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Association between triglyceride 
glucose-body mass index and 
obstructive sleep apnea: a study 
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Background: The association between TyG-BMI index and the risk of obstructive 
sleep apnea (OSA), a recently identified biomarker indicating insulin resistance, 
has yet to be elucidated. Therefore, this study aimed to investigate the association 
between TyG-BMI index and the risk of OSA using the NHANES database.

Methods: Analyses were performed on NHANES data conducted between 2015 
and 2018. Logistic regression, stratified analyses, curve-fitting analyses, and 
threshold effects analyses were utilized to assess the association between TyG-
BMI index and the risk of OSA.

Results: The study included 4,588 participants. Multifactorial logistic regression 
analyses found a significant association between TyG-BMI and increased risk 
of OSA [OR: 1.54 (CI:1.39–1.70)]. In stratified analyses, age interacted with the 
association, with TyG-BMI being associated with increased risk of OSA only in 
a subgroup of subjects younger than 60  years [1.31 (1.14–1.50)], but gender, 
smoking status, and alcohol use, did not influence the association. The presence 
of diabetes, hypertension, and cardiovascular diseases also modified the 
association, but the number of the included subjects with such conditions was 
significantly lower, therefore the significance of associations was not observed 
in those subgroups. Additionally, the risk was non-linearly associated, with the 
inflection point of TyG-BMI at 12.09, after which the lower slope in the risk was 
observed.

Conclusion: This study demonstrates that elevated levels of the TyG-BMI index 
are correlated with risk for OSA, underscoring the significance of these findings 
in facilitating early prevention or timely intervention for OSA.
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1 Introduction

Obstructive sleep apnea syndrome (OSAS) presents a prevalent health concern 
characterized by the recurring occurrence of apnea and hypoventilation during sleep. Clinical 
manifestations typically encompass symptoms such as snoring, repeated awakenings from 
suffocation, daytime somnolence, and, in severe instances, cognitive deterioration or 
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behavioral irregularities (1). Frequent apnea and hypoventilation at 
night in OSA lead to increased carbon dioxide and sympathetic 
arousal, as well as increased inflammatory and oxidative stress, 
resulting in insufficient antioxidant capacity. This situation can lead to 
or exacerbate cardiovascular and metabolic disorders (2, 3). According 
to statistics, nearly 1 billion adults worldwide may suffer from OSA, 
and the prevalence rate is as high as 50% in some countries, potentially 
increasing the prevalence rate of OSA globally with changes in 
lifestyles and the growth of the aging population (4).

The TyG-BMI index was composed of the fasting blood glucose 
index, the triglyceride (TG) index, and the BMI index. Numerous 
studies have additionally substantiated a noteworthy association 
between the TyG-BMI index and metabolic diseases (5), 
cardiovascular disease (6), and cerebrovascular disease (7). Subsequent 
investigation by Er et al. (8). uncovered that integrating body mass 
index (BMI) with the TyG index offers a more holistic approach to 
identifying individuals at elevated risk of visceral obesity, lipofactors, 
organic metabolic abnormalities, and cardiometabolism, surpassing 
the efficacy of solely relying on the TyG index.

Current research indicated a close association between OSA and 
cardiovascular, metabolic, and cerebrovascular diseases (9–11). The 
presence of risk factors such as obesity (12), alcoholism (13), smoking 
(14), hypertension (15), diabetes mellitus (16), hyperlipidemia (17), 
and the metabolic syndrome (18) was found to correspondingly 
increase the risk of OSA and related diseases (19, 20). For instance, 
obesity resulted in fat deposition in the upper respiratory tract, leading 
to OSA, which in turn exacerbated the metabolic dysfunction 
associated with obesity (21). Additionally, OSA could interact with 
related diseases through oxidative stress, inflammatory responses, 
sympathetic activation, and other abnormal mechanisms associated 
with cardiovascular or metabolic disorders (22). In turn, relevant 
cross-sectional studies have emphasized the bidirectional association 
of OSA with various adverse metabolic conditions, such as NAFLD, 
dyslipidemia, insulin resistance, and atherosclerosis (23). Given the 
bidirectional relationship between OSA and multiple diseases, early 
identification and management of OSA risk factors are crucial. The 
TyG-BMI index integrates the interaction between lipid metabolism, 
glucose homeostasis, and obesity (8). Together, these factors were 
pivotal in the development of OSA (24, 25). Among them, changes in 
glucose metabolism, particularly insulin resistance, were 
independently associated with OSA (26, 27). Previous studies have 
demonstrated that the TyG-BMI index can serve as a straightforward 
and robust alternative indicator for early detection of insulin resistance 
(8). Therefore, exploring the association between TyG-BMI and OSA 
is essential for OSA prevention and management. However, studies 
investigating this relationship are limited. Thus, this study aimed to 
investigate the association between TyG-BMI and OSA using the 
NHANES database.

2 Methods

2.1 Study sources

The NHANES (National Health and Nutrition Examination 
Survey) is a research initiative designed to evaluate the health and 
nutritional status of both adults and children in the United States. This 
database contains health and nutrition related data on a wide range of 

populations, and by collecting and analyzing the relevant data, 
researchers can gain insight into the prevalence and risk factors of 
diseases, thus serving as a foundation for the formulation of pertinent 
policies and interventions (8, 28). The study protocol received 
approval from the Research Ethics Review Board of the National 
Center for Health Statistics (NCHS). Data for 2015–2016, 2017–2018 
were obtained from public databases.1

2.2 Study population

Data from NHANES 2015–2016 and 2017–2018 were used, which 
included a total of 19,225 participants. Participants with the following 
conditions were excluded in study: (1) missing questionnaire data 
related to OSA; (2) missing triglyceride data, fasting glucose data, and 
BMI data; (3) participants aged <20 years. The analysis involved the 
final set of 4,588 included subjects (Figure 1).

2.3 Assessment of the OSA

OSA status was determined based on questionnaire data 
concerning sleep habits and disorders (29). The patient answered “yes” 
or “no” to the following questions According to relevant studies, OSA 
was defined as the presence of any of the following: (1) snoring three 
or more times per week; (2) wheezing, snoring, or stopping breathing 
at least three nights per week; (3) feeling drowsy more than 16–30 
times during the day, despite sleeping seven or more hours per night.

2.4 Assessment of the TyG-BMI index

The calculation of the TyG-BMI index was performed using the 
following formula (8).

TyG = Ln[fasting triglycerides (mg/dL) × fasting blood glucose 
(mg/dL)/2].

BMI = weight (kg)/height (m)2.
TyG-BMI = TyG index × BMI.

2.5 Study covariates

In this study, potential confounders comprised 10 covariates: age, 
gender, race, the ratio of family income to poverty (PIR), education 
level, smoking status and drinking status, hypertension, diabetes, and 
cardiovascular disease(CVD). Age was categorized as under 60 and 
over 60. Race was categorized as Mexican American, Non-Hispanic 
White, Non-Hispanic Black, and other races; and education level was 
categorized as less than high school, high school diploma, and high 
school and above. Smoking status was categorized based on lifetime 
smoking, with less than 100 cigarettes and more than 100 cigarettes as 
thresholds, and alcohol use was defined as never having consumed 
alcohol in the past year and ≥ 12 drinks/year. Hypertension was 
defined as being told by a doctor that one has hypertension. Diabetes 

1 https://www.cdc.gov/nchs/nhanes/index.htm
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was defined as being told by a doctor that one has diabetes. 
Cardiovascular disease was defined as being told by a doctor that one 
has congestive heart failure, coronary heart disease, angina, heart 
attack, or stroke. Those who answered “yes” were considered to have 
hypertension, diabetes, and cardiovascular disease. Health status was 
evaluated using self-reported and physician or other health 
professional assessments of hypertension, diabetes, and cardiovascular  
disease.

2.6 Statistical analysis

Demographic characteristics were evaluated utilizing the 
chi-square test and Kruskal-Wallis H-test. Categorical variables were 
presented as frequencies or percentages, Continuous variables were 
tested for normality using the Kolmogorov–Smirnov test, with 
non-normal distributions expressed as medians and quartiles, and 
normal distributions expressed as means and standard deviations. The 
multivariate model included gender, age, race, PIR, education level, 
smoking status and alcohol use, hypertension, diabetes, and CVD, with 
all of the above indicators serving as covariates. The TyG-BMI index 
was divided into quartiles, with the lowest quartile (Q1) serving as the 
reference group. Multiple logistic regression models were employed to 
investigate the association between the TyG-BMI index and OSA 
across three models. Model 1 remained unadjusted, while model 2 was 
adjusted for age, gender, and race. In model 3, various demographics 
including age, gender, race, education level, PIR, and pertinent health 
factors such as smoking status, alcohol use, hypertension, diabetes, and 
CVD were adjusted for. The variance inflation factor (VIF) measures 
the degree of multicollinearity. All regression models have a VIF of less 
than 4, indicating that there is no high degree of multicollinearity 

between the covariates of the regression model (Supplementary Table 1). 
Smoothed curve fitting using the generalized additive model (GAM) 
was utilized to explore the non-linear relationship between TyG-BMI 
and OSA. Additionally, Subgroup analyses were conducted using 
stratified multivariate regression analyses for gender, age, race, 
smoking status, alcohol use, hypertension, diabetes, and 
CVD. Interaction tests were employed to evaluate potential alterations 
in relationships among subgroups. Statistical analyses were carried out 
using R (version 3.4.3) and EmpowerStats (version 2.0). p < 0.05 was 
considered statistically significant.

3 Results

3.1 Baseline characteristics

The final sample comprised 4,588 adults, with 48.10% male and 
52% female participants. The prevalence rate of OSA was 50.35%. The 
majority of participants were Non-Hispanic White. Statistical 
differences were observed in gender, age, PIR, education level, race, 
smoking status, alcohol use, CVD, hypertension, and diabetes status 
(p < 0.05). Several characteristics were highest in the highest quartile 
group, including BMI >30 kg/m2, age > 60 years, male gender, 
education levels below high school, smoking, and no alcohol 
consumption. Conversely, those with BMI <25 kg/m2, high school 
education or higher, and lower income showed the lowest prevalence 
in the highest quartile. Mexican Americans and other Hispanic 
populations exhibited the highest prevalence in the highest two 
quartiles, while Non-Hispanic Black and other racial groups had the 
lowest. The prevalence of diabetes, hypertension, and cardiovascular 
disease was significantly higher in the highest two quartiles compared 

FIGURE 1

Flow chart of participant screening.
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to the lowest two (p < 0.05). The highest quartile group exhibited 
elevated levels of triglycerides, fasting glucose, and TyG index 
compared to the lowest quartile group (Table 1).

3.2 Association between TyG-BMI index 
and risk for OSA

Multifactorial logistic regression analyses revealed a significant 
positive association between TyG-BMI and the risk of OSA, which 
remained statistically significant across all models (p < 0.05). After 
adjusting for all covariables, each 1-unit increase in TyG-BMI was 
associated with a 54% increase in the prevalence of OSA among 
participants [1.54(1.39–1.70)]. Participants in the quartile with the 
highest TyG-BMI levels had a 136% increase in OSA prevalence 
compared to those in the quartile with the lowest TyG-BMI levels 
(Table 2). The smoothed curve fitting indicated a TyG-BMI index 
cut-off of 12.09 units, and indicated that when the TyG-BMI level was 
lower than 12.09, the prevalence of OSA increased by 85% for every 
1-unit increase in TyG-BMI (p < 0.001), but after this inflection point, 
the association was more dispersed and the prevalence of OSA 
increased by 18% for every 1-unit increase in TyG-BMI (p = 0.058; 
Table 3). The 2,775 (60.48%) of subjects had TyG-BMI below this 
inflection point, while 1813(39.51%) of subjects had TyG-BMI above 
this inflection point (Figure 2).

3.3 Stratified analyses

In stratified analyses, performed using TyG-BMI as continuous 
variable and applying the model 3, age significantly interacted with the 
association, with TyG-BMI being associated with increased risk of 
OSA only in a subgroup of subjects younger than 60 years [1.31 (1.14–
1.50)], but gender, smoking status, alcohol use and race did not 
influence the association. The presence of diabetes, hypertension, and 
cardiovascular diseases also modified the association, but the number 
of the included subjects with such conditions was significantly lower, 
therefore the significance of associations was not observed in those 
subgroups (Table 4).

4 Discussion

In this cross-sectional study, involving 4,588 adults, a positive 
association between high TyG-BMI index and the risk of OSA was 
observed. This association persisted even after adjusting for all 
covariates. The findings indicated a 54% rise in OSA prevalence for 
each 1-unit increase in TyG-BMI [OR: 1.54, 95% CI: 1.39–1.70]. The 
highest TyG-BMI quartile was associated with 2.36 higher odds for 
OSA compared with the lowest quartile. In stratified analyses, 
TyG-BMI was associated with an increased risk of OSA only in the 
subgroup of subjects younger than 60 years of age [1.31 (1.14–1.50)]. 
The results of the threshold effect analysis showed that when the 
TyG-BMI level was lower than 12.09, the prevalence of OSA increased 
by 85% for every 1-unit increase in TyG-BMI (p < 0.001), but after this 
inflection point, the association was more dispersed and the 
prevalence of OSA increased by 18% for every 1-unit increase in 
TyG-BMI (p = 0.058).

TyG-BMI was found to be  a superior predictor of metabolic 
diseases such as diabetes, cardiovascular disease, and prognosis (30–
32). It offers a more comprehensive assessment of metabolic health 
compared to individual biomarkers, as the interactions among lipid 
metabolism, glucose homeostasis, and obesity were considered (8). 
TyG-BMI simultaneously captured BMI, blood glucose, and lipid 
levels. It exhibited high predictive capability for insulin resistance (33). 
Numerous studies have demonstrated strong associations between risk 
factors such as obesity, hypertension, diabetes mellitus, hyperlipidemia, 
and metabolic syndrome, as well as poor lifestyle habits including 
alcoholism and smoking, with OSA (19). It has been reported that over 
40% of individuals with a BMI over 30 had obstructive sleep apnea, and 
60% of patients diagnosed with metabolic syndrome were found to 
have OSA (34). For example, obesity could result in fat deposition in 
the upper respiratory tract or induce systemic inflammation, leading 
to OSA. Conversely, OSA could exacerbate metabolic, inflammatory, 
vascular, and cardiac dysfunctions caused by obesity, thereby worsening 
the metabolic syndrome and creating a vicious cycle (21). Additionally, 
varying degrees of OSA have been observed in patients with 
hyperlipidemia, hypertension, and diabetes (15, 35). The sleep disorder 
and intermittent hypoxia characteristic of OSA have been shown to 
trigger sympathetic excitation and inflammation, as well as cause 
vascular endothelial damage, altered coagulation function, abnormal 
lipid metabolism, and disruptions in glucose homeostasis (36–38). 
These mechanisms may exacerbate existing metabolic or cardiovascular 
diseases, contributing to a vicious cycle (9, 39). Cohort studies 
indicated that individuals diagnosed with OSA faced a markedly 
heightened risk of future coronary heart disease events and diabetes 
(40). Cross-sectional studies further underscored OSA as an 
independent risk factor for several adverse metabolic conditions, 
including NAFLD, dyslipidemia, insulin resistance, and 
atherosclerosis (23).

Lipid metabolism, glucose homeostasis, and obesity collectively 
played a pivotal role in the development of OSA (24, 25). Particularly 
noteworthy was that changes in glucose metabolism and OSA were 
independently linked (27). It has been demonstrated that respiratory 
disturbances in rats with hyperglycemia induced by streptozotocin 
improved with the use of antidiabetic drugs. This study suggests that 
glycemic changes cannot be ignored in the development of OSA (41, 
42). Conversely, OSA disrupts the dynamic balance of blood glucose. 
Animal studies have indicated that intermittent hypoxia leads to 
pancreatic β-cell dysfunction and insulin resistance in insulin-sensitive 
organs and adipose tissue (43). Additionally, the high levels of 
inflammatory factors found in the upper and lower airways of hypoxic 
mice, coupled with the vicious cycle between OSA and airway 
inflammation, ultimately contributed to insulin resistance (44, 45). 
Other studies have also confirmed that the hypoxic state of OSA was 
preferentially activated the pro-inflammatory factor NF-κB-mediated 
pathway, possibly caused by an inflammatory response to hypoxic 
exposure via adipocytes (46). This inflammatory change, in turn, was 
accompanied by an increasing polarization of pro-inflammatory M1 
macrophages, expression of inducible nitric oxide synthase, and 
changes in the severity of insulin resistance, a mechanism that may have 
been a key link between OSA and the development of Insulin resistance 
(47). In turn, this inflammatory response mechanism was central to the 
pathogenesis of OSA-related cardiometabolic processes, which were 
ultimately led to the development of cardiovascular disease, resulting 
in a vicious circle (48, 49). In addition, it was found that the hypoxic 
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TABLE 1 Basic characteristics of participants in the TyG-BMI index quartiles.

Characteristics TyG-BMI Index

Total Q1 Q2 Q3 Q4 p-value

(N  =  4,588) (n  =  1,147) (n  =  1,147) (n  =  1,147) (n  =  1,147)

TyG-BMI 11.88(11.35–12.42) 11.00 (10.73–11.19) 11.63 (11.50–11.76) 12.13 (12.00–12.29) 12.82 (12.59–13.18) <0.001

Triglycerides(mg/dl) 4.53(4.12–4.92) 3.89(3.66–4.09) 4.37 (4.20–4.53)*** 4.73 (4.56–4.91)*** 5.18 (4.94–5.47)*** <0.001

Glucose(mg/dl) 4.63(4.56–4.74) 4.56(4.51–4.62) 4.61(4.55–4.69)*** 4.66(4.59–4.74)*** 4.77(4.65–5.06)*** <0.001

TyG 8.50(8.05–8.97) 7.77(7.54–7.97) 8.30(8.14–8.45)*** 8.72(8.56–8.88)*** 9.33(9.10–9.66)*** <0.001

BMI kg/m2 28.50(24.60–33.50) 23.70(21.40–26.90) 27.70(24.70–31.50)*** 29.90(26.70–34.20)*** 33.20(29.00–33.20)*** <0.001

BMI(%) *** *** *** <0.001

 >30 1848 (40.28%) 140 (12.21%) 367 (32.00%) 555 (48.39%) 786 (68.53%)

 >25, ≤30 1,488 (32.43%) 302 (26.33%) 462 (40.28%) 434 (37.84%) 290 (25.28%)

 ≤25 1,252 (27.29%) 705 (61.46%) 318 (27.72%) 158 (13.78%) 71 (6.19%)

 Age(years) 52(36–65) 41(28–60) 53(36–65)*** 53(39–66)*** 56(43–65)*** <0.001

Age(%) *** *** *** <0.001

 <60 2,930 (63.86%) 853 (74.37%) 702 (61.20%) 697 (60.77%) 678 (59.11%)

 > = 60 1,658 (36.14%) 294 (25.63%) 445 (38.80%) 450 (39.23%) 469 (40.89%)

 PIR(%) 2.10(1.15–3.98) 2.24(1.24–4.17) 2.07(1.10–4.01) 2.11(1.14–3.79) 1.97(1.11–3.69)* 0.013

Gender(%) * ** *** <0.001

 Male 2,207 (48.10%) 478 (41.67%) 545 (47.52%) 578 (50.39%) 606 (52.83%)

 Female 2,381 (51.90%) 669 (58.33%) 602 (52.48%) 569 (49.61%) 541 (47.17%)

Race(%) *** *** *** <0.001

 Mexican American 708 (15.43%) 96 (8.37%) 176 (15.34%) 193 (16.83%) 243 (21.19%)

 Other Hispanic 536 (11.68%) 89 (7.76%) 120 (10.46%) 172 (15.00%) 155 (13.51%)

 Non-Hispanic White 1,551 (33.81%) 376 (32.78%) 372 (32.43%) 382 (33.30%) 421 (36.70%)

 Non-Hispanic Black 993 (21.64%) 344 (29.99%) 296 (25.81%) 201 (17.52%) 152 (13.25%)

 Other Race 800 (17.44%) 242 (21.10%) 183 (15.95%) 199 (17.35%) 176 (15.34%)

Education level(%) * *** *** <0.001

 Less than high school 1,005 (21.91%) 183 (15.97%) 239 (20.84%) 275 (23.98%) 308 (26.85%)

 High school 1,044 (22.76%) 249 (21.73%) 270 (23.54%) 264 (23.02%) 261 (22.76%)

 More than high school 2,538 (55.33%) 714 (62.30%) 638 (55.62%) 608 (53.01%) 578 (50.39%)

(Continued)
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stress of OSA activated the hypothalamic–pituitary–adrenal axis, 
resulting in elevated cortisol levels and ultimately leading to insulin 
resistance. Studies on intermittent hypoxia in rodents confirmed this 
mechanism (50). In another animal study, intermittent hypoxia was 
demonstrated to mediate the expression of hypoxia-inducible factor 
1αin pancreatic β-cells. This led to increased reactive oxygen species 
and ultimately resulted in insulin resistance (51). This hypoxic stress 
mechanism also contributed to the development of other diseases that 
induced insulin resistance through oxidative stress and islet cell 
apoptosis via TRB3 and p-JNK pathways, thereby contributing to the 
development of type 2 diabetes mellitus in OSA populations (52). In the 
characteristic sleep deprivation and sleep fragmentation of OSA, 
sympathetic activation was induced, negatively affecting insulin 
secretion and sensitivity. This was manifested as increased blood 
pressure, reduced heart rate variability, and diminished sensitivity of 
sympathetic reflexes (53, 54). These phenomena were observed to 
improve after short-term CPAP treatment (55). Restricted sleep states 
in OSA were observed to result in a sudden and massive secretion of 
growth hormone just before sleep onset, which persisted during the 
night and had a negative effect on glucose regulation (56, 57).

In a study involving women with polycystic ovary syndrome 
(PCOS), a condition linked to insulin resistance, researchers frequently 
observed sleep apnea and daytime sleepiness. Subsequent investigations 
revealed that insulin resistance emerged as a superior predictor of sleep 
apnea compared to testosterone levels, age, and BMI (58). Sanapo et al. 
reported similar findings. After adjusting for factors influencing glucose 
metabolism, the onset of OSA was observed to correlate with an early 
rise in insulin resistance, demonstrating a dose–response relationship 
between severity and insulin resistance (59). The underlying mechanism 
behind this association could be attributed to insulin resistance induced 
fat deposition in the airway tissue, leading to compromised pharyngeal 

collapsibility. This heightened risk of airway obstruction subsequently 
increases susceptibility to OSA. Moreover, even in the absence of sleep 
apnea, insulin resistance remains correlated with impaired mechanical 
function of the upper airway (60). Furthermore, patients with OSA 
exhibit higher ratios and areas of visceral fat to total fat (61). Insulin 
resistance that occurred in adipose tissue elevated levels of free fatty 
acids, causing or exacerbating visceral fat accumulation (62). Alterations 
in this mechanism may have led to the worsening or occurrence of 
OSA. Visceral adiposity resulting from insulin resistance led to an 
imbalance in the secretion of IL-6 and CRP inflammatory mediators. 
The resultant systemic low inflammatory state has been demonstrated 
as a risk factor in the pathogenesis of OSA (63, 64). The above 
mechanistic studies suggest that the link between OSA and IR may have 
been established through mechanisms such as sleep fragmentation, 
sympathetic arousal, intermittent hypoxia and inflammation, with 
significant implications for the development of a variety of diseases. In 
this study, a significant correlation between OSA and insulin resistance 
was observed. Once again, the importance of emphasizing insulin 
resistance in OSA is underscored, along with the need to mitigate 
potential risk factors for the progression of OSA to other diseases.

Our findings also indicated that even in the fully adjusted model, 
a positive association persisted between the two, underscoring the 

TABLE 2 Association between TyG-BMI index and the risk of OSA.

Exposure Model 1
OR(95%CI) P-value

Model 2
OR(95%CI) p-value

Model 3
OR(95%CI) p-value

TyG-BMI index 1.62 (1.50, 1.75) <0.0001 1.57 (1.45, 1.70) <0.0001 1.54 (1.39, 1.70) <0.0001

TyG-BMI index quartile

Q1 Reference Reference Reference

Q2 1.51 (1.28, 1.78) <0.0001 1.42 (1.20, 1.68) <0.0001 1.50 (1.22, 1.85) 0.0001

Q3 1.99 (1.68, 2.35) <0.0001 1.87 (1.57, 2.22) <0.0001 2.00 (1.62, 2.47) <0.0001

Q4 2.68 (2.26, 3.17) <0.0001 2.49 (2.09, 2.97) <0.0001 2.36 (1.89, 2.94) <0.0001

P for trend <0.0001 <0.0001 <0.0001

TyG-BMI, triglyceride glucose-body mass index; OSA, obstructive sleep apnea. Model 1: non-adjusted. Model 2: adjusted for age, gender, and race. Model 3: adjusted for age, gender, race, 
education level, PIR, smoking status, drinking status, hypertension, diabetes, CVD.

TABLE 3 Analysis of the threshold effect between TyG-BMI index and the 
risk of OSA.

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

TyG-BMI

Inflection point of TyG-BMI (K) 12.09

<K slope n = 2,775(60.48%) 1.85 (1.60, 2.14) 0.0001

>K slope n = 1813(39.51%) 1.18 (0.99, 1.39) 0.0576

Log-likelihood ratio test <0.001

TyG-BMI, triglyceride glucose-body mass index; OSA, obstructive sleep apnea.

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.
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significance of insulin resistance in OSA. Moreover, TyG-BMI index 
exhibited high sensitivity and specificity in identifying insulin 
resistance, suggesting that monitoring the TyG-BMI index could aid 
healthcare providers in identifying individuals at risk of OSA earlier 
and implementing appropriate interventions. In addition, stratified 
analyses indicated no association between individuals over 60 years 
of age, those with hypertension, diabetes, cardiovascular disease, and 
OSA. We considered the possibility that OSA was inherently more 
common in a variety of cardiovascular as well as metabolic disorders 
(65). Secondly, in subjects with diabetes mellitus, hypertension, and 
cardiovascular diseases, there may have been lipid-lowering and 
glucose-lowering medications that could have had an impact on the 
TyG-BMI index (66). The absence of association in people over 
60 years of age could have been related to age-related metabolic and 
physiological changes, such as alterations in lipid storage patterns and 
associated metabolic markers (67). With age, older adults typically 
experienced elongation of the upper airway, reduction in the size of 
the hyoid bone, and decreased responsiveness of hyoid muscles to 
negative pressure. Thus, it appeared that the occurrence of sleep 

apnea in older adults might have been more related to structural and 
functional changes in the upper airway (68, 69). Therefore, the 
necessity for close monitoring and analysis to identify changes in 
TyG-BMI levels to mitigate the incidence of OSA was even more 
pronounced in individuals younger than 60 years of age and without 
metabolic or cardiovascular disease than in the 
aforementioned populations.

To compare the predictive value for OSA of the TyG-BMI index 
with the predictive value of TyG index alone and BMI alone, we also 
performed the supplementary regression analyses 
(Supplementary Tables 2, 3). We found that the highest quartile of BMI 
was associated with a 3.42-fold increased likelihood of OSA compared 
to the lowest quartile (Supplementary Table 2). This finding suggests that 
the TyG-BMI index did not demonstrate superior predictive value for 
OSA compared to BMI alone. Obesity was widely recognized as a 
acknowledged risk factor for OSA (70). Research has demonstrated that 
a 32% increase in apnoea hypoventilation index (AHI) was implied by 
every 10% rise in body weight (71). It was observed by Akanbi et al. that 
the risk of OSA increased with increasing BMI, and the ratio of OSA risk 
was as high as 15.76(95%Cl7.44–33.9) when BMI exceeded 35 kg/m2 
(72). This was consistent with our findings. However, it has been 
suggested that BMI should not be the sole metric considered, as it does 
not account for the distribution of body fat, differences in neck 
circumference, waist-to-hip ratio, and cephalometric measurements of 
the tongue and oropharyngeal region (73–75). For instance, in Asian 
populations, anatomical differences in the head and face based on racial 
traits may contribute to OSA among non-obese individuals (76). To 
further evaluate the predictive capacity of the TyG-BMI index, 
we similarly analyzed the TyG index, revealing that the highest quartile 
of TyG levels increased the prevalence of OSA by 1.26-fold 
(Supplementary Table 3). However, the predictive value of the TyG index 
was slightly inferior compared with TyG-BMI [OR: 2.36 (CI: 1.89–2.94)].

To our knowledge, this study was the first to assess the association 
between TyG-BMI index and the risk of OSA. We used a large sample of 
the US population from the NHANES database and conducted cross-
sectional analyses. Firstly, confounders were thoroughly adjusted to 
enhance the reliability of the findings. Secondly, the large sample size 
facilitated stratified analyses, thereby strengthening the study’s reliability. 
The results of the study indicated indicated a positive correlation between 
the TyG-BMI index and risk of OSA, suggesting an association between 
metabolic health and OSA. However, there were several limitations in 
our study. Firstly, cross-sectional studies could not capture dynamic 
changes in the index to establish causality. Moreover, the diagnosis of 
OSA was typically relied on polysomnography (PSG), which required 
specialized instruments for implementation and analysis by professionals. 
In contrast, questionnaires could be employed in diverse settings to 
initially screen individuals for OSA. Nevertheless, they may introduce 
recall bias and inaccuracies compared to objective sleep activity 
recordings (77). For example, some patients with moderate to severe 
OSA did not exhibit noticeable symptoms and may have been overlooked 
or excluded from the study, potentially leading to an underestimation of 
the high prevalence of OSA (78). Additionally, despite collecting fasting 
blood samples, individuals with comorbidities or other underlying 
conditions may have been taking medications that could impact 
TyG-BMI index (66). Another potentially more likely reason was that the 
number of participants included with hypertension, especially those with 
diabetes and cardiovascular disease, was too small to achieve statistical 
significance. However, we did not analyze the impact of medication on 
the association between TyG-BMI index and the risk of OSA, which 

TABLE 4 Stratified analysis of the association between TyG-BMI and the 
risk of OSA.

Subgroup OR(95%CI) P for interaction

Gender 0.2749

 Male 1.47 (1.29, 1.68) <0.0001

 Female 1.63 (1.41, 1.88) <0.0001

Race 0.9466

 Mexican American 1.61 (1.23, 2.12) 0.0006

 Other Hispanic 1.43 (1.04, 1.97) 0.0267

 Non-Hispanic White 1.52 (1.29, 1.78) <0.0001

 Non-Hispanic Black 1.65 (1.32, 2.07) <0.0001

 Other Race 1.59 (1.22, 2.06) 0.0005

Age 0.0027

 >60 0.89 (0.71, 1.11) 0.2879

 <=60 1.31 (1.14, 1.50) <0.0001

Smoking status 0.3833

 No 1.48 (1.29, 1.69) <0.0001

 Yes 1.60 (1.40, 1.84) <0.0001

Alcohol use 0.9273

 No 1.53 (1.24, 1.87) <0.0001

 Yes 1.54 (1.38, 1.72) <0.0001

Diabetes 0.0145

 No 1.63 (1.46, 1.83) <0.0001

 Yes 1.19 (0.95, 1.49) 0.1262

Hypertension 0.0015

 No 1.73 (1.53, 1.97) <0.0001

 Yes 1.24 (1.05, 1.46) 0.0128

CVD 0.0079

 No 1.61 (1.44, 1.80) <0.0001

 Yes 1.05 (0.78, 1.41) 0.7346

TyG-BMI, triglyceride glucose-body mass index; CVD, cardiovascular disease; OSA, 
obstructive sleep apnea. Adjusted for age, gender, race, education level, PIR, smoking status, 
alcohol use, hypertension, diabetes.
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could potentially affect the reliability of the results. Finally, our 
supplementary results indicated that the TyG-BMI index might have 
been less effective than BMI in predicting the risk of OSA, but more 
effective than the TyG index. We hypothesized that this could be due to 
the association of both TyG and BMI indices with obesity and metabolic 
health (79–81). There may have been overlap in their information, which 
could have potentially limited the enhancement of predictive power 
when used together. Additionally, various factors were associated with 
the occurrence of OSA, such as neck circumference, waist-to-hip ratio, 
family history, and others (73, 82). These factors could potentially 
influence the TyG-BMI index. Therefore, further studies are necessary to 
confirm the precise relationship between the TyG-BMI index and the 
risk of OSA, as well as to comprehensively compare relevant indicators 
and explore their potential application in clinical practice to enhance the 
prevention and treatment of metabolic health issues linked to OSA.

5 Conclusion

In conclusion, by using the data from NHANES surveys, this study 
revealed a positive association between TyG-BMI index and risk for 
OSA, particularly in the subgroup of subjects younger than 60 years. 
The association seems to have a higher slope below the inflection point 
of the TyG-BMI value of 12.09, and then becomes more dispersed. 
Because the cross-sectional study could not prove causality, to explore 
the mechanisms underlying the positive association between the 
TyG-BMI index and OSA, further studies are needed.
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