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Objective: Hypertriglyceridemic waist (HTGW) phenotype is an independent risk factor for
metabolic disorders. Although obstructive sleep apnea (OSA) is associated with metabolic
disorders, it is unclear whether there is an association between HTGW phenotype and OSA.
Methods: We enrolled consecutive participants presenting to a sleep center in Shanghai,
China. Full-night polysomnography was performed, and serum triglyceride (TG) levels and
waist circumference (WC) were calculated. HTGW phenotype was defined as increased WC
(men > 90 cm, women > 80 cm) and elevated TG levels (> 1.7 mmol/L). Participants were
classified into four groups: normal TG with normal WC (NTNW); normal TG with increased
WC (NTGW); elevated TG with normal WC (HTNW); and elevated TG with enlarged WC,
namely HTGW. The relationships between HTGW phenotypes and OSA were assessed using
binary (apnea hypopnea index, [AHI]>5/hr) and multinomial logistic regression analyses
(clinical AHI severity categories).

Results: We included 3190 participants in this cross-sectional study. Compared to the
NTNW phenotype, participants with NTGW and HTGW phenotypes had the significantly
higher risk of OSA (AHI >5/hr, odds ratio [OR] = 2.51, 95% confidence interval [CI] = 1.91—
3.31; OR = 3.76, 95% CI = 2.67-5.31, respectively), after adjustment for confounders. In
subgroup analyses categorised by age, sex, and BMI, the aforementioned associations
remained significant. The association between the NTGW, HTGW phenotype and OSA
risk remained significant across the OSA severity groups. Multinomial logistic regression
also revealed that the mild (OR = 1.63, 95% CI = 1.07-2.50), moderate (OR = 1.875, 95% CI
= 1.22-2.88), and severe OSA (OR = 3.18, 95% CI = 2.14-4.73) were associated with
HTGW phenotype.

Conclusion: Both NTGW and HTGW phenotype were positively associated with OSA risk
in all subgroups. Further longitudinal follow-up studies are needed to determine the causal
link and prognostic role of these metabolic factors.
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Introduction

Obstructive sleep apnea (OSA), one of the most common sleep disorders, affects
about 23.4% of women and 49.7% of men in Europe.'” The prevalence of OSA is
increasing because of the increasing prevalence of obesity worldwide.' Overall, it is
estimated that 50% to 60% of people who are obese and patients with the metabolic
syndrome (MS) have OSA.? In recent meta-analysis, it estimated that 936 million
adults aged 30-69 years have mild to severe OSA and 425 million adults aged 30—
69 years have moderate to severe OSA globally.” It is characterized by recurrent
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episodes of upper airway collapse, secondary intermittent
hypoxia (IH), hypercapnia, and sleep fragmentation.* OSA
is a component of MS, and is associated with several
metabolic disorders, such as dyslipidemia, obesity, hyper-
tension, diabetes, and cardiovascular disease.’’ Thus,
OSA imposes a significant social and economic burden
globally, especially in China.” OSA and MS are highly
correlated. About 50-80% of OSA subjects have MS,
while the prevalence of MS in non-OSA ones is 10-30%."

Previous studies used multiple parameters to predict
the risk of OSA, such as elevated serum lipid levels
(triglycerides [TG], total cholesterol [TC], low-density
lipoprotein [LDL], and high-density lipoprotein [HDL])
and increased obesity indices (neck, hip, and waist circum-
ferences [WC]).”'? Other clinical OSA cohorts with high
rates of obesity or lean patients reported that associations
between TG and apnea-hypopnea index (AHI)/ oxygen
reduction index (ODI) were also existed.'* "
(HTGW)
defined as increased WC with an elevated TG level, is

Hypertriglyceridemic ~ waist phenotype,
cheap and easy to determine. It is commonly used to
screen for gestational'® or type2'” diabetes mellitus, as
well as for hypertension,'® increased urinary albumin-
creatinine ratio,"’ hepatic steatosis,?® and cardiovascular
disease.”' Because OSA is associated with MS and many
of the aforementioned diseases, we hypothesized that
HTGW phenotype might predict the risk of OSA.

To the best of our knowledge, only one previous study
evaluated the HTGW phenotype in the context of sleep
medicine,”> and found that short sleepers had a higher
likelihood of having the HTGW phenotype compared to
long sleepers (78 h sleep/day). It is unclear whether there
is an association between the HTGW phenotype and OSA.
This is the first study to examine the associations of
HTGW and three TG waist phenotypes with the risk of
OSA. In addition, we also explored the associations
between the TG waist phenotypes and stages of OSA.

Methods
Study Participants

This cross-sectional study was conducted in Shanghai,
China. Individuals who presented with suspected OSA
between 2013 and 2017 were consecutively enrolled.
Details of this dynamic cohort study have been published
previously.” Briefly, adults who provided written informed
consent were screened for inclusion. Participants with any of
the following were excluded: regular use of lipid-lowering

drugs; pregnancy; serious diseases, such as cancer, psychia-
tric diseases, stroke, infectious diseases, or renal, cardiore-
spiratory, or hepatic failure; Moderate to severe OSA who
had continuous positive airway pressure treatment or upper
airway surgery and mild OSA who had oral appliance treat-
ment; alcohol use; drug addiction; or incomplete data. After
excluding these participants, 3190 were included in the sta-
tistical analysis. The study protocol was approved by the
Ethics Committee of the Shanghai Jiao Tong University
Affiliated Sixth People’s Hospital, and was conducted in
accordance with the Declaration of Helsinki.

Basic Data Collection

We used a structured questionnaire to collect general
information from each participant, including age, sex, self-
reported current or previous chronic diseases, lifestyle
factors (such as smoking and alcohol use), and subjective
sleep quality. Smoking status was dichotomized (smokers
vs non-smokers [never smokers], as was alcohol use (cur-
rent vs no alcohol use), as previously described.® After
the patients had rested for 15 min, blood pressure was
measured three times using an electronic sphygmoman-
ometer, and mean systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP) values were calculated.

Anthropometric Measurements

Weight and height were carefully measured while the
participants were wearing light clothes and no shoes, as
previously described.'> WC was measured at the end of
normal expiration, at the midpoint between the lower
and the
described.'? Hip circumference was measured at the max-

costal margin iliac crest, as previously
imum girth at the level of the greater trochanter, as pre-
viously described.'? Details regarding the aforementioned
measurements have been published previously.® All mea-
surements were taken twice, and mean values were used

for the statistical analysis.

Biochemical Measurements

Patients have been informed of the study and gave their
informed consent for the blood test. Fasting venous blood
was collected at 7:00 am, after polysomnography (PSG).
Fasting serum lipid (TG, TC, HDL, and LDL) levels were
measured by the hospital laboratory using routine proce-
dures, as previously described.'” The serum glucose was
measured using an H-7600 autoanalyzer (Hitachi, Tokyo,
Japan). Fasting serum insulin was measured using immu-
noradiology method.
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PSG Assessment

For objective assessment of overnight sleep quality, labora-
tory-based PSG (Alice 5; Respironics, Pittsburgh, PA, USA)
was performed. Standard PSG uses multiple signal channels
to monitor electroencephalography, electrocardiography,
chin electromyography, electrooculography, thoracic/abdom-
inal movements, body position, oronasal/nasal airflow, and
finger oxygen saturation. The PSG was performed between 9
pm and 7 am. Apneas/hypopneas were defined as a decline in
airflow of > 90% from baseline for > 10 s, or of > 30% from
baseline accompanied by a decrease in SpO, of > 3% or an
arousal. Skilled technicians manually measured the afore-
mentioned objective sleep variables, in accordance with the
2012 guidelines of the American Academy of Sleep
Medicine (44SM 2012).*

Definitions

Body mass index (BMI) was calculated as weight/height” (kg/
m?). Hypertension was defined as SBP > 140 mmHg, DBP >
90 mmHg, or use of antihypertensive drugs.”> Diabetes was
defined as fasting blood glucose level > 7 mmol/L (126 mg/dL)
or use of antidiabetic medications.?® Normal TG levels were <
1.7 mmol/L, while normal WC was < 90 cm for men and <
80 cm for women. Dyslipidemia of TC, HDL-C, and LDL-C
was defined as >5.17, <1.03, and >3.33 mmol/L, respectively,
according to the diagnostic criteria of NCEPIIL>” Waist cir-
cumference: hip circumference ratio (WHR) was calculated as
WC (cm) divided by hip circumference (cm). Participants were
classified into four groups based on Ren et al: normal TG with
normal WC (NTNW); normal TG with enlarged WC
(NTGW); elevated TG with normal WC (HTNW); and ele-
vated TG with enlarged WC, namely HTGW.'” Abnormal
obesity was defined as a BMI>28Kg/m?2 and abdominal obe-
sity was defined as a WC>90 cm in male or >85 cm in female.
The AHI was the average number of apneas/hypopneas
per hour of sleep; the ODI was the number of episodes of
oxygen desaturation (> 3% decline) per hour of sleep; the mean
oxygen saturation (Sa02), lowest oxygen saturation (LSa02)
during sleep and micro-arousal index (Arl, mean number of
arousals per hour of sleep) were calculated in accordance with
AASM 2012; OSA severity was categorized as non-, mild,
moderate or severe as AHI<5, 5~15, 15~30 and >30 times
per hour, respectively.*

Statistical Analysis
The statistical analyses were performed using SPSS software
(version 22.0; IBM Corp., Armonk, NY, USA). The

Kolmogorov—Smirnov test was performed to assess the nor-
mality of the data distribution. Data with a non-normal dis-
tribution were transformed to fit a normal distribution.
Continuous data with a normal distribution are presented as
means (standard deviations), and that with skewed distribu-
tion as medians (interquartile ranges). Categorical data are
presented as numbers (percentages). The groups were com-
pared using Student’s t-test, the Mann—Whitney U-test, or the
Chi-square test, as appropriate. Logistic regression analyses
were performed to determine the associations of TG waist
phenotypes with OSA; odds ratios (ORs) and 95% confidence
intervals (CIs) were calculated with NTNW as the reference
group. The covariates adjusted for in the analysis included
BMI, age, sex, smoking status, drinking status, hypertension,
diabetes, LDL, HDL, and TC. Multinomial logistic regres-
sion analysis with multiple adjustments was also used to
assess the associations of TG waist phenotypes with OSA
severity categories (non-OSA, mild, moderate, and severe
groups). Heatmap based on the Spearman correlation matrix
were performed to demonstrate correlations between the PSG
indicators and metabolic profiles. Two-sided p-values < 0.05
were considered statistically significant.

Results

Baseline Characteristics

Table 1 summarizes the baseline characteristics of 3190
participants according to OSA severity (median age, 41
years; males, 78.8%; BMI, 26.17 Kg/mz). Compared to
participants without OSA (n = 633), those with OSA (n =
2557) were older (42 and 36 years old, respectively; p <
0.001), had a higher BMI (26.73 and 23.85 kg/m?, respec-
tively; p < 0.001), and were more likely to smoke (23.8%
and 14.4%, respectively; p < 0.001), and drink alcohol
(12.3% and 8.4%, respectively; p < 0.001). Additionally,
OSA patients had higher blood glucose levels (5.27 and
5.03 mmol/L, respectively; p < 0.001), insulin levels
(11.40 and 7.99 pU/mL, respectively; p < 0.001), SBP
(126 and 120 mmHg, respectively; p < 0.001), DBP (80
and 78 mmHg, respectively; p < 0.001), TC (4.77 and 4.41
mmol/L, respectively; p < 0.001), TG (1.67 and 1.20
mmol/L, respectively; p < 0.001), and LDL (2.97 and
2.70 mmol/L, respectively; p < 0.001). The HDL levels
were lower in individuals with OSA compared to those
without OSA (1.01 and 1.10 mmol/L, respectively; p <
0.001). Importantly, OSA participants had a higher like-
lihood of having the HTGW phenotype compared to those
without OSA. The PSG parameters (AHI, ODI, mean
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Table | Basic Characteristics of the Participants
Characteristics All (n=3190) AHI<5/h (n=633) AHI=5/h (n=2557) p value
Demographics
Age, years 41(33-52) 36(29-47) 42(34-53) <0.001
Male (%) 2512(78.8) 371(58.6) 2141(83.7) <0.001
BMI, kg/m? 26.17(23.94-28.93) 23.85(21.71-25.99) 26.73(24.66-29.32) <0.001
NC, (cm) 39(3741.50) 37(34-39) 40(38-42) <0.001
WC, (cm) 95(88-102) 87(81-94) 96(91-103) <0.001
HC, (cm) 101(96—105.50) 97(93-102) 102(97-106) <0.001
WHR 0.94(0.90-0.98) 0.90(0.85-0.94) 0.95(0.92-0.98) <0.001
Obesity (Body mass index >28Kg/m2) (%) 1015(31.8) 86(13.6) 929(36.3) <0.001
Metabolic syndrome (%) 1375(43.1) 119(18.8) 1256(49.1) <0.001
Smokers, n (%) 699(21.9) 91(14.4) 608(23.8) <0.001
Alcohol consumption, n (%) 368(11.5) 53(8.4) 315(12.3) 0.018
Biochemical variables
Glucose, mmol/L 5.21(4.88-5.67) 5.03(4.67-5.33) 5.27(4.93-5.75) <0.001
Insulin, pU/mL 10.61(7.05-15.76) 7.99(5.38-11.57) 11.40(7.74-16.74) <0.001
SBP, mmHg 124(117-135) 120(112-130) 126(118-137) <0.001
DBP, mmHg 80(74-88) 78(71-83) 80(75-89) <0.001
TC, mmol/L 4.69(4.14-5.34) 4.41(3.86-5.04) 4.77(4.21-5.42) <0.001
TG, mmol/L 1.58(1.08-2.30) 1.20(0.80-1.70) 1.67(1.19-2.44) <0.001
HDL, mmol/L 1.02(0.89-1.19) 1.10(0.95-1.30) 1.01(0.88—1.16) <0.001
LDL, mmol/L 2.91(2.42-3.47) 2.70(2.19-3.23) 2.97(2.48-3.53) <0.001
Polysomnography
AHI, events/h 27.20(7.60-55.50) 1.60(0.49-3.20) 38.60(18.35-60.15) <0.001
ODl|, events/h 27.70(7.70-56.10) 1.90(0.70-3.70) 37.65(17.00-60.10) <0.001
Mean Sa02, % 95.00(93.00-96.00) 96.00(95.10-97.00) 94.00(92.00-96.00) <0.001
LSa02, % 81.00(69.00-89.00) 93.00(90.00-95.00) 77.00(66.00-84.40) <0.001
Arl, events/h 22.60(12.80—40.33) 12.70(7.60—19.60) 26.80(15.90—45.30) <0.001
Hypertriglyceridemic waist phenotype, n (%)
NTNW 557(17.5) 264(41.7) 293(11.5) <0.001
HTNW 147(4.6) 41(6.5) 106(4.1)
NTGW 1250(39.2) 224(35.4) 1026(40.1)
HTGW 1236(38.8) 104(16.4) 1132(44.3)

Notes: The data are presented as median and interquartile range and categorical data as number (%). Abnormal obesity was defined as a BMI>28Kg/m2.

Abbreviations: BMI, body mass index; NC, neck circumference; WC, waist circumference; HC, hip circumference; WHR, waist circumference: hip circumference ratio;
SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; AHI, apnea—hypopnea index; LSaO2, lowest oxygen saturation, ODI, oxygen desaturation index; SaO2, oxygen saturation; Arl, micro-arousal index;
NTNW, normal TG with normal WC; HTNWY, elevated TG and normal WC; NTGW, normal TG and enlarged WC; HTGW, hypertriglyceridemic waist, elevated serum TG

level and enlarged WC.

Sa0,, LSa02, and Arl) were worse for participants with
OSA compared to those without OSA. Heatmap based on
the Spearman correlation matrix demonstrated clear corre-
lations between the PSG indicators and metabolomic pro-
files. In the heatmap, the correlation coefficients are
showed as numbers in squares and are displayed by colors,
with weaker correlations between variables displayed in
light colors and stronger correlations displayed in darker
colors, such as red or violet. The correlation between two
different parameters were all significant (p<0.001). The
ODI, glucose, insulin, HOMA-IR, TC, TG and LDL

were positively correlated with AHI, while LSpO2 and
HDL had negative correlation with AHI (Figure 1).

Relationships Between TG Waist
Phenotypes and OSA

After adjusting for age, sex, BMI, smoking, alcohol use,
hypertension, diabetes, LDL, HDL, and TC, the NTGW
and HTGW phenotypes were significantly associated
with OSA (OR = 2.51, 95% CI = 1.91-3.31; OR =
3.76, 95% CI = 2.67-5.31, respectively), defined as
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Figure | Heatmap based on the Spearman correlation matrix demonstrated clear correlations between the clinical indicators and metabolomic profiles of all subjects. The
correlation coefficients are showed as numbers in squares and are displayed by colors, with weaker correlations between variables displayed in light colors and stronger
correlations displayed in darker colors, such as red or violet. ***Indicated the significance of correlations with p value <0.001. The correlation between two different
parameters were all significant (p<0.001).

Abbreviations: AHI, apnea—hypopnea index; ODI, oxygen desaturation index; LSpO2, lowest pulse oxygen saturation; HOMA-IR, homeostasis model assessment of insulin
resistance; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol.
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Table 2 Adjusted ORs and 95% Cls for OSA (AHI>5 Events/h) Risk According to HTGW Phenotypes

Variables Cases/Controls | Modell OR (95% CI) | p Model2 OR (95% CI) | p Model3 OR (95% CI) | p
NTNW 293/264 1.00 1.00 1.00

HTNW 106/41 1.87 (1.23-2.83)* <0.001 | 1.70 (1.11-2.59)* 0.014 1.43 (0.92-2.22) 0.117
NTGW 1026/224 4.10 (3.23-5.22)* <0.001 | 2.68 (2.05-3.52)* <0.001 | 2.51 (1.91-3.31)* <0.001
HTGW 1132/104 7.81 (5.94-10.28)* <0.001 | 4.61 (3.38-6.30)* <0.001 | 3.76 (2.67-5.31)* <0.001
p for trend <0.001 <0.001 <0.001

Notes: Model | Adjusted for age and sex. Model 2 Adjusted for model | covariates plus BMI, smoking status, alcohol consumption. Model 3 Adjusted for model 2 covariates
plus hypertension, diabetes, low-density lipoprotein, high-density lipoprotein, and total cholesterol. *Indicated statistical significance.

Abbreviations: ORs, odds ratios; 95% Cls, 95% confidence interval; OSA, obstructive sleep apnea; AHI, apnea hypopnea index; HTGW, hypertriglyceridemic waist;
NTNW, normal TG and normal WC; HTNW, elevated TG and normal WC; NTGW, normal TG and enlarged WC; BMI, body mass index.

AHI>5 events/h, compared to the NTNW phenotype
(Table 2).

We performed subgroup analyses of the associations
between TG waist phenotypes and OSA by age (< or > 60
years), sex (male or female), and BMI (< or > 24 kg/m?).
The associations of HTNW, NTGW, and HTGW pheno-
types with OSA risk were significant across all subgroups
after adjustments (Table 3).

Multinomial logistic regression for mild, moderate, and
severe OSA patients are presented in Table 4 according to TG
waist phenotypes. Compared to the NTNW phenotype, the
HTGW phenotype was positively associated with OSA risk
across all severity groups, especially in severe OSA subjects
(OR=1.63,95% CI=1.07-2.50; OR =1.88, 95% CI = 1.22—
2.88; OR = 3.18, 95% CI = 2.14-4.73, respectively).

Discussion
To the best of our knowledge, no previous study has
explored the association between HTGW phenotype and

OSA. In this study, we observed that the HTGW phe-
notype was significantly associated with an increased
OSA risk in all patients, as well as in patient subgroups.
These findings remained significant after full model
adjustment.

During sleep, OSA patients experience nocturnal TH
and sleep fragmentation. IH is independently associated
with dyslipidemia,?® and sleep fragmentation with raised
TC levels.” Several mechanisms may underlie the asso-
ciations of IH and sleep fragmentation with lipid disor-
ders, especially elevated TG levels, such as IH and
activation of the hypothalamic-pituitary-adrenal axis,
leading to elevated adrenocorticotropic hormone and cor-
tisol levels, and ultimately lipolysis.*° TH and sleep frag-
mentation cause systemic inflammation, resulting in
abnormal lipid homeostasis.*’ In addition to dyslipide-
mia, OSA is also accompanied by increased WC.
Previous studies reported that abdominal obesity is

more strongly correlated with OSA than general

Table 3 Adjusted ORs and 95% Cls for OSA (AHI>5 Events/h) Risk According to HTGW Phenotypes Categorised by Age, Sex and

BMI
Subgroup | Cases/Controls | NTNW | HTNW, OR (95% Cl) | NTGW, OR (95% CI) | HTGW, OR (95% Cl) | p for Trend
Age
<60 2231/590 1.00 1.35(0.86-2.12) 2.62(1.96-3.51)* 3.70(2.57-5.32)* <0.001
260 326/43 1.00 g 1.47(0.60-3.60) 3.80(1.22—11.89)* 0.130
Sex
Male 2141/371 1.00 1.15(0.71-1.87) 1.95(1.38-2.74)* 2.80(1.85—4.24)* <0.001
Female 416/262 1.00 3.04(0.92-10.01) 3.93(2.37-6.52)* 6.79(3.46-13.33)* <0.001
BMI
<24 472/335 1.00 0.95(0.52-1.72) 2.40(1.58-3.62)* 3.32(1.61-6.81)* <0.001
224 2085/298 1.00 2.32(1.08-4.96)* 2.38(1.53-3.71)* 3.71(2.30-5.99)* <0.001

Notes: Model | Adjusted for age and sex. Model 2 Adjusted for model | covariates plus BMI, smoking status, alcohol consumption. Model 3 Adjusted for model 2 covariates
plus hypertension, diabetes, low-density lipoprotein, high-density lipoprotein, and total cholesterol. *Indicated statistical significance; *The sample size is too small, thus the
OR (95% Cl) cannot be calculated.

Abbreviations: ORs, odds ratios; 95% Cls, 95% confidence intervals; OSA, obstructive sleep apnea; HTGW, hypertriglyceridemic waist; BMI, body mass index; NTNW,
normal TG and normal WC; HTNW, elevated TG and normal WC; NTGW, normal TG and enlarged WC.

https:

2170 Nature and Science of Sleep 2021:13

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Gu et al

Table 4 Odds Ratios for Different Severity of OSA (AHI>5 Events/h) Risk According to TG Waist Phenotypes by Multinomial Logistic

Regression
NTNW | HTNW, OR (95% Cl) | P value | NTGW, OR (95% CI) | P value | HTGW, OR (95% Cl) | P value

Mild OSA 516

Model | | 0.97(0.56—1.69) 0916 1.99(1.48-2.69)* <0.001 2.35(1.68-3.27)* <0.001
Model 2 | 0.90(0.52—1.60) 0.740 1.65(1.18-2.32)* 0.004 1.85(1.26-2.71)* 0.002
Model 3 | 0.82(0.46—1.46) 0.492 1.59(1.13-2.24)* 0.008 1.63(1.07-2.50)* 0.024
Moderate OSA | 545

Model | | 1.71(1.00-2.91) 0.050* 2.51(1.82-3.46)* <0.001 4.04(2.87-5.68)* <0.001
Model 2 | 1.53(0.89-2.62) 0.125 1.61(1.12-2.31)* 0.010 2.36(1.59-3.49)* <0.001
Model 3 | 1.26(0.71-2.21) 0.431 1.53(1.06-2.21)* 0.022 1.88(1.22-2.88)* 0.004
Severe OSA 1537

Model | | 2.26(1.39-3.69) 0.001* 7.13(5.31-9.59)* <0.001 12.36(9.01-16.95)* <0.001
Model 2 | 2.02(1.22-3.35) 0.006* 3.11(2.22-4.35)* <0.001 4.55(3.16-6.54)* <0.001
Model 3 | 1.48(0.87-2.51) 0.149 2.90(2.06—4.09)* <0.001 3.18(2.14-4.73)* <0.001

Notes: Model | Adjusted for age and sex. Model 2 Adjusted for model | covariates plus BMI, smoking status, alcohol consumption. Model 3 Adjusted for model 2 covariates
plus hypertension, diabetes, low-density lipoprotein (LDL), high-density lipoprotein (HDL), and TC. *Indicated statistical significance.
Abbreviations: ORs, odds ratios; 95% Cls, 95% confidence intervals; OSA, obstructive sleep apnea; HTGW, hypertriglyceridemic waist; BMI, body mass index; NTNW,

normal TG and normal WC; HTNWY, elevated TG and normal WC; NTGW, normal TG and enlarged WC.

obesity.** In the elderly population, visceral adiposity is
strongly associated with OSA, independent of general
obesity.*> Therefore, the current evidence supports the
associations of OSA with elevated TG levels and
increased WC. And abdominal obesity or visceral fat is
considered as a predominant driving factor of the MS.?’
It has been proposed that visceral fat and systemic free
fatty acid concentrations are found to affect muscle,
pancreatic B cells, and vascular functions at molecular
level portending greater risk for diabetes and cardiovas-
cular disease.** OSA could promote the development of
central obesity directly or indirectly.>>=° The increased
obesity would in turn result in progressive deterioration
of sleep apnea, and thus sleep apnea and metabolic dis-
turbances may run into a vicious cycle.’’ Through
HTGW phenotype, we may discriminate OSA risk in
subjects with low BMI (<24 kg/m2). Despite the healthy
weight, the subjects with HTGW are at high risk of OSA
and MS.

In this study, despite controlling for multiple poten-
tial confounders, we observed an association between
HTGW and OSA. Importantly, this association remained
significant in the subgroup analyses as well as multi-
nomial logistic regression subgroup analysis. Clear cor-
relations between the PSG indicators and metabolomic
profiles were demonstrated by Spearman correlation.
Women with the HTGW phenotype were more likely
to have OSA compared to men with the NTNW pheno-
type, suggesting that sex differences modulate this

association. Previous studies also reported gender differ-
ences in the association between HTGW phenotype and
diabetes."’

The strengths of this study included its relatively large
sample size (n = 3190), adequate adjustment for potential
confounders (such as smoking and alcohol use), and use of
standard PSG to diagnose OSA. However, several potential
limitations of our study should be considered. First, this was
a cross-sectional study; therefore, conclusions cannot be
drawn regarding causality. Second, participants were
recruited from East China, and all participants were Han
Chinese, which limits the generalizability of the results to
other populations. Third, we attempted to control for most
potential confounders. However, some residual confounding
factors, such as diet, lifestyle, and genetic factors, were not
controlled. Finally, this is a high selected population and the
proportion of individuals with OSA was very high; there-
fore, this is a high selected population and the proportion of
individuals with OSA was very high; therefore, the results
are not extrapolable to a general population.

In summary, both the NTGW and HTGW phenotype
were associated with an increased risk of OSA in the
overall population, as well as with the OSA severity
groups and all subgroups. These results suggest that both
the NTGW and HTGW phenotype increased the risk of
OSA. These findings highlight the importance of prevent-
ing and controlling the NTGW and HTGW phenotype.
Prevention of the NTGW and HTGW phenotype may the
reduce risk, and slow the progression, of OSA.
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