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Background: Central obesity, as measured by examination instruments, has been shown to be associated with both OSA and short
sleep duration. However, objective measurement tools like CT, MRI, and DXA are expensive, cause radiation exposure, and have
limited availability, especially in resource-limited settings. Thus, this study aimed to demonstrate the relevance of Body Mass Index
(BMI) and Waist-to-Height Ratio (WHtR) as surrogate indicators of visceral obesity in the assessment of OSA and short sleep
duration. We also intend to evaluate whether WHtR, in combination with BMI, can be a suitable surrogate marker for visceral
adiposity.

Methods: We recruited 333 adults with complete polysomnographic (PSG) records retrospectively. Logistic regression helped to
assess the association of BMI and WHtR as surrogates for central adiposity with OSA and short sleep duration. Moreover, ROC curve
analysis was conducted to evaluate the predictive ability of BMI and WHtR.

Results: Following the relevant adjustments, logistic regression analysis results showed that the combination of WHtR and BMI
acting as central obesity surrogates was significantly associated with OSA and short sleep duration (p<0.05). According to univariate
regression analysis, sleep latency and wake after sleep onset were independent predictors of the risk of central obesity in patients with
short sleep duration and OSA. Additionally, ROC curve analysis demonstrated that the combination of BMI and WHtR provided
a better assessment of central adiposity in patients with OSA and short sleep duration, compared to each measure alone.
Conclusion: BMI and WHtR are significantly associated with OSA and short sleep duration, and might serve as a potential surrogate
marker for central obesity. Sleep latency and wake after sleep onset can independently predict the risk of central obesity in patients
with short sleep time and OSA. Thus, larger prospective studies are needed to verify our findings.
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Introduction

Adequate sleep is necessary for good health. Recent recommendations from the American Academy of Sleep Medicine

(AASM) state that adults require a minimum of seven hours of sleep per night.! However, the Centers for Disease

Control and Prevention (CDC) and the Maternal and Child Health Bureau (MCHB) data show that 32.5% of American

adults do not follow this recommendation.' Moreover, sleeping <6 hours per night can hamper human health.?
Obstructive Sleep Apnea (OSA) is characterized by the partial or complete collapse of the upper airway during sleep.’

Its main symptoms encompass difficulty in breathing, snoring, and excessive daytime sleepiness.* Additionally, OSA is

now recognized as a neurological disorder characterized by structural changes in the cerebral cortex.” Studies utilizing
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electroencephalograms (EEGs) for OSAs have revealed that it manifests as slowed electrical activity at night.’
Approximately half of the global population is affected by OSA.” Thus, the higher prevalence and mortality rates
associated with OSA are now emerging as significant public health challenges.

Various lifestyle changes have significantly increased obesity rates.® Correspondingly, the prevalence of OSA and
short sleep duration have increased simultaneously.” Currently, OSA is the most common sleep-related breathing
disorder.'® Central obesity is a key factor for understanding the relationship between body fat distribution and metabolic
dysfunction.!' Furthermore, OSA is closely associated with both central and general obesity.'* Similarly, sleep duration
has also been linked to central and general obesity.'*'* Since OSA and short sleep duration display common pathophy-
siological effects, they may exacerbate visceral obesity by the metabolic risk.'> However, limited evidence is available on
the combined effects of OSA and short sleep duration on central obesity. The potential mechanisms connecting OSA,
short sleep duration, and central obesity encompass hormonal changes, increased sympathetic nerve excitability,
oxidative stress, and inflammation.” One study involving a large Chinese population demonstrated that OSA combined
with short sleep duration had an additive effect on insulin resistance, which is closely linked to central obesity.'®
A Korean prospective study suggested a correlation between OSA, short sleep duration, and visceral obesity; however,
the visceral obesity severity was influenced by the interaction of sleep deprivation and OSA. Although visceral fat is
commonly measured by CT,” dual X-ray absorptiometry (DXA) is a well-established technology for assessing visceral fat
in clinical and scientific settings. However, both these modalities are expensive, require specialized technicians, cause
radiation exposure, and are often unavailable in poor rural areas and developing countries.'” Additionally, obesity causes
local obstruction in the pharyngeal region, involving tissues like the tongue,'® upper airway fat,'” and parapharyngeal
fat.>° Previous studies have used MRI to evaluate these areas with promising results.'®'® However, the use of MRI is
limited like other advanced assessment tools. Therefore, it is crucial to identify alternative indicators for better outcomes.

Although waist circumference is the most common indicator of central obesity, it is easily influenced by factors like
height, gender, and race. Conversely, the Waist-to-Height Ratio (WHtR) is minimally affected by height and gender.
International standards typically use a WHtR >0.5 as the diagnostic criterion for central obesity.?' One study found that
waist circumference and body mass index (BMI) are the most accurate and accessible surrogate markers of central
obesity in adults.?* Furthermore, the WHIR is an optimal predictor for obesity and metabolic syndrome in Chinese
adults.”®> However, WHtR alone is insufficient for predicting the risk of obesity-related diseases. BMI is the most
common indicator for assessing obesity. However, using BMI alone cannot accurately determine the relationship between
obesity and related diseases.”*

None of the studies have examined WHtR as an indicator of central obesity concerning OSA and short sleep duration
to date. Few of the studies have only described the association between obesity indicators, like BMI and WHtR, as well
as OSA or short sleep duration.”>° The association between OSA and short sleep time was not evaluated and short sleep
time was not considered as an independent factor. Additionally, a surrogate visceral obesity marker, visceral adiposity
index (VAI), does not apply to other diseases and requires biochemical testing, thereby limiting its use.*>

Currently, there is a lack of studies evaluating the association between central obesity and OSA and short sleep time
through simple body measurement measures that can replace instruments such as CT. In other words, can body
measurement methods replicate the effectiveness of instrument measurements in proving the association between central
obesity and OSA, short sleep duration?

This study aimed to evaluate the combination of WHtR and BMI as a surrogate marker for central obesity and its
relationship with OSA and short sleep duration. We also sought to determine whether WHtR plus BMI can be an
effective measure for assessing OSA and short sleep duration.

Materials and Methods
Study Participants

We enrolled subjects who were registered at the Sleep Monitoring Center, Department of Respiratory and Critical Care
Medicine, Zhongshan Hospital of Xiamen University from January 1, 2019, to December 31, 2021. Located on Xiamen
Island, Xiamen University of Zhongshan Hospital is a large tertiary-level hospital that serves both Siming and Huli
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Districts. Therefore, the hospital’s patient population can be considered representative of the general population of
Xiamen Island. We included consecutive adults who were suspected of having sleep-disordered breathing and underwent
polysomnography (PSG) due to snoring or daytime sleepiness. The study maintained strict confidentiality of the patients’
data and was conducted in strict compliance with the Declaration of Helsinki and was approved by the Ethics Committee
of the Zhongshan Hospital of Xiamen University (xmzsyyky2023-124). Informed consent was waived off due to the
study’s retrospective nature. The inclusion criteria were: adults with complete nocturnal PSG data; those with fully
independent behavioral as well as cognitive functioning, and patients having electronic medical history of relevant
personal comorbidities. The exclusion criteria were: OSA patients who were receiving continuous positive airway
pressure (CPAP) treatment; individuals in the acute phase of cardiovascular or pulmonary diseases; those with congestive
heart failure, chronic renal failure, and chronic obstructive pulmonary disease (COPD), and patients with other sleep
disorders like central sleep apnea or narcolepsy. The study’s flow chart is shown in Figure 1.

Sleep Monitoring Data

We followed the standard protocols recommended by the American Academy of Sleep Medicine for conducting
overnight PSG. PSG data processing was done using ProFusion PSG 3 software (Beijing Zhonghe Beide Trading Co.,
Ltd., Beijing, China) and analyzed by certified PSG experts. Before 9:00 PM, PSG sensors were placed on all patients
after their arrival. They chose their own lights-out time and were awakened at 7:00 AM. Patients were advised to go to
bed earlier, and no additional activities were permitted until morning once the lights were off.

Using thermocouple readings, apneas were defined as a reduction in airflow of >90% from the baseline for
>10 seconds. Hypopneas were defined as a reduction in nasal pressure airflow signal of >30% from the baseline for
>10 seconds. We diagnosed OSA using the International Classification of Diseases, Tenth Revision (ICD-10: G47.3), and
Ninth Revision (ICD-9: 347.2A). This diagnosis was based on the patient’s subjective symptoms as well as clinical
examination and sleep study results, with an apnea-hypopnea index (AHI) of >5 events per hour. Subsequently, OSA
severity was categorized as mild (5.0-14.9 events/hour), moderate (15.0-29.9 events/hour), or severe (>30.0 events/hour)
grades, respectively. Several patient characteristics were also collected, like the total sleep time (TST), the minimum and
average oxygen saturation, sleep efficiency, sleep latency, wake after sleep onset, rapid eye movement (REM), non-rapid
eye movement (NREM), the N1-N3 stages and the Epworth Sleepiness Scale (ESS).

Sleep monitoring center for patients
undergoing sleep monitoring
n=528

Exclusion criteria
Collect relevantdata

and measure body COPD

parameters Chronic heart failure

Chronicrenal failure

Non-OSAssleep disorders

Patients included in the study Already receiving CPAP therapy
n=333 Active cardiopulmonary disease

Grouping by BMI, WHtR

1. Non-obese individuals (BMI<28kg/m2, WHtR<0.5)

2. Non-obese individuals with visceral fat (BMI<28kg/m2, WHtR>0.5)
3. Non-centrally obese individuals (BMI>28kg/m2, WHtR<0.5)

4. Centrally obese individuals (BMI>28kg/m2, WHtR>0.5)

Figure | Study flowchart.
Abbreviations: OSA, obstructive sleep apnea; BMI, Body Mass Index; WHtR, Waist-to-height ratio; COPD, Chronic obstructive pulmonary disease; CPAP, continuous
positive airway pressure.
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Currently, there are no precise diagnostic criteria for determining short sleep duration. According to the American
National Sleep Foundation consensus, sleep duration <6 hours was detrimental to health, and short sleep duration was
defined as TST <6 hours.?

Clinical Variables and Risk Factors for Central Obesity

We collected patients’baseline demographic details from the hospital’s Jiahe Electronic Medical Record System. All
clinical variables and central obesity-associated risk factors were retrospectively collected. These included demographic
characteristics and lifestyle factors like age, sex, BMI, smoking history, and alcohol consumption. After reviewing
medical histories, we diagnosed comorbidities like hypertension, diabetes, coronary heart disease, and hyperlipidemia.
Having mean systolic and diastolic blood pressures of >140 mm Hg and >90 mm Hg, or self-reported use of
antihypertensive medication indicated hypertension.>' Diabetes was diagnosed using the following criteria: fasting
blood glucose level >7.0 mmol/L (126 mg/dL); oral glucose tolerance test showing blood glucose level >11.1 mmol/L
(200 mg/dL), two hours post-meal, and random blood glucose level >11.1 mmol/L (200 mg/dL) as well as classic
diabetes symptoms like polyuria, polydipsia, and unexplained weight loss. Thus, diabetes was diagnosed if any of these
criteria were met.*> Coronary heart disease was considered if cardiovascular disease was caused by reduced myocardial
blood flow, ie, due to coronary artery stenosis or occlusion. A serum cholesterol level of >240 mg/dL, a triglyceride level
of >200 mg/dL, and a low-density lipoprotein level of >160 mg/dL, or when the patient was on lipid-lowering medication
indicated hyperlipidemia.”> However, patients with cardiovascular disease history and those taking lipid-lowering
medications to prevent cardiovascular disease recurrence were not considered hyperlipidemic.

Waist-to-Height Ratio

The Sleep Monitoring Center’s trained staff measured patients’ waist circumferences and height. These measurements
were taken in the evening post-PSG. During these measurements, individuals wore light clothing, were shoeless, and
stood upright with shoulders in a relaxed position. Measured in centimeters (cm), waist circumference was measured at
the midpoint between the lower rib margin and the anterior superior iliac spine. Patients stood barefoot, and their height
was measured in cm. Both height and waist circumference measurements were recorded with one decimal place
precision. The WHtR was calculated by: WHtR = waist circumference(cm)/height(cm).

Grouping

Since all study patients were Chinese, the Chinese BMI obesity categories were employed for classification.** The
international WHtR cutoff value for diagnosing central obesity is 0.5. Based on the previous literature,’> the WHtR cutoff
value was determined as 0.5. Patients were categorized into four groups based on their BMI and WHtR values: non-obese
individuals (BMI<28kg/m2, WHtR<0.5), non-obese individuals with visceral fat (BMI<28kg/m2, WHtR>0.5), non-
centrally obese individuals (BMI>28kg/m?, WHtR<0.5), and centrally obese individuals (BMI>28kg/m? WHtR>0.5).

Statistical Analysis

All statistical analyses were performed by SPSS software 27.0 version (IBM, New York, USA). The normal continuous
and categorical data were presented as mean + standard deviation (SD) and percentages, respectively. Group differences
in mean were assessed using a one-way analysis of variance. The control group included those non-OSA individuals who
did not have short sleep duration. Multivariate logistic regression analysis helped to explore the relationships between the
three BMI/WHtR-defined groups as well as OSA and short sleep duration. Moreover, REM and N3 sleep stages were
considered as short-sleep factors in OSA patients,*® while wake after sleep onset and sleep efficiency were associated
with sleep duration.®” Additionally, average blood oxygen levels were considered important indicators for diagnosing the
severity of OSA-related hypoxia.*® Therefore, the REM stage, N3 stage, sleep efficiency, and wake after sleep onset were
considered confounding variables in PSG. We included numerous variables like age, gender, height, current smoking and
drinking status, diabetes, hypertension, coronary heart disease, hyperlipidemia, sleep efficiency, average blood oxygen
level, wake after sleep onset, N3 stage, and REM period to account for potential confounding factors. Moreover, the
association between sleep duration and OSA with central obesity, defined by WHtR and BMI, was examined by
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integrating TST recorded in PSG, considering OSA status, and using non-OSA individuals with normal sleep duration as
the reference. Two-tailed p-values <0.05 denoted statistical significance.

Results

Table 1 shows the patients’ characteristics, grouped as per their obesity status. We included 333 patients, comprising 39
non-obese, 175 non-obese with visceral fat, 20 non-central obese, and 99 central obese individuals, respectively. The
study population’s obesity and non-obesity rates were 26.7% and 73.3%, respectively. Moreover, 51.3% of patients were
diagnosed with OSA, while 61.5% had short sleep duration in the non-obese cohort. Among non-obese individuals with
visceral fat, 78.3% were OSA-positive, while 60.6% of them experienced short sleep duration. In the non-central obese
group, 85.0% and 45.0% of patients had OSA and short sleep duration, respectively. Among the centrally obese
individuals, 92.9% were diagnosed with OSA, whereas 39.4% of them had short sleep duration. Significant differences
were observed in age, AHI, minimum oxygen saturation levels, and average oxygen saturation among the four patient
groups (p<0.05). Even if the groups’ mean sleep durations were not significant when categorizing patients into short and
normal sleepers, a correlation between short sleep duration and central fat distribution was observed (p<0.05).

Table 1 The Clinical Data, Physical Measurement Data and PSG Characteristics of the Crowd

Baseline Data BMI<28kg/m2, BMI<28kg/m2, BMI>28kg/m2, BMI>28kg/m2, P
WHtR<0.5 WHtR>0.5 WHtR<0.5 WHtR>0.5
Man 56.4% 80.0% 85.0% 80.4% <0.01
Age, year 42.1£2.70 49.6+0.96 45.0+£2.47 42+1.11 <0.01
BMI, kg/m2 21.2+0.35 24.9+0.13 27.4+0.43 30.4+0.25 <0.01
Current Smoking, % 12.8 16.6 25.0 12.1 0.453
Diabetes, % 0 8.0 5.0 6.1 0.315
Hypertension, % 15.4 24.6 10.0 323 0.066
Hyperlipidemia, % 12.8 13.7 25.0 16.5 0.260
Coronary heart disease, % 2.6 1.7 5.0 6.1 0.263
Currently drinking, % 10.3 9.1 10.0 1.1 0.964
Sleep parameters
AHI, events/hour 122422 23.3+1.4 18.9+2.9 34925 <0.01
OSA patients,% 51.3 783 85.0 92.9
TST, min 427.7+18.6 394.4+7.9 384.1+24.9 376.7£10.7 0.548
Short sleeper, % 61.5 60.6 45.0 394 0.005
REM, min 24.1+6.2 24.8+2.5 21.7+¢7.9 22.7+3.4 0.972
NREM, min 394.9+19.1 357.1+8.9 376.4+28.1 379.9%11.1 0.474
NI stage, min 45+9.0 46.8+3.3 40.8+11.5 46.1+4.6 0.904
N2 stage, min 151.2%15.3 150.6+5.5 172.3+16.0 157.6£7.9 0916
N3 stage, min 194.0£15.1 155.548.0 163.2+18.3 172.0+£9.8 0.200
Sleep efficiency, % 73.0+£3.3 64.2%1.5 66.9+4.2 69.0£1.7 0.051
Sleep latency, min 25.9+6.9 25.8+3.2 37.8+10.8 17.8+3.2 0.169
Wake after sleep onset, n 49.0+7.1 57.0+£3.8 51.1x14.7 58.01+4.8 0.859
Average blood oxygen, % 95.2+0.3 92.8+0.3 94.2+0.5 91.0£0.5 <0.01
Lowest blood oxygen, % 84.6x1.3 76.6+0.9 80.2+1.7 71.9%1.3 <0.01
ESS Score 3.240.7 8.6+0.7 8.2+2.9 8.8+0.7 0.103
Body measurements
Waist circumference, cm 77.7+0.8 94.0+0.5 81.6x1.6 104.9£1.0 <0.01
Height, cm 166.2%1.3 167.1£0.5 171.8+2.1 170.0£0.6 <0.01
WHtR 0.47+0.03 0.56+0.03 0.52+0.15 0.62+0.06 <0.01

Notes: Data are presented as mean * standard deviation or %.
Abbreviations: OSA, Obstructive sleep apnea; BMI, Body Mass Index; WHtR, Waist-to-height ratio; TST, Total sleep time; AHI, Apnea—Hypopnea Index; REM, Rapid eye

movement; NREM, Non-rapid eye movement; ESS, Epworth Sleepiness Scale.
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A multivariate logistic regression model helped assess the relationship between the four BMI/WHtR-defined groups
and the presence of OSA as well as short sleep duration alone. The confounding factors were: age, gender, height, current
smoking and drinking status, diabetes, hypertension, coronary heart disease, hyperlipidemia, sleep efficiency, average
blood oxygen level, wake after sleep onset, N3 stage, and REM period. After confounding factor adjustment, the odds
ratio (OR) for short sleep duration and OSA in the centrally obese group were 4.125 (p=0.033) and 4.02 (p=0.033),
compared to the non-obese group (Table 2).

Lastly, we investigated the combined effects of sleep duration and OSA in the four BMI/WHtR groups. The
individuals without OSA and normal sleep duration served as the reference patients. After adjusting for the aforemen-
tioned confounding variables, In the central obesity group, a synergistic effect of OSA and short sleep duration on the
risk of central obesity was observed (Table 3, Figure 2). However, the combination of OSA and short sleep duration was
significantly associated with central obesity in this group.

Additionally, we used univariate logistic regression analysis to identify risk factors for central obesity in short
sleepers plus OSA in PSG. While central obesity (BMI>28 kg/m?, WHtR>0.5) was designated as the dependent variable,
sleep latency, REM, NREM, N1-N3 stages, wake after sleep onset frequency, sleep efficiency, average as well as lowest
blood oxygen levels, and ESS score were used as independent variables. Moreover, univariate logistic regression analysis
revealed that sleep latency and wake after sleep onset times were independent predictors of the risk of central obesity in
short sleepers combined with OSA (p<0.05, Table 4).

We used the receiver operating characteristic (ROC) curve to evaluate the predictive power of BMI plus WHtR as
a central obesity predictor in individuals with OSA and short sleep duration. The area under the curve (AUC) values were
0.627, 0.584, and 0.626 for BMI+WHtR, WHtR, and BMI groups, respectively. Thus, combining BMI and WHtR can
provide a more reliable assessment of central obesity in patients with OSA and short sleep duration, compared to using
BMI or WHtR alone (Figure 3).

The F-test (ANOVA method) was used to calculate the minimum sample size. With an alpha level and a power of
0.05 and 0.8, the minimum sample size was 91. Since our actual sample size was 333, we suggest that the sample was

sufficient to draw reliable conclusions.

Table 2 Multivariate Logistic Analysis of OSA and Short Sleep Duration in Group 4 (BMI>28kg/m?, WHtR>0.5, Central Obesity)

BMI>28kg/m2, WHtR>0.5 Sleep Duration Classification Diagnosing OSA

non-short sleep duration short sleep duration no OSA OSA
OR (95% ClI) 1.00 4.13 (1.12-15.16) 1.00 4.02 (1.12—-14.41)
p 0.03 0.03

Notes: Controlled confounding factors include: age, gender, height, current smoking, current drinking, diabetes, hypertension, coronary heart disease,
hyperlipidemia, sleep efficiency, average blood oxygen, wake after sleep onset, N3 stage, REM period.

Abbreviations: OSA, Obstructive sleep apnea; BMI, Body Mass Index; WHtR, Waist-to-height ratio; OR, odds ratio; Cl, confidence interval; TST, Total
sleep time; AHI, Apnea—Hypopnea Index.

Table 3 Multivariate Logistic Analysis of OSA and Short Sleep Duration Combinations in Group 4 (BMI=28kg/m?, WHtR20.5,
Central Obesity)

BMI>28kg/m2, WHtR=0.5 Sleep Duration Classification

non-short sleep duration short sleep duration

no OSA OSA no OSA OSA
OR (95% CI) 1.00 2.98 (0.45-19.61) 3.27 (0.37-28.66) 19.90 (1.24-21.56)
p 0.26 0.29 0.01

Notes: Controlled confounding factors include: age, gender, height, current smoking, current drinking, diabetes, hypertension, coronary heart disease, hyperlipidemia,
sleep efficiency, average blood oxygen, wake after sleep onset, N3 stage, REM period.

Abbreviations: OSA, Obstructive sleep apnea; BMI, Body Mass Index; WHtR, Waist-to-height ratio; OR, odds ratio; Cl, confidence interval; TST, Total sleep time;
AHI, Apnea—Hypopnea Index.
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Figure 2 Multifactor OR (95% Cl) associated with central obesity and various combinations of OSA and TST less than 6 hours. ns: p 2 0.05 * p < 0.05.
Abbreviations: OSA, obstructive sleep apnea; TST, Total sleep time; OR, odds ratio; Cl, confidence interval.

Discussion

This study is the first to explore the relationship between central obesity and OSA, as well as short sleep duration, using
a comprehensive evaluation technique combining WHtR with BMI. By conducting this hospital-based cross-sectional
analysis comprising 333 snoring patients, we examined the association between central obesity, defined by WHtR in
conjunction with BMI, and OSA as well as short sleep duration. Our findings revealed that central obesity assessed by
simple measurement measures was associated with comorbid OSA and short sleep duration, even after confounder
adjustments; these findings were comparable with instrumental evaluation outcomes.

We divided our patients according to different BMI and WHtR levels to investigate the effects of fat mass and
distribution on the incidence of OSA and short sleep duration. The four categories included patients with central obesity,
those without central obesity, those with central fat but not obesity, and those without obesity, based on their obesity
profiles. Our findings indicate a combined effect of OSA and short sleep duration on central obesity as well as align with
the results of Kim et al.” Although their study utilized CT for assessment, it is costly and similar to other body
measurement indicators.>® A large-scale Chinese study showed that BMI alone cannot assess central obesity.*’ In line
with recommendations from World Health Organization (WHO) experts, using other body measurement indicators with
BMI might offer a more comprehensive evaluation for the affected individuals.*' Our results revealed that the combina-
tion of BMI and WHtR, as a central obesity indicator, is significantly associated with OSA and short sleep duration.

Therefore, clinicians can utilize these simple and accessible body measurements when advanced measurement

Table 4 Univariate Logistic Regression Results Used to Explore
Independent Predictors of Central Obesity Risk in People with
OSA and Short Sleep Duration

Variable B P OR 95% CI

Sleep latency 0.11 <0.001 | .01l | 1.004-1.017
REM —0.017 | <0.001 | 0.983 | 0.974-0.992
NREM —0.016 | <0.001 | 0.994 | 0.980-0.987
NI Stage —0.006 | 0.02 0.994 | 0.989-0.999
N2 Stage —0.009 | <0.001 | 0.991 | 0.987-0.994
N3 Stage —0.012 | <0.001 | 0.988 | 0.985-0.992
Wake after sleep onset | 0.008 0.001 1.008 | 1.003-1.014
Sleep efficiency —0.103 | <0.001 | 0.902 | 0.882-0.992
Average blood oxygen | —0.103 | <0.001 | 0.903 | 0.852-0.956
Lowest blood oxygen —0.023 | 0.017 0.977 | 0.959-0.996
ESS Score 0.019 0.331 1.019 | 0.981-1.058
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Figure 3 The AUCs of BMI+WHtR, WHtR and BMI.
Abbreviations: BMI, Body Mass Index; WHtR, Waist-to-height ratio.

instruments are not accessible. This offers a practical approach to identifying high-risk individuals, ensuring timely OSA
treatment and sleep interventions, and reducing metabolic risk.

The relationship between OSA and central obesity is well-documented. Hence, OSA was associated with central
obesity even after confounding variable adjustment in our study. Many previous studies have yielded inconsistent results
after investigating the relationship between central obesity and sleep duration. A study on 9059 Chinese adults suggested
that reduced sleep duration was associated with an enhanced risk of central obesity.** Similarly, another Chinese study
with 21,958 participants revealed an increased risk of central obesity in short sleep duration individuals.*> However,
a prospective UK study involving 5021 individuals and a Spanish study** found no such associations.***> These
discrepancies might be because of variations in race, participant characteristics, gender ratios, sample sizes, or insuffi-
cient confounding factor adjustments. Moreover, we found that the combination of OSA and short sleep duration was
associated with central obesity, though these effects might have been amplified by our single-center, retrospective design,
and a smaller sample size.

In our study, the central obesity risk increased by 19-fold after combining OSA and short sleep duration. Central
obesity is closely associated with metabolic syndrome,*® while another study showed that WHtR can effectively predict
the occurrence of metabolic syndrome.** The majority of our patients were males. One study suggested that WHtR can
effectively assess obesity in men, especially when visceral fat is considered.*” Moreover, there are no studies that have
used anthropometric measures to assess OSA combined with central obesity. Additionally, we also used the ROC curve
to evaluate the predictive ability of combining WHtR and BMI. However, we could not establish it as a reliable
alternative indicator due to our limited sample size and the study’s retrospective design. Hence, larger, prospective
cohort studies are needed to confirm our results.

In PSG, the sleep latency and the wake after sleep onset frequency were determined as risk factors for central obesity
in short sleepers along with OSA. However, previous studies have not examined the risk factors for central obesity in
short sleep duration and OSA in PSG. Our study is the first one to provide risk factors for central obesity in short sleepers
along with OSA. The arousal index is considered for measuring sleep fragmentation. In a sleep health study involving
2835 men and 2888 women, the number of wake after sleep onset was closely related to obesity.** Although the
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mechanism linking sleep fragmentation and obesity is ambiguous, neuronal activity dysregulation is considered
a potential mechanism.*® In case of sleep fragmentation, the body might regulate appetite by increasing the neuronal
activity expressing orexin, an excitatory peptide that promotes wakefulness and feeding.*’ In a multi-site cohort study,
shorter sleep latency was associated with reduced risk of obesity.”® Although sleep latency increases the risk of obesity
by affecting sleep efficiency,’’ the pathophysiology is unclear. In one study, sleep latency increased insulin resistance by
affecting sleep efficiency.>

Recent laboratory and clinical findings suggest common pathophysiological traits between OSA, short sleep duration,
and obesity. Moreover, the synergistic mechanisms underlying obesity induced by OSA and short sleep duration have not
yet been extensively explored. The association among OSA, short sleep duration, and obesity may stem from alterations
in metabolic hormone levels, leading to diminished energy expenditure and heightened appetite.’>>* This might be
because shorter sleep duration increases wakefulness and provides more opportunities for eating. Additionally, OSA
patients experience hormonal changes due to fragmented sleep, and the increased work of breathing at night further
elevates appetite, compounding the effect.”> Moreover, patients with both OSA and short sleep duration exhibit abnormal
sympathetic nervous system activation.’®>’ Hormones like leptin, implicated in both OSA and short sleep duration,
might cause sympathetic nervous system activation.>® Moreover, systemic inflammation and oxidative stress are common
pathophysiological features in individuals with OSA and short sleep duration.’***® Consequently, the co-occurrence of
OSA and short sleep duration exacerbates these pathophysiological changes, amplifying the onset and progression of
obesity.

Interestingly, OSA might promote obesity through potential factors, like mood disorders. Additionally, OSA is
associated with several mood disorders, including schizophrenia, anxiety, and depression.®'®* The association between
OSA and anxiety has been verified in two recent Mendelian randomization studies.®*®> Another prospective study
showed that patients undergoing OSA treatment experienced reduced anxiety.®® Moreover, anxiety, depression, and stress
can greatly contribute to the development of obesity.®” Therefore, we speculate that OSA may indirectly promote the
development of obesity through its association with mood disorders.

Considering the close relationship between obesity and OSA, they might share a common molecular basis.
A genome-wide association study suggested that the POMC might be a common susceptibility gene in both
conditions.®® Additionally, two genes, CD40LG and GZMB, may also be involved in the immune infiltration of
adipocytes and the endocrine dysregulation processes observed in OSA.%® Thus, these findings offer new insights into
the underlying mechanisms connecting obesity and OSA.

Due to the rising prevalence of obesity, more patients are being hospitalized and evaluated for obesity-related
respiratory diseases. This phenomenon is raising concerns about the future medical burden.”” However, artificial
intelligence is now playing an important role in identifying obesity-related diseases, like OSA. A recent study developed
an algorithm to predict the OSA severity by incorporating clinical characteristics like age, gender, BMI, and diabetes.”"""
By using heart rate and blood oxygen data as the main features, an XGBoost algorithm-based machine learning
diagnostic model was developed to accurately identify children with OSA of varying severity.”® This advancement can
also lessen the future medical burden. However, as the two-way relationship between obesity and sleep disorders is
gradually recognized, the medical community’s future objectives should also include timely identification of sleep
disorders-associated obesity risks and minimizing the metabolic risks caused by them.>

Our study had several limitations. Since we had a retrospective cross-sectional design, establishing a clear causal
relationship between short sleep duration, OSA, and WHtR was challenging. Additionally, larger confidence intervals
were seen due to small sample sizes in certain subgroups when sleep duration and OSA were combined. Since the study
was conducted in a hospital-based respiratory sleep monitoring center, this might have introduced the first night effect
and environmental adaptation biases. Thus, future investigations might benefit from dynamic PSG conducted over
several nights or the use of wearable technologies or home sleep monitoring devices for data collection. Given the
bidirectional causality between OSA and obesity, as well as the possibility of reverse causality and bidirectional
relationships with short sleep duration, these factors should be carefully considered.'>*° Additionally, consistent
WHtR measurements across different healthcare providers with standardized training are crucial. Lastly, we did not
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conduct gender-based subgroup analyses, despite the predominance of males in OSA cases. Thus, additional exploration
into the interplay between gender, OSA, and short sleep duration is necessary for such patients.

Conclusion

BMI combined with WHtR as a surrogate marker for central obesity is associated with OSA and short sleep duration,
showing potential as a predictive marker. Sleep latency and wake after sleep onset can independently predict the risk of
central obesity in patients with short sleep duration and OSA. However, due to the limitations of our study design, our
results should be interpreted with caution. Hence, larger studies are needed to confirm the benefits of combining BMI
with WHtR.
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