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Objective: We aimed to evaluate the METS-IR (metabolic score for insulin resistance) index for the prediction of incident 
cardiovascular disease (CVD) and its subtypes (coronary artery disease and stroke) in patients with hypertension and obstructive 
sleep apnea (OSA).
Methods: A retrospective cohort study was conducted with 2031 adults with hypertension and OSA, participants from the Urumqi 
Research on Sleep Apnea and Hypertension study (UROSAH). The hazard ratios and 95% CIs (credibility interval) for CVD and its 
subtypes were estimated using multivariate Cox proportional hazards regression models.
Results: After a median follow-up of 6.80 years (interquartile range: 5.90–8.00 years), a total of 317 (15.61%) participants developed 
new-onset CVD, including 198 (9.75%) incident coronary heart disease (CHD) and 119 (5.86%) incident stroke. After adjusting for as 
many relevant confounding factors as possible, each SD increase in METS-IR was associated with a 30% increased risk of new onset 
overall CVD events, a 32% increased risk of new onset CHD, and a 27% increased risk of new onset stroke. When METS-IR was 
assessed as tertiles, after adjustment for fully confounding factors, the highest tertiles versus the lowest tertiles were associated with 
a greater hazard of CVD (HR 2.05; 95% CI 1.52,-2.77), CHD (HR 1.96; 95% CI 1.35–2.84), and stroke (HR 2.24; 95% CI 1.35–3.72). 
The results of various subgroups and sensitivity analyses were similar. When METS-IR was added, CVD predictions were reclassified 
and identified more accurately than baseline models for the C-index, continuous net reclassification improvement, and integrated 
discrimination index. CHD and stroke showed similar results.
Conclusion: METS-IR is a powerful predictor of CVD and its subtypes in patients with hypertension and OSA, which can facilitate 
the identification of high-risk individuals and provide individualized CVD prevention.
Keywords: cohort study, METS-IR, cardiovascular disease, hypertension, obstructive sleep apnoea

Introduction
CVD (cardiovascular disease) is the leading cause of death and disability in the global population,1,2 as well as a major 
contributor to reduced patient quality of life and increased social medical cost burden.3 Obstructive sleep apnea (OSA) 
and hypertension are both independent risk factors for CVD morbidity and mortality.4–7 However, the coexistence of 
OSA and hypertension will have a more adverse and extensive effect on the function of the cardiovascular system in 
individuals8–10 and may synergistically aggravate or lead to a series of metabolic abnormalities.11
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Insulin resistance (IR) has been recognized as a major common feature in the pathophysiology of OSA and 
hypertension, which plays a crucial role in the occurrence and development of OSA and hypertension.12,13 Therefore, 
detecting IR early and accurately is crucial for optimizing the management and implementing preventive strategies for 
hypertension with OSA and preventing the progression of CVD.

The METS-IR (metabolic score for insulin resistance) index is a new and easily accessible index for assessing insulin 
resistance that was developed in recent years.14 METS-IR has better diagnostic efficacy than non-insulin-based IR 
indices such as TG (triglyceride) / HDL (high density lipoprotein) and TyG (triglyceride glucose index).14 Several studies 
have reported an association between METS-IR and CVD in patients with hypertension or OSA, however, to our 
knowledge, the studies related to the METS-IR index and CVD were mainly cross-sectional studies.15–19 Few long-
itudinal studies have been conducted on this topic, and they are limited to the general population, reporting the 
association between METS-IR and CHD risk.17,18,20 There are few studies that further investigate the relationship 
between METS-IR and the risk of CVD and its subtypes (CHD and stroke), especially in high-risk CVD individuals with 
hypertension and OSA. Hence, we aimed to investigate the association between METS-IR and CVD in hypertensive 
patients with OSA using relevant databases.

Materials and Methods
Study Population
We analyzed all the data from the UROSAH dataset, which was designed to evaluate the relationship between OSA and 
cardiovascular long-term outcomes in hypertensive patients.21 We included 3605 participants with hypertension and 
suspected OSA who visited the Hypertension Center of the People’s Hospital of Xinjiang Uygur Autonomous Region 
from January 2011 to December 2013. The final follow-up ended in January 2021, with 3329 participants completing the 
final follow-up and 276 participants lost to follow-up. We excluded 744 non-OSA participants who were diagnosed by 
polysomnography (PSG) with an AHI < 5, and participants who met either of the following criteria were also excluded: 
CVD at baseline and FBG, HDL-C, TG, or BMI data were missing (n=554). Ultimately, the main analysis included 
a total of 2031 participants (Figure 1). The Xinjiang Uygur Autonomous Region People’s Hospital’s Ethics Committee 
approved this study (reference: 2019030662), and written informed consent was provided by all study participants. Our 
study was conducted in accordance with the principles of the Declaration of Helsinki.

Figure 1 Flow chart of selected participants.
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Data Collection
Baseline data collection was performed by professional researchers. Medical professionals collect lifestyle information, 
demographic characteristics, use of medicines, and medical history. Hip circumference, waist circumference, blood 
pressure, weight, and height were measured by trained nurses according to standardized methods described in previous 
studies.21 Overnight PSG (Compumedics E Series, Australia) examinations were performed on all participants in the 
laboratory (details of PSG are provided in the Supplementary Material).

Biochemical Parameters
A series of biochemical indicators of fasting blood in the morning were collected and analyzed using an automated 
biochemical analyzer (Hitachi 7600; Japan). Biochemical indices were detected and analyzed, including serum creati-
nine, blood urea nitrogen, FBG, TG, TC, HDL-C, and LDL-C. A Chronic Kidney Disease Epidemiology Collaborative 
Group equations was used to calculate the estimated glomerular filtration rate (eGFR).22

Definitions
The formula for calculating METS-IR was: Ln[(2 × FBG (mg/dL)) + TG (mg/dL)] × BMI (kg/m2))/(Ln[HDL-C (mg/ 
dL)]).14 The diagnosis of hypertension was based on “China guidelines on prevention and treatment of hypertension 
2010”, defined as resting blood pressure (BP) above 140/90 mmHg or using anti-hypertensive drugs currently. OSA was 
defined as an apnea hypopnea index (AHI) ≥ 5 events per hour, further, the severity of OSA was defined as follows: mild 
OSA (5 to 15), moderate OSA (15 to 30), and severe OSA (greater than 30). It was considered regular continuous 
positive airway pressure (CPAP) treatment if the patient used CPAP therapy more than 70% of the time per night and for 
at least four hours each night throughout the follow-up period.23,24 Regular oral appliance treatment was defined as at 
least 70% of consecutive nights and 4 hours or more of use per night.25 The definition of diabetes was OGTT 2-hour 
blood glucose above 11.1 mmol/L or fasting blood glucose above 7.0 mmol/L or a self-reported diabetes history.

Determination of Outcome Events
The primary outcome of this study was onset of CVD, including CHD and stroke. CVD was diagnosed by 
cardiologists from the tertiary hospital’s clinical events committee after reviewing all medical records. CHD was 
defined as a fatal or nonfatal myocardial infarction, unstable angina, and coronary revascularization (coronary artery 
bypass grafting or percutaneous transluminal coronary angioplasty). Stroke (ischemic and hemorrhagic strokes) was 
defined as a rapid or sudden onset fixed neurologic deficit of at least 24h or until death (a detailed definition of CVD 
is provided in Supplementary Material). Inpatient medical records, outpatient interviews, and telephone interviews 
were used to obtain follow-up results. Deaths due to CVD are confirmed by population management consulting and 
hospital death certificates, and appraised by the clinical events committee at our tertiary hospital. Following the first 
visit, participants were followed until either a new cardiovascular disease or death occurred, whichever occurred 
first, or until the end of the follow-up period in January 2021.

Statistical Analysis
An appropriate descriptive statistic was used to summarize all data (median and range for continuous variables, 
frequency and count for categorical variables). For comparing the characteristics of the participants by METS-IR tertiles 
or quartiles, the Kruskal–Wallis test, univariate or multivariate analysis using the ANOVA test, Fischer’s exact test, or 
chi-square test were used where appropriate. The unadjusted cumulative hazards were visualized using Kaplan-Meier 
analysis, and Log rank tests were used to determine significance. Additionally, the variance inflation factor (VIF) was 
used to assess potential multicollinearity among explanatory variables, and variables with a VIF > 5 were discarded 
(Supplemental Table 1). A Cox proportional hazards regression model was used to determine the HRs and the 95% CIs of 
new-onset CVD or its subtypes (CHD and stroke) involving METS-IR (continuous, tertiles, and categories). There are 
three models: Model 1 is adjusted for sex and age; Model 2 further adjusts additional variables, including diabetes 
history, drinking status, smoking status, BMI, systolic blood pressure, and diastolic blood pressure; and Model 3 further 
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fits all noncollinear variables. We tested for trends by assigning each participant to the median of their tertiles and 
entering these values as continuous terms in the logistic regression model.

Several sensitivity analyses were conducted to test the robustness of our results. First, to assess potential bias for residual 
confounding by smoking and drinking status, we repeated the analyses separately, excluding current smokers and current 
drinkers. Second, to eliminate potential bias, we performed a 2-year lagged analysis, excluding patients who had a new onset 
of CVD during the 2-year follow-up. Third, we performed the primary analysis again after excluding participants who 
received treatment for OSA regularly in order to assess residual confounding. Finally, based on Fine and Gray competing risk 
models, we estimated CVD risk by accounting for deaths from other causes. Moreover, through a generalized additive model 
and smoothed curve fitting, we explored the possibility of a nonlinear relationship between METS-IR and new-onset CVD, 
CHD, and stroke. We conducted stratified analyses and interactions based on age (<50 or ≥ 50 years), sex (female or male), 
drinking (never, past, or current), smoking (never, past, or current), BMI (<28 or ≥ 28 kg/m2), SBP (<140 or ≥ 140 mmHg), 
AHI (≥ 5 to < 15, ≥ 15 to < 30, or ≥ 30 events/h), DBP (<90 or ≥ 90 mmHg) and diabetes (no or yes).

To assess the improvement in the predictive power of models with and without METS-IR, the C-statistic, continuous 
net reclassification improvement (NRI), and integrated discrimination improvement (IDI) were calculated.

A two-sided probability test was used for all statistical tests with significance levels of P <0.005 and R, version 4.1.1.

Results
Baseline Characteristics of the Participants
Among 2031 participants involved in the analysis, the mean (standard deviation) age was 49.58 ± 10.77 years, and the 
proportion of men was 68.76%. In accordance with the levels of METS-IR, participants were categorized into three 
groups (Table 1). Participants with higher METS-IR had higher blood lipids, fasting blood glucose, diastolic blood 
pressure, and an AHI; a higher proportion of smoking, alcohol consumption, obesity, and diabetes; and were more likely 
to be male and have regular CPAP and oral therapy (Table 1).

Table 1 Baseline Characteristics of Participants by METS-IR Tertiles

Characteristics Overall Tertile 1 Tertile 2 Tertile 3
(<42.01) (≥42.02 to <48.25) (≥48.26)

N 2031 677 677 677
Age, years 49.58 ± 10.77 51.89 ± 11.01 49.03 ± 10.16 47.13 ± 10.07

Male, n (%) 1547 (68.76%) 426 (62.92%) 494 (72.97%) 506 (74.74%)

Diabetes, n (%) 412 (18.31%) 77 (11.37%) 116 (17.13%) 168 (24.82%)
Smoking status, n (%)

Never 1294 (57.51%) 435 (64.25%) 353 (52.14%) 363 (53.62%)

Past 232 (10.31%) 67 (9.90%) 74 (10.93%) 68 (10.04%)
Current 724 (32.18%) 175 (25.85%) 250 (36.93%) 246 (36.34%)

Drinking status, n (%)

Never 1356 (60.27%) 437 (64.55%) 376 (55.54%) 386 (57.02%)
Past 165 (7.33%) 40 (5.91%) 48 (7.09%) 64 (9.45%)

Current 729 (32.40%) 200 (29.54%) 253 (37.37%) 227 (33.53%)

BMI, kg/m2 28.42 ± 3.84 25.63 ± 1.88 28.36 ± 2.05 31.08 ± 2.61
SBP, mmHg 139.88 ± 19.68 139.46 ± 19.59 139.87 ± 19.07 139.89 ± 19.88

DBP, mmHg 91.70 ± 14.06 90.66 ± 14.28 91.76 ± 13.52 92.94 ± 13.93

eGFR, mL/min/1.73 m2 95.95 ± 18.37 96.49 ± 22.22 95.25 ± 19.84 96.40 ± 22.20
Creatinine, μmol/L 76.96 ± 19.43 76.09 ± 20.44 76.69 ± 16.47 79.03 ± 20.37

BUN, mmol/L 5.31 ± 1.51 5.30 ± 1.53 5.25 ± 1.39 5.34 ± 1.52

TC, mmol/L 4.57 ± 1.21 4.62 ± 1.38 4.47 ± 1.02 4.56 ± 1.15
TG, mmol/L 2.17 ± 1.69 1.60 ± 0.78 2.07 ± 1.15 2.71 ± 1.96

HDL-C, mmol/L 1.11 ± 0.29 1.25 ± 0.27 1.08 ± 0.22 0.95 ± 0.20

(Continued)
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Association Between METS-IR and Risk of CVD
During a median follow-up duration of 6.80 years (29,218.4 person-years), a total of 317 (15.61%) participants 
developed new-onset CVD, including 119 (5.86%) incident strokes and 198 (9.75%) incident CHDs. Furthermore, we 
show cumulative hazard curves for CVD events and its subtypes (CHD and stroke) across METS-IR tertiles in Figure 2. 
A clear increase in cardiovascular events was observed in the groups with higher METS-IR indices.

Overall, there was a significant positive correlation between METS-IR and the risk of new-onset CVD, CHD, and 
stroke (Figures 3A–C). Consistently, the fully adjusted HRs of CVD, CHD, and stroke were 1.30 (1.16–1.47), 1.32 
(1.14–1.53), and 1.27 (1.05–1.54), respectively, for each SD increase in METS-IR (Table 2).

When METS-IR was assessed as tertiles, the highest tertiles versus the lowest tertiles were associated with a greater 
hazard of CVD (adjusted HR in tertiles 3 vs tertiles 1 2.05; 95% CI 1.52,-2.77), CHD (adjusted HR in tertiles 3 vs tertiles 
1 1.96; 95% CI 1.35–2.84), and stroke (adjusted HR in tertiles 3 vs tertiles 1 2.24; 95% CI 1.35–3.72), after adjustment 
for fully confounders (Model 3). The risk of CVD, CHD, and stroke was increased in the second tertiles compared with 
the lowest tertiles; further analysis of the trend test indicated a trend of increased risk among the groups. Similar results 
were obtained for the relationship between METS-IR and cardiovascular disease when METS-IR was divided based on 
quartile (Tables S2).

Sensitivity Analysis
Several sensitivity analyses were conducted in order to determine whether our results are robust. First, similar 
results were obtained when we excluded current smokers and drinkers (Tables S3 and S4). Excluding undergoing 
OSA treatment, or excluding developed CVD in the first 2 years of follow-up, also did not change the strength of 
the association between METS-IR and the risk of new-onset CVD, CHD, and stroke appreciably (Tables S5 and 
S6). In addition, competing analyses produced similar results as Cox proportional hazards models (Table S7).

Table 1 (Continued). 

Characteristics Overall Tertile 1 Tertile 2 Tertile 3
(<42.01) (≥42.02 to <48.25) (≥48.26)

LDL-C, mmol/L 2.64 ± 0.80 2.72 ± 0.83 2.63 ± 0.77 2.60 ± 0.77
FBG, mmol/L 5.30 ± 1.48 4.96 ± 1.03 5.20 ± 1.12 5.64 ± 1.76

AHI, events/h 24.94 ± 19.52 21.39 ± 16.85 24.11 ± 17.60 28.83 ± 21.94

Medication use, n (%)
ACEIs/ARBs 1038 (46.13%) 316 (46.68%) 313 (46.23%) 330 (48.74%)

β-blockers 430 (19.11%) 114 (16.84%) 125 (18.46%) 142 (20.97%)

CCBs 1355 (60.22%) 392 (57.90%) 419 (61.89%) 412 (60.86%)
Diuretics 218 (9.69%) 63 (9.31%) 71 (10.49%) 66 (9.75%)

Aspirins 732 (36.04%) 243 (35.89%) 236 (34.86%) 253 (37.37%)

Statins 715 (35.20%) 238 (35.16%) 233 (34.42%) 244 (36.04%)
OSA therapy, n (%)

Untreated 2080 (92.44%) 639 (94.39%) 628 (92.76%) 609 (89.96%)

Regular oral appliance treatment 79 (3.51%) 14 (2.07%) 24 (3.55%) 34 (5.02%)
Regular CPAP treatment 91 (4.04%) 24 (3.55%) 25 (3.69%) 34 (5.02%)

Notes: Values of continuous variables are expressed as medians (twenty-fifth percentile - seventy-fifth percentile) or means (standard 
deviation). Categorical variables are expressed as no. (%). 
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; SBP, systolic blood pressure; 
HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; LDL-C, lowdensity lipoprotein cholesterol; 
TC, total cholesterol; AHI, apnea hypopnea index; TG, triglyceride; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, 
angiotensin receptor blockers; CCBs, calcium channel blockers; CPAP, continuous positive airway pressure; METS-IR, metabolic 
score for insulin resistance.
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Subgroup Analysis
The association between METS-IR (per SD increment) and the risk of CVD, CHD, and stroke was assessed through 
stratified analysis according to age, gender, BMI, SBP, DBP, AHI, diabetes, current smoking, and current alcohol 
consumption (Figure 4A–C). No interaction was observed between the selected covariates and new-onset CVD.

Additive Effect of METS-IR on Established Risk Factors
We attempted to fit METS-IR to a Cox proportional hazards model (established risk factors) to determine whether the 
METS-IR had additive predictive value over established clinical risk factors based on C-statistic, continuous NRI, and 
IDI (Table 3). The model containing METS-IR was significantly better in predictive ability than the baseline risk model 
(c-statistic: 0.651 vs 0.618). Again, we observed highly consistent results from the risk prediction of CHD and stroke. 
Compared with the baseline risk model, the addition of METS-IR improved the reclassification and identification of CVD 

Figure 2 Cumulative hazard curves for new-onset CVD events (A), CHD events (B), and stroke events (C) across METS-IR tertiles.
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predictions with a continuous NRI of 0.140 (0.047, 0.203) and IDI of 0.009 (0.003, 0.022). Likewise, the addition of 
METS-IR greatly improved the ability to reclassify and discriminate predictions of coronary artery disease and stroke.

Discussion
In this retrospective cohort study, we evaluated the association between METS-IR and the risk of CVD events in 
participants with hypertension and OSA. Our results found that METS-IR was a strong predictor of CVD and its subtypes 
(coronary artery disease and stroke) in hypertensive patients with OSA. In addition, compared with some traditional risk 
factors, the addition of METS-IR greatly improves the ability to predict and discriminate CVD risk events in participants 
with hypertension and OSA.

Insulin resistance has been described as a decreased sensitivity of peripheral tissues such as skeletal muscle, liver, and 
adipose tissue to the action of insulin, manifested by defects in insulin-stimulated glucose oxidation and uptake, decreased 
glycogen synthesis, and a decreased capacity for inhibiting lipid oxidation.26,27 Numerous epidemiological studies have 
shown a strong association between insulin resistance and CVD, and insulin resistance can cause and predict adverse 
cardiovascular events.28,29 The Insulin Resistance Atherosclerosis Study (IRAS) reported the first significant link between 

Figure 3 Smoothed curves of the relationship between METS-IR and (A) CVD, (B) CHD, and (C) stroke. (Adjustments for all noncollinear variables).
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insulin resistance and atherosclerosis in 1996,30 and subsequent multiple prospective cohort studies further revealed that 
insulin resistance is an important and independent risk factor for CVD.28,31–34 Pathophysiological studies have found that 
insulin resistance can change the lipid metabolism of the whole body, increase the lipotoxicity of the heart, and cause 
oxidative stress and endothelial dysfunction,35,36 which together lead to dyslipidemia, hypertension, and cardiovascular 
disease.37

Therefore, to better evaluate IR and identify it early in the high-risk population of CVD, some evaluation indicators 
based on insulin measurement have been developed and have become predictors and markers of insulin resistance.27,38 

The most commonly used evaluation index in epidemiological studies is the homeostasis model. However, its practical 

Table 2 Hazard Ratios (95% CI) of CVD, CHD, and Stroke, Stratified by METS- 
IR

Exposure Model 1 Model 2 Model 3

(HR, 95% CI) (HR, 95% CI) (HR, 95% CI)

CVD

Per SD increment 1.35 (1.19, 1.52) 1.34 (1.18, 1.52) 1.30 (1.16, 1.47)

Tertiles
T1 (<42.01) Reference Reference Reference

T2 (≥42.02 to <48.25) 1.38 (0.99, 1.92) 1.35 (0.97, 1.88) 1.32 (0.95, 1.83)

T3 (≥48.26) 2.28 (1.66, 3.12) 2.21 (1.61, 3.04) 2.05 (1.52, 2.77)
P for trend <0.001 <0.001 <0.001

Categories

T1–2 (<48.25) Reference Reference Reference
T3 (≥48.26) 1.91 (1.49, 2.45) 1.88 (1.46, 2.41) 1.78 (1.40, 2.25)

CHD

Per SD increment 1.36 (1.17, 1.59) 1.34 (1.14, 1.57) 1.32 (1.14, 1.53)

Tertiles
T1 (<42.01) Reference Reference Reference

T2 (≥42.02 to <48.25) 1.28 (0.84, 1.93) 1.24 (0.82, 1.87) 1.26 (0.84, 1.89)

T3 (≥48.26) 2.15 (1.45, 3.19) 1.98 (1.33, 2.96) 1.96 (1.35, 2.84)
P for trend <0.001 <0.001 <0.001

Categories
T1–2 (<48.25) Reference Reference Reference

T3 (≥48.26) 1.88 (1.38, 2.58) 1.77 (1.29, 2.44) 1.74 (1.29, 2.34)

Stroke

Per SD increment 1.33 (1.09, 1.63) 1.36 (1.11, 1.66) 1.27 (1.05, 1.54)
Tertiles

T1 (<42.01) Reference Reference Reference

T2 (≥42.02 to <48.25) 1.60 (0.92, 2.78) 1.61 (0.92, 2.82) 1.43 (0.83, 2.47)
T3 (≥48.26) 2.57 (1.52, 4.34) 2.69 (1.58, 4.56) 2.24 (1.35, 3.72)

P for trend <0.001 <0.001 <0.001

Categories
T1–2 (<48.25) Reference Reference Reference

T3 (≥48.26) 1.99 (1.32, 2.98) 2.06 (1.37, 3.11) 1.85 (1.25, 2.74)

Notes: Model 1: adjusted for age and sex. Model 2: adjusted for variables in model 1 plus drinking 
status, history of diabetes, smoking status, DBP, and SBP. Model 3: adjusted for variables in model 2 
plus eGFR, TC, LDL-C, FBG, AHI, ACEIs/ARBs, β-Blockers, CCBs, diuretics, and OSA therapy. 
Abbreviations: HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease; CHD, 
coronary heart disease; METS-IR, metabolic score for insulin resistance.
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applicability is limited due to the impact of the cost of insulin testing and the bias of the calibration settings and 
conversion between units in the kit, which can easily lead to biased results.39

In recent years, emerging indicators for the evaluation of insulin resistance based on non-insulin measurements have 
been gradually discovered.40–45 The METS-IR index is a reliable indicator for evaluating IR and screening for 
cardiometabolic-related risk disorders, developed by Bello et al14,46,47 Several studies have reported a link between 
METS-IR and hypertension, arteriosclerosis, and CVD, consistently supporting METS-IR as a convenient and cost- 
effective monitoring indicator for assessing cardiovascular metabolic risk in healthy and high-risk populations.15–17

However, there have been very few longitudinal studies that have examined the relationship between METS-IR and 
CVD risk. One study from a Korean health checkup population without diabetes found that METS-IR had a good 
predictive value in ischemic heart disease,20 and another study found that elevated METS-IR levels were associated with 
the risk of developing HTN in a non-overweight Chinese population.48 There was also a strong association between 
METS-IR and CVD in the cardiometabolic high-risk population. A study of 18,609 hypertensive patients found a nearly 
J-shaped association between METS-IR and the risk of stroke.49 In our cohort study, our results are consistent with 
previous studies: METS-IR has a good predictive value for CVD, but we extend the previous research results and provide 

Figure 4 Associations of METS-IR with the risk of (A) new onset CVD, (B) new onset CHD, and (C) new onset stroke in different subgroups.
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new evidence. First of all, our results show that METS-IR has a good predictive value not only for the risk of ischemic 
heart disease or stroke but also for CVD, including ischemic heart disease and stroke. In addition, our study involved 
a special population with hypertension and OSA, and these patients are at higher risk for CVD. Our findings emphasize 
the importance of reducing the METS-IR index and improving insulin sensitivity for controlling the progression of CVD 
in hypertensive patients with OSA, and more intensive efforts should be devoted to the combined treatment of improving 
insulin resistance based on reducing blood pressure and treating OSA. METS-IR was composed of FBG, TG, HDL-C, 
and BMI, suggesting that patients with hypertension and OSA should pay more attention to improving blood glucose, 
blood lipids, and BMI in their daily lives in order to better prevent the progression of CVD. Home mobile smart devices 
seem to be a good choice for long-term home applications.50–53

Underlying pathological mechanisms may partly explain our observations. At present, the mechanisms underlying IR- 
induced cardiovascular disease mainly include chronic hyperglycemia, dyslipidemia, endothelial dysfunction, and 
inflammation.37,54,55 As a result of decreased glycogen synthesis and increased gluconeogenesis in hepatic IR, there is 
elevated fasting blood glucose, dyslipidemia, and an increased risk of thrombosis.56,57 Insulin resistance that occurs in 
adipose tissue will result in elevated levels of free fatty acids, resulting in visceral fat accumulation associated with elevated 
levels of BP and plasminogen activator inhibitor 1, and resulting in ectopic and toxic lipid accumulation in blood vessels 
(which alters cell signaling and cardiac structure), thereby contributing to the increase in the prevalence of cardiovascular 
disease.57,58 IR-induced endothelial dysfunction, which is mainly caused by the decrease of nitric oxide production by 
endothelial cells through the PI3K/Akt pathway and the increase of reactive oxygen species, thrombogenic factors, and pro- 
inflammatory markers mediated by MAPK/ERK, all of which contribute to increasing the risk of CVD.57,59

In our results, there is a significant positive correlation between METS-IR and the risk of new-onset CVD. When 
the second tertile of METS-IR was compared with the first tertile, the risk of CVD increased. Unfortunately, the HR was 
wide with a 95% confidence interval, but there was a significant statistical difference in the trend test of METS-IR tertiles, 
whether in the unadjusted or adjusted model. It is possible that the small sample size limits the clinical significance of these 
findings. In addition, we speculate that smoking as a confounding factor may be another reason for the lack of statistical 
significance in HR between the second tertile group of METS-IR and the first group, because the results of the above COX 
regression analysis are based on the analysis after adjusting for smoking. Sensitivity analyses were performed when current 
smokers were excluded directly. As shown in Supplemental Table S2, the METS-IR second tertile group had 1.92-fold and 
1.64-fold statistical significance in the risk of stroke and total cardiovascular events, respectively.

We found that when METS-IR was grouped into four categories, the relationship between METS-IR and the risk of 
incident stroke was statistically significant only in the highest quartile group. Previous studies have confirmed that 
smoking is a risk factor for stroke,60 but this relationship is more likely to be an ischemic stroke. As shown in a 14-year 
follow-up cohort study in Japan, compared with non-smokers, the greater the number of daily cigarettes smoked, the 

Table 3 Discrimination of Each Predictive Model for Outcomes Using Continuous NRI and IDI

C-Statistic Continuous NRI IDI
Estimate (95% CI) Estimate (95% CI) Estimate (95% CI)

CVD
Established risk factors 0.618 (0.582, 0.654) - -

Established risk factors+METS-IR 0.651 (0.616, 0.686) 0.140 (0.047, 0.203) 0.009 (0.003, 0.022)
CHD
Established risk factors 0.636 (0.593, 0.678) Reference Reference

Established risk factors+METS-IR 0.680 (0.641, 0.720) 0.123 (0.028, 0.198) 0.005 (0.001, 0.015)
Stroke
Established risk factors 0.549 (0.492, 0.606) Reference Reference

Established risk factors+METS-IR 0.631 (0.572, 0.689) 0.166 (0.015, 0.274) 0.005 (0.001, 0.021)

Notes: Established risk factors included age, sex, smoking status, drinking status, diabetes, BMI, TC, TG, HDL-C, LDL-C, and FBG levels. 
Abbreviations: NRI, net reclassification index; IDI, integrated discrimination improvement; CVD, cardiovascular disease; CHD, 
coronary heart disease.
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greater the effect on cerebral infarction, but the effect on cerebral hemorrhage was not significant.61 Since the defined end 
event is new-onset CVD, the potential impact of hemorrhagic stroke on the outcome cannot be ruled out.

Moreover, in this study, we enhanced the power of risk stratification significantly through the addition of METS-IR to 
the baseline risk model, which already included traditional risk factors. Our results are helpful for further screening of 
high-risk individuals in patients with hypertension and OSA, as well as further verifying the correlation between METS- 
IR and CVD.

To the best of our knowledge, the present study is the first to examine the association between METS-IR and CVD 
risk in a high-risk group of hypertensive patients with OSA. The strengths of this study include its cohort study design, 
long-term and complete follow-up data, adjustment of multiple CVD risk factors, reliable measurement of clinical 
parameters, and accurate diagnosis of OSA patients. However, our research also has some limitations. First of all, we 
carried out a series of sensitivity analyses in order to control the confounding factors, but because we did not consider the 
time and dependence of antiplatelet and lipid-lowering therapy, this may affect our results. However, there was no 
statistical difference in the proportion of antiplatelet and lipid-lowering therapy among the three groups, and we also 
adjusted these factors, the final results are also highly consistent in different model analyses, which makes up for our 
shortcomings to a certain extent. Of course, in future research, we need to strengthen the comprehensive collection of 
information to make the research results more universal and persuasive. Second, our study was did not analyze the 
dynamic changes of METS-IR during 6.8 years of follow-up, because we were a retrospective cohort study and failed to 
obtain multiple follow-up data during 6.8 years of follow-up. Therefore, the relationship between the different trend 
tracks of METS-IR and new-onset CVD remains unclear. In future studies, we will obtain more follow-up data to observe 
the relationship between METS-IR dynamic trajectories and CVD. In addition, since our results are based on a single 
center, their universality is limited.

Conclusion
In conclusion, METS-IR is an independent predictor of CVD and its subtypes (coronary artery disease and stroke) in 
hypertensive patients with OSA. As a simple and reliable marker based on non-insulin measurements, METS-IR has 
great potential for predicting and preventing CVD. Our results provide new insights into individualized CVD prevention 
strategies for hypertensive patients with OSA.
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