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 ABSTRACT

OBJECTIVES  The primary objective of this study is to describe a method 
for teaching “Safe Listening” integrated with early clinical exposure (ECE). 
Additionally, the study aims to assess preferred listening levels (PLLs),  
expected output levels, and classroom noise levels.

METHODS Retrospective cross-sectional study.  After pre-activity instruc-
tion, medical students were grouped into classrooms. The noise level in 
each classroom was measured using a sound meter application both in  
quiet  situations and during conversations  while the medical students were 
listening to their personal listening devices (PLDs).  A calibrated finger  
rub auditory screening test and a tuning fork test were conducted and 
PLLs were recorded. The students discussed the findings and rated their 
satisfaction with the process at the end of the activity.

RESULTS The average PLL of the 171 third-year medical students was 
59.00 ± 7.38 dBA. The classroom noise level was 49.66 ± 8.45 dBA in quiet 
periods, and 77.51 ± 10.05 dBA during conversation and while listening to 
PLDs via earphones. In quiet periods, 97.65% of the students could hear 
finger rub in both ears. The average satisfaction score after the activity 
was 82.57 ± 13.14%. 

CONCLUSIONS Practice with hearing tests and self-checks of PLLs intro-
duced exposure to clinical learning together with awareness of safe listening.  
PLLs of medical students and satisfaction with the activity were in the 
favorable range.  
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INTRODUCTION
To  help bridge the gap between preclinical 

and clinical medical training, early clinical exposure  
(ECE) is a well-documented teaching-learning 
method for helping medical students transfer  
basic scientific knowledge into a clinical context  
(1, 2). ECE helps medical students improve their 
academic performance, develop communication 

skills, increases their motivation towards self- 
directed learning, enhances their appreciation of 
medical professionalism, fosters emotional develop- 
ment and empathy, helps develop an empathic and 
holistic attitude, and increases understanding of 
working in a team (1-3).

A variety of clinical teaching-learning activities  
in the preclinical period can be conducted as ECE, 
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e.g., observation, small group teaching, clinical  
bedside teaching, supervision and feedback, self‑ 
learning, and case‑based learning. Settings in ECE 
are divided into three groups:  classroom, hospital- 
based, and community settings. The classroom 
setting is the basic and most convenient form of 
ECE.  Strategies used in the classroom setting   
include the arrangement of patients in the class-
room, preparation of case scenarios, and discussion 
of clinical materials (1-4).

During the COVID-19 pandemic, all preclinical  
courses were switched to an online mode.  As 
a result, medical students have had increased 
earphone usage and increased listening time via  
personal listening devices during online study. 
The author considered that medical students 
should be aware of their hearing health and that 
they  would benefit from clinical experience with 
hearing tests.

Safe listening refers to listening behavior that 
does not put hearing at risk of irreversible hearing  
damage (5).  More than one billion young people 
put themselves at risk of permanent hearing loss 
by listening to loud sounds (6). In 2015, the World 
Health Organization (WHO) launched the Make 
Listening Safe initiative that aims to promote safe 
listening and reduce the risk of hearing loss due 
to loud recreational sounds. The “Make Listening 
Safe Workgroup” is a group working on promoting 
and supporting programs and materials for safe  
listening. Its goal is to “create a world where  
nobody’s hearing is put in danger due to unsafe  
listening” (7). In 2019, the WHO published the 
WHO-ITU Global standard for safe listening devices 
and systems which offers recommendations re-
lated to safe listening features on personal audio 
devices. In 2022, WHO published the “mSafeLis-
tening Handbook” which provides evidence-based 
information for the promotion of safe listening  
behaviors and prevention of hearing loss as well as  
guidance on how to develop, integrate, implement 
and evaluate a national mSafeListening program 
(6). Awareness of self-listening levels is the first 
step to reducing the risk of sound exposure to 
loud noise. “Increasing awareness of the impor-
tance of safe listening and changing behavior for 
the target group (young people)” is one of the main  
objectives of the Make Listening Safe Workgroup (7).

Self-reported preferred listening level (PLL) 
is a comfortable listening level (0-100%) of the 
maximum volume setting of a personal listening  

device (PLD).  The formula to convert self-reported  
PLD volume to decibels (expected output) is 0.53 
x% + 34, where “x” is a 10-100 scale for setting  
volume levels (8). 

Teaching “safe listening” integrated with ECE 
activities should help medical students to learn 
about hearing screening and the effects of envi-
ronmental noise on listening levels and checking 
an individual’s PLL as a way of raising awareness 
of safe listening. This study  aimed (1) to describe 
an ECE activity integrating safe listening content 
and (2) to assess PLLs, expected output levels, 
and classroom noise levels.

METHODS
This retrospective cross-sectional observational  

study was approved by the Ethical Committee of 
the Faculty of Medicine, Chiang Mai University 
(CMU), the first regional medical school in Northern 
Thailand (study code ENT-2565-09065). Data was  
self-recorded in a data collection form by the  
enrolled students during the in-class activity.  
This ECE activity was set up for the third-year 
preclinical medical students at the end of the 
2021 semester prior to exposure to the first-year 
clinical experience. Prior to the activity, instruc-
tions and orientation were provided in a guiding 
document. All third-year preclinical medical stu-
dents were recruited. The students were divided  
into small groups of nine to ten students per 
group. Each group performed the ECE activity 
in a separate classroom. The classroom size was 
3.62 x 3.97 x 3.0 m (width x length x height). The 
on-site activity was supervised by the coursework 
instructor (the first author) under COVID-19 pre-
cautions. One fifth-year medical student was  
assigned as a teaching assistant in each classroom. 
All students brought their PLDs and earphones. 
They were told to download a sound meter appli- 
cation before attending the class. The smart-
phone application was either “Sound Meter” in 
the android system or “NIOSH Sound Level Meter” 
in the IOS system. After the students were in the 
classroom, they were paired and the ECE activity  
started. The 30-minute activity was split into three 
ten-minute periods. 

In the first ten minutes  of the ECE activity the 
following steps were conducted in a quiet envi-
ronment as follows:

1.	 The noise level in the classroom was meas-
ured using the sound meter application.
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2.	 A screening hearing test was performed 
using the calibrated finger rub auditory screening 
test (CALFRAST) (9). 

3.	 The Weber test was performed both with 
and without pressure on the right tragus. Closure 
of the right ear canal created the right conductive 
hearing loss.

4.	 The PLL was recorded while listening to 
the “Med CMU” song (downloaded from YouTube 
at https://www.youtube.com/watch?v=D3hu__
krFeY) via their PLDs and earphones. 

5.	 The level of loudness (too soft, comforta-
ble, too loud) was recorded while listening to the 
“Med CMU” song at 60% of maximum volume 
which is the upper limit for safe listening.

 In the second ten minutes, the students held a 
conversation. The activity included the following 
steps:

1.	 The noise level was measured in the class-
room using the sound meter application with and 
without wearing earphones at PLL.

2.	 The screening hearing test was performed 
with CALFRAST while wearing earphones and 
listening to the Med CMU song at PLL. This step 
aimed to initiate appreciation of  how the signal-to- 
noise ratio  can affect hearing ability.

In the final ten minutes, the students discussed 
the findings among themselves and rated their 
satisfaction with the activity. Two opened-end 
questions were then given for the students to an-
swer on a data collection form: “What you have 
learned today?” and “Please give your comments 
and feedback”.

RESULTS
Of the 224 third-year medical students, 221 

(98.7%) were enrolled in the class and were divided  
into 24 small groups. The completed data of 171 
students were analyzed. 

The sound meter applications were NIOSH 147 
(86.0%), and Sound Meter 24 (14.0%). The types 
of earphones used in the class were earbud 101 
(59.06%), in-ear 58 (33.92%), supra-aural 2 (1.17%), 
and noise-cancellation 10 (5.85%).  While listening 
to the Med CMU song at a listening level of 60% of 
maximum volume, the students reported whether  
the level was too soft 7 (4.09%), comfortable 53 
(30.99%), or too loud 111 (64.91%). PLL while lis-
tening to the Med CMU song with their listening 
devices with earphones. Expected output levels 
were calculated using a formula proposed by  
Williams et al. (8) as shown in Table 1 and Figure 1.  
The PLL is a 0-100 scale, where 100% is equal 
to the maximum volume of a PLD. The expected  
output levels among the four different types 
of earphones showed no differences (p-value =  
0.73). Classroom noise level and CALFRAST results 
in the three situations are shown in Table 2. 

The average satisfaction rating of the in-class 
activity was 82.57 ± 13.14% (mean ± SD), with a 
range of 50-100.  In the opened-ended questions, 
the student’s reflections about “What did you 
learn today?” included: 

-	 How to perform a physical examination and 
screening hearing tests using the CALFRAST and 
Weber tests in the clinical year.

Table 1. Preferred listening levels and expected output using a personal listening device with earphones

Type of earphone  
(number of students)

Preferred listening level (%) 
Mean±SD (range)

Expected output level (dBA) 
Mean±SD (range)

Earbud (101)
In-ear (58)
Supra-aural (2)
Noise-cancellation (10)
Average (171)

47.32±13.79 (10-76)
47.62±13.69 (25-90)
50.00±28.28 (30-70)
42.40±15.73 (25-70)
47.16±13.90 (10-90)

59.08±7.31 (39.30-74.28)
59.24±7.25 (47.25-81.70)

60.50±14.99 (49.90-71.10)
56.47±8.34 (47.25-71.10)

59.00±7.38 (39.30-81.70)

Table 2. Classroom noise level and CALFRAST results in the three situations

Quiet Conversation
Conversation and 

listening to the song

Classroom noise level (dBA)  
Mean ± SD (range)
CALFRAST results (% heard in both ears)

49.66±8.45 
(35-72)
97.65

71.88±9.43
(40-95)

-

77.51±10.05
(45-95)
52.05

CALFRAST, calibrated finger rub auditory screening test
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- How to perform the tuning fork test while
pressing the tragus created conductive hearing loss. 

- How to use smartphone sound meter appli-
cations to check environmental noise levels. 

- How to check their PLLs:  they need to speak
louder in a noisy environment and while using 
earphones via the PLDs. They should reduce 
their listening level. They should limit their use 
of earphones.  They were concerned about loss of 
hearing if they listened to sound that is too loud.  

Positive comments and feedback included: 
- They enjoyed  participating in the ECE acti- 

vity.
- They were excited to have had new experi-

ences during the ear and hearing examination. 
- They felt the activity should be continued

the next year. 
Negative feedback included: 
- The classroom was too small, there were too

many students in the classroom, and the classroom 
was too noisy. 

- The activity time was too short: 10-15 min-
utes is need. 

- The broken air-conditioner (in one classroom) 
was disruptive. 

- There were not enough tuning forks.
- The online pre-activity instruction should

be more  explicit and should not be conducted 
too close to the on-site activity. 

- A post-activity summary should be included.

DISCUSSION  
Medical students are future doctors or health-

care providers. They are expected to be role models  
and to exemplify healthy lifestyle behaviors for 
patients (10). If they exemplify the health advice 
they give to patients, that should provide greater  
motivation for their patients to follow their coun-
seling (11). In 1998, the WHO Regional Office for 
Europe published guidance on establishing and 
developing a health-promoting university (12). The  
ASEAN University Network (AUN) Health Promo-
tion Network also published the AUN Healthy 
University Framework in 2017 (13). In the past, 
healthy university policies have been mainly  
focused on smoking, alcohol or drug use, diet,  
exercise, and stress. Hearing health promotion  
policies should also be initiated in medical schools 
and health science faculties.

To follow the social distancing policy during  
the COVID-19 outbreak, online teaching was  
required. Increased use of earphones via the 
PLDs amplified the risk of noise-induced hearing 
loss (NIHL). Damage to hair cells in the inner ear 
by noise is irreversible. WHO has estimated that 
430 million people live with disabling hearing loss 
requiring rehabilitation services. Globally, more 
than one billion young people put themselves at 
risk of permanent hearing loss by listening to loud 
sounds (6). The US National Health and Nutrition 
Examination Survey reported the prevalence 
of hearing loss in 4,305 adolescents 12-19 years 

Figure 1. Histogram of Preferred Listening Levels
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of age. Between the years 1988-1994 and 2005-
2006, the overall prevalence of exposure to loud 
noise or listening to music through headphones 
in the previous 24 hours increased significantly 
from 19.8% to 34.8% (14). Younger people more 
frequently listen to music at a higher volume than 
do to older people (15). If possible, conventional 
audiometry should be performed to compare the 
prevalence of NIHL before and after the increased 
use of PLDs in online teaching during the COVID- 
19 outbreak.  Difficulty in communication due to 
hearing loss impacts individuals, their families, 
society, and the economy. Hearing loss is an invisi- 
ble handicap. If people at risk were aware of their 
self-listening level, they would try to reduce their 
exposure to loud sounds and would consider 
adopting safe listening behavior. Detection and 
identification of high-risk noise exposure affecting  
by young people is very important for primary 
prevention.  Medical students, as young future 
doctors, should be the first target group for the 
implementation of safe listening programs and 
should be enrolled in a hearing health promotion 
team.  

In this study, the average PLL (47.16 ± 13.9%) 
and expected output level (59.00 ± 7.38 dBA) from 
PLDs of third-year medical students in a noisy 
situation were lower than in previous reports. 
Paping et al. reported two studies of Generation 
R, population-based prospective cohort studies 
from fetal life until young adulthood in Rotterdam, 
the Netherlands. The mean PLL from postal ques-
tionnaires of 237 subjects (aged 12-15 years) was 
54.5 ± 18.1% (16).  The mean PLL from the PLDs of 
314 subjects (aged 13 years 7 months ± 5 months), 
measured using a newly developed smartphone 
application, was 55.0 ± 17.9% (17).  The mean 
PLLs of 183 middle school students and 233 high 
school students in Ulsan, Korea reported by Lee 
et al. (2021) was 70.13 ± 8.01 dB (18).  Gilliver et al.  
reported the mean self-reported PLD listening 
volume from an online survey of 5,371 Australians  
aged > 15 years (mean age 31.4 years) to be 53.3 
± 21.1% (19). Portnuff et al. reported the PLL of 
29 normal-hearing subjects (aged 13-17 years) in 
Denver, Colorado, USA, using earbuds, in-ear, 
and supra-aural earphones. The mean comforta-
ble PLL collected from the subjects’ questionnaire 
was 55 ± 17.2%.  The average PLL across earphone 
types under 70 dB under pink noise conditions in 
the laboratory was 79.3 ± 5.2 dBA (20). Although 

there was no difference in expected output levels 
of PLLs among four different types of earphones 
in this study, the lowest PLLs were observed with 
the use of noise cancellation earphones.

Contrary to Hoshina et al., they found that canal  
earphones with noise canceling showed the lowest  
PLLs among the three earphone types used by 
23 subjects (age 20-40 years) (21). This difference  
may have resulted from the activity in the present  
study having been conducted in small classrooms 
with the doors closed. Even though the average  
PLL was lower than 60% and 95.9% of the third- 
year medical students reported the sound at a  
level of 60% of maximum volume being comforta- 
ble or too loud while listening to the song, the  
students may require louder PLLs outside the 
classroom. Safe listening behavior should be  
encouraged. 

The average satisfaction score after the in-
class activity in this study was high. The authors 
encourage medical educators to apply this ECE 
teaching method integrated with self -directed 
learning about safe listening for their settings. 
Before setting up the activity, the instructor and 
the faculties involved should consider classroom 
size, classroom condition, number of students in 
each classroom, number of tuning forks needed, 
appropriate length of time for the activity, clari-
fication of pre-activity instructions, and a review 
of post-activity conclusions.

This study had limitations. It was a cross- 
sectional study of 171 third-year medical students 
at CMU in northern Thailand. Although this was 
a retrospective study, pre-activity instruction 
was provided and data were collected using data  
collection forms. The ECE activity was performed 
in small classrooms with only nine to ten students 
in a room. The results may not apply in larger 
populations or in an environment outside class-
rooms, in other preclinical and clinical classes 
in other medical schools or with other faculties. 
The environmental sound was measured by two 
applications, “Sound Meter” in the android sys-
tem and “NIOSH Sound Level Meter” in the IOS 
system, without the use of a standard sound level 
meter. However, both applications are validated 
smartphone-based applications that can be used 
for measuring ambient noise levels. Both applica-
tions are listed  as validated sound-level apps in 
the WHO ear and hearing survey handbook (22).  
The SoundMeter app showed good agreement in 
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A-weighted sound levels, with a mean difference 
of -0.52 dBA from the reference values and mean 
differences within ± 2 dBA of the reference meas-
urements (23).  The use of smartphone applica-
tions is  appropriate for implementation of this 
ECE activity in other safe-listening initiation pro-
grams in other settings. In conducting this ECE 
activity, the authors planned to instill awareness 
of listening levels and classroom noise levels that 
can affect audibility.  The students should under-
stand the methods for measuring noise levels and 
monitoring their PLLs. This study did not focus 
on the accuracy of the noise level or compare the 
noise levels measured using the application and 
those measured using a standard sound level me-
ter. The classroom noise levels shown in Table 2 
do not indicate the actual noise levels. To obtain 
accurate noise level measurements, calibration 
of the applications should be performed before 
measuring.

CONCLUSIONS
The majority of the students were satisfied 

with this ECE activity and requested that the  
activity be continued the next semester. The stu-
dents appreciated gaining new experience with 
hearing tests and measuring PLLs and noise levels 
in quiet and noisy environments.  Increasing the 
room size, decreasing the number of students per 
group, clarifying the pre-activity and post-activity  
summarization and provision of a sufficient number  
of tuning forks should improve student satisfac-
tion.  Even though the average PLL was lower than 
that in previous reports and was less than 60% of 
the maximum volume, awareness of safe-listening  
behavior should be encouraged and hearing health 
promotion should be initiated as a primary hearing  
loss prevention program. Using a low level of PLL 
encourage medical students to be a good role model  
of healthy hearing behavior. 
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 ABSTRACT

OBJECTIVE  The objective of this study is to compute the precision and 
LSC of BMD and TBS at the lumbar spine using dual-energy X-ray absorp-
tiometry in different vertebral combinations.

METHODS  Thirty female participants (age 58.8 ± 4.0 years, height: 155.0 
± 5.2 cm, weight: 57.4 ± 8.6 kg and BMI: 23.9 ± 3.6) were scanned at the 
lumbar spine twice in the same day using DXA. The precision and LSC of 
BMD and TBS were computed in terms of the RMS-SD and %CV using the 
ISCD Advanced Precision Calculation Tool.

RESULTS The precision and LSC of BMD of the 4 vertebrae combinations 
showed the best precision and also showed a similar trend (0.005 g/cm2 
and 0.62%, 0.013 g/cm2 and 1.71%), respectively. For TBS, the precision 
and LSC followed a similar pattern as BMD but was inferior to those of 
BMD. The %CV LSC of BMD for all vertebrae combinations did not exceed 
5.3% as recommended by ISCD (15). The %CV LSC of TBS for 2-4 vertebrae 
combinations were within 5.8% with the exception of the individual verte-
bra which was unacceptable (%CV range 6.17-8.98). 

CONCLUSIONS All vertebrae combinations had an acceptable level of 
precision and LSC for BMD monitoring. However, the precision and LSC 
of TBS were inferior to those of BMD, and individual vertebra were not 
appropriate for TBS monitoring.  

 KEYWORDS  precision, least significant change (LSC), bone mineral  
  density (BMD), trabecular bone score (TBS)
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INTRODUCTION
Dual-energy X-ray absorptiometry (DXA) is the 

current gold standard for the clinical diagnosis  
of osteoporosis based on the measurement of 
bone mineral density (BMD) for the diagnosis of 
osteoporosis and monitoring of changes in BMD 
over time (1, 2).  DXA measurements at the central 
skeletal site (lumbar spine and proximal femur) 
are recommended for diagnosis of osteoporosis. 
Lumbar spine measurements can provide BMD 

values, which quantify the amount of minerals in 
specific volumes of bone (3).  The lumbar spine is 
effective for monitoring treatment response due 
to its higher proportion of trabecular bone in the 
vertebral bodies and it also adheres to the World 
Health Organization (WHO) operational definition 
of osteoporosis and osteopenia (4).  DXA measure- 
ments of the lumbar spine also provide trabecular 
bone score (TBS) values that are derived from the 
same region of interest (ROI). TBS is a non-invasive  
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technique that evaluates bone quality by analyzing  
gray-level variations in lumbar spine images to 
project a 2-dimensional image of the 3-dimensional  
(3D) structure (5). TBS holds the potential to 
monitor the effects of anabolic therapy involving 
drugs such as teriparatide and abaloparatide (6).

Because DXA measurements are useful for 
monitoring changes over time of disease progres-
sion and treatment response, reproducibility and 
precision are essential. To determine whether a 
difference between measurements is statistically 
significant (indicative of a true change) or falls 
within the examination’s range of error, the ISCD 
has recommended the use of precision and least 
significant change (LSC) values.  The precision of 
DXA measurements is expressed as root mean 
square standard deviation of BMD and TBS in abso- 
lute terms (g/cm2).  It is sometimes expressed as 
CV or %CV, but this is less desirable due to variation 
in these values over a range of measured BMD (7).  
The LSC represents the smallest difference  
between successive measurements. This threshold 
value is set equal to the upper limit of the 95% 
confidence range for the mean value of the differ-
ences between measurements and can be mathe-
matically calculated (8). The difference is normally 
considered to be statistically significant when it 
exceeds the LSC.

When performing DXA measurements on the 
lumbar spine, the image should be clear and devoid 
of artifacts.  Artifacts can be inside or outside of 
patients and both can impact BMD interpretation. 
While external artifacts such as jewelry or the 
type of clothing textiles can be avoided through 
careful pre-scan questions and perceptive obser-
vation by technologists, internal artifacts such as 
vertebral fractures, aortic calcification, peace-
makers and surgical clips cannot be removed (9, 
10). In cases where the lumbar spine image is com-
promised by internal artifacts or when it displays 
a T-score discrepancy greater than 1.0 compared 
to adjacent vertebrae, the International Society 
for Clinical Densitometry (ISCD) recommends 
excluding the affected individual vertebra from 
the analysis based on specific criteria. However, 
diagnostic classification requires a minimum of 
two vertebrae (11).

The aim of this study is to evaluate the precision 
and LSC values of BMD and TBS at the lumbar  
spine using DXA measurements for different  

vertebral combinations of excluded vertebrae. 
These values assist physicians in making more 
accurate interpretation of results, thereby facili-
tating informed decision-making.

METHODS
Study participants

In this study, 30 female volunteers aged between 
56 and 67 years were recruited from the staff of 
our hospital. To help ensure reliable and accurate 
measurements, participants with any anatomical 
abnormalities that could interfere with the inter-
pretation of spine images, e.g., lumbar spine fixators,  
a history of lumbar spine fractures, severe lumbar 
scoliosis, oral contrast administration within the 
past 7 days, or the possibility of pregnancy, were 
excluded. All participants provided signed informed 
consent before participating in the study. The  
demographic characteristics of the participants 
are shown in Table 1. This study received approval  
from the Institutional Review Board (IRB) of the 
Faculty of Medicine Ramathibodi Hospital, Mahidol 
University (Research Ethics Code COA. MURA 
2022/677).

DXA measurement 
All participants underwent a scan of the lumbar 

spine (L1-L4) twice using a Hologic Horizon A DXA 
machine (Figure 1).  Apex Software version 13.6.0.7 
(Hologic, Inc., Bedford, MA, USA) was used for ac-
quisition and analysis. To help ensure accurate 
measurements, participants were requested to 
change into hospital light clothing and to remove 
any metal or plastic artifacts that could potentially  
affect the BMD and TBS values. Following the 
first scan, participants were instructed to stand 
up and walk around the room for approximately  
10-15 minutes before the second scan to help ensure 
that the measurements closely reflected actual 
conditions. The positioning of participants during  
the scans adhered to the manufacturer’s recom-
mended guidelines (12).  After image acquisition, 
the lumbar spine image underwent analysis by 

Table 1. Demographic data of participants (n=30)

Mean ± SD Range

Age (yrs)
Height (cm)
Weight (kg)
BMI (kg/m2)

58.8±4.0
155.0±5.2
57.4±8.6
23.9±3.6

56.0-67.0
158.0-167.0
59.8-80.0
16.8-32.0
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placing the ROI at L1-L4 to compute the BMD 
value (Figure 2). The same lumbar spine image 
ROI were employed to calculate the TBS values 
for various combinations of vertebrae using TBS 
insight software version 3.0.2.0 (Medimaps, Ge-
neva, Switzerland) (Figure 3). All measurements 
were conducted using the same scanning mode 
(fast array), positioned and analyzed by same 
technologist, a ISCD-certified technologist with 
over 10 years’ experience in DXA, and passed the 
precision test to avoid variation between meas-
urements. A daily quality control test was con-
ducted prior to scanning and consistently met 
the required standards. A spine phantom was 
scanned 10 times daily without repositioning, and 
the variation in BMD, BMC, and area values re-
mained within 0.2%. No significant drift or shift 
in calibration was observed throughout the study 
period, which encompassed all participant meas-
urements.

Statistical analysis
Descriptive statistics, including mean ± standard  

deviation (SD), were calculated using Microsoft 
Excel 2019 for all participant data. 

Determination of precision error of BMD and 
TBS equivalent to the root mean square standard 
deviation (RMS-SD) or percent coefficient of varia- 
tion (CV%), was performed using equations (1) and 
(2), respectively (13). The LSC of BMD and TBS 
were determined at a 95% confidence level using 
RMS-SD and (%CV) as 2.77 times of the precision, 
represented in equation (3). Precision error and 
LSC were computed using the ISCD Advanced 
Precision Calculation Tool (14). The levels of LSC 

of BMD and TBS were considered acceptable with  
a %CV of ≤ 5.3% and ≤ 5.8%, respectively (3, 15).	

							     
							       (1)

Where: m = number of subjects
		       SD = standard deviation

							       (2)

Where: m = number of subjects
	         CV = coefficient of variation

LSC=2.77 (precision error)  			   (3)

RESULTS
The descriptive results for lumbar spine BMD 

and TBS in different vertebrae combinations are 
given in Table 2, while Table 3 presents the preci-
sion values for lumbar spine BMD and TBS across 
different vertebrae combinations. 

Figure 1. Positioning of lumbar spine scan by DXA 

Figure 2. An example of analysis and results of BMD of vertebrae combinations
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The precision and LSC for 4 vertebrae combi-
nations showed smallest value. The combination 
of 3 and 2 vertebrae exhibited larger values than 
the 4 vertebrae combinations, and individual ver-
tebra demonstrating the greatest values. None 
of the lumbar spine vertebrae combinations ex-
ceeded acceptable levels (LSC value of BMD and 
TBS were within 5.3% and 5.8%, respectively), 
except individual vertebra combinations of TBS, 
which exhibited significantly lower precision.

DISCUSSION
Precision and LSC function as vital clinical tools 

for determining the minimum change in DXA  
serial measurements which can be considered a 
statistically significant change. Computation of 
precision and LSC at each DXA facility, as recom-
mended by the ISCD, assists physicians in report 
interpretation and facilitates monitoring of re-
sponse to treatment and disease progression (16). 

In this study, we determined the precision 
and LSC for BMD and TBS in the lumbar spine, by 
considering both individual vertebra and various 
combinations of vertebrae of volunteer participants 
aged between 56 and 67.  The age and physical 
condition of the participants was representative 
of the patient population undergoing BMD meas-
urement in our department and followed the 
ISCD recommendations for BMD measurement 
(17). The determination of precision and LSC for 
BMD and TBS in younger participants may not be 
a good representative because the reproducibility 

of BMD measurements in younger patients might 
be higher due to more ease in repositioning than 
elderly participants (18). 

The precision of the BMD 4 vertebrae combina-
tion showed the greatest precision (%CV = 0.62). 
The precision trend was declined for the 3 ver-
tebrae combination (%CV range 0.65-0.81), the 
2 vertebrae combination (%CV range 0.75-1.03), 
and individual vertebra (%CV range 0.94-1.32). 
The LSC of BMD with the 4 vertebrae combination  
(%CV = 1.71), the 3 vertebrae combination (%CV 
range 1.86-2.24), the 2 vertebrae combination  

Table 2. Mean and SD of lumbar spine BMD and TBS in 
different vertebrae combinations

Vertebrae combinations 
of lumbar spine (L1-L4)

Mean±SD

BMD TBS

L1L2L3L4
L1L2L3
L2L3L4
L1L2L4
L1L3L4
L1L2
L1L3
L1L4
L2L3
L2L4
L3L4
L1
L2
L3
L4

0.857±0.158
0.846±0.152
0.871±0.164
0.845±0.157
0.862±0.161
0.821±0.150
0.850±0.153
0.850±0.163
0.864±0.156
0.863±0.166
0.886±0.173
0.805±0.153
0.838±0.153
0.888±0.163
0.884±0.187

1.359±0.068
1.353±0.075
1.375±0.710
1.346±0.069
1.349±0.067
1.337±0.078
1.344±0.075
1.335±0.069
1.378±0.082
1.369±0.071
1.376±0.074
1.301±0.085
1.373±0.082
1.386±0.094
1.366±0.085

BMD, bone mineral density; TBS: trabecular bone score; 
SD, standard deviation

Figure 3. An example of analysis and results of TBS vertebrae combinations
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(%CV range 2.08-2.86), and the individual verte-
bra (%CV range 2.60-4.00) are shown in Table 3. 
Nevertheless, none of the %CV values for BMD 
in any of the combinations exceeded 5.3%, the 
maximum level recommended by ISCD (17). Com-
paring the precision and LSC of RMS-SD and the 
%CV for BMD in our study with those of previous 
studies by Whittaker et al. (19), McNamara et al. 
(20), and Hind and Oldroyd (10), found notewor-
thy similarities. 

 For TBS, the precision and LSC followed a 
similar pattern to those of BMD. However, the 
precision and LSC of TBS were inferior to those of 
BMD. Moreover, the LSC of an individual vertebra 
was unacceptable (%CV range 6.17-8.98 (Table 3), 
while the threshold recognized by ISCD for moni-
toring TBS changes is %CV=5.8) (15). 

Our findings indicate that all combinations of 
vertebrae can be utilized for monitoring changes 
in BMD. However, to gain further insights beyond 
BMD and bone turnover markers, it is advisable to 
monitor changes in TBS, specifically in 2-4 verte-
brae combinations, but not in individual vertebra. 
This recommendation is particularly relevant for 
patients undergoing anabolic therapy (teriparatide  
and abaloparatide).

It is essential to also acknowledge the limita-
tions of this study. First, all participants in this 
study were females. Although the ISCD does not 

offer specific recommendations regarding gender- 
based precision studies (11) and Krueger et al. 
found no significant difference in BMD precision 
between females and males (21), further study of 
precision and LSC for lumbar spine BMD and TBS 
in male populations are necessary. Additionally, 
it should be noted that the results of this study 
were obtained using specific manufacturers and 
models of DXA machines (Hologic, Horizon A) and 
thus may not be generalizable to all manufacturers  
and models. Finally, all participants enrolled in 
this study were staff of our hospital, not patients. 
The precision and LSC values of BMD and TBS 
of our staff may be superior to those of general  
patients.        

 
CONCLUSIONS

All vertebrae combinations can provide an 
acceptable level of precision and LSC for BMD 
monitoring. However, the precision and LSC of 
TBS are inferior to those of BMD, and individual 
vertebra are not appropriate for use in TBS moni- 
toring. 
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Table 3. Lumbar spine precision and LSC of BMD and TBS in different vertebrae combinations

Vertebrae combinations 
of lumbar spine 

(L1-L4)

Precision LSC

BMD TBS BMD TBS

RMS-SD %CV RMS-SD %CV RMS-SD %CV RMS-SD %CV

L1L2L3L4
L1L2L3
L2L3L4
L1L2L4
L1L3L4
L1L2
L1L3
L1L4
L2L3
L2L4
L3L4
L1
L2
L3
L4

0.005
0.006
0.005
0.005
0.006
0.007
0.008
0.006
0.008
0.006
0.006
0.012
0.009
0.011
0.008

0.62
0.81
0.67
0.65
0.68
0.93
0.97
0.78
1.03
0.75
0.77
1.44
1.11
1.32
0.94

0.017
0.210
0.021
0.019
0.018
0.024
0.025
0.024
0.029
0.023
0.021
0.041
0.036
0.034
0.030

1.22
1.56
1.55
1.43
1.31
1.81
1.81
1.85
2.13
1.73
1.54
3.24
2.70
2.49
2.23

0.013
0.018
0.015
0.014
0.015
0.020
0.022
0.017
0.022
0.017
0.017
0.032
0.024
0.030
0.021

1.71
2.24
1.86
1.79
1.87
2.59
2.69
2.15
2.86
2.08
2.12
3.54
4.00
3.67
2.60

0.046
0.059
0.057
0.053
0.049
0.067
0.069
0.066
0.080
0.064
0.058
0.114
0.100
0.094
0.084

3.38
4.31
4.28
3.96
3.62
5.00
5.03
5.11
5.61
4.78
4.27
8.98
7.48
6.91
6.17

BMD, bone mineral density; TBS, trabecular bone score; RMS SD, root-mean-square deviation; %CV, % coefficient of varia-
tion; LSC, least significant change
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 ABSTRACT

OBJECTIVE  This study aimed to explore the management of hospital 
environments during the COVID-19 pandemic, focusing on the structural 
aspects of ‘new normal’ health services delivery practices and bacterial 
culture in hospital rooms.

METHODS  This study employed a cross-sectional design that involved 
the evaluation of hospital environment management, the detection of indoor 
bacterial colonies in hospitals, and interviews with healthcare adminis-
trators on the ‘new normal’ measures.

RESULTS The evaluation form was completed by 543 healthcare division 
heads from 30 hospitals. Respondents in each group reported that hospitals 
where they worked had effectively implemented new normal measures, 
making changes to the structure, processes, and personnel management 
components in line with the ‘new normal’ concept. The majority of the 
hospitals investigated, accounting for 71.7%, were found to have pathogenic 
bacterial counts lower than the permissible limits. The statistical analysis 
identified a significant association between ventilation, structural manage-
ment under the ‘new normal’, and bacterial counts (p < 0.05). 

CONCLUSIONS  The incorporation of the structural aspects of new normal  
practices for managing the workplace environment should be a routine 
and integral part of efforts to control healthcare-associated infections in 
hospitals.  

 KEYWORDS  hospital environment, the new normal, COVID-19, bacterial  
 culture

INTRODUCTION
The COVID-19 pandemic is an important event 

affecting most of mankind. The COVID virus can 
evolve into other new variants. The incubation 
period of the virus is about 6.6 days after an indi-
vidual is infected (1).  Transmission of COVID-19 
between people occurs primarily through respira-
tory droplets, known as droplet spread. Laboratory 
studies have found that the droplets can remain 
suspended in the air and continue to be infec-

tious for up to 16 hours (2). The virus can also be 
transmitted through contact with contaminated 
surfaces (3).  Environmental factors such as venti-
lation, temperature, humidity, and airborne infec-
tion isolation rooms can dilute and remove path-
ogens (4) which can reduce the risk of infection 
if these conditions are managed appropriately (4, 
5).  To control the transmission of the disease, the 
Thai government has implemented measures to 
prevent and control its spread throughout the 
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country. Individual preventive measures, encom-
passing ‘D’ for distancing from social interactions, 
‘M’ for mask-wearing, and ‘H’ for hand washing, 
were the primary preventative measures prior to 
the availability of COVID-19 vaccines in February 
2021 (6-8). The WHO also recommends the im-
plementation of protective measures for health 
workers (6). The rapid increase in COVID-19 cases  
during the pandemic also represents a heightened  
risk for healthcare workers, intensifying the 
challenges in the battle against COVID-19 (9, 10). 
Healthcare workers are at a higher risk of infection 
than the general population due to their close 
contact with colleagues, fellow workers, and 
family members who may already be infected by 
the virus (9, 10).  Additionally, their occupational  
exposure to patients, particularly while performing  
medical procedures which involve potential  
exposure to droplets, further heightens the risk (9).  
As a consequence, healthcare workers can poten-
tially contribute to a high rate of COVID-19 trans-
mission. The prevalence of COVID-19 among 
healthcare workers was found to be 11% in Italy 
and 20% in England (10). In China, 1,716 health-
care workers were infected in the early stages of 
the epidemic (9). As a consequence, setting up  
measures to prevent the spread of infectious  
microbes in hospital areas became an urgent priority  
for virtually all healthcare facilities in response 
to COVID-19. As part of the immediate response 
to the pandemic, the Thai healthcare community 
considered adopting a ‘new normal’ medical ser-
vice system, which involves changing or adapting 
various components of hospital environments 
and facilities in the areas of structure, process, 
and personnel (11). The ‘new normal’ healthcare 
services management adopted has demonstrated  
its effectiveness, aligning with the concept of 
providing healing environments and prioritizing 
environmental quality for healthcare buildings. 
This approach creates pleasant, functional, and 
comfortable spaces (12, 13), and serves as a crucial  
measure for preventing hospital staff from con-
tracting contagious diseases. The term ‘new 
normal,’ widely used during the COVID-19 event, 
refers to the altered state of affairs or lifestyle 
that emerges following an unfamiliar experience, 
situation, or sudden crisis, ultimately evolving 
into new standards and typical practices (14). In 
healthcare facilities in Thailand, the new normal is  

evident in structural changes such as the instal-
lation of wall dividers for separated spaces and  
improvements to ventilation systems. Additionally,  
there have been modifications to screening methods,  
communications, and measures to ensure the 
well-being of hospital personnel, all in response to  
the surge in COVID-19 cases and hospital patients. 
Importantly, the new normal healthcare system 
can serve as a lasting mechanism which can con-
tinue to operate even after COVID-19 subsides, 
helping to prevent the spread of infections and 
diseases caused by other contagious pathogens 
present in hospital areas (15).

The present study, conducted following the 
first wave of COVID-19 in Thailand, serves as an 
exploration of the environmental management 
measures implemented by Thai healthcare facilities 
within the new normal framework. Additionally, 
the study investigated bacteria cultures in hospi- 
tals to identify contamination, aiding prepared-
ness in the ongoing fight against the epidemic.  
The findings lead to the proposal to apply the new 
normal healthcare services delivery system used 
during the COVID-19 crisis as a preventive measure  
against future healthcare-associated infections. 
This initiative aims to enhance safety and health 
concerns for both personnel and patients.

METHODS
This investigation employed a cross-sectional  

design involving provincial hospitals, general 
hospitals, community hospitals, and private hospi- 
tals in the Bangkok metropolitan area as well as 
the Central and Eastern regions of Thailand. The 
research received approval from the Ethics Com-
mittee at Nopparat Rajathanee Hospital, with 
funding support provided by the Thailand Science  
Research and Innovation (TSRI).

The participating hospitals were identified 
by purposive sampling and the sample included 
543 healthcare division heads from 30 health-
care facilities which consented to participate in 
the research. The necessary data and information 
were collected between April and December 2021 
which was after the first wave of COVID-19 had 
come to an end. The investigation was undertaken  
in three parts employing different study tools as 
follows. 

1. The evaluation of the use of new normal 
measures to prevent the spread of COVID-19  
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incorporated guidance from Guidance on Preparing  
Workplaces for COVID-19 and the COVID-19 
Healthcare Planning Checklist (16). The evaluation 
covered three aspects of the new normal, with 11 
questions on physical structure aspects, 16 ques-
tions on process management aspects, and 15 
questions on personnel aspects, plus 4 questions 
related to policies. Responses were categorized 
into three levels: 0 for ‘no,’ 1 for ‘yes but not com-
prehensive coverage,’ and 2 for ‘yes, covering the 
entire hospital’.  An evaluation form was developed  
and reviewed by three experts. The evaluation 
form then underwent reliability test using the 
Cronbach’s alpha method. That test yielded a 
calculated alpha coefficient value of 0.75. Subse-
quently, the form was distributed to 550 personnel 
division heads for online evaluation.

2.	 Inspection of air quality and bacterial culture  
tests were conducted in 150 hospital rooms across 
15 healthcare facilities, covering various spaces 
including offices, examination rooms, and hospital 
wards. The equipment used included the universal 
Indoor Air Quality (IAQ) measurement following 
the ASHRAE 55 Standard (17). Air samples were 
collected using suction, and assessments of bac-
terial cultures were conducted according to the 
NIOSH method number 0800 standard (18).

3.	 Structured interviews were conducted 
with hospital administrators holding positions 
such as director, deputy director, member of the 
occupational health team, and member of conta- 
gious disease control and prevention teams. The 
interviews used a questionnaire containing items 

related to policies and structural organization, 
the arrangement of the healthcare provision 
system for COVID-19-infected patients, health-
care workers and professionals, and information 
on the implementation of measures to protect 
healthcare personnel and transitioning towards 
new normal practices.

Statistical analysis
The data processing and analysis used the 

Statistical Package for the Social Sciences to 
calculate frequencies and arithmetic means.  
Relationships between scores of the new normal 
management and the bacteria colonies groups 
were explored using odds ratio (OR) along with 
their 95% confidence intervals (95% CIs), with a 
p < 0.05 considered statistically significant. The 
data analysis employed the Generalized Linear  
Model (GLM) which can address confounding  
effects from factors such as room type, cleaning 
procedures, air movement, air temperature, rela-
tive humidity, CO, and CO2.

RESULTS
The study found an average score of 16.3 (out 

of 20) for hospitals implementing the structural 
aspect management of the new normal measures. 
Implementation primarily took the form of setting  
up isolation rooms for COVID-19-infected patients 
in both ARI clinics and cohort wards, designating 
a room for swab collection, optimizing open-air 
spaces, improving ventilation systems, and other 
measures as detailed in Table 1.

Table 1. Scores for implementing ‘new normal’ structural management measures 

Structural Management
Score

0 1 2

1.	 Provide isolated areas for suspected infectious groups
2.	 Provide adequate hand sanitizer
3.	 Support in providing rooms for cohort wards
4.	 Support in providing rooms for swabs
5.	 Limiting access in hospital buildings
6.	 Promoting space distancing between persons in hospital  

(waiting rooms and cafeterias)
7.	 Partitioning areas
8.	 Setting areas for isolation and quarantine of high-risk personnel
9.	 Improving ventilation in the hospital 
10.	Separate accommodation facilities for COVID team members 
11.	 Separate bathing and clothes changing areas for COVID team members

9 (1.7)
2 (0.4)

21 (3.9)
46 (8.5)

7 (1.3)
42 (7.7)

6 (1.1)
33 (6.1)
16 (2.9)
94 (17.3)
30 (5.5)

129 (23.8)
79 (14.5)
89 (16.4)

131 (24.1)
163 (30.0)
149 (27.4)

135 (24.9)
121 (22.3)
172 (31.7)
170 (31.3)
131 (24.1)

405 (74.6)
462 (85.1)
433 (79.7)
366 (67.4)
373 (68.7)
352 (64.8)

402 (74.0)
389 (1.6)

355 (65.4)
279 (1.4)

382 (70.3)

0, no; 1, yes but not comprehensive coverage; 2, yes, covering the entire hospital
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The study also calculated a score of 28.9 (out 
of 34) for the new normal measures in the area of 
process management, which included the estab-
lishment of an ad hoc committee to review policy 
development, and the determination to develop 
a healthcare management system for COVID-19- 
infected patients. This new normal system involved 
screening of symptomatic patients, maintaining 
patient medical records, and providing telemedi-
cine delivery services to reduce hospital conges-
tion.  A score of 25.3 (out of 30) was achieved for 
the personnel aspects, encompassing the provi-
sion of knowledge and guidelines for healthcare 
workers (HCWs) dealing with COVID-19 patients 
to prevent virus spread and for protection against 
the disease. Support for the use of personal pro-
tective equipment (PPE), the designation of isolated  
working areas, and the monitoring of the safety 
and well-being of HCWs with high-risk exposure 
to COVID-19 were also included. In essence, the 
various new normal measures were assessed to 
be crucial contributors to controlling the spread 
of COVID-19, consistent with the results obtained 
from interviews with hospital administrators.

The culture test of bacteria in the indoor envi-
ronment of a total of 150 rooms across 15 hospi-
tals was compared with general data, ventilation 
data, and new normal data, covering those three 
aspects. The results revealed that in the majority 
of areas (70%), total bacterial counts were within  
acceptable limits, as detailed in Table 2. To account  
for confounding effects, a statistical test evaluated  
the relationship between various factors among 
groups with total bacterial counts exceeding  
acceptable levels as detailed in Table 3. Interest-
ingly, the office and OPD/Ward areas demon-

strated the strongest association with exceeding 
acceptable total bacterial counts (AOR 76.1; 95% 
CI: 4.0-1,449.3 and AOR 18.9; 95% CI: 1.4-259.0) 
(Table 2).  An increase of 1 unit in air movement 
correlated with a decrease of approximately 38% 
in total bacterial counts for groups that exceeded 
acceptable levels (95% CI: 0.4-0.9).  Additionally, 
relative humidity and carbon monoxide (CO) gas 
were associated with groups exceeding accept-
able bacterial counts (AOR 1.1, 3.0; 95% CI: 1.01-
1.2, 1.2-7.5, respectively). Moreover, higher scores 
on structural aspects were associated with a de-
crease in groups with unacceptable total bacteri-
al counts (AOR 0.56; 95% CI: 0.34-0.92).”

Through interviews with hospital adminis-
trators at 30 locations, it was found that they 
deemed certain ‘new normal’ practices, outlined 
in Table 4, as suitable for continued and routine 
use. These practices, especially those aimed at 
reducing the spread of infectious microorganisms  
in the hospital environment, include the establish- 
ment of an isolated  acute respiratory infection 
(ARI) clinic, improvement of ventilation systems, 
development of a screening system for acute  
respiratory infection symptoms, utilization of 
telemedicine technology to alleviate hospital 
congestion, and the implementation of a wellness 
system for the healthcare workforce to protect 
healthcare workers from virus infections and 
from becoming vectors of disease transmission.

DISCUSSION
The research findings reveal that the manage-

ment of hospital environments, particularly physi-
cal structure components, included in the new 
normal measures, is highly effective. The mean 

Table 2. The relationship between bacterial colony and hospital factors  

Hospital factors
Bacterial colony 

(SD)
p-value Hospital factors

Bacterial colony 
(SD)

p-value

Room type
Clean (50)
Ward/OPD (83)
Office (15)

Structural management 
≤ 80% (35)
> 80% (115)

Staff management
≤ 80% (65)
> 80% (85)

119.4 (141.5)
275.4 (275.6)
429.3 (313.4)

313.0 (306.9)
262.7 (267.2)

270.0 (257.5)
277.8 (292.0)

0.01

0.35

0.87

Frequency of cleaning
1 time/day (38)
2 time/day (102)

System management 
≤ 80% (45)
> 80% (105)

216.7 (141.5)
294.0 (275.6)

273.9 (287.6)
274.6 (273.3)

0.14

0.99
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Table 3. Odds ratios (OR) of exceeding permissible bacteria counts and their 95% confidence intervals for each variable 
adjusted for all other factors using GLMs 

Variable N (%) SE OR AOR
95% CI

p-value
Lower Upper

Office
OPD/Ward
Clean room
Cleaning: 1 time/day
Cleaning: 2 times/day
Air movement
Air Temperature
Relative humidity
Carbon monoxide (CO)
Carbon dioxide (CO2)
System management score
Structural management score

15 (10.1)
83 (56.1)
50 (33.8)
38 (25.7)

110 (74.3)
148 (100.0)
148 (100.0)
148 (100.0)
148 (100.0)
148 (100.0)
148 (100.0)
148 (100.0)

1.5035
1.3360

0.7112

0.2089
0.1978
0.0417
0.4633
0.0018
0.3106
0.2512

32.667
11.701
1.000
0.563
1.000
0.894
1.214
1.033
1.628
1.004
1.057
0.927

76.099
18.884

   1.000
0.696

   1.000
0.619
1.200
1.098
3.026
1.006
1.555
0.559

3.996
1.377

0.173

0.411
0.814
1.012
1.220
1.003
0.846
0.342

1,449.347
258.992

2.805

0.932
1.769
1.192
7.502
1.010
2.858
0.915

< 0.01
< 0.05

> 0.05

< 0.05
> 0.05
< 0.05
< 0.05
< 0.01
> 0.05
< 0.05

Adjust for room type, cleaning, air movement, air temperature, relative humidity, CO, CO2, system management score, 
structural management score

Table 4. The ‘new normal’ measures to prevent the spread of infection which are normally practiced in 30 hospitals

Measures to prevent the spread of infection Percent

•	 Restructured hospital administration and management systems to fight against new and re-emerging 
diseases

•	 Set up an ARI clinic as a medical examination room outside the main hospital buildings
•	 Adjusted the ventilation system throughout the hospital to better care for infected patients
•	 Set up and/or added AIIR rooms for isolating patients with contagious respiratory infections
•	 Organized a screening system to be used before conducting some important services, e.g., surgery and 

obstetrics 
•	 Use Telemedicine and other online services to reduce hospital congestion
•	 Providing occupational health services to help prevent infection of healthcare personnel
•	 Provided training on how to care for infected patients, PPE use and universal precautionary measures

90.9

18.2
100.0
27.3

100.0

18.2
100.0
100.0

score of 16.3 out of 20, while the lowest among 
the new normal aspects, indicates that most hos-
pitals have dedicated efforts and resources to 
manage hospital environments comprehensively.  
This includes not only the physical structure com-
ponent but also the linkages and relationships 
among various parts of healthcare facilities. Even 
though a hospital operates as an organization 
with many self-contained departments or work 
units, it must also function as a complex adaptive 
system (19) which can effectively respond to the 
rapidly increasing demand for healthcare services  
with the new normal setting. This new normal 
endeavor represents a comprehensive concept 
of managing hospital facilities and environments, 
encompassing the components of people, places,  
and processes (20). According to the present study, 
the majority of hospitals were found to have imple- 
mented changes to various elements of the struc-

tural component, particularly the management 
or establishment of ARI clinics, cohort wards, and 
swab collection rooms, at 98.3%, 79.0%, and 54.0%, 
respectively. These changes are aimed at isolating 
suspected or confirmed COVID-19 cases from the 
main hospital buildings and/or confining them to 
designated places. The implementation of physical 
isolation methods (4, 21) to restrict the presence 
of COVID-19-infected patients to certain areas 
within the hospital premises is a practical meas-
ure to minimize pathogen contamination in other 
hospital areas. This study observed that all hospi-
tals had restructured their screening procedures 
in ARI clinics to expedite initial diagnosis, serving 
as a preventive measure for contagious disease 
control and the spread of COVID-19 to healthcare 
personnel and patients (21). Notably, 98.4% of the 
hospitals in this study set up ARI clinics outside 
the main hospital buildings to maximize outdoor 
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air flow and solar radiation (22), thereby isolating 
ARI patients. Although the use of open-air space 
for routine ARI clinic services during normal 
times might result in some level of discomfort 
for both service users and healthcare personnel.  
Interviews with hospital administrators also  
revealed that 68.2% had considered improving 
the ventilation system to generate negative pres-
sure in hospital rooms. This measure is aimed at 
preventing airborne contaminants from COVID-19 
patients in one room from flowing out into the 
surrounding area. 

These changes align with CDC recommenda- 
tions advocating for the use of negative pressure 
rooms and respirators with HEPA filters to accom-
modate confirmed COVID-19 patients in health-
care facilities. The establishment of negative  
pressure rooms for swab collection to confirm  
viral infections also conforms with these guidelines  
(4, 21). Regarding physical distancing measures, 
22.7% of hospitals utilized fixed or movable parti-
tions or room dividers, while the majority, 92.2%, 
promoted the use of face shields. This approach 
aims to reduce the transmission risk of the virus 
from COVID-19 patients to healthcare personnel 
engaged in activities with close contact (within 
one meter) (21) and exposure times longer than 15 
minutes (23).  Hospitals also implemented various  
strategies for physical distancing, including  
widening the space between seats in waiting rooms,  
providing remote clinical and non-clinical services  
through online communication technologies like 
telehealth and telemedicine, sending prescribed 
medicines via post, and enforcing a no visitation 
policy. These arrangements collectively contributed  
to lowering the number of patients visiting the 
hospital and reducing hospital congestion (24).

Protecting the health and safety of healthcare 
personnel, especially those providing care to 
COVID-19 patients and those facing high exposure 
risks, is paramount to reducing hospital-acquired 
virus dispersion.  Some healthcare facilities have 
established special COVID response teams dedi-
cated to handling COVID-19 patient care. These 
teams are provided with housing accommoda-
tions that allow isolation from other individuals,  
including their families, and undergo rigorous 
health monitoring before returning to their re-
spective work units or offices. The protocols for 
these COVID response teams mirror those applied  

to other healthcare professionals with high expo-
sure risk (25, 26) which aim to minimize health-
care-associated infections among medical staff. 
This proactive approach helps mitigate the risk of 
staff shortages and helps ensure the continuous 
provision of services to patients. The majority of 
hospitals in this study have designated specific 
shower rooms and clothes changing areas exclu-
sively for the use of personnel caring for COVID-19 
patients. This strategic arrangement aims to dimi- 
nish the likelihood of these healthcare workers 
becoming vectors of virus transmission to their 
colleagues, patients, and family members, there-
by contributing to the prevention and control of 
virus spread (27).

Environmental quality also plays a crucial role 
in reducing contamination and preventing the 
spread of pathogens in hospitals (28), thereby pre-
venting hospital outbreaks. This study conducted 
laboratory tests of air-borne pathogenic bacteria 
using culture techniques, revealing that in the 
majority of hospitals studied (71%), the number of 
bacterial colonies did not exceed the permissible  
limit.  Factors found to be associated with exceed-
ing acceptable bacteria counts included lower 
air movement, higher humidity, and higher CO2 
levels. Notably, carbon monoxide (CO) was found 
to triple the risk of exceeding acceptable bacteria  
counts. When the scores for the structural aspects 
of the new normal were equal to or exceeded 80%,  
there was a 44.1% decrease in the risk of ex-
ceeding permissible bacteria counts (p < 0.05).  
Furthermore, no relationship was detected be-
tween indoor bacterial colonies and air changes 
per hour. This finding aligns with the results of 
a study by Memarzadeh, which suggests that the 
critical factor in the spread of bacterial droplet 
contamination is the path between the contami-
nant source and the exhaust system rather than 
the ventilation airflow rate (29). Through interviews 
with hospital administrators, it was confirmed 
that adjustments in structural practices are being 
made for continued and routine use in an effort to 
reduce the spread of infectious microorganisms in 
the hospital environment. These strategic changes 
have been recommended as a preparation for the 
potential next wave of the pandemic.

This study has a few limitations. First, the 
questionnaire on the ‘new normal’ was not derived 
directly from guidelines, but was adjusted based 
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on practices during the pandemic situation.  
Additionally, the bacteria culture analyses were 
conducted in only 15 hospitals, as this study com-
menced during the onset of the second wave of 
the pandemic.

Modification of the management of hospital 
environments and facilities in response to COV-
ID-19 should be a top priority. Implementing 
structural measures, such as the establishment of 
isolation rooms and improvement of ventilation  
systems, is crucial for effectively reducing the 
spread of contagious agents in the hospital envi- 
ronment. Implementation of these actions, in  
addition to the re-arrangement of healthcare 
service provision and delivery systems and the 
establishment of measures to protect healthcare 
personnel in accordance with the ‘New Normal’ 
medical services policy of the Thai Ministry of 
Public Health, has indeed proven to be effective 
in curbing healthcare-associated COVID-19 in-
fections. Thus, the new normal practices should 
continue to be adopted and/or adapted as guide-
lines for use in times of normality to control the 
occurrence of future healthcare-associated in-
fections and disease spread which represent a 
major risk to healthcare, business and industry. 
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 ABSTRACT

OBJECTIVE  This research aimed to compare clinical and biochemical  
parameters between normal and overweight-obese polycystic ovary  
syndrome (PCOS) patients, and to determine the association between  
insulin resistance (HOMA-IR) and anthropometric, biochemical and hormo- 
nal factors in both groups of PCOS.

METHODS  This study was of a cross sectional design. PCOS was diag-
nosed using the Revised Rotterdam Criteria 2003. Participants underwent 
history taking and physical examination. Blood samples were collected 
for FPG, insulin, lipid profiles, TSH, FSH, LH, SHBG, total testosterone, 
and free androgen index (FAI). Insulin resistance index was calculated 
by homeostatic model assessment (HOMA-IR). Clinical and biochemical 
parameters were compared between both groups of PCOS. Associations 
between HOMA-IR and anthropometry, biochemistry and hormonal para- 
meters between groups were determined separately.

RESULTS Sixty-four female with PCOS were enrolled. Comparison of  
biochemical analyses found that the free androgen index was higher and 
that LH and SHBG were lower in the overweight-obese group. HOMA-IR 
was greater in the overweight-obese group. In the overweight-obese 
group, there were statistically significant correlations between the  
HOMA-IR with the measured BMI, waist circumference, waist-height ratio, 
HDL, triglycerides, SHBG and the free androgen index. Interestingly, in the 
normal weight group, only the triglycerides, SHBG and the free androgen 
indix had a statistically significant correlation with HOMA-IR. 

CONCLUSIONS There were clear differences in the parameters related  
to insulin resistance between overweight-obese and normal weight PCOS; 
however, triglycerides, SHBG, and the free androgen index played a signifi-
cant role in insulin resistance in both groups of PCOS.  

 KEYWORDS  homeostasis model assessment (HOMA-IR), insulin resistance,  
 polycystic ovary syndrome

Correspondence:  
Kaset Chimplee, MD,   
Department of Medicine, School 
of Medicine, Mae Fah Luang  
University, Mueang District,  
Chiang Rai 57100, Thailand.   
E-mail: kaset.chi@mfu.ac.th

Received: August 6, 2023;   
Revised:  December 27, 2023;  
Accepted: January 8, 2024

 Original Article

Biomedical Sciences and Clinical Medicine 2024;63(1):22-30.  
doi:  10.12982/BSCM.2024.05
https://he01.tci-thaijo.org/index.php/CMMJ-MedCMJ/index

Open Access

This article is licensed under a 
Creative Commons Attribution 4.0 
International License, which permits 
use, sharing, adaptation, distribution 
and reproduction in any medium or 
format, as long as you give appropriate 
credit to the original author(s) and the 
source, provide a link to the Creative 
Commons licence, and indicate if 
changes were made.

©  The Author(s) 2024.  Open Access

Differences in the Characteristics and Factors Associated with Insulin  
Resistance in Normal Weight and Overweight Polycystic Ovary Syndrome 
Women

Kaset Chimplee1    iD , Iyara Wongpia2    iD , Angkana Paengneewong3 and Pitsamai Charoenpanyavicha2  
1Department of Medicine, 2Department of Obstetrics and Gynecology, School of Medicine, 3Laboratory Department, 
Mae Fah Luang University Medical Center Hospital, Mae Fah Luang University, Chiang Rai, Thailand

https://orcid.org/0000-0002-1907-3838
https://orcid.org/0000-0003-4907-3342


Characteristics of Insulin Resistance in PCOS 

Biomedical Sciences and Clinical Medicine 2024;63(1):22-30. 		  23

INTRODUCTION
Over the past few decades, the way of life of 

the Thai population has undergone rapid changes.  
Urbanization, less physical activity and consuming  
a high calorie diet has led to an increasingly 
overweight and obese population which has also 
been noted in reproductive age females. Twenty 
percent of young Thai females have been found 
to exhibit class I obesity and 12.9% have class II 
obesity (1).  Increased body weight often results in  
abnormal menstruation in adolescents and adults. 
PCOS is one of the leading causes of abnormal 
menstruation in adolescent and adult Thai females 
and closely correlates with infertility, obesity and 
diabetes (2).  A study of 600 university students 
in Thailand reported that the prevalence of Poly-
cystic Ovary Syndrome (PCOS) in Thai adolescents 
was 5.29% (3).  In a study of 250 PCOS patients 
from Siriraj Hospital, Thailand it was found that 
49% of the cases had central obesity which was 
correlated with insulin resistance, abnormal lipid 
metabolism, and increased male sex hormone 
production (4). In addition to the Oral Glucose 
Tolerance Test (OGTT), the insulin resistance in 
PCOS was also assessed by calculations using the  
Homeostatic Model Assessment–Insulin Resistance 
(HOMA–IR) (5, 6).  A percentage of these patients 
progressed to development of diabetes mellitus (7). 

Classical PCOS patients have irregular men-
struation or amenorrhea together with increased 
body hair, especially on the lip and upper chest 
wall as well as increased skin sebaceous glands 
and acne. Insulin resistance in these patients can 
lead to hyperinsulinemia. Insulin resistance and 
hyperinsulinemia cause increased hepatic gluco- 
neogenesis, increased glycogenolysis and can  
finally progress to diabetes (8).  Current concepts 
of PCOS pathophysiology include functional 
ovarian hyperandrogenism (FOH) and function-
al adrenal hyperandrogenism (FAH), polycystic 
ovarian morphology, LH excess, insulin resistance 
with hyperinsulinism and obesity. Additionally,  
FOH plays a principal role in PCOS pathophysiologic  
abnormality in which increased hyperandrogene-
mia results in negative feedback on gonadotropin  
release resulting in excess LH (9). Because PCOS  
is found in both normal weight and overweight- 
obese women, many clinical studies have com-
pared biochemical markers between obese and 
non-obese women with PCOS in order to under-

stand the differences in pathophysiology of PCOS 
between obese and non-obese PCOS.  A study in 
China found elevated of estradiol (E2) in obese 
PCOS women compared with non-obese PCOS 
individuals; however, there were no differences in 
lipid profile, LH, FSH, testosterone, prolactin, or 
anti-mullerian hormone (AMH) between the two 
PCOS groups (10).  Additional studies were not 
able to identify differences in AMH or cardiac risk 
markers (CRP, ADMA, Hcy, PAI-1, VEGF) between 
obese and non-obese PCOS (11, 12). Because adi-
posity plays a role in PCOS, searching for certain 
adipokines, e.g., endotrophin, adiponectin, ghrelin,  
as a novel marker in PCOS has been undertaken. 
One study reported that endotrophin had an asso-
ciation with HOMA-IR, LH/FSH and total testos-
terone in PCOS (13). 

Nevertheless, insulin resistance is the principal  
pathogenesis in PCOS and affects both obese and 
non-obese PCOS patients.  Previous clinical studies  
have emphasized the impact of chronic low-grade 
inflammation on insulin resistance in PCOS (14). 
Elevation of inflammatory markers such as CRP, 
WBC concentration, and IL-18, MCP-1 concentra-
tion has been observed in PCOS compared with 
controls (15-18).

 The purpose of this research was to identify  
differences between factors associated with insu-
lin resistance in normal weight PCOS and over-
weight-obese PCOS women by comparing the  
associations of insulin resistance (HOMA–IR) with  
anthropometric, biochemical, and hormonal para- 
meters in both groups of PCOS. This was the first 
study to compare the correlation of hormonal and  
biochemical parameters and insulin resistance 
between lean and overweight-obese adolescent 
PCOS patients in the Thai population.

METHODS
Study population

Sixty-four Polycystic ovary syndrome (PCOS) 
patients from the Obstetrics and Gynecology  
Department of the Medical Center Hospital, Mae 
Fah Luang University, Chiang Rai, Thailand, from 
January 2021 to December 2021 were enrolled. 
PCOS was diagnosed according to The Revised 
Rotterdam Criteria 2003 (19). Inclusion criteria 
consisted of amenorrhea/oligomenorrhea and 
polycystic ovarian morphology confirmed by ultra- 
sonography in all participants done by one of two 
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gynecologists or by having hirsutism/signs of  
hyperandrogenemia. Our participants were clas-
sified as either PCOS phenotype A or phenotype D. 
Exclusion criteria were women who had diabetes, 
took anti-cholesterol medications, corticosteroids,  
used oral contraception (within 3 months prior to 
enrollment), had used either injected or implanted 
contraception, had taken anti-psychotic medica-
tions or weight lowering agents or who had pre-
vious ovarian surgery. Additionally, patients who 
had features of hyperthyroidism, hypothyroidism, 
cushing syndrome, or galactorrhea were also  
excluded from the study.

The research protocol was approved by the 
ethical committee of Mae Fah Luang University 
(COA 183/2020).

Clinical, anthropometric and biochemical meas-
urements

After explaining the study process to the par-
ticipants and obtaining informed consent, the 
participants underwent history taking and physical  
examination. Blood pressure was measured in both  
arms using a digital sphygmomanometer after a 
20-minute rest. The average value of the blood 
pressure readings was used. Following the American  
College of Cardiology, pre-hypertension was  
defined as systolic blood pressure 120-129 mmHg 
and diastolic blood pressure less than 80 mmHg 
(20).  Height and weight were measured for calcu- 
lation of BMI. BMI at or above 23 kg/m2 was  
defined as overweight and BMI above 25 kg/m2 
was defined as obese. Waist circumference was 
measured by one of the trained nursing staff in  
centimeters using a measuring tape at the mid- 
level between the lateral costal margin and iliac 
crest at full expiration with the patient in the 
standing position. Waist-height ratio was then 
calculated.

Acanthosis nigricans present on the back of the  
neck, axilla, or groin was recorded. The Ferriman- 
Gallwey scale was used to assess body hair for  
evidence of hyperandrogenemia. After 12 hours 
of fasting, blood samples were collected between 
8.00 A.M. and 9.00 A.M. to measure plasma glucose, 
insulin, lipid profiles, TSH, FSH, LH, total testos-
terone, free testosterone, and SHBG.

Impaired fasting glucose was defined as a fasting 
plasma glucose from 100 mg/dL to less than 126 
mg/dL. Diabetes was defined as fasting plasma 

glucose ≥ 126 mg/dL. Metabolic syndrome was 
defined as agreed to by the International Diabetes 
Federation 2005, in which participants achieved 
3 of 5 criteria including blood pressure ≥ 130/85 
mmHg, waist circumference ≥ 80 cm, triglycerides 
≥ 150 mg/dL, HDL-cholesterol < 40 mg/dL, and 
fasting plasma glucose ≥ 100 mg/dL.

Insulin resistant state (HOMA-IR) was deter-
mined by the formula:

       HOMA-IR=    Glucose (mg/dL) × Insulin (µU/mL)

			      405

The cut-off level of HOMA–IR > 2 was defined 
as insulin resistance (5). 

Fasting plasma glucose, TSH, and lipid pro-
files were measured by photometry (Cobas C 501 
analyzer series, Roche Laboratory, Indianapolis, 
USA). Insulin, FSH, LH, and SHBG were measured 
by electro-chemiluminescence assay.  Free testos-
terone was calculated based on total testosterone, 
SHBG, and albumin. Free androgen index (FAI) was 
calculated using the formula: 

Total testosterone = [(nmol/L) ÷ SHBG (nmol/L)] x 100 

Statistical analysis
Statistical analysis was performed using SPSS 

version 25.  Data are presented as median and  
interquartile range. The Mann-Whitney U test 
was used for comparison of clinical and biochemical 
parameters, including HOMA–IR and free andro-
gen index, between the normal weight and the 
overweight-obese group. Spearman correlation 
coefficient was used for assessment of correlation 
between HOMA–IR and anthropometric, biochemi- 
cal, hormonal parameters in both the normal and 
overweight-obese groups.

RESULTS
There were 64 PCOS patients enrolled in 

this study (28 in the normal weight group and 
36 in the overweight-obese group). In the over-
weight-obese group 13.9% showed pre-hyper-
tension, 13.9% had impaired fasting glucose but 
none had diabetes. One of the twenty-eight cases 
(3.6%) in the normal weight group had metabolic  
syndrome, whereas eight of thirty-six cases 
(22.3%) in the overweight-obese group had meta- 
bolic syndrome (Table 1). Comparison of clinical  
features between the normal weight and the 
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Table 1. Prevalence of pre-hypertensive state, impaired fasting glucose, diabetes, metabolic 
syndrome and insulin resistance in study participants (n = 64)

BMI < 23 kg/m2 

n = 28
BMI ≥ 23 kg/m2 

n = 36

Pre-hypertension
Impaired fasting glucose
Diabetes mellitus
Metabolic syndrome 
Insulin resistance (HOMA-IR > 2)

0 (0.0%)
0 (0.0%)
0 (0.0%)
 1 (3.6%)
2 (7.1%)

 5 (13.9%)
 5 (13.9%)
0 (0.0%)

 8 (22.3%)
23 (64.9%)

BMI, body mass index; pre-hypertension, systolic blood pressure 120-129 mmHg and 
diastolic blood pressure less than 80 mmHg

Table 2. Comparison of anthropometric and laboratory parameters between BMI < 23 kg/m2 with BMI ≥ 23 kg/m2  
(expressed as median and IQR with Mann-Whitney U test) p < 0.05

BMI < 23 kg/m2

n = 28
BMI ≥ 23 kg/m2

n = 36
p-value

Age 
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Height (cm)
Weight (kg)
BMI (kg/m2)
Waist circumference (cm)
Waist–height ratio
Ferriman- Gallwey scale
Fasting plasma glucose (mg/dL)
Insulin (µU/mL)
HOMA-IR 
Glucose insulin ratio (mg/dL)/(µU/mL)
FAI
Free testosterone (ng/dL)
SHBG (nmol/L)
LH (mIU/mL)
FSH (mIU/mL)
LH/FSH ratio
Cholesterol (mg/dL)
Triglycerides (mg/dL)
HDL - C (mg/dL)
LDL – C (mg/dL)
TSH (µIU/mL)

24.00 (20.30-28.00)
110.00 (102.00-110.00)
70.00 (70.00 – 80.00)
158.30 (153.30-163.80)

52.10 (48.00-56.40)
20.90 (19.70-21.90)
67.50 (63.90-71.50)

0.42 (0.41-0.44)
6.00 (3.00- 9.70)

86.00 (82.00-89.00)
5.20 (3.50-6.30)
1.10 (0.70-1.50)

16.80 (14.00-24.50)
3.00 (1.90-5.80)
0.57 (0.40-0.89)

48.10 (30.76-70.00)
7.69 (5.30-13.64)
5.34 (3.88-6.73)
1.60 (1.10-2.20)

193.00 (177.00-222.00)
79.00 (57.00-103.00)
65.00 (56.00-74.00)

110.00 (100.00-143.00)
1.58 (1.35-2.28)

22.00 (22.00-27.80)
120.00 (112.00-125.00)
80.00 (70.00 – 80.00)
159.00 (153.50-163.00)

74.80 (66.70-89.00)
30.20 (25.80-34.40)
88.00 (79.40-97.30)

0.56 (0.49-0.61)
10.50 (5.30-16.80)

87.00 (82.00-94.00)
13.40 (7.60-20.20)
2.90 (1.60-4.30)
6.50 (4.50-11.70)
9.70 (5.50-14.60)
1.09 (0.80-1.50)

18.40 (13.73-27.52)
6.77 (4.15-8.52)
4.98 (4.01-5.77)
1.40 (1.10-1.70)

192.00 (180.00-221.00)
121.00 (78.00-167.00)
46.00 (40.00-53.00)

119.00 (105.00-137.00)
1.90 (1.45-2.91)

0.749
< 0.001*

< 0.001*

0.082
< 0.001*

< 0.001*

< 0.001*

< 0.001*

0.005*

0.238
< 0.001*

< 0.001*

< 0.001*

< 0.001*

< 0.001*

< 0.001*

0.030*

0.310
0.170
0.756

< 0.001*

< 0.001*

0.593
0.077

BMI, body mass index; HOMA-IR, homeostasis model assessment-insulin resistance; SHBG, sex hormone binding globu-
lin; LH, luteinizing hormone; FAI, free androgen index; FSH, follicular stimulating hormone; HDL-C, high density lipoprotein 
cholesterol; LDL-C, low density lipoprotein cholesterol; TSH, thyroid stimulating hormone

overweight-obese group found that systolic and 
diastolic blood pressure were higher in the over-
weight-obese group. The Ferriman-Gallwey scale 
was also higher in this group compared to the 
normal weight group (Table 2). 

Regarding biochemical parameters, the over-
weight-obese group had higher fasting insulin 
levels and triglycerides and lower HDL-cholesterol  
levels compared to the normal weight group. 

Interestingly, the LH level in the normal weight 
was higher than in the overweight-obese (p = 
0.03), but the FSH and LH/FSH ratio were not 
statistically significantly different. In addition, 
the free androgen index was higher in the over-
weight-obese group, which is compatible to the 
higher hirsutism found using the Ferriman-Gallwey 
scale. SHBG, as expected, was lower in the over-
weight-obese group (p < 0.001).  Regarding insulin 
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resistance, HOMA-IR was significantly higher in 
the overweight-obese group than in the normal 
weight group (2.9 compared with 1.1), despite of 
having the same level of fasting plasma glucose 
(Table 2). 

Correlations among BMI, waist circumference 
and waist-height ratio in the overweight-obese 
group showed indications that insulin resistance 
was related to possessing higher body fat. Analysis  
of the association between insulin resistance 
state (HOMA-IR) with anthropometric measure- 
ments revealed strong associations between 
weight, BMI, waist circumference, waist-height 
ratio and HOMA-IR in the overweight-obese group 
(Table 3). However, this study found no associa-
tion between these parameters and HOMA-IR in 
the normal BMI group (Table 4).

	 Lipid profiles, both triglycerides and HDL 
cholesterol, were associated with HOMA-IR in 
overweight-obese individuals. Importantly, tri-

glycerides, free androgen index and SHBG had a 
strong association with HOMA-IR in both groups. 
However, this study found no association be-
tween gonadotropin (LH, FSH), LH/FSH ratio and 
HOMA-IR (Tables 3, 4). 

DISCUSSION
This study was designed to compare clinical 

characteristics, hormonal and metabolic parame-
ters, including insulin resistance, between PCOS 
women who had normal BMI and PCOS women 
who presented as being overweight or obese. A 
study by Wongwananuruk et al. showed 30 per-
cent of PCOS women had hypertension (4). This 
was higher than in our study which found that 
13.9% had pre-hypertension. This could be the 
result of the lower age of PCOS patients in our 
study. The 22.3% prevalence of metabolic syn-
drome in this study was similar to the prevalence 
in a study by Pantasri et al. (6).

Table 3. Association between insulin resistance (HO-
MA-IR) with anthropometric and laboratory parameters in 
the overweight-obese group, BMI ≥ 23 kg/m2 (Spearman 
correlation statistical analysis); p  < 0.05

(HOMA-IR)

r p-value

Age 
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Height (cm)
Weight (kg)
BMI (kg/m2)
Waist circumference (cm)
Waist – height ratio
Ferriman- Gallway Score
FAI
Free testosterone (ng/dL)
SHBG (nmol/L)
LH (mIU/mL)
FSH (mIU/mL)
LH/FSH ratio
Cholesterol (mg/dL)
Triglycerides (mg/dL)
HDL - C (mg/dL)
LDL – C (mg/dL)
TSH (µIU/mL)

-0.222
0.157
0.062
0.196
0.675
0.687
0.669
0.616
0.263
0.602
0.459

-0.604
-0.150
-0.061
-0.306
0.020
0.366

-0.508
0.157
0.057

0.193
0.362
0.721
0.251

< 0.001*

< 0.001*

< 0.001*

< 0.001*

0.121
< 0.001*

0.005*

< 0.001*

0.382
0.723
0.069
0.906
0.028*

0.002*

0.361
0.743

BMI, body mass index; HOMA-IR, homeostasis model as-
sessment-insulin resistance; SHBG, sex hormone binding 
globulin; LH, luteinizing hormone; FAI, free androgen 
index; FSH, follicular stimulating hormone; HDL-C, high 
density lipoprotein cholesterol; LDL-C, low density lipo-
protein cholesterol; TSH, thyroid stimulating hormone

Table 4. Association between insulin resistance (HOMA-IR) 
and anthropometric and laboratory parameters in the 
normal weight group (BMI < 23 kg/m2) (Spearman correla-
tion statistical analysis); p < 0.05

(HOMA-IR)

r p-value

Age 
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Height (cm)
Weight (kg)
BMI (kg/m2)
Waist circumference (cm)
Waist – height ratio
Ferriman- Gallway Score
FAI
Free testosterone (ng/dL)
SHBG (nmol/L)
LH (mIU/mL)
FSH (mIU/mL)
LH/FSH ratio
Cholesterol (mg/dL)
Triglycerides (mg/dL)
HDL - C (mg/dL)
LDL – C (mg/dL)
TSH (µIU/mL)

-0.342
0.251
0.217
0.066
0.244
0.133
0.299
0.332

-0.073
0.594
0.543

-0.654
0.257
0.093
0.222

-0.006
0.476

-0.140
-0.063
0.015

0.075
0.197
0.268
0.738
0.210
0.501
0.122
0.084
0.713

< 0.001*

0.003*

< 0.001*

0.186
0.637
0.257
0.977
0.010*

0.477
0.752
0.940

BMI, body mass index; HOMA-IR, homeostasis model as-
sessment-insulin resistance; SHBG, sex hormone binding  
globulin; LH, luteinizing hormone; FAI, free androgen index; 
FSH, follicular stimulating hormone; HDL-C, high density 
lipoprotein cholesterol; LDL-C, low density lipoprotein 
cholesterol; TSH, thyroid stimulating hormone
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In this study we used an HOMA-IR of 2.0 as 
the cut off value for insulin resistance based on a 
study by Siriraj Hospital, Thailand, that compared 
HOMA-IR with the 75 g oral glucose tolerance test 
as a standard test for the detection of impaired 
glucose tolerance in 250 PCOS Thai women. The 
Siriraj study proposed a cut off value of HOMA-IR 
of 2.0 which had sensitivity of 84.0%, specificity 
of 61.0%, positive predictive value of 35.0% and 
negative predictive value of 93.8% (5).  There was 
a limitation with employing HOMA-IR >2 as an in-
dicator of insulin resistance because the cut-off 
point of HOMA-IR is different for different races, 
ages and genders (21).

Comparison of clinical characteristics, bioche- 
mical and hormonal features between PCOS 
women with normal weight those with over-
weight or obesity, found fasting plasma glucose 
levels did not differ between groups, while fasting  
insulin was significantly higher in the over-
weight-obese group as was HOMA-IR (Table 2). 
This finding is compatible with a study by Ketel  
et al. which reported using an euglycemic hyper-
insulinemic clamp to assess insulin sensitivity and 
found that normal weight PCOS women had insu-
lin sensitivity equivalent to normal weight women  
without PCOS, while overweight PCOS women 
had remarkably higher insulin resistance than 
overweight women without PCOS (22). Similarly, 
in adolescent Thai PCOS women, Sawathipanich 
et al. reported that obese adolescents with PCOS 
had significantly higher HOMA-IR scores than those  
of obese adolescent girls without PCOS (23). 
However, the use of HOMA-IR in young normal  
weight patients with PCOS has limitations.  Fulghesu  
et al. reported that the prevalence of hyperinsu-
linemia in young normal weight PCOS was not 
detected by HOMA and suggested using a 3-hour 
OGTT to detect early onset metabolic derangement 
in young normal weight PCOS individuals (24). 

Regarding differences in sex hormone levels 
between overweight-obese PCOS and normal 
weight PCOS females, our study found a higher  
free androgen index and higher levels of free tes-
tosterone in the overweight group and higher 
SHBG and LH in the normal weight group. These 
findings corresponded with those of previous 
studies (24, 25). Measurement  of gonadotropins 
found that the LH level in the overweight-obese 
group was lower than that of the normal weight 

group, which corresponds with a study by Katsikis 
et al. which showed that the LH level has a nega-
tive association with BMI (26).  However, our study 
did not find differences in FSH or LH/FSH ratios 
between the groups. Differences in lipid profiles 
between overweight PCOS and normal weight 
PCOS women were similar to non PCOS popula-
tions, in that the overweight or obese population 
had higher triglycerides and lower HDL-choles-
terol.  Analysis of the association between insulin 
resistance index (HOMA-IR) and anthropometric 
factors in overweight-obese and normal weight  
PCOS found that in the overweight-obese group 
weight, BMI, waist circumference and waist-height 
ratio had a positive correlation with HOMA-IR, 
whereas in the normal BMI group those factors 
had no association with the insulin resistance index.  
These findings indicate that insulin resistance 
plays a major role in the pathophysiology of over-
weight-obese PCOS patients. These associations 
are explained by the relationship of both visceral 
adipose tissue (VAT) and subcutaneous adipose 
tissue (SAT) with metabolic disturbance in PCOS 
women. A study in Austria showed that in over-
weight-obese PCOS women, lower abdomen and 
upper back SAT had a significantly positive corre-
lation with insulin resistance but that there was no 
relationship between SAT and insulin resistance 
in normal weight PCOS patients. The same study 
also reported a significantly positive correlation 
between triglycerides and SAT thickness at the 
neck, biceps, upper back, front, and lateral side 
of the chest wall (26). Fruzzetti et al. confirmed 
that BMI was a good predictor of metabolic abnor-
malities in PCOS based on the strong association 
between BMI and HOMA-IR, fasting insulin, blood 
pressure, and lipid profiles (27). 

In our study, waist-height ratio was used as the  
anthropometric factor instead of waist-hip ratio 
based on the results of a study in China by Liu et 
al. which included 1,124 PCOS women that found 
waist-height ratio was a more accurate anthropo-
metric indicator for predicting insulin resistance 
(by area under ROC curve and sensitivity of the 
test to predict insulin resistance state) compared 
to waist-hip ratio, waist circumference, and BMI.  
A waist-height ratio of 0.49 was used as the cut 
off value in that study (28).

Regarding the association between lipid pro-
files and insulin resistance, our study found that 
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triglyceride levels had a positive association with 
HOMA–IR in both the normal weight and over-
weight-obese groups, while HDL cholesterol had 
a negative association with HOMA–IR only in the 
overweight-obese group. This finding indicates 
that low HDL cholesterol in overweight-obese 
subjects is of significance in predicting insulin 
resistance in that group. 

The cut-off value of HOMA-IR as an indica-
tor of insulin resistance can differ depending on 
the population being studied. A study in Thailand 
used an HOMA–IR of 2.0 (5) while a study from 
China used a cut off value of 2.77 (29).

In our study, PCOS women with features of 
metabolic syndrome had higher free testosterone  
and insulin levels compared with patients without 
features of metabolic syndrome, but the difference  
was not statistically significant due to the small 
sample size. The search for an association between 
insulin resistance index (HOMA-IR) and hormonal  
factors found in both the normal weight and 
overweight-obese groups that the free androgen 
index had a positive association with HOMA-IR 
and that SHBG had a negative association with 
HOMA-IR. However, this study did not find any 
association between gonadotropin (LH, FSH, LH/
FSH ratio) and insulin resistance. Lee et al. studied 
clinical and biochemical features of PCOS women 
based on the quartile of HOMA-IR in 458 PCOS. 
That study showed significant differences in age, 
body weight, BMI, lipid profiles, glucose metabolic 
profiles, hs-CRP, apoprotein B, free testosterone, 
and SHBG between each of the quartiles of insulin  
resistance (30).  Moran et al. studied the relation-
ship between insulin resistance (expressed as 
glucose/insulin ratio) and gonadotropin dissoci-
ation (increased LH level with normal FSH level) 
in obese and non-obese women with PCOS. They 
found that insulin resistance did not appear to be 
related to gonadotropin dissociation (31).

CONCLUSIONS
PCOS is a disease with a high diversity in 

pathogenesis, clinical manifestations, and com-
plications. Abnormal ovarian steroidogenesis and 
abnormal folliculogenesis can lead to anovula-
tion, hyperandrogenemia, and infertility. Due to 
the diversity in the pathogenesis of PCOS, clinical  
management guidelines should be individualized 
and may differ between normal weight PCOS 

and overweight-obese PCOS patients. This study 
showed differences in the association of factors 
with insulin resistance between normal weight 
PCOS and overweight-obese PCOS. Interestingly,  
triglycerides, the free androgen index and SHBG 
played a significant role in identifying the level  
of insulin resistance in both groups of PCOS.  
Further studies comparing normal weight and 
overweight-obese PCOS may lead to better under-
standing of insulin resistance in PCOS.

ACKNOWLEDGEMENTS
The authors would like to thank Peeradon 

Srichan, PhD, for his suggestions on statistical 
analysis and Roger Timothy Callaghan, Charlee 
Chimplee and Charkrit Chimplee for their com-
ments on the English writing. 

FUNDING 
This study received a research grant from Mae 

Fah Luang University 

CONFLICTS OF INTEREST
The authors have no conflicts of interest to 

report.

ADDITIONAL INFORMATION
Authors contribution

K.C.: conceptualization, methodology, imple- 
mentation, data analysis, writing, review and  
editing; I.W.: methodology, subject recruitment; 
A.P.: investigations; P.C.: conceptualization, super-
vision.

Data availability statement
The data used in this study are not publicly  

available due to participant privacy but are available  
from the corresponding author upon reasonable 
request.

REFERENCES 
1. Aekplakorn W, Inthawong R, Kessomboon P, Sang-

thong R, Chariyalertsak S, Putwatana P, et al. Prev-
alence and trends of obesity and association with
socioeconomic status in Thai adults: National Health
Examination Surveys, 1991-2009. J Obes. 2014:2014:
410259. PubMed PMID: 24757561

2. Rojas J, Chávez M, Olivar L, Rojas M, Morillo J, Mejías
J. Polycystic ovary syndrome, insulin resistance, and
obesity: navigating the pathophysiologic labyrinth.
Int J Repro Med. 2014:2014:719050. PubMed PMID:
25763405



Characteristics of Insulin Resistance in PCOS 

Biomedical Sciences and Clinical Medicine 2024;63(1):22-30. 		  29

	 3.	 Kaewnin J, Vallibhakara O, Arj-Ong Vallibhakara S, 
Wattanakrai P, Butsripoom B, Somsook E. Prevalence 
of polycystic ovary syndrome in Thai University ado-
lescents. Gynecol Endocrinol. 2018;34:476-80.

	 4.	 Wongwananuruk T, Indhavivadhana S, Rattanachai-
yanont M, Techatraisak K, Leerasiri P, Tanmahasamut 
P. Characteristics of 250 reproductive-aged polycys-
tic ovary syndrome Thai women at Siriraj Hospital. J 
Med Assoc Thai. 2010;93:399-405.

	 5.	 Wongwananuruk T, Rattanachaiyanont M, Leerasiri 
P, Indhavivadhana S, Techatraisak K. Angsuwathana 
S. The usefulness of homeostatic measurement as-
sessment-insulin resistance (HOMA-IR) for detection 
of glucose intolerance in thai women of reproductive 
age with polycystic ovary syndrome. Int J Endocrinol. 
2012:2012:571035. PubMed PMID: 22737168

	6.	 Pantasri T, Vutyavanich T, Sreshthaputra O, Srisupun-
dit K, Piromlertamorn W. Metabolic syndrome and in-
sulin resistance in Thai women with polycystic ovary 
syndrome. J Med Assoc Thai. 2010;93:406-12.

	 7.	 Wongwananuruk T, Rattanachaiyanont M, Indha-
vivadhana S, Leerasiri P, Techatraisak K, Tanma-
hasamut. Prevalence and clinical predictors of in-
sulin resistance in reproductive-aged thai women 
with polycystic ovary syndrome. Int J Endocrinol. 
2012:2012:529184. PubMed PMID: 22287962

	 8.	 Bulun SE. Physiology and pathology of the female re-
productive axis. Williams textbook of endocrinology. 
13th ed. Philadelphia: Elsevier; 2016.

	9.	 Rosenfield RL. Current concepts of polycystic ova-
ry syndrome pathogenesis. Curr Opin Pediatr. 
2020;32:698-706. 

	10.	 Gao M, Tao X, Zhang Q, He W, Zhao T, Yua n T. Cor-
relation between kisspeptin and biochemical markers 
in obese and non-obese women with polycystic ovary 
syndrome. Gynecol Endocrinol. 2023;39:2215869. Pu-
bMed PMID: 37236245

	11.	 Cengiz H, Ekin M, Dagdeviren H, Yildiz Ş, Kaya C, 
Kanawati A. Comparison of serum anti-Müllerian hor-
mone levels in normal weight and overweight-obese 
adolescent patients with polycystic ovary syndrome. 
Eur J Obstet Gynecol Reprod Biol. 2014;180:46-50.

	12.	 Elci E, Kaya C, Cim N, Yildizhan R, Elci GG. Evaluation 
of cardiac risk marker levels in obese and non-obese 
patients with polycystic ovaries. Gynecol Endocrinol. 
2017;33:43-7.

	13.	 Guney G, Taskin MI, Baykan O, Adali E, Tezcan SG, 
Sarikaya S, et al. Endotrophin as a novel marker in 
PCOS and its relation with other adipokines and met-
abolic parameters: a pilot study. Ther Adv Endocrinol 
Metab. 2021;12:20420188211049607. PubMed PMID: 
34659735

	14.	 Rudnicka E, Suchta K, Grymowicz M, Calik-Ksepka 
A, Smolarczyket K, Duszewska AM, et al. Chronic low 
grade inflammation in pathogenesis of PCOS. Int J 
Mol Sci. 2021;22:3789. PubMed PMID: 33917519

	15.	 Kelly CC, Lyall H, Petrie JR, Gould GW, Connell JM, 
Sattar N. Low grade chronic inflammation in women 
with polycystic ovarian syndrome. J Clin Endocrinol 

Metab. 2001;86:2453-5.
	16.	 Rudnicka E, Kunicki M, Suchta K, Machura P, Gry-

mowicz M, Smolarczyk R. Inflammatory markers in 
women with polycystic ovary syndrome. Biomed Res 
Int. 2020;2020:4092470. PubMed PMID: 32219132

	17.	 Kaya C, Pabuccu R, Berker B, Satiroglu H. Plasma in-
terleukin-18 levels are increased in the polycystic 
ovary syndrome: relationship of carotid intima-media 
wall thickness and cardiovascular risk factors. Fertil 
Steril. 2010;93:1200-7. 

	18.	 Glintborg D, Andersen M, Richelsen B, Bruun JM. 
Plasma monocyte chemoattractant protein-1 (MCP-
1) and macrophage inflammatory protein-1alpha are 
increased in patients with polycystic ovary syndrome 
(PCOS) and associated with adiposity, but unaffect-
ed by pioglitazone treatment. Clin Endocrinol (Oxf). 
2009;71:652-8. 

	19.	 Rotterdam ESHRE/ASRM‐Sponsored PCOS Consen-
sus Workshop Group. Revised 2003 consensus on di-
agnostic criteria and long‐term health risks related 
to polycystic ovary syndrome (PCOS). Hum Reprod. 
2004;19:41-7.

	20.	 Whelton P, Carey R, Aronow W, Casey D, Collins 
K, Dennison H, et al. 2017 ACC/AHA/AAPA/ABC/
ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guide-
line for the Prevention, Detection, Evaluation, and 
Management of High Blood Pressure in Adults: A Re-
port of the American College of Cardiology/Ameri-
can Heart Association Task Force on Clinical Practice 
Guidelines. Hypertension. 2018;71:1269-1324.

	21.	 Tang Q, Li X, Song P, Xu L. Optimal cut-off values for 
the homeostasis model assessment of insulin resist-
ance (HOMA-IR) and pre-diabetes screening: Devel-
opments in research and prospects for the future. 
Drug Discov Ther. 2015;9:380-5.

	22.	 Ketel IJ, Stehouwer CD, Serné EH, Korsen TJ, Hompes 
PG, Smulders YM, et a. Obese But not Normal-Weight 
Woman with Polycystic Ovary Syndrome are Charac-
terized by metabolic and Microvascular insulin resist-
ance. J Clin Endocrinol Metab. 2008;93:3365-72.

	23.	 Sawathiparnich P, Weerakulwattana L, Santiprabhob 
J, Likitmaskul S. Obese adolescent girls with polycys-
tic ovary syndrome (PCOS) have more severe insulin 
resistance measured by HOMA-IR score than obese 
girls without PCOS. J Med Assoc Thai. 2005;88(Sup-
plement_8):S33-7.

	24.	 Fulghesu A, Angioni S, Portoghese E, Milano F, Batetta 
B, Paoletti A, et al. Failure of the homeostatic model 
assessment calculation score for detecting metabolic 
deterioration in young patients with polycystic ovary 
syndrome. Fertil Steril. 2006;86:398-404. 

	25.	 Katsikis I, Karkanaki A, Misichronis G, Delkos D, 
Kandaraki A, Panidis D. Phenotypic expression, body 
mass index and insulin resistance in relation to LH 
levels in women with polycystic ovary syndrome. Eur 
J Obstet Gynecol Reprod Biol. 2011;156:181-5.

	26.	 Wehr E, Möller R, Horejsi R, Giuliani A, Kopera D, 
Schweighofer N, et al. Subcutaneous adipose tissue 
topography and metabolic disturbances in polycys-



Kaset Chimplee, et al.

30		  Biomedical Sciences and Clinical Medicine 2024;63(1):22-30.

tic ovary syndrome. Wien Klin Wochenschr. 2009; 
121:262-9. 

	27.	 Fruzzetti F, Fidecicchi T, Benelli E, Baldari F, Tonac-
chera M. Body mass index is a good predictor of met-
abolic abnormalities in polycystic ovary syndrome. J 
Endocrinol Invest. 2023. PubMed PMID: 37907709

	28.	 Liu T, Wang Q, Huang W, Tan J, Liu D, Pei T, et al. An-
thropometric indices to predict insulin resistance in 
woman with polycystic ovary syndrome in China. Re-
prod Biomed. 2019;38:101-7.

	29.	 Lee DE, Park SY, Park, SY, Lee SR, Chung HW, Jeong 
K. Clinical and biochemical profiles according to ho-

meostasis model assessment-insulin resistance (HO-
MA-IR) in Korean women with polycystic ovary syn-
drome. J Menopausal Med. 2014;20:104-10.

	30.	 Moran C, Garcia-Hernandez E, Barahona E, Gonza-
lez S, Bermudez JA. Relationship between insulin re-
sistance and gonadotropin dissociation in obese and 
nonobese women with polycystic ovary syndrome. 
Fertil Steril. 2003;80:1466-72.

	31.	 Rosenfield R, Ehrmann D. The Pathogenesis of Pol-
ycystic Ovary Syndrome (PCOS): the hypothesis of 
PCOS as functional ovarian hyperandrogenism revis-
ited. Endo Rev. 2016;37:467-520.



Does Chin-Throat Length Relate to Oropharyngeal Volume, Minimum Axial 
Area, and Polysomnographic Indices?

Wachira Tantirittiporn1, Nuntigar Sonsuwan2   , Warit Powcharoen3   , Dhirawat Jotikasthira1   ,  
Thanapat Sastraruji4   , Pathawee Khongkhunthian5   , Kachaphol Kuharattanachai1    and  
Kanich Tripuwabhrut1 
1Department of Orthodontics and Pediatric Dentistry, Faculty of Dentistry, 2Department of Otolaryngology, Faculty of Medicine, 
3Department of Oral and Maxillofacial Surgery, 4Dental Research Center, 5Center of Excellence for Dental Implantology, 
Faculty of Dentistry, Chiang Mai University, Chiang Mai, Thailand

 ABSTRACT

OBJECTIVE  To evaluate the correlation between chin-throat length and 
oropharyngeal volume, minimum axial area, and polysomnographic indices  
in patients undergoing orthodontic treatment.

METHODS  The study enrolled 73 patients (35 men and 38 women) who 
met the inclusion criteria. The face scanner created a 3D facial simulation,  
and chin-throat length was subsequently measured. 3D CBCT images 
were used to simulate 2D lateral cephalometric images. Oropharyngeal 
volume and minimum axial area were determined using Dolphin imaging 
software, and airway function was assessed through unattended at-home 
overnight polysomnography. Pearson correlation coefficients were then 
used to determine the correlations between chin-throat length and oro-
pharyngeal volume, minimum axial area, and polysomnographic indices. 
Additional correlations were explored between age, BMI, cephalometric 
variables, and oropharyngeal volume, and minimum axial area. Finally, multi-
ple regression analysis was used to analyse the factors having an influence 
on the correlations.

RESULTS Chin-throat length was positively correlated with oropharyngeal 
volume and minimum axial area. SNB, ANB, Co-Gn, and Go-Gn were also 
observed to be positively correlated with oropharyngeal volume and mini-
mum axial area. Multiple regression analysis demonstrated that the factor 
influencing the correlation of chin-throat length with oropharyngeal volume  
and with minimum axial area was mandibular length; however, the cor-
relations were only observed among men. No correlation was evident  
between chin-throat length and polysomnographic indices. 

CONCLUSIONS Chin-throat length is positively correlated with oro-
pharyngeal volume and minimum axial area but has no association with 
polysomnographic indices. Mandibular length may influence upper airway 
dimensions.  

 KEYWORDS  chin-throat length, oropharyngeal volume, minimum axial  
 area, polysomnographic indices
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INTRODUCTION
Obstructive sleep apnea (OSA) is a chronic  

sleep-related disorder that has been widely studied  
in orthodontics over the past decade because of 
the severity and prevalence of the disease, which 
affects approximately 9% to 38% of the adult 
population worldwide (1).  OSA is a multifactorial 
disorder, and its associated risk factors include 
obesity, age (i.e., increasing risk with age), male 
gender, metabolic syndrome, craniofacial anatomy,  
and upper airway abnormalities (2).  Obesity is 
one of the major risk factors of OSA, but only a 
small number of patients with OSA in Asia are 
obese (3).  Given the apparently lesser role of  
obesity in OSA among Asians, craniofacial anato- 
mical factors might play a key role in the patho-
genesis of OSA in Asian populations (4). Several 
researchers have investigated using craniofacial 
anatomy as a predictive factor for OSA because  
using polysomnography (PSG), the standard 
approach, features has several disadvantages, 
namely high cost, limited accessibility, and a need 
for technician control (5).  Studies on craniofacial 
anatomy as a predictive factor have focused on 
skeletal features and soft tissues. In this context, 
Hong et al. investigated the impact of mandibular  
position on pharyngeal airway volume using 3D 
analysis (6). Their findings highlighted a notewor-
thy correlation which indicates that anterior mandi- 
bular position is associated with increased upper 
pharyngeal airway volume. However, the use of 
skeletal features in evaluations necessitates radio- 
graphic imaging modalities, potentially diminishing 
clinical utility. By contrast, the use of soft tissue 
features does not require the use of those modali- 
ties and may represent a clinically useful approach 
to OSA prediction. Various soft tissue studies 
have investigated the relationship between soft 
tissue phenotypes and OSA. Mallampati score, 
tonsil size, and neck circumference have been 
identified as potential risk factors for factors  
potentially related to OSA incidence, but other 
soft tissue features, including chin-throat length 
have been neglected (7, 8).

In orthodontics, chin-throat length is one of 
the main parameters used to evaluate potential 
orthodontic or orthognathic interventions, as well  
as to predict aesthetic outcomes (9).  Some studies 
have determined that mandibular setback sur-
gery is contraindicated in patients with a short 

chin-throat length  because this procedure might  
negatively affect their upper airway (10).  However, 
no solid evidence has demonstrated that the  
relationship between chin-throat length and  
upper airway morphology can be used to infer 
the risk of OSA. 

Due to the clinical usefulness of soft tissue in 
predicting OSA and the lack of evidence supporting  
the association between chin-throat length and 
upper airway morphology, this study aimed to 
evaluate the correlations between chin-throat 
length and oropharyngeal volume, minimum axial  
area, and polysomnographic indices in patients 
undergoing orthodontic treatment using a three- 
dimensional (3D) face scanner, cone-beam com-
puted tomography (CBCT), unattended at-home 
overnight PSG (SOMNOlab 2), and Dolphin imaging 
software. 

METHODS
Subjects and selection criteria

This study was approved by the human experi-
mentation committee of our institution (No. 68/ 
2563). The study sample comprised 73 Thai patients 
(35 men and 38 women) who underwent ortho-
dontic treatment and orthodontic consultation 
from October 2020 to December 2021.  All patients 
who met the inclusion criteria were invited to 
participate in the study. 

The inclusion criteria were age between 15 and 
35 years, being in good health, and having a BMI 
of less than 23 kg/m2. Patients with craniofacial 
syndromes or systemic diseases and those who 
had received previous orthodontic treatment or 
orthognathic surgery were excluded from the 
study.  All patients signed the consent forms, and 
for those who were under the age of 18, the con-
sent forms were signed by their parents or legal 
guardians.

Study variables
The independent variables and outcome varia-

bles of the study are specified in Table 1.

Face scanning and measurement 
Patients’ faces were scanned using an Accu 

3D face scanner (Digident Image Technology, 
Taichung, Taiwan) after which facial simulations 
were generated. Soft tissue landmarks, namely  
the soft tissue menton (Me’) and neck-throat 
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point (C-point), were identified (Fig. 1A). In ac-
cordance with the approach of Naini and Gill, (11) 
chin-throat length was defined as the distance 
from the Me’ to C-point (Fig. 1B). 

Upper airway measurement
CBCT scans were taken using MobiiScan 

(NSTDA, Bangkok, Thailand) with the following 
parameters: 90 kV, 8 mA, 22 cm x 18 cm field of 
view, and 0.4 mm voxel size. DICOM data obtained 
from CBCT were processed using third-party 
software (Dolphin Imaging Software Version 11.9, 
Dolphin Imaging & Management Solutions, Chat-
sworth, CA, USA). During the scanning process, 
conscious participants were instructed to consist-
ently maintain maximum intercuspation, position 
the tongue against the hard palate, breathe in a 
normal manner, and refrain from swallowing.

The plane orientation was manually applied 
for each patient using the approach adopted by 
Guijarro-Martinez and Swennen (12). All CBCT 
images were examined using a craniocervical 
inclination that was defined by the intersection 
between the S-N plane and the C2p-C2lp plane 
(from the uppermost posterior point of the second  
cervical vertebra to the lowermost posterior 
point of the second cervical vertebra).  This angle 
must fall within a range of 90° to 110°, otherwise 
the upper airway dimension may be inaccurately 
calculated (13).  Subsequently, the threshold value  
(average: 70) of the upper airway morphology was 
manually adjusted until the pharyngeal airway  
was adequately depicted. The upper airway mor-
phology was measured using Guijarro-Martinez 
and Swennen’s (12) method, which is based on 
oropharyngeal volume (Fig. 2A) and minimum  
axial area (Fig. 2B).  The Dolphin imaging software 
automatically calculated the oropharyngeal air-
way volume (mm3) and minimum axial area (mm2).

Airway function assessment
The patients underwent evaluation of their 

upper airway function. The evaluation was con-
ducted using an unattended at-home overnight 
PSG system, SOMNOlab 2 (Fig. 3).  Expert special-
ists gave the patients comprehensive instructions 
on the precise assembly and operation of the 
SOMNOlab 2 monitor. The PSG recordings were 
analysed by a board-qualified physician. OSA was 
diagnosed in patients whose apnea-hypopnea  
index (AHI) was more than five events per hour.

Table 1. Independent variables and outcome variables

Independent variables Outcome variables

Chin-throat length (mm)
Age (year)
BMI (km/m2)
Cephalometric variables

- SNA (degree)
- SNB (degree)
- ANB (degree)
- FMA (degree)
- Co-A (mm)
- Co-Gn (mm)
- Go-Gn (mm)

Upper airway dimensions
- Oropharyngeal volume (mm3)
- Minimum axial area (mm2)

Polysomnographic indices
- AHI (events/hour)
- ODI (events/hour)
- Lowest oxygen saturation (%)
- Average oxygen saturation (%)

Figure 1. Landmarks and measurements. (A) Soft tissue landmarks: soft tissue menton (Me’) and neck-throat point (C-point). 
(B) Chin-throat length measurement.

Correlation of chin-throat length with oropharyngeal volume, minimum axial area, and polysomnographic indices (97 characters)
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For a correlation of 0.4, a power of 80%, and a sig-
nificance level of 5%, the final minimum sample 
size was 47 patients.

To test the reliability of the measurements, the 
chin-throat length and upper airway morpholo-
gy of randomly selected patients were measured. 
Over the subsequent 4 weeks, the measurements 
of the patients were retaken by the same examiner. 
Intraclass correlation coefficients (ICCs) was then 
used to perform the intra-variation assessment.

SPSS Version 25.0 for Windows (SPSS Inc., 
Chicago, IL, USA) was used to calculate all statis-
tical results, and descriptive analysis was applied 
to determine the means and standard deviations 
of the data. The normality of the variables was  
assessed using the Kolmogorov-Smirnov test. The 
results indicated that the distribution of all vari-
ables did not significantly deviate from a normal 
distribution (p > 0.05), supporting the assumption 
of normality for subsequent statistical analyses. 
The correlations between chin-throat length and 
upper airway dimensions and function were tested  
using the Pearson correlation coefficient.  The 
results were considered statistically significant at 
p < 0.05.  The Potentially influencing factors were 
assessed through multiple regression analysis  
using a stepwise method. 

RESULTS
Data were collected from 73 patients (35 men 

and 38 women) ranging in age from 15 to 35 years 
(mean age: 22.70 ± 5.15 years). Patient BMI ranged 
from 15.78 to 23.00 kg/m2 (mean BMI: 20.58 ± 1.92 
kg/m2), and the mean chin-throat length was 
40.76 ± 5.72 mm. 

Figure 2. Landmarks and measurements of upper airway dimensions. (A) Oropharyngeal volume landmarks: posterior nasal 
spine (PNS), most super posterior point of the second cervical vertebrae (C2sp), and most anteroinferior aspect of the 
third cervical vertebrae (C3ai). (B) Minimum axial area.

Figure 3. An unattended at-home overnight PSG system 
(SOMNOlab 2)

Cephalometric analysis
Two-dimensional (2D) lateral cephalometric 

images were simulated on the basis of 3D CBCT 
images.  Linear and angular measurements of the 
angle indicating the horizontal position of the 
maxilla relative to the cranial base (SNA), the angle 
indicating the horizontal position of the mandible 
relative to the cranial base (SNB), the angle meas-
uring the relative position of the maxilla to the 
mandible (ANB), the angle between the Frankfort  
horizontal plane and the mandibular plane (FMA), 
the maxillary length from the condylion to A point 
(Co-A), the mandibular length from the condylion to  
gnathion (Co-Gn), and the mandibular length from 
the gonion to gnathion (Go-Gn) were recorded.

Statistical analysis
The sample size was calculated using G*Power 

(Version 3.1.9.4, University of Kiel, Kiel, Germany). 
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Table 2. Means and standard deviations of all variables with respect to gender and OSA diagnosis

Gender OSA

Variables Male (n = 35)
Mean ± SD

Female (n = 38)
Mean ± SD p-value Non-OSA (n = 65)

Mean ± SD
OSA (n = 8)
Mean ± SD p-value

BMI (kg/m2)
Chin-throat length 
(mm)

Cephalometric 
variables

- SNA (degree)
- SNB (degree)
- ANB (degree)
- FMA (degree)
- Co-A (mm)
- Co-Gn (mm)
- Go-Gn (mm)

Upper airway 
dimensions

- Oropharyngeal  
        volume (mm3)

- Minimum axial  
       area (mm2)

Polysomnographic 
indices

- AHI  
       (events/hour)

- ODI  
       (events/hour)

- Lowest oxygen  
       saturation (%)

- Average oxygen  
       saturation (%)

21.21±1.94
40.99±5.41

83.30±4.05
80.26±6.47
3.02±4.92

23.59±6.88
96.00±5.13
131.31±8.59
82.63±7.21

14,508.88±5,239.69

146.05±78.32

2.70±5.44

1.78±2.23

85.82±5.05

96.63±1.36

20.00±1.73
40.54±6.06

84.49±3.51
82.74±5.42
1.74±4.99

24.88±5.36
89.36±5.05
124.13±8.53
78.13±5.92

12,590.92±4,842.60

135.02±74.91

1.45±3.29

1.31±1.77

85.44±6.51

97.39±0.71

 0.007**

0.730

0.190
0.090
0.280
0.380

< 0.001***

 0.001**

 0.006**

0.110

0.550

0.240

0.320

0.780

0.005*

20.54±1.96
40.76±5.54

83.88±3.74
81.28±5.86
2.59±4.83

24.23±6.09
92.56±6.16
127.06±9.39
80.13±7.17

13,365.75±5,189.86

142.27±76.10

0.80±0.93

1.36±1.82

86.93±5.42

97.03±1.17

20.86±1.66
40.74±7.49

83.80±4.30
83.36±7.15
0.43±5.40
25.46±6.86
92.70±5.35
131.65±6.53
81.80±6.36

14,399.50±4,392.79

125.75±80.80

12.21±8.04

2.97±2.90

82.37±8.12

96.98±0.73

0.630
0.990

0.950
0.450
0.310
0.640
0.940
0.100
0.500

0.550

0.590

0.005**

0.160

0.250

0.870

SD, standard deviation; statistically significant difference, *p < 0.05, **p < 0.01, ***p < 0.001

CBCT imaging was used to categorise patients 
into skeletal class I (23 patients), class II (28 pa-
tients), and class III (22 patients). The means and 
standard deviations of chin-throat length divided 
by sagittal skeletal pattern were calculated, and 
the lengths of the groups were as follows: 41.58 ± 
5.07 mm in skeletal class I patients, 38.94 ± 6.29 
mm in class II patients, and 43.72 ± 4.81 mm in 
class III patients. The CCA of all patients fell within  
the range of 90° to 110° (mean CCA: 96.71 ± 6.57 
degrees).  The descriptive analysis of all variables 
with respect to gender and OSA diagnosis is pre-
sented in Table 2.

The airway function of 73 patients was measured. 
Four polysomnographic indices were recorded: 
AHI, oxygen desaturation index (ODI), lowest oxygen  
saturation, and average oxygen saturation. Eight 

patients, comprising 5 men and 3 women, with 
ages ranging from 15 to 31 years (mean age: 23.25 
± 5.25 years), were diagnosed with OSA based on 
an AHI exceeding five events per hour (range: 6.0 
to 30.3 events per hour). The means and standard 
deviations of the polysomnographic indices are 
detailed in Table 2. 

Pearson correlation coefficients were then 
used to determine the relationship of oropharyn-
geal volume and minimum axial area with chin-
throat length and other factors, including age, 
BMI, and cephalometric variables. Oropharyngeal 
volume and minimal axial area were slightly posi- 
tively correlated with chin-throat length. SNB, 
ANB, Co-Gn, and Go-Gn were each correlated 
with both oropharyngeal volume and minimum 
axial area. Additionally, chin-throat length was 
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correlated with oropharyngeal volume and mini-
mal axial area in male patients only (Table 3).

The correlations between chin-throat length and  
polysomnographic indices were further analysed 
using the Pearson correlation coefficient. No corre-
lation was noted between chin-throat length and 
upper airway function as represented in Table 4.

The Pearson correlation coefficient was also 
used to assess the relationship between oro-
pharyngeal volume and minimum axial area and 
polysomnographic indices. No significant corre-
lations were observed between oropharyngeal 
volume and polysomnographic indices. Similarly,  
no significant correlations were detected between 

minimum axial area and polysomnographic indices, 
as outlined in Table 5.

The influencing factors of oropharyngeal volume 
and minimum axial area were then investigated 
using multiple regression analysis with a step-
wise method, and age, gender, BMI, cephalometric 
variables (SNA, SNB, ANB, FMA, CO-A, Co-Gn, and  
Go-Gn), and chin-throat length were included as 
independent variables. Multiple regression analysis 
indicated that Co-Gn was related to oropharyn-
geal volume (R2 = 17.8%, p < 0.01) and minimum axial 
area (R2 = 14.7%, p = 0.01; Table 6). 

The intraexaminer reliability tests for chin-
throat length and oropharyngeal volume revealed 

Table 3. Pearson correlation coefficients for chin-throat length, age, BMI, and cephalometric 
variables in relation to oropharyngeal volume and minimum axial area.

OP (mm3) p-value Min (mm2) p-value

TL (n = 73)

TL male (n = 35)

TL female (n = 38)

Age (year)

BMI (km/m2)

SNA (degree)

SNB (degree)

ANB (degree)

FMA (degree)

Co-A (mm)

Co-Gn (mm)

Go-Gn (mm)

r
R2

r
R2

r
R2

r
R2

r
R2

r
R2

r
R2

r
R2

r
R2

r
R2

r
R2

r
R2

0.26*

0.068
0.449**

0.202
0.094
0.009
−0.074
0.005
−0.076
0.006
0.079
0.006
0.337*

0.114
−0.351**

0.123
−0.108
0.012
0.187
0.035
0.422**

0.178
0.404**

0.163

0.029*

< 0.010**

0.580

0.542

0.528

0.518

0.004*

< 0.010**

0.372

0.121

< 0.010**

< 0.010**

0.193
0.037
0.43*

0.185
−0.017
0.000
−0.137
0.019
−0.115
0.013
0.166
0.028
0.34*

0.116
−0.289*

0.084
−0.172
0.030
0.200
0.04

0.384**

0.147
0.341**

0.116

0.110

0.011*

0.920

0.259

0.344

0.170

0.004*

0.015*

0.154

0.096

< 0.010**

< 0.010**

TL, chin-throat length; OP, oropharyngeal volume; min, minimum axial area; R2, coefficient of 
determination; statistically significant difference, *p < 0.05; **p < 0.01.

Table 4. Pearson correlation coefficients for chin-throat length in relation to polysomnographic indices.

AHI p-value ODI p-value
Lowest 
oxygen 

saturation
p-value

Average 
oxygen 

saturation
p-value

TL (n = 73) r
R2

-0.028
0.001

0.818 -0.074
0.284

0.533 0.141
0.020

0.246 0.062
0.004

0.608

TL, chin-throat length; R2, coefficient of determination.
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strong intraclass correlations (r = 0.991 and r = 
0.999, respectively), indicating high measure-
ment reliability.

DISCUSSION
The current study identified a slight correlation 

between chin-throat length and oropharyngeal  
volume and minimal axial area. Additionally, cor-
relations were observed between cephalometric 
variables (SNB, ANB, Co-Gn, Go-Gn) and oro-
pharyngeal volume, as well as minimal axial area. 
However, no correlation was observed between 
chin-throat length and polysomnographic indi-
ces.  Co-Gn was identified as an influencing factor 
in the relationship between chin-throat length 
and oropharyngeal volume and minimum axial area.

Two-dimensional lateral cephalometry has 
been used to assess the dimensions of the upper 
airway. However, because applying 2D evaluation 
to 3D structures is impractical and because 2D 
lateral cephalometry cannot be used for volumetric  
measurement, this technique is not particularly 
effective for evaluating airway dimensions (14). 
Several imaging techniques can be used for upper 
airway assessment, namely CBCT, multidetector 
CT (MDCT), magnetic resonance imaging (MRI), 
endoscopy, and optical coherence tomography 
(12).  CBCT has certain advantages over other im-
aging techniques, e.g., the radiation dose from 

CBCT is lower than that of MDCT. Additionally,  
accessibility is greater and costs of CBCT are lower  
than those of MRI (12).  The accuracy and reliability  
of CBCT for upper airway assessment has been 
demonstrated and thus, CBCT is widely used to 
evaluate the upper airway (12). 

The use of position-dependent upper airway 
dimensions has also been explored. Tsuiki et al. 
(15) indicated that a change in position from up-
right to supine influenced the dimensions of the 
velopharynx and oropharynx areas. Therefore, it 
is crucial to consider this factor. Consequently, 
patients in this study were scanned in a supine 
position using MobiiScan.

Direct clinical evaluation of facial soft tissue 
landmarks has also been used to predict OSA, an 
approach which avoids the need for radiographic 
examination. Early detection of OSA may be aided  
by clinical detection of pharyngeal airway con-
striction. Studies have identified a relationship 
between surface facial dimensions and upper 
airway structures in patients with OSA, implying 
that facial soft tissue measurement may be a valu-
able tool in phenotyping patients with OSA (16). 
However, the correlations of chin-throat length 
with upper airway dimensions at the oropharyn-
geal level and with polysomnographic indices 
have not been investigated previously.

Table 5. Pearson correlation coefficients for oropharyngeal volume and minimum axial area in relation to polysomno-
graphic indices.

AHI p-value ODI p-value
Lowest 
oxygen 

saturation
p-value

Average 
oxygen 

saturation
p-value

OP (mm3)

Min (mm2)

r
R2

r
R2

0.118
0.014
0.040
0.002

0.318

0.743

-0.086
0.007
-0.102
0.010

0.471

0.399

0.010
0.000
-0.019
0.000

0.933

0.878

0.180
0.032
0.196
0.038

0.128

0.104

OP, oropharyngeal volume; Min, minimum axial area; R2, coefficient of determination.

Table 6. Multiple regression analysis conducted on oropharyngeal volume and minimum axial area (independent variables: 
age, BMI, cephalometric variables, and chin-throat length).

Variables
Coefficient p-value β R2

Dependent Independent

Oropharyngeal volume

Minimum axial area

Mandibular length (Co-Gn)
                 Constant
Mandibular length (Co-Gn)
                 Constant

240.314
−17,015.672

3.180
−265.346

< 0.010
0.037
0.010
0.029

0.42

0.38

0.178

   0.147

β, standardised coefficient β; coefficient, unstandardised coefficients; R2, coefficient of determination.
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The distance between the neck-throat point 
and soft-tissue menton is known as the chin-
throat length (17). Chin-throat length is a common-
ly used criterion in the diagnosis and treatment 
planning of patients with mandibular and chin 
deformities who require anteroposterior correc-
tion (18).  For mandibular length, a measure of 38 
to 48 mm is considered normal, with Class III cases  
being longer and Class II cases being shorter  
(17).  Chin-throat length differs significantly be-
tween the three skeletal sagittal types, with the 
chin-throat length of skeletal class II patients 
being substantially shorter than those of skeletal 
class I and III patients (9). The means and standard  
deviations of chin-throat length categorised by 
sagittal skeletal patterns were also reported in 
this study: 41.58 ± 5.07 mm in class I, 38.94 ± 6.29 
mm in class II, and 43.72 ± 4.81 mm in class III.  
Related to the potential gender-related variations 
in chin-throat length, a 3D cephalometric inves-
tigation conducted by Wang et al. (19). disclosed 
significant distinctions in jaw length between males 
and females. Conversely, that study observed no 
statistically significant differences in soft tissue 
chin-throat length between genders. These findings 
reported by Wang et al. are consistent with the 
outcomes of the present study, where significant 
differences in jaw length (maxillary and mandibular 
length) between genders were identified; however, 
no statistically significant gender-based differ-
ence was discerned in chin-throat length.

The upper airway can be divided into three 
parts: the nasopharynx, oropharynx, and hypo- 
pharynx. In this study, our primary focus was on 
oropharyngeal volume because the oropharynx  
is the part most likely to be influenced by jaw  
position and the surrounding soft tissue. Changes  
in the spatial arrangement and dimensions of 
oral and pharyngeal soft tissues can occur due to 
shifts in the positions of the soft palate, tongue, 
and associated muscles (20).  Individuals with  
Angle Class II malocclusion tend to exhibit a nar-
rower oropharynx than those with Angle Class I or 
III malocclusion (21).  Additionally, for predicting  
OSA, the association of minimum axial area with 
craniofacial structures has been investigated. A 
study reported variations in minimum axial area 
depending on skeletal pattern (22). With consi- 
deration for these findings, the primary objective  
of this study was to explore the relationship  

between chin-throat length and pharyngeal airway  
dimensions. Consequently, we selected oropharyn-
geal volume and minimum axial area as the key 
parameters for analysis.

Slight positive correlations between chin-
throat length and oropharyngeal airway and mini- 
mum axial area were identified in this study. The 
constriction of the anatomical features of the  
airway does not always result in reduced respira-
tory performance, leading in turn to OSA, but some 
studies have demonstrated a correlation between 
oropharyngeal volume, minimum cross-sectional 
area, and AHI (23). Thus, the chin-throat length 
measurement may be able to serve as a parameter 
for evaluating oropharyngeal volume and mini- 
mum axial area, thereby promoting the early  
detection of OSA.

The current study did not identify any signifi- 
cant differences in oropharyngeal volume and 
minimum axial area between genders. This differs 
from research findings that have indicated a larger  
and longer upper airway in males compared to  
females (24).  Nonetheless, no study has investigated  
the associations between chin-throat length and 
oropharyngeal volume and minimum axial area in 
men and women. When gender was considered 
in this study, correlations between chin-throat 
length and oropharyngeal volume and minimum 
axial area were only observed in men. Conse-
quently, gender appears to be an influencing 
factor in the relationship between chin-throat 
length and upper airway parameters, specifically 
at the oropharyngeal level.

Multiple regression analysis was used to evaluate  
the influencing factors between chin-throat 
length and oropharyngeal volume and minimum 
axial area. The results, presented in Table 3, indi-
cate an association between Co-Gn and oro-
pharyngeal volume as well as minimum axial area. 
It is widely recognised that obesity, age (older), 
male gender, and craniofacial morphology in-
fluence OSA (2). Chin-throat length exhibited a 
positive correlation with oropharyngeal volume 
and minimum axial area, but other factors, par-
ticularly Co-Gn, were also found to be related to 
oropharyngeal volume and minimum axial area. 
Therefore, oropharyngeal volume and minimum 
axial area are influenced by a combination of  
factors, and Co-Gn might actually be the most 
significant factor affecting them.  
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In this study, chin-throat length was not cor-
related with the polysomnographic indices of AHI, 
lowest oxygen saturation, or average oxygen satu-
ration.  Eight patients (11.42%) were diagnosed as 
having OSA. Further, no correlation was observed  
between oropharyngeal volume, minimum axial 
area, and polysomnographic indices.  Other studies  
focused on individuals with OSA have suggested  
that the volume of the velopharyngeal level can 
serve as a valuable indicator of the severity of 
AHI and lowest oxygen saturation (25), contrasting 
with the current study. However, only healthy 
participants between the ages of 15 and 35 with 
a normal BMI were included in this study. While 
craniofacial features may play an essential role 
in the pathophysiology of OSA in Asian popula-
tions (4), the syndrome was found to be occur 
in approximately 7% of Asian populations (26). 
Therefore, we suggest collecting larger samples 
of Asian patients with OSA to further investigate 
whether polysomnographic indices are related to 
chin-throat length, oropharyngeal volume, and 
minimum axial area.

In this study, chin-throat length was correlated 
with oropharyngeal volume and minimum axial 
area. Some operations, such as mandibular set-
back surgery, might negatively affect the upper 
airway (10); to reduce the risk of negative out-
comes, measuring chin-throat length could serve 
as a valuable screening approach for upper airway 
assessment when planning orthodontic or orthog-
nathic surgical treatment. 

This study makes certain contributions to the 
literature, but a key limitation should be men-
tioned. CBCT was performed while the patients 
were awake. This is problematic because, as  
various studies using 2D lateral cephalometry 
and CBCT have demonstrated, the position of  
patients affects their airway dimensions (27). A 
static supine position does not accurately depict  
the moving and changing positions that occur 
during sleep (28), and whether the patient is 
asleep or awake has a crucial influence on airway 
dimensions (28). Therefore, CBCT imaging per-
formed with patients in the supine position is not 
ideal because it does not allow for accurate simu-
lation of sleeping conditions.

CONCLUSIONS
A slight positive correlation was identified 

between chin-throat length and oropharyngeal 
volume and minimum axial area. However, this 
correlation was only observed among men. Addi-
tionally, SNB, ANB, Co-Gn, and Go-Gn demon-
strated correlations with both oropharyngeal  
volume and minimum axial area. The crucial variables 
influencing the relationship between chin-throat 
length and oropharyngeal volume and minimum 
axial area may include mandibular length. The 
present study found no correlation between chin-
throat length and polysomnographic indices.
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 ABSTRACT

Two patients with Pseudomonas aeruginosa bloodstream infections 
were diagnosed a week apart in a cardiovascular thoracic (CVT) sur-
gery unit where there had been no cases of P. aeruginosa infections in 
the preceding 6 months. An outbreak investigation was conducted. 
Medical records were reviewed to identify potential common exposure 
in both patients. Outbreak investigation procedures included cultures 
of intravenous infusions and various solutions in the operating theatre 
and the general CVT surgery unit, the intensive care unit and the inter-
mediate care unit, and monitoring compliance with the central line 
associated bloodstream infection prevention bundle. Both the blood 
cultures of the two patients as well as the liquid soap used for hand 
washing in the unit grew P. aeruginosa. However, there were three 
clonalities of isolates, the first from patient A, the second from patient 
B, and the third from the liquid soap.  Other intravenous infusions and 
various solutions, i.e., normal saline solution, lactate ringer solutions, 
solutions for cardiopulmonary bypass circuits, and skin antisepsis,  
did not grow potential pathogens. In conclusion, although these were 
unlinked cases, investigation of the cases uncovered breaches in  
infection control practices and provided an opportunity to improve 
the infection control strategies in our institution..

 KEYWORDS  P. aeruginosa, bloodstream infection, outbreak, outbreak 
investigation, infection control
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INTRODUCTION
Pseudomonas aeruginosa is an aerobic gram- 

negative bacterium that is ubiquitous in the envi-
ronment, including in soil, water and plants (1). It 
is one of the pathogens most frequently implicated 
in healthcare-associated infections (1). Outbreaks 
of P. aeruginosa related to the hospital environ-
ment have been reported (2-7). Here we present 
two cases of P. aeruginosa bloodstream infections 

(BSIs) which occurred in July 2020, a week apart, 
in the general cardiovascular thoracic (CVT)  
surgery unit. As there had been no cases of P. 
aeruginosa BSI in the previous 6 months in this 
unit, we suspected a common source of the out-
break, prompting an investigation to identify 
possible reservoirs and modes of transmission as 
well as to implement infection control measures 
to prevent future outbreaks. 
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METHODS
Maharaj Nakorn Chiang Mai Hospital is a 1,400-

bed, tertiary-care, university-affiliated hospital. 
The Division of Cardiovascular Thoracic (CVT) 
surgery performs approximately 700-800 cardiac 
surgeries a year. The detection of P. aeruginosa 
in blood cultures of two patients within a week 
triggered an investigation by the infection control 
team. Both patients had clinical signs and symp-
toms of bloodstream infection. We reviewed the 
medical records and identified potential sources 
of exposure common to both patients. 

Outbreak investigation procedures
1.  Compliance with CLABSI prevention bundle

As the patients had bloodstream infections and 
it was unproven if they were central venous cathe- 
ter (CVC) related, we focused on infection con-
trol measures for CVC insertion and dressings.  
To that end, we randomly observed the practice 
of central line insertion after this occurrence.
2. Cultures of intravenous infusions and various  
solutions

Intravenous infusions, including NSS, lactate 
ringer solution (LRS), solutions used in operating  
procedures, and solutions used with surgical 
wound dressings in the affected units, i.e., liquid 
soap for hand washing and antiseptic solutions 
for wound dressings, were randomly sampling for 
cultures.

Microbiology 
Culture and drug susceptibility testing were 

performed at the Microbiology Unit, Diagnostic 
Laboratory, Maharaj Nakorn Chiang Mai Hospital. 
Colonies were identified by MALDI-TOF (VITEK 
MS, Biomerioux, Marcy l’Etoile, France). Antimi-
crobial susceptibility testing was performed using  
broth microdilution techniques (THAN2F, Sensiti-
tre, ThermoFisher, Massachusetts, USA).  In addition 
to the two isolates from hemocultures, all speci-
mens that grew P. aeruginosa from environmental 
samples were sent for genotypic study using the 
multilocus sequence typing (MLST) method at the 
microbiology laboratory, Department of Pathology,  
Faculty of Medicine, Ramathibodi Hospital.

Ethical approval
This study was exempt from review by Re-

search Ethics Committee of Faculty of Medicine, 

Chiang Mai University (certificate of exemption 
MED 7555/2020). Informed consent regarding 
the case details for publication in medical journals  
was obtained from the parent of patient A (as patient 
A had died) and from patient B.

RESULTS
Description of the cases

Patient A was a 20-year-old male admitted 
to the general CVT surgery unit due to a sternal 
wound infection from S. aureus on April 27th, 2020 
following a Bentall procedure in January 2020.  
He underwent surgery in operating room (OR) “A” 
by surgeon team “A” on June 30th, 2020 where the 
Bentall operation was re-performed. Two central 
venous catheters were inserted, the first of which 
was inserted in the intermediate care unit (IMCU) 
and the second in the OR. He was subsequently  
transferred from the intensive care unit (ICU) to 
IMCU on July 8th, 2020 and then to the general CVT 
surgery unit, bed number 14, on July 9th, 2020. The 
tip of the first central venous catheter, collected  
on July 10th, 2020, grew P. aeruginosa.  His blood 
cultures were collected on  July 11th, 2020 also 
grew P. aeruginosa. 

Patient B was a 61-year-old female admitted 
to the general CVT surgery unit on July 3rd, 2020 
for tricuspid valve annuloplasty. She underwent  
surgery in OR “B” by surgeon team “B” on July 9th, 
2020 and was transferred from the ICU to IMCU on 
July 10th, 2020 then to the general CVT surgery unit, 
bed number 15, on July 11th, 2020.  Her blood cultures 
were collected on July 18th, 2020 grew P. aeruginosa.  
Echocardiography performed on July 23th, 2020  
revealed vegetation at the anterolateral tricuspid 
valve annulus which was identified as prosthetic 
valve endocarditis.

All wound dressings for both patients were 
applied by the same surgical team. There were 
no other patients diagnosed with P. aeruginosa 
pneumonia or UTI in the general CVT surgery 
unit in the preceding 6 months. Both patients 
recovered from BSI following catheter removal 
and a course of antibiotics and were discharged 
from the hospital. The timelines for both patients 
are shown in Figure 1 and the room maps of the 
general CVT surgery unit and IMCU are shown in 
Figure 2.
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Figure 1. Timeline of the two patients with P. aeruginosa bloodstream infections

Antibiotic susceptibility patterns of clinical iso-
lates

Antibiotic susceptibility (DST) patterns of 
P. aeruginosa isolates from patients A and B are 
shown in Table 1. Two peripheral blood cultures 
from patient A had the same DST pattern, where-
as cultures of from the catheter tip had a different 
DST pattern for imipenem. In the case of patient 
B, DST was the same for the peripheral blood  
cultures. No catheter tips were sent for culture. 

Multilocus Sequence Typing (MLST) profile for 
P. aeruginosa

There were 3 clonalities of isolates:  ST918 was 
discovered in the isolates from patient A, ST3393 

from patient B, and ST381 from liquid soap in the 
general CVT surgical unit. The results are shown 
in Table 2. 

Compliance with central line-associated blood-
stream infection (CLABSI) bundles

Fifteen central venous catheter insertions 
were investigated after this outbreak. All but one 
followed the CLABSI bundles, including having 
only well-trained healthcare personnel performing  
the procedure, following appropriate hand hygiene  
practices, using 2% alcoholic chlorhexidine for 
skin antisepsis, use of maximum sterile barriers,  
selecting optimal sites (avoiding the femoral vein), 
and the wearing of appropriate personal protective  
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Figure 2. Room map of the general cardiovascular thoracic surgery and intermediate care units
Notes: 
1.  Patient A occupied bed 14 (hemocultures grew P. aeruginosa on July 11th, 2020) and patient B occupied bed 15 (hemocul-
tures grew P. aeruginosa on July 18th, 2020)
2.  Liquid soap above sink 2 (S2) grew P. aeruginosa > 100 CFU/mL
3.  Liquid soap between S4 and S5 grew P. aeruginosa >100 CFU/mL
4.  Liquid soap between S8 and S9 grew Enterobacter cloacae >100 CFU/mL, and Klebsiella pneumoniae >100 CFU/mL 
5.  Liquid soap between S4 and S5 grew P. aeruginosa >100 CFU/mL, and Enterococcus faecalis >100 CFU/mL

Table 1. Antibiotic susceptibility pattern of P. aeruginosa isolated from patients

Patient Specimen AMK CPO COL CTZ IMI LFX MEM TAZ

A
A
A
B
B

Tip of CVC
Blood
Blood
Blood
Blood

S (<=8)
S (<=8)
S (<=8)
S (<=8)
S (<=8)

S (0.25)
S (0.25)
S (0.25)
S (0.12)
S (0.12)

I (2)
I (2)
I (2)
I (2)
I (2)

S (2)
S (2)
S (2)
S (2)
S (2)

S (2)
I (4)
I (4)
S (2)
S (2)

S (0.5)
S (0.5)
S (0.5)
S (0.5)
S (0.5)

S (<=0.5)
S (<=0.5)
S (<=0.5)
S (<=0.5)
S (<=0.5)

S (<=8)
S (<=8)
S (<=8)
S (<=8)
S (<=8)

AMK, amikacin; CPO, ciprofloxacin; COL, colistin; CTZ, ceftazidime; CVC, central venous catheter; IMI, imipenem;  
I, intermediate resistant; LFX, levofloxacin; MEM, meropenem; S, susceptible; TAZ, piperacillin/tazobactam

Table 2. Multilocus Sequence Typing (MLST) profile for P. aeruginosa

Samples
Allelic profile Sequence 

typeacsA aroE guaA mutL nuoD ppsA trpE

Blood patient A
Tip CVC patient A
Blood patient B
Liquid soap
Liquid soap
Liquid soap
Liquid soap

15
15
11
11
11
11
11

5
5
2

20
20
20
20

1
1
6
1
1
1
1

3
3
3

65
65
65
65

15
15
15
4
4
4
4

12
12
38
4
4
4
4

2
2
3
10
10
10
10

918
918

3,393
381
381
381
381

CVC, central venous catheter
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Table 3. Cultures from specimens in the intensive care unit, intermediate care unit, and general cardiothoracic surgical unit

Unit Specimens Culture result (CFU/mL)

ICU
ICU
ICU
IMCU
IMCU
IMCU
IMCU 
(bathroom)

IMCU
IMCU
General
General
General

General 
(bathroom)
General 
(bathroom)

General
General
General
General
OR
OR
OR
OR
OR
OR

4% alcoholic chlorhexidine
10% povidone-iodine
2% alcoholic chlorhexidine
4% alcoholic chlorhexidine gluconate
Liquid soap brand A
Liquid soap brand A mixed with water for irrigation*

Liquid soap brand B mixed with tap water*

10% povidone-iodine
2% alcoholic chlorhexidine
Liquid soap brand B
Tap water (sinks 1-4)
Liquid soap brand A mixed with hot water (sink 2)

Liquid soap brand B mixed with tap water (sink 4)

Liquid soap brand B mixed with tap water (sink 8)

Alcohol handrub
10% povidone-iodine
0.5% alcoholic chlorhexidine
2% alcoholic chlorhexidine
NSS in bag
LRS in a bag, soak ring, soak ring holder
A solution from the cardiopulmonary bypass circuit
Cardioplegia solution
2% alcoholic chlorhexidine
4% alcoholic chlorhexidine

< 10
< 10
< 10
< 10
< 10
< 10
2 specimens < 10
1 specimen grew 
P. aeruginosa > 100 and
Enterococcus faecalis > 100
< 10
< 10
< 10
4 specimens < 10
4 specimens < 10
1 specimen grew
P. aeruginosa > 100
1 specimen grew 
P. aeruginosa > 100
6 specimens < 10
1 specimen grew
P. aeruginosa > 100
1 specimen grew Enterobacter cloacae
complex >100 and
Klebsiella pneumoniae > 100
< 10
< 10
< 10
< 10
< 10
< 10
< 10
< 10
< 10
< 10

CFR, colony-forming unit; ICU, intensive care unit; IMCU, intermediate care unit; OR, operating room
Note: There was no formula for mixing liquid soap with water, and no date of mixing labeled on the liquid soap bottle.

equipment. On one occasion, maximal sterile 
barrier was not followed. However, regarding 
catheter maintenance, the transparent dressings 
were changed regularly every 7 days, but were not  
changed when damp.

Cultures from various solutions in the units and 
operation theatres

Intravenous fluid and various solutions from 
the OR and from other hospital units were ran-
domly sampled for bacterial cultures. The results 
are shown in Tables 3 and 4. The liquid soap used 
for hand washing in the general CVT surgery unit 
and the IMCU was commercial soap, brand A and 

brand B. Due to the viscosity of the commercial 
liquid soap, the patient support staff mixed the 
commercial soap with water to make it easier 
to wash out.  They first transferred commercial  
liquid soap to a non-sterile container and mixing 
it with tap water, or water for irrigation without 
following a specific formula for the mixture and 
not recording the date of the mixture on the con-
tainer labels.   

DISCUSSION
We described 2 cases of P. aeruginosa BSIs 

which occurred in patients in the same surgical 
unit within 1 week.  They were initially believed to 
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be of the same clonality, triggering an outbreak  
investigation. Once P. aeruginosa was isolated 
from blood, we focused on an infused solution. 
Cultures of various solutions were then performed 
as part of this investigation. Initially, we hypoth-
esized that there was potential for contamination 
of an infused solution used in the operating pro-
cedure or in the surgical field.  However, we were 
unable to determine whether either the intrave-
nous infusions or the solutions used in the oper-
ating procedures were contaminated as some of 
the solutions sampled for testing were not from 
the same lot as those used on the patients. The 
other hypothesis regarding the source of the  
infection was linked to the central line insertion 
and maintenance procedures.  However, we failed 
to demonstrate contamination of skin antiseptic 
and normal saline solution (NSS) from the same 
lot used with the patients. Although P. aeruginosa 
was found in the cultures from the liquid soap in 
which the healthcare workers wash their hands, 
the MLST profile of isolates from patient A, patient 
B, and the liquid soap were different. 

We did, however observe breaches in the hos-
pital infection control practices, including the 
following: 

1.	 Practices to prevent CLABSI were not strict-
ly adhered to, in particular, the use of maximal  
sterile barriers and the replacement of dressings 
that are wet, soiled, or dislodged. Although the 
compliance rate was 93.3% for 15 observed catheter 
insertions, this rate may have been elevated due 
to the Hawthorne effect as during the observa-
tion, the surgical care team was aware of the two 
cases of BSIs.

2.	 The soap and water used for washing hands 
was unclean in many locations because the liquid 
soap was mixed with tap water to liquefy the mix-
ture to make it less viscous, thus making it easier 
to wipe off. 

3.	 The heater-cooler of the cardiopulmo-
nary bypass (CPB) machine, although not directly  
related to the surgical area, was contaminated 
with bacteria that can inhabit water. The inves-
tigation revealed that the circuit had not been 
regularly maintained, mainly due to the COVID-19 
pandemic, which restricted the operation and 
visiting of the hospital by people (including the 
staff performing the maintenance of the circuit).

The hospital administrative department re-
sponded immediately to the results of this investi-
gation by revising the regulation for maintenance 
of the heater-cooler of the CPB machine and by 
supplying more appropriate materials, i.e., user- 
friendly liquid soap which does not need to be 
mixed with water, limiting the potential for con-
tamination, making increased use of single-use 
towels, increasing emphasis on the systematic 
monitoring of adherence to prevention bundles, 
not only of CLABSI bundles but also bundles to 
prevent other hospital-acquired infections.  In 
addition, as the culture of the tip of central venous  
catheter in patient A and the blood culture taken 
from peripheral veins were performed on the dif-
ferent days, we used the opportunity to emphasize  
appropriate blood collection for diagnosis of 
catheter-related bloodstream infection (CRBSI) 
to enable identification of the infection and to faci- 
litate speedy, effective treatment.

These two cases were co-incident and were 
not epidemiologically linked, as they had different 
sequence types. In addition, during the investiga-
tion, four similar strains found in liquid soap used 
in the general CVT unit were different from those  
isolated from the patients in this study.  This em-
phasizes the usefulness of molecular study to  
determine whether samples from different patients 
are caused by the same infectious agent.  When 
conducting antibiotic susceptibility testing (DST) 
of P. aeruginosa isolated from the tip of CVC and 

Table 4. Cultures from the heater-cooler of the cardiopulmonary bypass machine in the operating rooms

Operating room Specimen Culture result (CFU/mL)

A
A
A

A

A
B

Heater cooler 1
Heater cooler 2 before changing distilled water
Heater cooler 2 after changing distilled water

Heater cooler 3 before changing distilled water

Heater cooler 3 after changing distilled water
Heater cooler 1

< 10
Cupriavidus pauculus > 100
Sphingomonas paucimobilis > 100
Cupriavidus pauculus > 100
Sphingomonas paucimobilis > 100
Cupriavidus pauculus > 100
Cupriavidus pauculus > 40
< 10
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blood from patient A, we noticed a one-dilution 
difference in the minimum inhibitory concen-
tration (MIC) of the isolates to imipenem which 
raised the question of whether they were the same  
strain. The MLST confirmed the same clonality of 
isolates from patient A and distinguished it from 
that of patient B and the liquid soap. The MLST 
of liquid soap samples from various locations 
shown in Table 3 show similar sequence types. 
The contamination of liquid soap can occur during  
the preparation process prior to distribution to 
various locations. 

Previous studies have found that P. aeruginosa  
can be prevalent in a hospital environment, occurring 
in potable water, faucets/taps, sinks, cleansing  
equipment, and hydrotherapy equipment (1).  It can 
also colonize liquid antiseptics, e.g., quaternary 
ammonium compounds, infusion fluids and soap 
solutions, and can be transmitted causing infec-
tions in hospitalized patients (2-7). These bacteria 
can form biofilms which make them resistant to 
antibiotics and which allow them to adhere to 
catheters (1, 8).  P. aeruginosa is a significant patho-
gen among hospital-acquired infections and can 
cause morbidity and mortality, particularly in the 
case of multidrug-resistant strains (9). However,  
acknowledgment of this being a hospital-acquired 
pathogen enabled the hospital to improve measures  
to avoid infection despite it not having been an 
actual outbreak. It motivated taking action to 
identify potential reservoirs and modes of trans-
mission to help prevent future outbreaks. 

One may question whether in this case it was 
too early to start an outbreak investigation as 
those two cases may have occurred by chance 
and an outbreak investigation results in the loss of 
hospital resources. However, in the authors’ point 
of view, the definition of an outbreak was met, i.e., 
an increase in the disease incidence beyond the 
expected number of cases in a particular area 
within a defined period of time (10).  In addition, 
if there really was a reservoir, it would be harmful 
to patients, particularly those undergoing cardiac 
valvular surgery and who then develop prosthetic 
valve endocarditis. In such a case, the outcome 
could be devastating, both from the perspective 
of the patient and from that of the hospital. In 
general, any outbreak is an emergency condition 
and stopping it early can potentially limit the im-
pact and the number of cases involved. 

The major limitation of this investigation was 
that the specimens were prospectively collected 
only after the two cases had been detected. As a 
result, some of the solutions sampled for testing 
were not from the same batch as those used on 
the patients. Therefore, the negative culture results 
obtained from these samples as a source of infec-
tion cannot be completely excluded.

CONCLUSIONS
We present two unlinked cases of P. aerugino-

sa bloodstream infection along with contamina-
tion of liquid soap with P. aeruginosa. Although 
this was not an actual outbreak, investigation of 
these two cases uncovered breaches in infection 
control practices and provided an opportunity to 
improve the infection control strategies in our in-
stitution.
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