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Purpose: This study aimed to investigate the association between triglyceride glucose index-waist circumference (TyG-WC) and the
risk of first myocardial infarction (MI) in Chinese hypertensive patients with obstructive sleep apnoea (OSA).
Methods: This study was an observational cohort study. A total of 2224 Chinese hypertensive patients with OSAwithout a history of
MI were included in this study. Hazard ratio (HR) and 95% confidence interval (CI) were estimated using multivariable Cox
proportion hazard models. A generalized additive model was used to identify nonlinear relationships. Additionally, we performed
hierarchical analysis and test for interaction.
Results: During a median follow-up of 7.15 years, 85 incidents of MI developed. Overall, there was a positive association between
TyG-WC and the risk of first MI. In the multivariable-adjusted model, the risk of MI increased with quartiles of the TyG-WC, the HR
in quartile 4 versus quartile 1 was 4.29. A generalized additive model and a smooth curve fitting showed that there existed a similar
J-shaped association between TyG-WC and the risk of first MI, with an inflection point at about 785.
Conclusion: Elevated levels of the baseline TyG-WC are associated with an increased risk of first MI. This finding indicates that the
TyG-WC might be useful to identify the high risk of first MI in Chinese hypertensive patients with OSA.
Keywords: triglyceride glucose index-waist circumference, myocardial infarction, hypertension, obstructive sleep apnoea, cohort
study

Introduction
Myocardial infarction (MI) remains a major cause of morbidity and mortality, resulting in a significant social and
economic burden.1 In the United States alone, more than 1,000,000 people suffer from MI each year.2 The Global
Registry of Acute Coronary Events (GRACE) study showed that patients with MI have a mortality rate of approximately
15% after 1 year and a cumulative mortality rate of up to 20% after 5 years.3 Therefore, a better understanding of the risk
factors for MI is needed to develop additional preventive strategies.
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The triglyceride glucose index (TyG) was first proposed and validated by Simental-Mendía et al in 2008.4 This index
is a composite of fasting glucose (FPG) and triglycerides (TG) and is a reliable alternative to insulin resistance (IR).4 The
TyG index has shown better performance in assessing IR, in some cases even better than the steady-state model
assessment of IR (HOMA-IR).5–8 IR, a decrease in insulin sensitivity in peripheral tissues characterized by defective
glucose uptake and oxidation, plays a key role in the pathogenesis of the cardiovascular disease (CVD).9,10 Molecular
mechanisms include the role of IR in vascular function, macrophage accumulation, and atherosclerosis progression.9–11

Several studies have found a positive association between TyG index and cardiovascular risk, including carotid
atherosclerosis, obstructive sleep apnea (OSA), hypertension, coronary artery calcification, and CVD.12–19 Levels of
TyG also tend to vary by population, meaning that TyG cut-off values in the general population for CVD risk may be
different in specific populations. Waist circumference (WC) is a simple, inexpensive, non-invasive anthropometric
parameter that directly reflects abdominal obesity.20–22 Most importantly, some studies have found that TyG-related
markers that incorporate obesity indices, such as TyG-WC, are more effective as surrogate markers to reflect the degree
of IR than TyG.23,24

OSA affects approximately 20–30% of the general population and is considered a significant public health problem.25

Most patients with OSA often have a combination of abdominal obesity, hyperglycemia, and dyslipidemia.26–31 The
coexistence of a cluster of risk factors and OSA has a complex and far more serious impact on the cardiovascular than
either of these conditions on their own.32–35 Observational studies have found that the prevalence of OSA exceeds 30%
in patients with hypertension and approaches 80% in patients with refractory hypertension.36 Numerous studies have
confirmed that both hypertension and OSA are independent risk factors for MI and cardiovascular mortality.36,37

Therefore, early risk stratification for patients with hypertension combined with OSA is important for the prevention
and management of MI.

To the best of our knowledge, the relationship between TyG-WC levels and clinical outcomes in Chinese hypertensive
patients with OSA has not been fully evaluated. Therefore, the purpose of our study was to examine the association of the
TyG-WC, an easily assessed on a routine clinical basis IR risk marker, with the presence of the first MI in Chinese
hypertensive patients with OSA.

Materials and Methods
Study Design and Subjects
Data were obtained from the Urumqi Research on Sleep Apnea and Hypertension (UROSAH) study, an observational
cohort study conducted in Urumqi, China. Details of the study design have been previously described.38 Briefly, a total of
3605 hypertensive patients aged >18 years with suspected OSA agreed to participate and completed the first survey from
January 2011 to December 2013. A total of 276 cases were lost to follow-up, and the rate of loss to follow-up was 7.66%.
In the current study, we used the TyG-WC index at baseline to predict the risk of subsequent MI. We excluded non-OSA
participants, participants with prior MI, and those with missing data on WC, TG, and FPG levels at baseline. Therefore,
2224 participants were included in this analysis. The patient recruitment flow chart is shown in Figure 1.

Baseline Examination
All participants completed a baseline examination between 2011 and 2013. Data on demographic characteristics,
lifestyle, personal disease records, history of routine continuous positive airway pressure (CPAP) treatment, and
medication history were gathered from medical records for all participants.

Anthropometric measurements were taken by trained nurses. Data for height, weight, and WC were acquired
following a protocol standardized to an accuracy of 0.1 kg and 0.1 cm, respectively. During the measurements,
participants were asked to wear light clothing, no hats, and no shoes. At the end of normal expiration, WC was measured
from the midpoint between the lower ribs and the upper edge of the iliac crest to the nearest 0.1 cm. BMI was calculated
as weight divided by the square of height (kg/m2). Smoking and drinking habits were categorized as never, and current.
In this study, patients with mild OSA did not receive CPAP. CPAP compliance was divided into regular and irregular
treatment. CPAP pressure prescriptions were individualized by the sleep physicians of subjects with moderate to severe
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OSA based on clinical care. Regular CPAP treatment was defined as >70% of the average treatment time ≥4 hours/night
throughout the follow-up period, or an average of ≥4 hours per night (CPAP devices were only available for cumulative
hours of use).38–40

Laboratory Assays
Peripheral venous blood was collected after an 8–10 hour fast to measure FPG, total cholesterol (TC), high-density
lipoprotein (HDL-c), low-density lipoprotein (LDL-c), TG, homocysteine (Hcy), creatinine (Cr) levels. Biochemical
testing was measured in the testing center of our hospital using standard techniques. Participants were asked to refrain
from caffeine, alcohol, smoking, and strenuous activities for 12h before blood collection. The estimated glomerular
filtration rate (eGFR) was calculated by using the equation originating from the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation.41

Nocturnal Polysomnography Measurements
The details of the polysomnography (PSG) and scoring criteria used in this study are provided in the Supplementary
Information. Briefly, each patient received an overnight PSG examination. PSG tests were scored at a centralized reading
center (Urumqi, China), using standard scoring criteria from the American Academy of Sleep Medicine.42 The apnea-
hypopnea index (AHI) was calculated as the total number of apneas and hypopneas per hour of sleep. Apnoea was
defined as a 90% decrease in airflow lasting for at least 10 seconds. Hypopneas were defined by ≥30% decrement in the
amplitude of nasal pressure flow signal for at least 10 seconds, associated with a 4% arterial oxygen desaturation (with or
without arousal).42

Definitions
Hypertension was defined as an SBP ≥140 mmHg or DBP ≥90 mmHg or the use of any antihypertensive medication.
Diabetes was defined as fasting glucose ≥7.0 mmol/L, use of any glucose-lowering medication, or self-reported history of
diabetes. OSA was defined as AHI ≥5. In addition, the severity of OSA was defined as mild OSA (5 ≤ AHI <15),
moderate OSA (15 ≤ AHI < 30), and severe OSA (AHI ≥ 30).42 The TyG-WC was calculated as the Ln [(triglyceride
(mg/dl) × glucose (mg/dl)/2] × WC (cm).4

Follow-Up and Assessment of MI
Upon entry into this cohort, recipients were followed up for the first occurrence of MI (fatal and non-fatal). Outcomes
were obtained by outpatient follow-up, telephone interviews, and inpatient medical records. Deaths due to myocardial
infarction were verified by hospital death certificates and in consultation with population management. All clinical events

Figure 1 Participant flow diagram.
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were confirmed by medical documentation and certified by our tertiary care hospital clinical events committee. Follow-
up began with the first visit and ended in January 2021.

Statistical Analyses
Baseline characteristics were expressed as mean ± standard deviation (SD) or median [interquartile range (IQR)] of
continuous variables, Categorical variables are presented as frequency and percentage. Statistical significance of
differences in baseline characteristics was assessed by baseline the TyG-WC quartiles (≤822.63, 822.74 to <898.03,
898.04 to <972.85, and ≥972.94) using the chi-square test, one-way analysis of variance, or Kruskal–Wallis test
accordingly to compare the baseline characteristics of subgroups across TyG-WC quartiles. The Kaplan-Meier method
was performed to evaluate the incidence rate of first MI and differences among the TyG-WC quartiles groups by the Log
rank test.

Before building the Cox regression model, we evaluated the covariance between variables according to the variance
inflation factor (VIF) (Table S2). Variables with VIF > 5 were considered inappropriate for inclusion in the Cox
regression model.43,44 We eliminated two variables with multicollinearity (AHI, and Cr). Three multivariate Cox
proportional hazard regressions were established to estimate the independent association between baseline the TyG-
WC and the risk of first MI, and hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated. Model 1 only
adjusted for the basic demographic data (age, BMI, diabetes, smoking status, drinking status, SBP, and DBP); Model 2
was further adjusted for TC, TG, HDL-c, LDL-c, FPG, Hcy, lipid-lowering drugs, antiplatelet drugs, antidiabetic drugs,
antihypertensive drugs, and regular CPAP treatment. The P values for the trend test were calculated in the regression
models after the median value in each quartile of the TyG-WC was entered into the model as ordinal variables.

A generalized additive model was used to evaluate the nonlinear relationship between baseline TyG-WC levels and
the occurrence of the first MI. Based on the smoothing curve, a two-piecewise linear regression model was further
developed to identify threshold effects, with adjustment for potential confounders. The threshold level of the baseline of
the TyG-WC was determined using a recurrence method that involved selecting an inflection point along with
a predetermined interval and choosing the turning point that produced the maximum likelihood model. A log-
likelihood ratio test was used to compare the two-piecewise linear regression model with the one-linear model.

We also performed stratified analyses to examine the potential modification effects of the following factors: age,
gender, BMI, SBP, DBP, diabetes, smoking status, drinking status, eGFR, Hcy, and AHI. Test for interaction in the Cox
proportional hazards regression models were used to compare HRs between the analyzed subgroups.

Statistical analyses were conducted by using the software R, version 4.0.1 (The R Foundation, Vienna, Austria), and
a two-sided P < 0.05 indicated significance.

Results
Baseline Characteristics
A total of 2224 participants were included in this observational cohort study. The median age was 48 years (IQR, 42–56)
and 1611 (68.55%) were male. Baseline characteristics by quartiles of the TyG-WC are shown in Table 1. Statistically
significant differences were found for most variables in the TyG-WC quartiles, except for SBP, LDL-c, Hcy, and the use
of antihypertensive drugs. Participants with a higher TyG-WC tended to be young, men, more current smokers and
alcohol drinkers, a higher prevalence of diabetes, have higher BMI, DBP, TC, TG, FPG, eGFR, Cr, AHI, and lower
HDL-c compared with participants in quartile 1 group. Participants with a higher TyG-WC had more CVD risk factors
and greater use of antiplatelet, lipid-lowering medications, and regular CPAP treatment.

Association Between the TyG-WC and the Risk of First MI in Chinese Hypertensive
Patients with OSA
Following up about a median of 7.15 years (IQR, 6.27–8.18 years), 85 (3.82%) incident first MI cases were developed.
Kaplan-Meier curves estimate the risk of first MI events by the quartiles of TyG-WC in Figure 2. It could be seen that there
was a significant difference in the risk of first MI among the TyG-WC groups (Log rank test P = 0.003). With the increase of
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Table 1 Baseline Characteristics According to Quartiles of Baseline TyG-WC

Variable TyG-WC P-value

Total Quartile 1 Quartile 2 Quartile 3 Quartile 4
(≤822.63) (≥822.74 to <898.03) (≥898.04 to <972.85) (≥972.94)

Participants, n 2224 554 557 556 557
Age (years) 49.54 ± 10.69 51.17 ± 10.91 49.63 ± 11.34 49.11 ± 10.23 48.25 ± 10.04 <0.01

Gender, n (%) <0.01

Female 701 (31.52%) 260 (46.93%) 181 (32.50%) 138 (24.82%) 122 (21.90%)
Male 1523 (68.48%) 294 (53.07%) 376 (67.50%) 418 (75.18%) 435 (78.10%)

Smoking status, n (%) <0.01

Never 1283 (57.69%) 391 (70.58%) 326 (58.53%) 297 (53.42%) 269 (48.29%)
Former 240 (10.79%) 50 (9.03%) 62 (11.13%) 64 (11.51%) 64 (11.49%)

Current 701 (31.52%) 113 (20.40%) 169 (30.34%) 195 (35.07%) 224 (40.22%)

Drinking status, n (%) <0.01
Never 1484 (66.73%) 437 (78.88%) 374 (67.15%) 339 (60.97%) 334 (59.96%)

Former 149 (6.70%) 25 (4.51%) 37 (6.64%) 40 (7.19%) 47 (8.44%)

Current 591 (26.57%) 92 (16.61%) 146 (26.21%) 177 (31.83%) 176 (31.60%)
Diabetes, n (%) <0.01

No 1829 (82.24%) 515 (92.96%) 486 (87.25%) 451 (81.12%) 377 (67.68%)

Yes 395 (17.76%) 39 (7.04%) 71 (12.75%) 105 (18.88%) 180 (32.32%)
BMI (kg/m2) 28.45 ± 3.82 25.33 ± 2.52 27.49 ± 2.54 29.23 ± 2.71 31.74 ± 4.02 <0.01

SBP (mmHg) 140.81 ± 20.44 140.88 ± 20.52 139.94 ± 20.12 140.54 ± 19.52 141.89 ± 21.56 0.44

DBP (mmHg) 92.14 ± 14.86 91.13 ± 15.51 91.12 ± 14.12 92.85 ± 14.49 93.46 ± 15.16 0.01
TC (mmol/L) 4.50 (3.88–5.10) 4.39 ± 1.48 4.51 ± 1.01 4.58 ± 1.03 4.82 ± 1.23 <0.01

TG (mmol/L) 1.75 (1.23–2.49) 1.31 ± 0.53 1.79 ± 0.84 2.30 ± 1.25 3.28 ± 2.59 <0.01

HDL-c (mmol/L) 1.06 (0.91–1.27) 1.24 ± 0.34 1.12 ± 0.27 1.08 ± 0.26 1.00 ± 0.26 <0.01
LDL-c (mmol/L) 2.59 (2.11–3.11) 2.59 ± 0.80 2.69 ± 0.77 2.66 ± 0.78 2.62 ± 0.85 0.17

FPG (mmol/L) 4.98 (4.55–5.58) 4.79 ± 0.85 5.04 ± 1.02 5.29 ± 1.20 6.06 ± 2.16 <0.01

Hcy (μmol/L) 14.86 (10.12–21.63) 17.24 ± 11.20 17.09 ± 11.15 16.69 ± 10.86 17.62 ± 11.02 0.57
eGFR (mL/min/1.73 m2) 94.39 (82.79–108.26) 92.32 (82.35–106.09) 94.99 (82.85–107.46) 94.02 (82.94–107.52) 95.86 (83.42–111.61) <0.01

Cr (μmol/L) 76.12 (67.00–92.00) 71.00 (62.00–84.00) 75.00 (64.00–85.94) 77.00 (67.00–87.00) 77.00 (66.00–88.00) <0.01

AHI (events/hour) 18.70 (10.40–34.00) 13.65 (8.13–23.43) 17.70 (10.30–31.20) 20.50 (11.10–36.73) 24.40 (13.30–46.50) <0.01
Antihypertensive drugs, n (%) 2086 (93.79%) 511 (92.24%) 519 (93.18%) 530 (95.32%) 526 (94.43%) 0.19

Lipid-lowering drugs, n (%) 1452 (65.29%) 295 (53.25%) 343 (61.58%) 366 (65.83%) 448 (80.43%) <0.01

Antiplatelet drugs, n (%) 1537 (69.11%) 298 (53.79%) 357 (64.09%) 376 (67.63%) 506 (90.84%) <0.01
Antidiabetic drugs, n (%) 298 (13.40%) 28 (5.05%) 56 (10.05%) 71 (12.77%) 143 (25.67%) <0.01

Regular CPAP treatment, n (%) 74 (3.32%) 9 (1.62%) 15 (2.69%) 23 (4.14%) 27 (4.85%) <0.01

Note: Data are n (%), mean ± SD or median (interquartile range).
Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density
lipoprotein cholesterol; FPG, fasting plasma glucose; Hcy, homocysteine; eGFR, estimated glomerular filtration rate; Cr, creatinine; TyG, triglyceride-glucose index; AHI, apnea hypopnea index; MI, myocardial infarction.
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TyG-WC, the cumulative incidence of first MI distinctly rises. The numbers of patients with incident first MI in Chinese
hypertensive patients with OSA and corresponding cumulative incidence in Q1 to Q4 were 10 (1.81%), 16 (2.87%), 26
(4.68%), 33 (5.92%), respectively. A statistically significant effect of TyG-WC was found for the risk of first MI with an
adjusted HR of 1.80 for every 1-SD increase in the TyG-WC (Table 2). After adjustment for the confounding factors, the
fully adjusted HRs (model 2) were 1.77, 3.15, and 4.29 for quartiles 2, 3, and 4, respectively, versus quartile 1 of the TyG-
WC. To exclude the influence of regular CPAP treatment on the association between TyG-WC and incidence of new-onset
MI, a sensitivity analysis was performed after excluding 74 patients on regular CPAP treatment. We found the relationship
between TyG-WC and incidence of new-onset MI was unaffected in patients with hypertension and OSA (Table S3).

Nonlinearity and Threshold Effect Between the TyG-WC and the Risk of First MI in
Chinese Hypertensive Patients with OSA
The adjusted smooth curve showed that the association between the TyG-WC and first MI events was nonlinear
(Figure 3), a similar J-shape relationship was observed between the TyG-WC and first MI events. The recurrence method

Figure 2 Kaplan-Meier survival curves of new-onset MI across TyG-WC quartile groups.

Table 2 Association Between TyG-WC and Incident First MI in Different Models

Exposure HR (95% CI) P-value

Non-Adjusted Model 1 Model 2

TyG-WC (per SD increment) 1.54 (1.37, 1.73) <0.01 1.55 (1.38, 1.75) <0.01 1.80 (1.49, 2.18) <0.01
TyG-WC (Quartile)

Q1 Reference Reference Reference

Q2 1.61 (1.02, 2.56) 0.04 1.59 (1.00, 2.53) 0.05 1.77 (1.08, 2.89) 0.02
Q3 2.67 (1.74, 4.08) <0.01 2.63 (1.71, 4.05) <0.01 3.15 (1.93, 5.16) <0.01

Q4 3.43 (2.27, 5.20) <0.01 3.51 (2.30, 5.35) <0.01 4.29 (2.46, 7.49) <0.01

P for trend <0.01 <0.01 <0.01

Notes: Data: HR (95% CI) P-value, Non-adjusted model adjust for: none, Adjust model 1 adjust for: age, BMI, diabetes, smoking status, drinking status, SBP, and DBP, Adjust
model 2 adjust for: model 1 plus TC, TG, HDL-c, LDL-c, FPG, Hcy, lipid-lowering drugs, antiplatelet drugs, antidiabetic drugs, antihypertensive drugs, and regular CPAP
treatment.
Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-c,
high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; Hcy, homocysteine; TyG, triglyceride-glucose index; CI,
confidence interval; HR, hazard ratio.
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showed a J-shaped association between the baseline TyG-WC and the risk of first MI. We used a two-piecewise linear
regression model to gain the inflection point of TyG-WC was 785 (log-likelihood ratio test P=0.02) (Table 3). The
inflection point > 785, there was a positive association between the TyG-WC and incident of first MI (per SD increase;
HR=2.01, 95% CI: 1.62–2.50, P<0.01). On the contrary, at the inflection point ≤785, the relationship tended to be ignored
(per SD increase; HR=1.25, 95% CI: 0.90–1.74, P=0.18).

Hierarchical Analysis and Test for Interaction
Hierarchical analysis was performed to gain an understanding of how other clinical factors may interact to promote the
association between TyG-WC and first MI incidence. The full variables were presented hierarchically according to bisection
or clinical significance, and interaction tests were also performed (Table 4). And all variables, including gender, age (<60
vs ≥60 years), BMI (<24 vs ≥24, <28 vs ≥28 kg/m2), SBP groups (<140 vs ≥140mmHg), DBP (<90 vs ≥90mmHg), diabetes
(no vs yes), smoking status (never vs former vs current), drinking status (never vs former vs current), eGFR (<90 vs ≥90mL/
min/1.73 m2), Hcy (<15 vs ≥15 μmol/L), as well as AHI (≥5, <15 vs ≥15, <30 vs ≥30 events/hour) levels at baseline, have no
significant interactions of the effect of TyG-WC for the risk of first MI (P for all interactions > 0.05).

Discussion
To the best of our knowledge, this study is the first that assesses the association between the TyG-WC and the risk of first
MI among Chinese hypertensive patients with OSA. In the present observational cohort study, we identified a high-level
TyG-WC, either as a continuous or categorical variable, which was associated with the risk of first MI in Chinese
hypertensive patients with OSA. As the TyG-WC gradually increases, the number of people with a high risk of first MI

Figure 3 Dose-response relationship between TyG-WC and the probability of new-onset MI.

Table 3 The Result of the Two-Piecewise Linear Regression Model

Fitting Model by Two-Piecewise Linear Regression HR (95% CI) P-value

The inflection point of TyG-WC 785
≤ 785 (per SD increase) 1.25 (0.90, 1.74) 0.18

>785 (per SD increase) 2.01 (1.62, 2.50) <0.01

P for the log-likelihood ratio test 0.02

Note: The model is adjusted for the factors included in model 2.
Abbreviations: TyG, triglyceride-glucose index; WC, waist circumference; CI, confidence interval; HR, hazard ratio.

Nature and Science of Sleep 2022:14 https://doi.org/10.2147/NSS.S362101

DovePress
975

Dovepress Hu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

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


increased significantly. This association was independent of other risk factors. Our present study assessed the obvious
effects of the TyG-WC and the first MI risk in Chinese hypertensive patients with OSA and explored the nonlinear
association between them. There existed a similar J-shaped association between TyG-WC and the risk of first MI, and the
inflection point for the TyG-WC was calculated to be 785. Over the inflection point of 785, we observed a positive
association between the TyG-WC and the first MI event. With the TyG-WC increasing, those in the highest quartile of the
TyG-WC had a 4.29-fold greater risk of MI (Q4 vs Q1).

Table 4 The Association Between Baseline the TyG-WC (per SD Increment) and the Risk of
First Myocardial Infarction

Exposure Number HR (95% CI) P for Interaction

Gender 0.42

Female 701 1.55 (0.93, 2.58)

Male 1523 1.95 (1.58, 2.40)
Diabetes 0.48

No 1829 1.77 (1.43, 2.20)

Yes 395 2.04 (1.46, 2.86)
Smoking 0.36

Never 1283 1.87 (1.41, 2.48)
Former 240 2.62 (1.28, 5.34)

Current 701 1.54 (1.11, 2.13)

Drinking 0.44
Never 1484 1.59 (1.33, 1.91)

Former 149 2.04 (1.34, 3.11)

Current 591 1.44 (1.01, 2.06)
Age (years) 0.07

<60 1099 1.90 (1.52, 2.37)

≥60 394 1.37 (0.89, 1.82)
eGFR (mL/min/1.73 m2) 0.54

<90 882 1.58 (1.32, 1.89)

≥90 1342 1.72 (1.41, 2.11)
BMI (kg/m2) 0.64

<24 216 1.85 (1.05, 3.27)

≥24, <28 861 2.21 (1.55, 3.14)
≥28 1147 1.78 (1.37, 2.33)

SBP (mmHg) 0.43

<140 1030 1.70 (1.32, 2.20)
≥140 1194 1.99 (1.48, 2.67)

DBP (mmHg) 0.23

<90 830 1.48 (1.17, 1.89)
≥90 1394 1.79 (1.48, 2.17)

Hcy (μmol/L) 0.21

<15 1158 1.44 (0.97, 2.12)
≥15 1066 1.91 (1.54, 2.36)

AHI (events/hour) 0.42

<15 886 1.93 (1.36, 2.73)
≥15, <30 668 1.49 (1.02, 2.17)

≥30 670 2.06 (1.48, 2.87)

Note: All covariates in model 2 were adjusted, except for the stratification factor.
Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood
pressure; Hcy, homocysteine; AHI, apnea hypopnea index; TyG, triglyceride-glucose index; CI, confidence interval; HR,
hazard ratio.
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Similar results have been obtained in previous studies. In an 11-year prospective study from China, a total of 98849
infarct-free participants were enrolled at baseline and had 1555 infarction events during a median follow-up of 11.03
years. Participants in the highest quartile of the TyG index had a higher risk of MI compared with those in the lowest
quartile of the TyG index.12 Liu et al investigated 6093 participants without a history of CVD and found that an elevated
TyG index was associated with an increased risk of subclinical myocardial injury in the general population.45 Liu et al
conducted a prospective cohort study enrolling 96541 participants to further assess whether TyG index was an
independent risk factor for CVD including MI and stroke, with 1493 MI events during a median follow-up of 10
years, and found that a Q4 of TyG index was associated with a 1.4-fold risk of MI when comparing at the lowest TyG
index levels.46 Zhao et al recruited 1510 subjects with a diagnosis of non-ST-segment elevation acute coronary syndrome
and recorded 316 (20.9%) endpoint events over 48 months of follow-up.47 They found that the TyG index was
significantly associated with the risk of nonfatal MI. Most importantly, a high TyG index was associated with adverse
cardiovascular outcomes in patients with acute myocardial infarction.48–51

The high insulin-normoglycemic clamp (HEC) remains the gold standard for IR. HEC is considered to be very
expensive and time-consuming.4,5 The TyG-WC was first investigated as a marker for identifying insulin resistance with
high sensitivity and specificity. The TyG-WC index is simple, cost-effective, reproducible, reliable, and valid, and
performs better than the hyperinsulin-hyperglycemic clamp and HOMA-IR.52–54 Additional studies have shown that
TyG-WC is associated with poor cardiovascular outcomes, and several potential mechanisms are summarized below. One
of the most important factors contributing to worse outcomes may be IR, which is triggered by changes in lipid
metabolism, altered glucose handling, increased inflammation, and changes in the gastrointestinal microbiota.55 IR
predisposes to a variety of diseases such as hyperglycemia, hypertension, and dyslipidemia, all of which are strongly
associated with atherosclerosis and lead to vasoconstriction, inflammation, and thrombosis, which accelerates athero-
sclerosis. Therefore, adequate screening and early diagnosis for those at risk are critical.56–59 Also, high serum
triglycerides may interfere with the normal metabolism of glucose in muscle, thereby causing muscle insulin resistance
and thus promoting adverse cardiovascular outcomes.60,61

The results of this study have interesting implications for clinical practice. First, we initially linked TyG-WC as
a low-cost, easy-to-measure marker to the first risk of MI events in Chinese hypertensive patients with OSA. Second, it is
important to focus more on patients with multiple risk factors for treatment and prevention. Our current study is
a retrospective cohort study and is therefore susceptible to potential confounding. However, we used rigorous statistical
adjustment to minimize residual confounding.

The following limitations of this study should be described. First, the most important limitation of this study is that it
is a single-center retrospective study. Second, other confounding factors, such as exercise habits, lifestyle habits, and
ethnical factors, were not included in the model. In addition, our study was conducted on Chinese hypertensive patients
with OSA. Given this, the results might not be generalizable to the general population. In the future, prospective studies
involving a more diverse and larger sample of patients may be needed. Finally, in our current study, TyG-WC was
measured only at baseline, and no changes in TyG-WC during follow-up were measured or analyzed. Therefore, further
studies are needed to confirm our findings.

Conclusion
In conclusion, the current study first demonstrated that the higher TyG-WC is an independent risk factor for first MI in
Chinese hypertensive patients with OSA. Our study found a J-shaped relationship of TyG-WC and the risk of first MI in
Chinese hypertensive patients with OSA, with a cut-off value around 785. The findings of the study provide a useful and
convenient marker for early prevention of first MI in Chinese hypertensive patients with OSA.

Data Sharing Statement
The datasets used and/or analyzed in the current study are available from the corresponding author upon reasonable
request.
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