairment between the limbs is one important cause of
asymmetrical walking in those with neurological disorders
whereas the levels of asymmetrical walking in ambulatory
participants with SCI who had bilateral sensorimotor
impairments were reported around 78–94%.10  Asymmetrical
walking can increase the risk of injury to the musculoskeletal
structures and ultimately result in lower limb pain in SCI
patients who walk without AAD.10  In addition, the SCI patients



L. Mato et al.  Journal of Associated Medical Sciences 2022; 55(3): 123-128 127

be of concern to patients who walk with and without AAD.
 Walking speed is considered a measurement of the 
overall quality of a person’s gait.17 Furthermore, adequate 
velocity is only one criterion that should be met for independent 
community ambulation to be considered safe for patients 
with SCI.23 However, a previous study showed no evidence 
of a link between musculoskeletal pain and walking speed 
in ambulatory SCI patients.2,4 Therefore, this study considers 
the effects of musculoskeletal pain on walking speed in SCI 
patients walking with or without AAD. The results indicate 
that mild-to-severe musculoskeletal pain may influence the 
fastest gait speed in ambulatory patients with SCI who walk 
with AAD (p<0.05, Figure 2A). In non-AAD group, moderate 
to severe pain influenced fastest gait speed (p<0.05, Figure. 2B). 
Musculoskeletal pain, especially in parts of the lower limbs, 
influences walking abilities in patients with SCI.4  Sawa et al. 
reported that people with pain commonly alter their gait pattern 
to avoid pain.24 Furthermore, individuals with musculoskeletal 
pain typically limit the range of joint movement during walking 
to minimise pain severity, which could cause a decrease 
in gait speed. One study has reported that problems with 
musculoskeletal pain affect patients who pay more attention 
to the pain side, which could distract the patient during 
walking. These individuals have been shown to walk more 
slowly when performing other tasks or encountering 
challenging walking conditions.25 Patients using AAD and 
suffering mild-to-severe pain exhibited a pain-related 
decline in walking speed (p<0.05, Figure 2A). The impact of 
musculoskeletal pain on the fastest gait speed in patients 
with AAD might be attributed to upper limb, trunk, and lower 
limb pain (Figure 1A). Furthermore, the patients using AAD 
required more work from the upper limbs rather than the lower 
limbs for walking.19 Therefore, the impact of musculoskeletal 
pain on the fastest gait speed in patients with AAD was 
probably due to both upper limb and lower limb pain 
(Figure 1) which since upper and lower limbs are both important 
in controlling walking functions in these patients. The 
reduction in fastest gait speed suffered by SCI patients with 
musculoskeletal pain could result in limited community 
ambulation skills-such as difficulties crossing streets with 
traffic lights-in addition to producing other detrimental 
effects in these patients.23

 There are some potential concerns regarding this study’s 
data collection and interpretation methods. For instance, the 
small sample size for comparing walking speeds may have 
contributed to the fact that no significant difference was 
found in terms of the preferred gait speed of patients. Further 
studies should use a larger sample to confirm the effects 
of musculoskeletal pain on walking speed. Therefore, the 
results could not be generalised to the entire population of 
SCI patients. Further research involving longitudinal study 
is required to explain the causes of musculoskeletal pain. 
In addition, this study did not report AAD types and the 
different types of AAD could affect whole-body control while 
walking. Future study could consider the different types of 
AAD. 

  

  

  

 

  

  

 

 

 

Conclusion

  The findings of this study show a high prevalence of
musculoskeletal pain in ambulatory patients with SCI who
walk with and without AAD. Upper limb pain was more
common in those using AAD, whereas patients in non-AAD
group experienced more lower limb pain. Moreover, this
study finds that musculoskeletal pain might be the cause
of difficulty in changing walking speeds, which is related to
walking ability in SCI patients. With greater awareness of
problems related to musculoskeletal pain, healthcare
professionals will be able to more effectively prevent this
pain and ensure that it does not interfere with these patients’
improvement in walking ability.
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