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Introduction: Sleep disorders are commonly encountered in modern populations. This cross-sectional study aimed to investigate the associations between triglyceride glucose (TyG) index and poor sleep patterns in non-diabetic adults.

Methods: Data of non-diabetic adults aged 20–70 years were extracted from the US National Health and Nutrition Examination Survey database 2005–2016. Pregnant women, individuals with diabetes and cancer history, and individuals lacking complete data on sleep patterns or parameters for calculating TyG index were excluded. Poor sleep pattern was defined as having two or more following conditions: (1) abnormal sleep duration, defined as less than 7 h or longer than 9 h; (2) self-reported trouble sleeping; and (3) physician-confirmed sleep disorders. Associations between poor sleep patterns, TyG index, and an additional index incorporating body mass index (BMI), TyGBMI, and other study variables were determined by univariable and multivariable logistic regression analysis.

Results: Among 9,390 included participants, 1,422 had poor sleep patterns and 7,968 did not. The individuals with poor sleep patterns had a higher mean TyG index, were older, had higher BMI, and had higher proportions of hypertension and history of CVD than those without poor sleep pattern (all p < 0.001). Multivariable analysis showed no significant association between poor sleep pattern and TyG index. However, among the components of poor sleep pattern, TyG index in the highest quartile (Q4) was significantly associated with trouble sleeping [adjusted OR (aOR): 1.46, 95%CI: 1.04–2.03) as compared with the lowest TyG quartile (Q1). In addition, TyG-BMI in Q4 was indepently associated with increased likelihood for poor sleep patterns (aOR: 2.18, 95%CI: 1.61–2.95), trouble sleeping (aOR: 1.76, 95%CI: 1.30–2.39), abnormal sleep duration (aOR: 1.41, 95%CI: 1.12–1.78), and sleep disorders (aOR: 3.11, 95%CI: 2.08–4.64) as compared to Q1.

Discussion: Among US adults without diabetes, elevated TyG index is correlated with self-reported trouble sleeping, independent of BMI. Future studies should build upon this preliminary work and examine these associations longitudinally and through treatment trials.
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1. Introduction

Insulin resistance (IR) is defined clinically as the inability of a known quantity of exogenous or endogenous insulin to increase glucose uptake and utilization in an individual to an extent corresponding to that in the average population (1). A state of insensitivity is found in the peripheral tissues in IR, which is recognized as a significant pathological feature of type 2 diabetes mellitus (T2DM). IR indicates impaired glucose uptake, reduction in glycogenesis synthesis, and decremental suppression of lipid oxidation. Insulin secretion increases in the presence of such conditions to maintain glucose homeostasis, leading further to chronic hyperinsulinemia and subsequent elevated oxidative stress and inflammatory responses (2). IR may also impair lipid and serum uric acid metabolism and is thus associated with metabolic syndrome, for which quick and accurate quantification of IR is essential in clinical practice (3).

The triglyceride-glucose (TyG) index, a product derived from fasting levels of triglycerides and glucose is calculated as follows: ln [triglyceride (mg/dL) ×)iglyceride (mg/dL)) fdL)/2]. Given its relevance to lipids and glucotoxicity, TyG index has recently been suggested as a surrogate marker for metabolic dysregulation and IR (4, 5). Specifically, IR, being a metabolic dysregulation, is linked to dyslipidemia. Lipotoxicity not only induces IR, but also impairs β cell function especially in high-glucose environment (6, 7). Further, TyG index does not need an insulin assay thus is less costly than other estimates for IR such as homeostasis model assessment-estimated insulin resistance (HOMA-IR), thus could have wider applications (8). According to the medical literature, TyG index is closely associated with cardiometabolic conditions in the general population, including diabetes, arterial stiffness, hypertension, cardiovascular disease (CVD), and stroke (9, 10).

The important role of sleep in maintaining health and wellbeing has become increasingly recognized. Insufficient sleep and sleep-related disorders markedly affect individuals’ normal daily function and quality of life (11). Among the US adults aged 20–79 years, 16.3% suffered from sleep issues (12). The diagnosis and treatment of poor sleep and sleep disorders are of common interest to multiple medical disciplines. Recent studies have proposed that irregular sleep duration is a risk factor for CVD, cardiometabolic disease, hypertension, stroke, and arterial stiffness (13–17). On the other hand, a growing body of research shows that inadequate and poor-quality sleep is associated with changes in insulin resistance and β cell function, potentially leading to metabolic dysregulation and subsequent type 2 diabetes (18, 19).

It is essential to detect alterations of individuals’ metabolic status and its potential association with poor sleep pattern to prevent type 2 diabetes. Beyond the conventional IR-related measures, the relationships between sleep-related conditions and the TyG index have yet to be explored. Therefore, this study aimed to evaluate the potential association between individuals’ poor sleep patterns, TyG index, and a closely related index incorporating BMI, TyG-BMI, in non-diabetic adults using a nationally representative database of the US.



2. Materials and methods


2.1. Data source

This cross-sectional study analyzed secondary data extracted from The National Health and Nutrition Examination Survey (NHANES) database. NHANES is a program of the National Center for Health Statistics (NCHS), which is part of the Centers for Disease Control and Prevention (CDC) in the USA.1 The ongoing series of surveys combines interviews and examinations to evaluate the health and nutritional status of adults and children. It uses a complex, multistage design to collect and analyze data representative of the national, non-institutionalized population of the USA. The data are released for research purposes, and permission to use the data is granted to researchers by the NCHS. Participants in NHANES complete a household interview and are invited for an extensive examination in a mobile examination center (MEC), including a physical exam, specialized measurements, and laboratory tests. Consequently, evaluating subjects within the NHANES database is reliable and multidimensional and is equated with a population-level assessment (20).



2.2. Ethical considerations

The NCHS Research Ethics Review Board reviewed and approved the NHANES program, and all survey participants provided signed informed consent. Therefore, no further ethical approval or informed consent was required to perform the analysis of secondary data reported in this manuscript. Please check the NHANES website for NCHS Research Ethics Review Board Approval.2 Additionally, all NHANES data released by the NCHS are de-identified, and the data remain anonymous during data analysis.



2.3. Study population

Participants’ data were extracted from released cycles of the NHANES database 2005–2016. The inclusion criteria were non-diabetic adults aged 20–79 years. Exclusion criteria were: pregnant women, individuals with a history of diabetes or cancer, and individuals lacking complete data on components to define poor sleep patterns or parameters for calculating TyG. Non-diabetic population were focused for two reasons: (1) diabetes patients could be on lipid-lowering medications concurrently, thereby TyG index could be confounded; (2) we would like to capture the link between metabolic change and sleep BEFORE diabetes occurs, such that to assist in the development of timely strategies to stop the deterioration from early mild metabolic dysregulation to diabetes. Participants with a cancer history were excluded, for it is well known that tumor cells grab most of the nutrition and energy which may influence glucose and lipid levels, and there is a known strong relationship between cancers and sleep problems that could mask the association of interest. Participants with diabetes were identified through at least one of the following questions and were excluded from the study cohort: a positive response to the questionnaire “Are you taking insulin?” “Did a doctor tell you that you have diabetes?” “Do you take pills to lower blood sugar?” or an HbA1c ≥ 6.5%, fasting glucose ≥ 126 mg/dl, or a glucose level ≥200 mg/dl in oral glucose tolerance test (OGTT) as recorded in the NHANES-derived laboratory data (21).



2.4. Study variables


2.4.1. Assessment of sleep factors and definition of poor sleep pattern

Participants’ nighttime sleep hours were obtained by responding to “How much sleep do you usually get at night on weekdays or workdays?”. The sleep duration was categorized as abnormal (<7 h or >9 h per night) and average (7–9 h per night). We defined short sleep as sleep duration <7 h according to the consensus recommendation by the American Academy of Sleep Medicine and the Sleep Research Society for the amount of sleep needed to (22). The response to “Have you ever told a doctor or other health professional that you have trouble sleeping?” was used to assess self-reported trouble sleeping. The answer to “Have you ever been told by a doctor or other health professional that you have a sleep disorder?” was used to assess the presence of sleep disorder or not., we defined “poor sleep patterns,” a composite sleep measure used in a previous NHANES study, as the presence of two or more abnormal sleep factors, including variations in sleep duration (<7 h or >9 h), trouble sleeping, and physician-confirmed sleep disorders (23).



2.4.2. Measurement of TyG and tyG-bMI

Blood specimen collection was conducted in the morning after at least nine hours of overnight fasting. The hexokinase method was used to measure fasting blood glucose. The measurement of serum triglycerides (TG) was performed using enzymatic assays. TyG index was calculated using the following formula: TyG = Ln[fasting triglycerides (mg/dl) × fasting glucose (mg/dl)/2] (24).

Since a recent study documented that TyG-BMI was superior to TyG for IR prediction (25), we also included TyG-BMI, calculated as follows, for additional analyses. TyG-BMI = Ln [fasting triglycerides (mg/dl) × fasting glucose (mg/dl)/2] × BMI. The TyG and TyG-BMI were also divided into quartiles for the analysis of the association with poor sleep patten. Of note, there is currently no consensus on ‘normal value’ of TyG or TyG-BMI. Nevertheless, in a previous NHANES study, among the US general population over 40 years of age, TyG ranged from 6.79 to 12.55 with a mean of 8.8 (26).




2.5. Covariates

Demographic data, including age, gender, race, and income-to-poverty ratio, were obtained through in-person interviews conducted by trained interviewers using the Family and Sample Person Demographics questionnaires and the Computer-Assisted Personal Interviewing (CAPI) system (Confirmit Corp. New York, USA). Collected data were weighted according to the NHANES protocol.

The body mass index (BMI) value was obtained from NHANES examination measurements, calculated as body weight (kg) divided by height (m2). Body weight was measured using an electronic load cell scale, and standing height was measured using a fixed stadiometer.

Hypertension was defined as responding “yes” to the questions: “Were you told on two or more different visits that you had hypertension, also called high blood pressure?” or “Because of your (high blood pressure/hypertension), have you ever been told to take prescribed medicine?”, or with an average of three consecutive measures on systolic blood pressure ≥140 mmHg, or with an average of three successive measurements on diastolic blood pressure ≥90 mmHg.

Cardiovascular disease (CVD), including coronary heart disease, angina, congestive heart failure, myocardial infarction, and stroke, were defined by the question: “Has a doctor or other health professional ever told you that you have (disease)”.

Glomerular filtration rate (GFR) was estimated from re-calibrated serum creatinine using the 4-variable Modification of Diet in Renal Disease (MDRD) Study equation. Here we used the IDMS-traceable MDRD Study equation that uses standardized creatinine: GFR = 175 × (standardized serum creatinine) − 1.154 × (age) − 0.203 × 0.742 (for female participants) × 1.212 (for black participants). Estimated GFR is reported in ml/min/1.73 m2. Chronic kidney disease (CKD) was defined by an eGFR <60 ml/min/1.73 m2.

Smoking status of participants was classified as non-smoker, former smoker, or current smoker, defined as follows: lifetime smoking of fewer than 100 cigarettes was a non-smoker; lifetime smoking >100 cigarettes but not currently a smoker was a former smoker; lifetime smoking >100 cigarettes and responding “yes” to the question: “Do you smoke now?” was a current smoker.

Alcohol consumption was classified according to responses to the survey questions defining alcohol consumption. Excessive alcohol consumption was defined by responses of ≥4 times/week to the question: “In the past 12 months, how often did you drink any alcoholic beverage?”.



2.6. Statistical analysis

In consideration of the complex sampling design for NHANES data, all analyses were performed using SAS survey analysis statements to generate nationally representative estimates (SAS Institute Inc., Cary, NC, USA). Weighted samples (WTSAF2YR), stratum (SDMVSTRA), and cluster (SDMVPSU) were used to represent the nationwide analyses. Continuous variables are presented in weighted mean values and standard error; categorical variables are presented in unweighted numbers and weighted proportions. Since the analysis combined data from six survey cycles (2005–2016), sample weights across the survey cycles were constructed according to analytic guidelines published by the National Center for Health Statistics. Differences in means between the subject groups with or without poor sleep patterns were compared using the SURVEYREG statement for continuous variables. The Rao-Scott chi-square test was also performed to determine differences in the proportions between the groups using the SURVEYFREQ statement for categorical variables. Logistic regression was performed using the SURVEYLOGISTIC statement to assess the associations between poor sleep patterns and TyG index or TyG-BMI. TyG and TyG-BMI were used both as continuous variables and as categorical variables in separate models. Significant covariates from the univariable analysis were adjusted for in the multivariable models. A two-sided p-value of <0.05 was regarded as statistically significant.




3. Results


3.1. Study selection

A total of 70,247 subjects were identified in the 2005–2006, 2007–2008, 2009–2010, 2011–2012, 2013–2014, and 2015–2016 cycles of NHANES. Of these, 36,268 participants aged 20–79 years were included, but only 46.5% (n = 16,852) participants were subsampled to fast before attending a NHANES morning MEC exam session. After excluding missing value on TyG index and sleep pattern, remained 13,544 participants having complete data. Further excluding pregnant women, participants with diabetes, or cancer history, 10,072 participants were included in the study cohort. The participant data without fasting subsample weights were further excluded. Finally, 9,390 participants, presenting 169,911,886 people of the US population, consisting of 1,422 individuals with poor sleep patterns, and 7,968 participants without poor sleep patterns were included in the analysis. The flow chart of study inclusion and exclusion is presented in Figure 1.
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FIGURE 1
Flow diagram of study population selection.




3.2. Characteristics of the non-diabetic adults

The mean age of the study cohort was 41.8 years. Most participants were non-Hispanic White (69.7%), income-to-poverty ratio >1 (87.3%), and were never smokers (55.2%). The mean TyG index was 8.5. Compared with participants with poor sleep patterns, participants without poor sleep patterns had a significantly lower mean TyG index, younger age, and lower BMI. Regarding comorbidities, 23.4% of the study cohort had hypertension (Table 1). The group with poor sleep patterns had a significantly higher proportion of hypertension and CVD history than those without poor sleep patterns.


TABLE 1    Characteristics of study population.
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3.3. Associations between TyG index and poor sleep patterns

In the univariable analysis, an increase in the TyG index significantly correlated with increased odds of the presence of poor sleep patterns, trouble sleeping, and sleep disorders (Table 2). The odds of poor sleep pattern, trouble sleeping, and sleep disorder increased with higher TyG quartiles. After adjusting for confounders in the multivariable analysis, the highest quartile (Q4) of the TyG index was significantly associated with increased odds of trouble sleeping as compared with the lowest quartile (Q1) (aOR: 1.46, 95%CI:1. 04–2.03), whereas no significant associations were observed between poor sleep, abnormal sleep duration, sleep disorder and TyG.


TABLE 2    Associations between TyG index, poor sleep patterns and its components.
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3.4. Associations between TyG-BMI and poor sleep patterns

In the univariable and multivariable analyses, per unit-increase of TyG-BMI significantly correlated with increased odds of the presence of poor sleep patterns and components thereof, including abnormal sleep duration, trouble sleeping, and sleep disorders. In addition, individuals with the highest quartile (Q4) of TyG-BMI were significantly more likely to have all the bad sleep measures, namely, poor sleep patterns (aOR: 2.18, 95%CI: 1.61–2.95), abnormal sleep duration (aOR: 1.41, 95%CI: 1.12–1.78), trouble sleeping (aOR: 1.76, 95%CI: 1.30–2.39), and sleep disorders (aOR: 3.11, 95%CI: 2.08–4.64) as compared to those with the lowest (Q1) TyG-BMI (Table 3).


TABLE 3    Associations between TyG-BMI, poor sleep patterns and its components.
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3.5. Associations between BMI component and poor sleep patterns

The association between poor sleep patterns and its components with BMI were further checked. The results showed that BMI was significantly positively associated with increased odds of all the components of poor sleep patterns (aOR: 1.02–1.07, per 1 kg/m2 increase of BMI) (Table 4).


TABLE 4    Associations between BMI, poor sleep patterns and its components.
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3.6. Associations between TyG, TyG-BMI, short and long sleep duration

We have performed an additional analysis to examine whether the TyG indices are associated with short sleep duration (<7 h) when the individuals with long sleep duration (>9 h) are excluded, and vice versa. After adjusting for relevant confounders, TyG-BMI in Q3 (aOR: 1.34, 95%CI: 1.12–1.60) and Q4 (aOR: 1.46, 95%CI: 1.15–1.85) were significantly associated with increased odds of short sleep duration but not long sleep duration (Table 5).


TABLE 5    Associations between TyG, TyG-BMI, short sleep and long sleep duration.
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4. Discussion

This study investigated the potential associations between poor sleep patterns and the novel surrogate indicator of metabolic dysregulation and IR, TyG and related index TyG-BMI, in a non-diabetic adult population in the US. The results indicated that individuals with a high TyG index are 1.46-fold more likely to suffer from trouble sleeping than those with a low TyG index independent of BMI. However, significant associations were not found between TyG index and the other components of poor sleep patterns, i.e., abnormal sleep duration and physician-diagnosed sleep disorders. On the other hand, individuals with high TyG-BMI are 2.18-fold more likely to have poor sleep patterns; specifically, 1.76-fold more likely to have trouble sleeping, 1.41-fold more likely to have abnormal sleep duration, and 3.11-fold more likely to have sleep disorders. For abnormal sleep duration, in particular, higher TyG-BMI levels correlate with short sleep duration <7 h but not long sleep duration >9 h. However, since higher BMI alone was significantly correlated with the components of poor sleep patterns, the correlations found between TyG-BMI, short sleep duration and sleep disorder are likely explained by the connection between poor sleep and BMI per se.

A prior systematic review documented that inflammatory markers such as C-reactive protein (CRP) and serum amyloid A (SAA) might be the significant mediators in the causal relationship between sleep loss and glucose intolerance. Other metabolic features such as Glucagon-like peptide-1 (GLP-1) and Non esterified fatty acids (NEFA) metabolism may also be critical (27). Findings of the review suggest that adequate sleep is necessary for maintaining proper metabolic health to prevent long-term complications such as type 2 diabetes and metabolic syndrome.

A study by Krittanawong et al. reported that average sleep duration in the US were 6.9 ± 1.4 h in all ages. And among those aged 20–79, 16.3% suffered from sleep issues (12). In the present study, 15.1% subjects had a poor sleep pattern, which is similar with the previous report.

With regard to TyG values, mean TyG of the non-diabetic cohort in the present study was 8.5. A previous NHANES study has reported that TyG ranged from 6.79 to 12.55 with a mean of 8.8 among US population over 40 years old (26). Another study using NHANES data has documented that, in US adolescents, TyG index ranged between 7.35 in Non-Hispanic Black males and 8.95 in Mexican American males (28).

Triglyceride glucose is a feasible and relatively cheap marker for IR. We found that high TyG index was significantly associated with increased prevalent self-report trouble sleeping as compared to the lowest TyG quartile independent of BMI. Studies that directly evaluated the relationship between poor sleep or self-report trouble sleeping and TyG index are lacking in the literature. However, a few studies had reported an association between TyG and one of the sleep disorders, obstructive sleep apnea (OSA) (29, 30). Bikov et al. hypothesized that OSA would elevate TyG values in non-obese patients without diabetes. Therefore, they evaluated TyG in such population and eventually correlated TyG index with markers of disease severity of OSA. It was concluded that among non-diabetic, non-obese patients with OSA, regardless of age, gender, and BMI, had higher TyG values (29). Another study demonstrated that increased TyG index was independently associated with increased OSA risk (OR: 3.348; 95% CI: 1.081–10.372) (30). However, we cannot conclude OSA was the major contributor to the correlation found between self-report trouble sleeping and TyG index based on the present results, since an OSA may not necessarily present as a self-aware “trouble sleeping.”

No statistically significant association was found between short or long sleep duration and TyG. A previous study evaluated whether there is a correlation between media time and sleep duration among children and adolescents with obesity (31). As a result, short sleep duration was associated with insulin resistance and high plasma lipoprotein, suggesting insufficient sleep and excessive media exposure may contribute to greater metabolic risk in obese children.

In this study, another related index, the TyG-BMI, was assessed in addition to TyG. The results showed that TyG-BMI correlated with not only trouble sleeping, but also short sleep duration and sleep disorders. A previous Korean study compared TyG-BMI to other TyG-related indices including TyG, TyG-waist circumference (TyG-WC), and TyG-waist-to-height ratio (TyG-WHtR), and concluded that TyG-BMI was superior to other indices in predicting IR [the areas under the receiver operating characteristic curve (ROC) curve = 0.748]. However, the authors also mentioned that the superiority of such indices is not conclusive, and further comparisons between these TyG related markers are required (25). Besides, high BMI, sleep disorders, as well as sleep quality and quantity are largely interwined, as widely documented in the literature (32, 33). In this study, we have further checked the correlations between poor sleep patterns and BMI alone, and the results showed that increased BMI is significantly associated with all the components of poor sleep patterns. In addition, the odds of elevated TyG-BMI seemed no greater than that of elevated BMI on poor sleep patterns. As such, it is reasonable for us to postulate that the connection observed between poor sleep patterns and TyG-BMI are probably best explained by the association between poor sleep and BMI per se.

Several other reports investigated associations between serum lipids level (e.g., cholesterols, lipoproteins, triglycerides) and shorter sleep duration. Examination of the relationship between sleep quality, sleep duration, glycemic control, and blood lipid composition among patients with diabetes in an Iranian population showed that patients with sleep disorders had significantly higher fasting blood glucose, total cholesterol, and triglycerides than those without (34), revealing that sleep conditions also interferes the blood lipid profiles. In specific, that study reported greater sleep disturbance is positively correlated with higher total cholesterol (β = 0.1) and triglycerides (β = 0.02). Other studies reported that shorter and longer sleep durations were associated with abnormal serum lipid profiles in men and women. Specifically, short sleep duration was associated with low HDL cholesterol/high triglyceride (35, 36).

As one of the major strengths of the present analysis, data from NHANES, drawing from a large and diverse sample of participants from the population of the US, are comprehensive and nationally representative, therefore, the findings are likely generalizable to the overall US population. The present study has several limitations. Firstly, it is of cross-sectional design, causal inference regarding the independent association found between TyG index and self-reported trouble sleeping could not be inferred under the cross-sectional design of the analysis. Secondly, certain foods and drinks might affect sleep quality (37), whereas such data were not included. Thirdly, other potential risk factors not recorded by NHANES might exist, hindering the reliability of the present analysis. Lastly, we used interviews and questionnaires to assess poor sleep patterns and their components instead of objective tests such as sleep studies and actigraphy. Thus, inaccurate reporting or recall bias may confound the study results. The questionnaire we used to identify a subject with sleep disorders is unspecific, which could include a spectrum of varied sleep disorders with different implications on metabolic health.



5. Conclusion

As a novel surrogate for IR, high TyG index is significantly associated with self-reported trouble sleeping in non-diabetic US adults, independent of BMI. The findings draw attention to the potential for metabolic changes in trouble sleepers, advising clinicians and healthcare providers to take appropriate, prompt actions in the prevention of diabetes in light of sleep conditions. Future studies should build upon this preliminary work and examine these associations longitudinally and through treatment trials.
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TyG index

Continuous Categorical: ref: Q1 (<8.16)
Per 1 unit Q2 (=8.16, <8.58) Q3(=8.58, <9.03) Q4 (=9.03)

Univariate, OR (95%Cl)

Poor sleep patterns 1.38 (1.17-1.62) 1.35 (1.03-1.77) 1.37 (1.10-1.70) 1.93 (1.37-2.74)
Abnormal sleep duration 1.12 (0.998-1.26) 20 (0.95-1.51) 1.28 (1.08-1.52) 1.15 (0.94-1.40)
Trouble sleeping 1.35 (1.15-1.58) 21 (0.98-1.48) 1.47 (1.15-1.87) 1.81 (1.35-2.44)
Sleep disorders 1.30 (1.03-1.64) 26 (0.91-1.75) 1.34 (0.93-1.95) 1.81 (1.18-2.78)

Multivariable, aOR (95%Cl)

Poor sleep patterns® 1.07 (0.84-1.35) .08 (0.79-1.47) 0.96 (0.71-1.31) 1.23 (0.79-1.93)
Abnormal sleep duration® 1.01 (0.87-1.18) .14 (0.90-1.44) 1.18 (0.97-1.45) 0.94 (0.71-1.23)
Trouble sleeping® 1.18 (0.98-1.43) .08 (0.88-1.32) 1.28 (0.99-1.65) 1.46 (1.04-2.03)
Sleep disordersd 0.88 (0.68-1.14) 0.95 (0.69-1.31) 0.82 (0.53-1.25) 0.93 (0.60-1.46)

2 Adjusted for age, race, BMI, poverty income ratio, smoking status, hypertension, and CVD history.

bAdjusted for age, sex, race, BMI, poverty income ratio, smoking status, excessive alcohol con-sumption, hypertension, and CVD history.
€Adjusted for age, sex, race, BMI, smoking status, hypertension, CVD, and CKD history.

d Adjusted for age, BMI, poverty income ratio, smoking status, excessive alcohol consumption, hypertension, and CVD history.

BMI, body mass index; CVD, cardiovascular disease; CKD, chronic kidney disease; TyG, triglyceride-glucose index.

Significant results (p < 0.05) were shown in bold.
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Study variables

Overall
N = 169,911,886
n =9,390

Poor sleep patterns

TyG index 8.5+0.01 8.6 £0.03 8.5+0.01 <0.001

Q1 (<8.16) 2,708 (29.3) 332 (22.6) 2,376 (30.4) <0.001

Q2 (>8.16, <8.58) 2,620 (27.6) 379 (27.8) 2,241 (27.6)

Q3 (>8.58, <9.03) 2,416 (25.3) 388 (25.6) 2,028 (25.3)

Q4 (29.03) 1,646 (17.8) 323 (24.0) 1,323 (16.7)

Age, years 41.84+0.3 447 £ 0.6 414404 <0.001

20-29 2,208 (25.4) 220 (18.1) 1,988 (26.6) <0.001

30-39 2,021 (21.7) 247 (18.7) 1,774 (22.2)

40-49 1,950 (22.4) 333 (25.6) 1,617 (21.9)

50-59 1,490 (17.5) 314 (22.4) 1,176 (16.7)

60-69 1,105 (8.8) 189 (9.6) 916 (8.6)

70-79 616 (4.3) 119 (5.6) 497 (4.1)

Gender

Male 4,702 (50.5) 649 (48.3) 4,053 (50.9) 0.428

Female 4,688 (49.5) 773 (51.7) 3,915 (49.1)

Race

Non-Hispanic White 4,275 (69.7) 726 (72.7) 3,549 (69.3) <0.001

Non-Hispanic Black 1,907 (10.9) 341 (13.7) 1,566 (10.5)

Hispanic 846 (5.1) 123 (4.1) 723 (5.3)

Others 2,362 (14.2) 232 (9.6) 2,130 (15.0)

BMI (kg/m?) 28.0£0.1 30.0£04 27.2£0.1 <0.001

Underweight (<18.5) 179 (1.9) 18 (1.2) 161 (2.1) <0.001

Normal (18.5-24.9) 2,967 (33.7) 330 (25.4) 2,637 (35.1)

Overweight (25-29.9) 3,145 (33.4) 434 (30.7) 2,711 (33.9)

Obesity (>30) 3,030 (31.0) 621 (42.7) 2,409 (29.0)

Missing 69 19 50

Income-to-poverty ratio

>1 7,059 (87.3) 1,010 (83.2) 6,049 (88.0) <0.001

<1 1,730 (12.7) 334 (16.8) 1,396 (12.0)

Missing 601 78 523

Smoking status

Never 5,308 (55.2) 664 (45.3) 4,644 (56.9) <0.001

Former 1,958 (22.0) 287 (20.9) 1,671 (22.2)

Current 2,119 (22.7) 471 (33.9) 1,648 (20.9)

Missing 5 0 5

Excessive alcohol consumption 678 (8.9) 77 (7.6) 601 (9.1) 0.484
Hypertension 2,484 (23.4) 599 (35.9) 1,885 (21.2) <0.001
CVD history 476 (4.4) 176 (10.6) 300 (3.3) <0.001
CKD 415 (4.1) 85 (5.6) 330 (3.9) 0.078

BMI, body mass index; CVD, cardiovascular disease; CKD, chronic kidney disease; TyG index, triglyceride-glucose index. Significant results (p < 0.05) were shown in bold.
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Univariate model, OR (95%Cl)

Poor sleep patterns 1.05 (1.03-1.07)
Abnormal sleep duration 1.03 (1.02-1.04)
Trouble sleeping 1.03 (1.01-1.05)
Sleep disorders 1.07 (1.06-1.09)

Multivariate model, aOR (95%Cl)

Poor sleep patterns® 1.04 (1.03-1.06)
Abnormal sleep duration b 1.02 (1.01-1.03)
Trouble sleeping® 1.03 (1.01-1.04)
Sleep disordersd 1.07 (1.05-1.09)

? Adjusted for age, race, poverty income ratio, smoking status, hypertension, and CVD history.

bAdjusted for age, sex, race, poverty income ratio, smoking status, excessive alcoho
consumption, hypertension, and CVD history.

¢ Adjusted for age, sex, race, smoking status, hypertension, CVD, and CKD history.
dAdjusted for age, poverty income ratio, smoking status, excessive alcohol consumption,
hypertension, and CVD history.

BMI, body mass index; CVD, cardiovascular disease; CKD, chronic kidney disease; TyG,
triglyceride-glucose index.

Significant results (p < 0.05) were shown in bold.
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Continuous Categorical: ref: Q1 (<202.84)

Per 1 unit Q2 (>202.84, Q3 (>242.13, Q4 (>=287.82)
<242.13) <287.82)

Univariate, OR (95%Cl)

Poor sleep patterns 1.005 (1.004-1.007) 1.34 (1.02-1.77) 1.62 (1.21-2.17) 2.57 (1.95-3.39)
Abnormal sleep duration 1.002 (1.002-1.003) 1.20 (0.96-1.48) 1.32 (1.12-1.56) 1.52 (1.24-1.87)
Trouble sleeping 1.004 (1.002-1.005) 1.26 (0.99-1.61) 1.29 (0.998-1.67) 1.97 (1.43-2.72)
Sleep disorders 1.008 (1.006-1.009) 1.51 (1.04-2.20) 2.17 (1.64-2.88) 3.90 (2.67-5.70)

Multivariable, aOR (95%Cl)

Poor sleep patterns® 1.005 (1.003-1.006) 1.24 (0.91-1.68) 1.38 (1.02-1.86) 2.18 (1.61-2.95)
Abnormal sleep duration® 1.002 (0.001-1.003) 1.21 (0.97-1.51) 1.28 (1.07-1.54) 1.41 (1.12-1.78)
Trouble sleeping® 1.003 (1.001-1.005) 1.23 (0.96-1.57) 1.24 (0.98-1.57) 1.76 (1.30-2.39)
Sleep disorders? 1.007 (1.005-1.008) 1.34(0.92-1.93) 1.77 (1.36-2.29) 3.11 (2.08-4.64)

? Adjusted for age, race, poverty income ratio, smoking status, hypertension, and CVD history.

b Adjusted for age, sex, race, poverty income ratio, smoking status, excessive alcohol consumption, hypertension, and CVD history.
¢ Adjusted for age, sex, race, smoking status, hypertension, CVD, and CKD history.

d Adjusted for age, poverty income ratio, smoking status, excessive alcohol consumption, hypertension, and CVD history.

BMI, body mass index; CVD, cardiovascular disease; CKD, chronic kidney disease; TyG, triglyceride-glucose index.

Significant results (p < 0.05) were shown in bold.
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TyG index? TyG-BMIP

Categorical: ref: Q1 (<8.16) Categorical: ref: Q1 (<202.84)
Q2 (>8.16, Q3(=8.58, Q4 (=9.03) Q2 (=202.84, Q3 (>242.13, | Q4(>287.82)
<8.58) <9.03) <242.13) <287.82)
aOR (95%Cl)
Short sleep <7 h (vs. 7-9 h) 1.13 (0.88-1.44) 1.18 (0.96-1.44) 0.95 (0.71-1.26) 1.23 (0.99-1.53) 1.34 (1.12-1.60) 1.46 (1.15-1.85)
Long sleep >9 h (vs. 7-9 h) 1.27 (0.45-3.60) 1.24 (0.50-3.12) 0.62 (0.29-1.34) 0.86 (0.32-2.34) 052 (0.21-1.27) 0.81 (0.44-1.50)

? Adjusted for age, race, BMI, poverty income ratio, smoking status, hypertension, and CVD history.

b Adjusted for age, race, poverty income ratio, smoking status, hypertension, and CVD history.

BMI, body mass index; CVD, cardiovascular disease; CKD, chronic kidney disease; TyG, triglyceride-glucose index.
Significant results (p < 0.05) were shown in bold.
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