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Abstract 
Background: Obstructive sleep apnea (OSA) is a common sleep disorder in 
the population, which is closely related to cardiovascular diseases and meta-
bolic diseases. Traditional obesity indicators such as body mass index (BMI) 
and waist circumference (WC) have obvious limitations in assessing OSA risk, 
mainly because they cannot accurately reflect the actual distribution of fat and 
related metabolic abnormalities. The triglyceride-glucose-waist-to-height ra-
tio (TyG-WHtR) integrates metabolic indicators with anthropometric indica-
tors, which may provide a more accurate tool for OSA risk assessment. The 
main purpose of this study is to look at the relationship between TyG-WHtR 
and OSA risk in the adult population, and to evaluate whether it can play a 
role as a screening tool in clinical practice. Methods: A total of 3193 partici-
pants in the National Health and Nutrition Examination Survey (NHANES) 
from 2017 to 2020 were included in this cross-sectional study. We use a mul-
tivariate logistic regression model. On the one hand, TyG-WHtR is treated as 
a continuous variable, and on the other hand, it is treated as a categorical var-
iable to evaluate its relationship with OSA risk. In order to further verify the 
robustness of the results, we also performed subgroup analysis, dose-response 
relationship analysis, threshold effect analysis, and sensitivity analysis. Re-
sults: Among the 3193 participants included in the study, there was a signifi-
cant correlation between higher TyG-WHtR and higher self-reported OSA 
risk. After adjusting for potential confounding factors, the odds ratio (OR) 
between TyG-WHtR and self-reported OSA risk reached 1.59 (95 % CI: 1.47-
1.72). Dose-response analysis showed that with the increasing level of TyG-
WHtR, the risk of self-reported OSA was also increasing. Further analysis also 
found that there is a threshold effect between TyG-WHtR and self-reported 
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OSA risk, and the inflection point falls at the position of 5.26. That is to say, 
on both sides of this critical value, the increase in OSA risk will be different. 
The results of sensitivity analysis further support the stability of the above cor-
relation. Conclusion: TyG-WHtR can be used as a useful marker of self-re-
ported OSA risk, and may also be a relatively convenient screening tool, espe-
cially in resource-limited areas where polysomnography is still difficult to pop-
ularize. However, some prospective studies are still needed in the future, so as 
to better verify our current results and further clarify the biological mecha-
nism behind this association. 
 

Keywords 
TyG-WHtR, Obstructive Sleep Apnea, Cross-Sectional Study, NHANES, 
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1. Introduction 

OSA is a relatively common sleep-related respiratory disorder. Its main feature is 
that the upper airway will be blocked repeatedly during sleep. This obstruction 
can lead to intermittent hypoxia, sleep interruption, and significant fluctuations 
in intrathoracic pressure [1]. Many OSA patients usually show loud snoring, and 
they often wake up repeatedly because of wheezing or suffocation during sleep, 
and often feel particularly sleepy during the day. If the condition is more serious, 
the patient’s cognitive function will sometimes be affected, and there may be some 
changes in behavior [2]. At present, OSA has become an important public health 
burden worldwide. It is estimated that among adults aged 30 - 69 years, about 936 
million people are affected by OSA, of which about 425 million are moderate to 
severe patients [3]. The prevalence of OSA has been increasing worldwide, which 
is closely related to the increasing prevalence of obesity, the accelerated aging of 
the population, and the extensive changes in people’s lifestyles [4]. 

If OSA has not been treated in time, it is possible to push up the risk of a variety 
of serious health problems, such as hypertension, cardiovascular disease, stroke, 
diabetes, and metabolic syndrome [5]-[8]. Part of these complications may be due 
to repeated hypoxia and sleep interruption, which leads to oxidative stress, sys-
temic inflammation, and activation of the sympathetic nervous system. Over time, 
these pathophysiological changes will slowly promote the occurrence and pro-
gression of cardiac metabolic diseases [9]. On the other hand, there may be a two-
way effect between OSA and metabolic dysfunction, especially the relationship 
between OSA and obesity. It is this close link that reminds us of the need to find 
some practical and relatively accurate biomarkers, so as to identify the high-risk 
population of OSA earlier [10]. 

Obesity is one of the major risk factors for OSA, especially when fat accumu-
lates around the abdomen and internal organs. If central fat accumulates too 
much, it is possible to reduce the lumen diameter of the upper airway and make 
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it more prone to collapse during sleep, making breathing less [11] [12]. Because 
BMI and WC are easy to measure and obtain, they are often used to assess the 
OSA risk associated with obesity. However, neither of these two indicators can 
accurately distinguish visceral fat from subcutaneous fat. For the related metabolic 
abnormalities caused by fat distribution, the information they can reflect is actu-
ally limited [13]. 

In order to make up for those limitations mentioned above, many researchers 
have proposed several indices that combine metabolic indicators with anthropo-
metric indicators. The triglyceride-glucose (TyG) index is often used as a rela-
tively simple alternative indicator for assessing insulin resistance. This TyG index 
can be combined with waist-to-height ratio or BMI to further construct composite 
indices such as TyG-WHtR and TyG-BMI. Compared with the traditional obesity 
evaluation index, these composite indices may provide more information related 
to individual metabolic risk [14]-[16]. Previous studies have also found that the 
TyG-related index is closely related to insulin resistance, metabolic syndrome, and 
cardiovascular disease, suggesting that it may still be valuable in assessing OSA 
risk [17] [18]. 

There is a close relationship between OSA and metabolic dysfunction. In fact, 
there are many common potential mechanisms, such as insulin resistance and 
chronic inflammation. These pathological processes may promote each other and 
accelerate the progression of the two diseases together [12] [19]. It is this connec-
tion that makes us think that indexes such as TyG-WHtR, which can reflect both 
metabolic status and physical measurement information, may help to identify 
high-risk groups of OSA. However, at present, there are few studies on the rela-
tionship between TyG-WHtR and OSA. Therefore, this study used the nationally 
representative large-scale NHANES survey data to analyze the association be-
tween TyG-WHtR and self-reported OSA risk, and also wanted to see whether 
TyG-WHtR can be used as a more practical indicator to identify those who may 
need further assessment. 

2. Methods 
2.1. Study Population and Research Design 

This study used data from the NHANES, which is conducted by the National Cen-
ter for Health Statistics (NCHS) and is designed to represent the civilian, nonin-
stitutionalized population of the United States. NHANES uses a multistage, strat-
ified probability sampling design to collect information on the health and nutri-
tional status of the U.S. population. The survey protocol was approved by the 
NCHS Research Ethics Review Board, and written informed consent was obtained 
from all participants. Data were collected through household interviews, physical 
examinations, and laboratory testing. Further information about NHANES is 
available on its official website(http://www.cdc.gov/nhanes). 

This study included data collected during 2017-2020. During this period, par-
ticipants will go to the NHANES mobile examination centers (MEC) for anthro-
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pometric and laboratory testing. All inspections are completed in accordance with 
the standardized process, so as to ensure that the relevant measurement indicators 
of each participant are collected consistently during the same period of time dur-
ing their participation in the survey. 

Initially, 15,560 participants were enrolled in NHANES during the 2017-2020 
cycles. After applying stringent inclusion and exclusion criteria, a final cohort of 
3193 participants was identified as eligible for this study. Exclusion criteria were 
applied as follows: participants were excluded if they lacked complete data on the 
TyG index (n = 11,120), had missing data on OSA status (n = 731), were under 20 
years of age (n = 329), or had incomplete covariate information (n = 187) (Figure 
1). 
 

 

Figure 1. Flow chart of patient screening. 

2.2. Definitions of the Exposure and Outcome Variables 

The TyG-WHtR index was calculated using the following formula [8] [20]: 
TyG = Ln[fasting triglycerides (mg/dL) × fasting blood glucose (mg/dL)/2]. 
WHtR = waist circumference/height. 
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TyG-WHtR = TyG index × WHtR. 
OSA status was determined based on self-reported questionnaire data regard-

ing participants’ sleep habits and disorders, consistent with definitions used in 
prior research. Participants were classified as having OSA if they responded af-
firmatively to at least one of the following questions [21] [22]: 

1) snoring three or more times per week;  
2) experiencing episodes of gasping, snorting, or stopping their breath on three 

or more occasions per week; 
3) being excessively or overly sleepy during the day 16 - 30 times per month, 

despite sleeping seven or more hours per night. 

2.3. Measurement of Covariates 

Information on demographic and lifestyle factors was obtained from participant 
questionnaires. The covariates included age, sex, race and ethnicity, education, 
marital status, smoking, and alcohol use. Race and ethnicity were grouped as Mex-
ican American, other Hispanic, non-Hispanic White, non-Hispanic Black, and 
other racial or ethnic groups. Marital status was divided into married or living with 
a partner and living alone. Education was categorized as less than high school, high 
school, or more than high school. Smoking status was defined according to whether 
participants had smoked at least 100 cigarettes during their lifetime. Alcohol use 
was treated as a binary variable based on whether participants reported ever con-
suming an alcoholic beverage. Information on hypertension, diabetes, and cardi-
ovascular disease was based on self-reported physician diagnoses. Participants 
were considered to have hypertension or diabetes if they reported that a doctor or 
other health professional had told them they had the condition. Cardiovascular 
disease (CVD) was defined as a self-reported history of congestive heart failure, 
coronary heart disease, angina, myocardial infarction, or stroke. Participants who 
answered “yes” to any of these cardiovascular conditions were classified as having 
CVD. 

2.4. Statistical Analysis 

Baseline characteristics were summarized using descriptive statistics. Continuous 
variables are reported as means with standard deviations (SDs), whereas categor-
ical variables are presented as numbers and percentages. Differences between par-
ticipants with and without OSA were compared using independent-samples t-
tests for continuous variables and chi-square tests for categorical variables. Mul-
tivariable logistic regression was used to examine the association between the tri-
glyceride-glucose waist-to-height ratio (TyG-WHtR) and OSA. A total of three 
models were constructed. There is no adjustment for any covariates in model I; 
model II adjusted age, gender, race and ethnicity, education level and marital sta-
tus. On the basis of Model II, Model III further added smoking, drinking, hyper-
tension, cardiovascular disease and diabetes. In addition, we also divided TyG-
WHtR into several groups according to the quartile to see whether there is a dose-
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response relationship between it and OSA. In the fully adjusted model, the OSA 
odds ratios corresponding to different TyG-WHtR quartile arrays were estimated, 
and the lowest quartile array was used as a reference group to compare. Next, the 
threshold effect analysis is made, mainly to explore whether there may be a non-
linear relationship, and to find out the potential inflection point. For TyG-WHtR 
below and above this threshold, the corresponding effect estimates are calculated 
respectively. Subgroup analyses were conducted according to sex, age, race and 
ethnicity, education, smoking, alcohol use, hypertension, diabetes, and cardiovas-
cular disease. Potential differences between subgroups were evaluated using inter-
action tests. In order to further reduce the differences in baseline characteristics 
between the OSA group and the non-OSA group, we also used propensity score 
matching as a supplementary analysis. Propensity scores were estimated by lo-
gistic regression, and a 1:1 match was made. After the completion of the matching, 
the association between TyG-WHtR and OSA was reassessed in a new sample. In 
order to test whether the results of the study are stable or not, we excluded partic-
ipants who were using hypoglycemic drugs or lipid-lowering drugs and then an-
alyzed them again. Multicollinearity was assessed using variance inflation factors, 
and all included covariates had a VIF below 5. All statistical analyses were per-
formed using R software (version 4.4.1) and EmpowerStats (version 4.2), with a 
P-value of <0.05 considered statistically significant. 

3. Results 

The study comprised a total of 3193 participants, categorized into 1574 non-OSA 
individuals and 1619 OSA cases, as detailed in Table 1. The average age of the 
cohort was 47.39 years, with a nearly equal gender distribution: 50.54% females 
and 49.46% males. The majority of participants identified as Non-Hispanic White. 
Comparative analysis revealed that the OSA group had significantly higher values 
for BMI, WC, WHtR, Fasting Blood Glucose (FBG), Triglycerides (TG), and the 
TyG-WHtR index compared to the non-OSA group. Furthermore, statistically 
significant differences were observed between the two groups regarding age, gen-
der, marital status, education level, smoking history, and the prevalence of hyper-
tension and diabetes (P < 0.05). 

Multiple logistic regression models (Table 2) showed that each one-unit in-
crease in TyG-WHtR was associated with a 63% increased of self-reported OSA 
in the unadjusted model (OR = 1.63, 95% CI: 1.52, 1.75), remaining robust after 
partial (Model II: OR = 1.61, 95% CI: 1.50, 1.74) and full adjustment for covariates 
(Model III: OR = 1.59, 95% CI: 1.47, 1.72). Sensitivity analysis by TyG-WHtR 
quartiles in Model III revealed a dose-response relationship, with odds ratios of 
1.82 (95% CI: 1.47, 2.25), 2.70 (95% CI: 2.17, 3.36), and 3.67 (95% CI: 2.91, 4.62) 
for the second, third, and fourth quartiles, respectively, compared to the lowest 
quartile (P for trend < 0.0001). Threshold effect analysis identified an inflection 
point at TyG-WHtR = 5.26 (Table 3), with a 99% increased below this threshold 
(OR = 1.99, 95% CI: 1.72, 2.31) and a 30% increase above it (OR = 1.30, 95% CI: 
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1.14, 1.49), as depicted in Figure 2. Subgroup analyses confirmed consistent asso-
ciations between TyG-WHtR and OSA across most subgroups, with stronger ef-
fects observed among individuals living alone (OR = 1.70, 95% CI: 1.50, 1.92) 
compared to those married or cohabiting, non-drinkers (OR = 2.45, 95% CI: 1.73, 
3.49) compared to drinkers, and those aged ≤ 60 years (OR = 1.72, 95% CI: 1.57, 
1.89) compared to those > 60 years (Table 4). Variance inflation factors for all 
adjusted covariates (Table S1) ensured covariates with VIF < 5 were included in 
the models, satisfying multicollinearity requirements. 

 
Table 1. Baseline characteristics of participants in the NHANES 2017-2020. 

Characteristics Overall (n = 3193) Non-OSA (n = 1574) OSA (n = 1619) P-value 

Age (years) 47.39 (45.97, 48.82) 44.89 (43.47, 46.32) 50.08 (48.23, 51.94) <0.0001 

BMI (kg/m2) 29.58 (29.14, 30.01) 27.85 (27.32, 28.39) 31.44 (31.03, 31.84) <0.0001 

WC (cm) 100.24 (99.12, 101.37) 95.60 (94.40, 96.79) 105.25 (103.93, 106.57) <0.0001 

Height (cm) 168.40 (167.97, 168.83) 168.00 (167.37, 168.64) 168.83 (168.06, 169.60) 0.1575 

WHtR 0.60 (0.59, 0.60) 0.57 (0.56, 0.58) 0.62 (0.62, 0.63) <0.0001 

FBG (mg/dl) 109.11 (107.07, 111.16) 104.87 (103.17, 106.57) 113.69 (110.83, 116.54) <0.0001 

TG (mg/dl) 111.90 (106.46, 117.34) 101.34 (95.61, 107.07) 123.28 (117.06, 129.50) <0.0001 

TyG-WHtR 5.10 (5.02, 5.17) 4.80 (4.73, 4.88) 5.41 (5.34, 5.49) <0.0001 

Gender (%)    0.0121 

Male 49.46 (46.46, 52.47) 45.44 (40.32, 50.65) 53.80 (50.06, 57.51)  

Female 50.54 (47.53, 53.54) 54.56 (49.35, 59.68) 46.20 (42.49, 49.94)  

Race (%)    0.4737 

Mexican American 9.14 (6.64, 12.45) 8.62 (5.87, 12.48) 9.70 (7.18, 12.98)  

Other Hispanic 6.56 (5.19, 8.26) 5.99 (4.49, 7.96) 7.17 (5.53, 9.24)  

Non-Hispanic White 63.92 (59.62, 68.02) 65.17 (60.81, 69.30) 62.58 (56.90, 67.92)  

Non-Hispanic Black 10.53 (8.00, 13.73) 9.97 (7.81, 12.64) 11.13 (7.77, 15.69)  

Other Races 9.85 (7.71, 12.50) 10.24 (7.71, 13.47) 9.43 (7.08, 12.44)  

Education level (%)    <0.0001 

Less than high school 10.24 (8.91, 11.73) 8.25 (6.79, 10.00) 12.38 (10.36, 14.72)  

High school 25.90 (23.15, 28.86) 22.81 (19.36, 26.68) 29.23 (25.88, 32.82)  

More than high school 63.86 (60.26, 67.31) 68.93 (64.35, 73.17) 58.40 (54.35, 62.33)  

Marital status (%)    0.0001 

Married/Living with a partner 64.22 (58.86, 69.24) 59.46 (52.93, 65.66) 69.34 (64.36, 73.91)  

Living alone 35.78 (30.76, 41.14) 40.54 (34.34, 47.07) 30.66 (26.09, 35.64)  

Smoking status (%)    0.0001 

Yes 42.79 (40.23, 45.40) 36.83 (32.69, 41.17) 49.22 (45.26, 53.19)  

No 57.21 (54.60, 59.77) 63.17 (58.83, 67.31) 50.78 (46.81, 54.74)  

Alcohol drinking (%)    0.1017 

Yes 93.72 (91.99, 95.09) 92.65 (90.93, 94.06) 94.87 (91.92, 96.78)  

No 6.28 (4.91, 8.01) 7.35 (5.94, 9.07) 5.13 (3.22, 8.08)  
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Continued 

Hypertension (%)    <0.0001 

Yes 30.99 (27.63, 34.58) 24.98 (22.62, 27.51) 37.48 (32.31, 42.95)  

No 69.01 (65.42, 72.37) 75.02 (72.49, 77.38) 62.52 (57.05, 67.69)  

CVD (%)    0.2356 

Yes 8.35 (6.43, 10.77) 7.49 (5.42, 10.28) 9.27 (6.75, 12.59)  

No 91.65 (89.23, 93.57) 92.51 (89.72, 94.58) 90.73 (87.41, 93.25)  

Diabetes (%)    0.0001 

Yes 10.48 (8.68, 12.59) 7.97 (6.53, 9.71) 13.17 (10.59, 16.28)  

No 87.67 (85.44, 89.60) 90.35 (88.07, 92.23) 84.78 (81.97, 87.22)  

Borderline 1.85 (1.30, 2.63) 1.68 (0.98, 2.85) 2.05 (1.31, 3.18)  

OSA, obstructive sleep apnea; BMI, body mass index; WC, waist circumference; TG, triglycerides; TyG-WHtR, tri-
glyceride-glucose-waist to height ratio; FBG, Fasting blood glucose; CVD, cardiovascular disease. 

 
Table 2. Association between TyG-WHtR index and the risk of OSA. 

Exposure Model I Model II Model III 

TyG-WHtR 1.63 (1.52, 1.75) <0.0001 1.61 (1.50, 1.74) <0.0001 1.59 (1.47, 1.72) <0.0001 

TyG-WHtR index quartile    

Q1 Reference Reference Reference 

Q2 2.05 (1.67, 2.52) <0.0001 1.84 (1.49, 2.28) <0.0001 1.82 (1.47, 2.25) <0.0001 

Q3 3.06 (2.49, 3.76) <0.0001 2.77 (2.24, 3.44) <0.0001 2.70 (2.17, 3.36) <0.0001 

Q4 4.04 (3.28, 4.98) <0.0001 3.88 (3.11, 4.84) <0.0001 3.67 (2.91, 4.62) <0.0001 

P for trend <0.0001 <0.0001 <0.0001 

OSA, obstructive sleep apnea; TyG-WHtR, triglyceride-glucose-waist to height ratio. Model I model ad-
justed for: unadjusted; Model II model adjusted for: age; gender; race; education level; marital status; 
Model III model adjusted for: age; gender; race; education level; marital status; Smoking status; alcohol 
drinking; hypertension; CVD; diabetes. 

 
Table 3. Analysis of the threshold effect between TyG-WHtR index and the risk of OSA. 

Threshold effect analysis OSA OR (95% CI) P-value 

TyG-WHtR  

Inflection point of TyG-WHtR (K) 5.26 

<K slope 1.99 (1.72, 2.31) <0.0001 

>K slope 1.30 (1.14, 1.49) 0.0002 

Log-likelihood ratio test <0.001 

 
Table 4. Subgroup analysis of the association between TyG-WHtR index and OSA. 

Subgroup OR (95% CI) P for interaction 

Gender  0.531 

Male 1.60 (1.41, 1.81) <0.0001  

Female 1.55 (1.40, 1.72) <0.0001  
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Continued 

Age  0.0006 

<=60 1.72 (1.57, 1.89) <0.0001  

>60 1.31 (1.12, 1.52) 0.0006  

Race  0.1298 

Mexican American 1.66 (1.32, 2.10) <0.0001  

Other Hispanic 1.35 (1.02, 1.77) 0.0339  

Non-Hispanic White 1.53 (1.34, 1.74) <0.0001  

Non-Hispanic Black 1.72 (1.47, 2.01) <0.0001  

Other Races 1.80 (1.44, 2.24) <0.0001  

Education level  0.7317 

Less than high school 1.55 (1.26, 1.91) <0.0001  

High school 1.48 (1.27, 1.73) <0.0001  

More than high school 1.67 (1.50, 1.85) <0.0001  

Marital status  0.0335 

Married/Living with a partner 1.50 (1.35, 1.67) <0.0001  

Living alone 1.70 (1.50, 1.92) <0.0001  

Alcohol drinking  0.0201 

Yes 1.57 (1.45, 1.70) <0.0001  

No 2.45 (1.73, 3.49) <0.0001  

Smoking status  0.4498 

Yes 1.54 (1.37, 1.74) <0.0001  

No 1.64 (1.48, 1.83) <0.0001  

Hypertension  0.0727 

Yes 1.38 (1.22, 1.57) <0.0001  

No 1.70 (1.53, 1.88) <0.0001  

CVD  0.1564 

Yes 1.39 (1.10, 1.76) 0.0061  

No 1.62 (1.49, 1.76) <0.0001  

Diabetes  0.4117 

Yes 1.44 (1.17, 1.77) 0.0006  

No 1.63 (1.49, 1.77) <0.0001  

Borderline 1.34 (0.79, 2.28) 0.2814  

OSA, obstructive sleep apnea; TyG-WHtR, triglyceride-glucose-waist to height ratio; CVD, 
cardiovascular disease. Adjusted for age; gender; race; education level; marital status; 
Smoking status; alcohol drinking; hypertension; CVD; diabetes. 
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Table 5. Baseline characteristics of participants after propensity score matching analysis. 

Characteristics 
Overall 

(n = 2826) 
Non-OSA 
(n = 1413) 

OSA 
(n = 1413) 

P 

Age (years) 50.29 ± 16.90 49.61 ± 17.71 50.97 ± 16.03 0.033 

Gender (%)    0.071 

Male 1394 (49.33) 673 (47.63) 721 (51.03)  

Female 1432 (50.67) 740 (52.37) 692 (48.97)  

Race (%)    0.943 

Mexican American 371 (13.13) 182 (12.88) 189 (13.38)  

Other Hispanic 282 (9.98) 137 (9.70) 145 (10.26)  

Non-Hispanic White 969 (34.29) 484 (34.25) 485 (34.32)  

Non-Hispanic Black 710 (25.12) 356 (25.19) 354 (25.05)  

Other Races 494 (17.48) 254 (17.98) 240 (16.99)  

Education level (%)    0.489 

Less than high school 497 (17.59) 238 (16.84) 259 (18.33)  

High school 667 (23.6) 330 (23.35) 337 (23.85)  

More than high school 1662 (58.81) 845 (59.80) 817 (57.82)  

Marital status (%)    0.244 

Married/Living with a partner 1758 (62.21) 864 (61.15) 894 (63.27)  

Living alone 1068 (37.79) 549 (38.85) 519 (36.73)  

Smoking status (%)    0.119 

Yes 1209 (42.78) 584 (41.33) 625 (44.23)  

No 1617 (57.22) 829 (58.67) 788 (55.77)  

Alcohol drinking (%)    0.943 

Yes 2615 (92.53) 1307 (92.50) 1308 (92.57)  

No 211 (7.47) 106 (7.50) 105 (7.43)  

Hypertension (%)    0.001 

Yes 1048 (37.08) 482 (34.11) 566 (40.06)  

No 1778 (62.92) 931 (65.89) 847 (59.94)  

CVD (%)    0.166 

Yes 309 (10.93) 143 (10.12) 166 (11.75)  

No 2517 (89.07) 1270 (89.88) 1247 (88.25)  

Diabetes (%)    0.007 

Yes 423 (14.97) 182 (12.88) 241 (17.06)  

No 2320 (82.09) 1187 (84.01) 1133 (80.18)  

Borderline 83 (2.94) 44 (3.11) 39 (2.76)  

OSA, obstructive sleep apnea; BMI, body mass index; WC, waist circumference; TG, tri-
glycerides; TyG-WHtR, triglyceride-glucose-waist to height ratio; FBG, Fasting blood glu-
cose; CVD, cardiovascular disease. 

https://doi.org/10.4236/jbm.2026.148020


F. G. Luo, R. Xie 
 

 

DOI: 10.4236/jbm.2026.148020 235 Journal of Biosciences and Medicines 
 

Table 6. Association between TyG-WHtR index and OSA after propensity score matching 
analysis. 

Exposure OR 95% CI P-value 

TyG-WHtR 1.60 (1.47, 1.74) <0.001 

TyG-WHtR index quartile    

Q1 Reference Reference Reference 

Q2 1.85 (1.48, 2.31) <0.001 

Q3 2.74 (2.17, 3.45) <0.001 

Q4 3.83 (3.00, 4.89) <0.001 

Adjusted for: age; gender; race; education level; marital status; Smoking status; alcohol 
drinking; hypertension; CVD; diabetes. 

 
Table 7. Association between TyG-WHtR index and OSA in sensitivity analysis. 

Exposure OR 95% CI P-value 

TyG-WHtR 1.68 (1.53, 1.84) <0.001 

TyG-WHtR index quartile    

Q1 Reference Reference Reference 

Q2 1.99 (1.59, 2.50) <0.001 

Q3 3.31 (2.62, 4.18) <0.001 

Q4 3.94 (3.06, 5.08) <0.001 

 

 

Figure 2. The solid red line illustrates the smooth curve fit between the variables, 
while the blue bands depict the 95% confidence interval derived from the fit. 

 

PSM analysis yielded a matched cohort of 2826 participants with balanced base-
line characteristics between OSA and non-OSA groups, confirming a consistent 
association between TyG-WHtR and risk of self-reported OSA (OR = 1.60, 95% 
CI: 1.47, 1.74; highest quartile OR = 3.83, 95% CI: 3.00, 4.89) (Table 5, Table 6). 
Sensitivity analysis excluding participants using hypoglycemic or lipid-lowering 
medications showed a robust association between TyG-WHtR and risk of self-
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reported OSA (OR = 1.68, 95% CI: 1.53, 1.84; highest quartile OR = 3.94, 95% CI: 
3.06, 5.08), aligning with primary findings (Table 7 and Table S2). 

4. Discussion 

This cross-sectional study of 3193 adults from NHANES 2017-2020 found that 
higher TyG-WHtR levels were associated with increased obstructive sleep apnea 
(OSA) risk, showing a dose-response relationship, a threshold effect, stronger as-
sociations in certain subgroups, and consistency across sensitivity analyses. TyG-
WHtR combines information on insulin resistance and central obesity, so it may 
help us identify people who are more likely to develop OSA. Among them, WHtR 
mainly reflects the accumulation of abdominal fat, which may make the upper 
airway narrow and increase the possibility of collapse of the upper airway during 
sleep. The TyG index reflects more abnormalities in metabolic function [11] [12]. 
Previous studies have found that there is a certain correlation between TyG index 
and OSA, and TyG-BMI is also related to metabolic diseases [14] [18]. Because 
TyG-WHtR takes both metabolic status and central fat accumulation into ac-
count, it may provide more comprehensive information when assessing OSA risk, 
especially abdominal fat accumulation itself plays a more important role in the 
occurrence and development of OSA [23]. 

With the TyG-WHtR quartile level moving upwards, the proportion of OSA is 
also gradually increasing, suggesting that participants with relatively poor meta-
bolic status and more central fat accumulation are indeed more likely to develop 
OSA. This result is consistent with previous studies that have shown that meta-
bolic syndrome is closely related to the severity of OSA [9]. We also observed that 
there is a non-linear correlation between TyG-WHtR and OSA. One possible ex-
planation is that when the level of TyG-WHtR is still relatively low, metabolic 
inflammation and changes in the upper airway may have begun to affect OSA; 
however, when TyG-WHtR increases to a certain extent, the increase in OSA risk 
may gradually weaken [23]. Previous studies have also reported that there is a 
similar nonlinear relationship between other metabolic indices and cardiac meta-
bolic outcomes [24]. 

The association between TyG-WHtR and OSA is not exactly the same in differ-
ent subgroups. This association is stronger among people who live alone than 
those who are married or live with a partner. One possible explanation is that 
people living alone are more likely to experience social isolation, psychological 
stress, or irregular sleep, all of which may affect metabolic health and sleep quality 
[25] [26]. But this explanation is so far only speculation. Compared with drinkers, 
the association in non-drinkers seems to be more obvious. Alcohol can reduce the 
tension of upper airway muscles and aggravate respiratory disorders during sleep, 
so it may affect the relationship between metabolic factors and OSA [9] [27]. In 
non-drinkers, metabolic dysfunction may play a relatively more important role in 
the above association. Similarly, this association is more pronounced among 
adults aged ≤ 60 years. This may suggest that the impact of metabolic abnormali-
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ties on OSA in young adults will be more prominent; age-related changes in the 
structure and function of the upper airway may play a more important role as we 
age [22]. The association between TyG-WHtR and OSA is generally consistent in 
subgroups of different races and educational levels, which supports that it may 
have certain applicability in different populations. However, the association ob-
served in other Hispanic populations is weaker, which may be related to genetic 
or environmental factors [5]. 

There may be several biological explanations for these associations mentioned 
above. TyG-WHtR can simultaneously reflect insulin resistance and central fat 
accumulation, both of which are likely to promote upper airway stenosis, systemic 
inflammation, and oxidative stress in OSA patients [28]. Triglyceride and glucose 
levels used to calculate the TyG index have also been found to be associated with 
some inflammatory markers in OSA patients, such as C-reactive protein and in-
terleukin-6 [29]. Our results are consistent with a previous Korean study that also 
found a correlation between the TyG index and OSA [30]. Considering that TyG-
WHtR has shown some efficacy in predicting cardiovascular and metabolic dis-
eases, it may also be used for OSA screening [18] [31] [32]. 

There are still some limitations in this study. Similar to previous studies based 
on NHANES, we also determined OSA cases based on the symptoms reported by 
the participants themselves. Polysomnography is still the gold standard for the 
diagnosis of OSA, so this judgment method may bring recall bias [4]. Because this 
study uses a cross-sectional design, it is impossible to draw a conclusion on cau-
sality. In addition, unmeasured confounding factors such as genetic background 
and environmental exposure may also have an impact on the associations we ob-
served. Although waist circumference and height are measured by trained staff, 
measurement errors may still affect the calculation results of TyG-WHtR. The 
data used in this study are all from the NHANES database in the United States, so 
these results may not be directly extended to other racial or ethnic groups with 
different eating habits, lifestyles and genetic characteristics [6]. In the future, it is 
still necessary to carry out some prospective studies using objective OSA evalua-
tion methods, so as to verify our current results and further clarify the mecha-
nisms involved. Overall, higher TyG-WHtR was associated with an increased like-
lihood of self-reported OSA. TyG-WHtR combines metabolic status and central 
obesity, and may provide a relatively simple way to identify those who need fur-
ther assessment, especially in areas where polysomnography is more difficult to 
carry out. However, before its clinical screening value can be truly established, it 
is still necessary to further verify the above association through a prospective 
study using objective OSA diagnostic methods. 

5. Conclusion 

From the results of this study, participants with higher TyG-WHtR levels were 
more likely to report that they had OSA. Even after adjusting for a variety of po-
tential confounding factors, this association is still statistically significant. We also 
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observed a dose-response relationship, and when TyG-WHtR was about 5.26, the 
association pattern between TyG-WHtR and OSA changed. However, because this 
study uses a cross-sectional design, it is not yet possible to infer whether there is a 
causal relationship between the two. In the future, it is still necessary to do some 
prospective studies to verify the results obtained now, and to further explore the 
potential mechanism. 
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Supplemental Materials 

Table S1. Variance Inflation Factor (VIF) for adjusted covariates in the association between 
TyG-WHtR and OSA. 

Variable VIF 

Age 1.318559130 

Gender 1.080056140 

Education level 1.107719095 

Marital status 1.035822574 

Race 1.133868332 

Smoking status 1.137745879 

Alcohol drinking 1.091622518 

Hypertension 1.321219222 

CVD 1.151598927 

Diabetes 1.133818170 

TyG-WHtR 1.248076005 

TyG-WHtR, triglyceride-glucose-waist to height ratio; cardiovascular disease. 
 

Table S2. Baseline characteristics of participants in sensitivity analysis. 

Characteristics 
Overall 

(n = 2279) 
Non-OSA 
(n = 1207) 

OSA 
(n = 1072) 

P 

Age (years) 44.60 ± 15.83 42.65 ± 16.23 46.79 ± 15.08 <0.001 

Gender (%)    <0.001 

Male 1080 (47.39) 513 (42.50) 567 (52.89)  

Female 1199 (52.61) 694 (57.50) 505 (47.11)  

Race (%)    0.056 

Mexican American 319 (14.00) 156 (12.92) 163 (15.21)  

Other Hispanic 224 (9.83) 107 (8.86) 117 (10.91)  

Non-Hispanic White 739 (32.43) 390 (32.31) 349 (32.56)  

Non-Hispanic Black 581 (25.49) 312 (25.85) 269 (25.09)  

Other Races 416 (18.25) 242 (20.05) 174 (16.23)  

Education level (%)    0.022 

Less than high school 371 (16.28) 179 (14.83) 192 (17.91)  

High school 515 (22.60) 259 (21.46) 256 (23.88)  

More than high school 1393 (61.12) 769 (63.71) 624 (58.21)  

Marital status (%)    <0.001 

Married/Living with a partner 1381 (60.60) 693 (57.42) 688 (64.18)  

Living alone 898 (39.40) 514 (42.58) 384 (35.82)  

Smoking status (%)    <0.001 

https://doi.org/10.4236/jbm.2026.148020


F. G. Luo, R. Xie 
 

 

DOI: 10.4236/jbm.2026.148020 243 Journal of Biosciences and Medicines 
 

Continued 

Yes 893 (39.18) 421 (34.88) 472 (44.03)  

No 1386 (60.82) 786 (65.12) 600 (55.97)  

Alcohol drinking (%)    <0.001 

Yes 2073 (90.96) 1071 (88.73) 1002 (93.47)  

No 206 (9.04) 136 (11.27) 70 (6.53)  

Hypertension (%)    <0.001 

Yes 584 (25.63) 256 (21.21) 328 (30.60)  

No 1695 (74.37) 951 (78.79) 744 (69.40)  

CVD (%)    0.018 

Yes 116 (5.09) 49 (4.06) 67 (6.25)  

No 2163 (94.91) 1158 (95.94) 1005 (93.75)  

Diabetes (%)    0.256 

Yes 46 (2.02) 19 (1.57) 27 (2.52)  

No 2183 (95.79) 1160 (96.11) 1023 (95.43)  

Borderline 50 (2.19) 28 (2.32) 22 (2.05)  

OSA, obstructive sleep apnea; BMI, body mass index; WC, waist circumference; TG, tri-
glycerides; TyG-WHtR, triglyceride-glucose-waist to height ratio; FBG, Fasting blood glu-
cose; CVD, cardiovascular disease. 
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