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Purpose: We aimed to investigate the relationship between the Chinese visceral adiposity index (CVAI) and the risk of new-onset
myocardial infarction (MI) in patients with hypertension and obstructive sleep apnoea (OSA) and to inspect possible modifiers of the
effect.
Methods: The Cox regression model was used to evaluate the relationship between baseline CVAI and risk of new-onset MI.
A generalized additive model was used to identify the nonlinear relationship. Besides, we conducted subgroup analyses and interaction
tests.
Results: A total of 2177 patients with hypertension and OSA undergoing polysomnography were enrolled in this study. During
a median follow-up period of 87 months, 82 participants developed new-onset MI. Overall, CVAI was positively related to the risk of
new-onset MI (per 1 SD increase; HR = 1.54, 95% CI: 1.28–1.85). In multivariable-adjusted models, the risk of new-onset MI
increased with quartiles of CVAI, with an HR of 3.64 (95% CI: 1.94–6.83) for quartile 4 compared with quartile 1. The generalized
additive model and smoothed curve fit revealed a nonlinear relationship between CVAI and risk of new-onset MI with an inflection
point of approximately 112. None of the stratification variables had a significant effect on the relationship between CVAI and new-
onset MI. Similar outcomes were observed in the sensitivity analysis. The addition of CVAI significantly improved reclassification and
discrimination over the conventional model, with a category-free NRI of 0.132 (95% CI 0.021 to 0.236, P = 0.021) and an IDI of 0.012
(95% CI 0.005 to 0.023, P < 0.001).
Conclusion: This study demonstrated a nonlinear relationship between CVAI and the risk of new-onset MI in patients with
hypertension and OSA. Higher CVAI was significantly associated with the risk of new-onset MI when CVAI was ≥112.
Keywords: Chinese visceral adiposity index, myocardial infarction, hypertension, obstructive sleep apnoea, cohort study

Introduction
Cardiovascular disease (CVD) is a leading cause of morbidity and mortality worldwide and has become a worldwide
public health problem.1,2 Myocardial infarction (MI) is one of the common conditions of CVD and remains the leading
cause of cardiovascular mortality despite advances in treatment techniques and prevention strategies in recent decades.3–5

Therefore, prevention of MI by understanding and reducing risk factors is of major importance for clinical practice and
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public health.6,7 Numerous studies have demonstrated that hypertension is considered to be one of the important risk
factors for CVD.8 Obstructive sleep apnea (OSA), a sleep-related breathing disorder, is another major independent risk
factor for CVD.9 Several studies have reported that the coexistence of OSA and hypertension further increases the risk of
new cardiovascular events.10,11

Obesity has long been recognized as a distinct risk factor for the development of CVD.12 Visceral obesity is considered to
be a more prominent risk factor for CVD than subcutaneous fat.13,14 Although several imaging methods, including computed
tomography, magnetic resonance imaging, dual-energy X-ray absorptiometry, and dual bioelectricity impedance analysis, can
be used to accurately assess the fat distribution and quantify visceral fat.15,16 However, the use of image-based visceral fat
assessment is largely limited and unsuitable for routine clinical practice in the general population due to its higher cost,
associated technical challenges, and radiation exposure.15,17 The visceral adiposity index (VAI) is an easily measured index to
assess visceral fat distribution and dysfunction.18,19 In recent years VAI has been widely used to predict the risk of several
diseases, such as CVD, diabetes, and hyperuricemia.19–22 These studies have simultaneously validated the reliability of VAI
scores. However, the VAI has limitations when applied to non-Caucasian populations owing to the considerable variation in
VAI across populations and ethnicities.23 Due to unhealthy sedentary lifestyles and ethnic differences, the Chinese have more
visceral fat accumulation and less obesity compared to Caucasian populations.24 As a novel and easy-to-use index, the Chinese
visceral adiposity index (CVAI) is a new index developed to assess visceral obesity in the Chinese population, combining body
mass index (BMI), age, waist circumference (WC), high-density lipoprotein cholesterol (HDL-C) and triglyceride (TG) levels
in its calculation.25 A considerable body of literature has demonstrated that CVAI is a reliable marker for predicting CVD,
diabetes, and metabolic syndrome in the Chinese population.26–28

However, few studies have evaluated the association between CVAI and new-onset MI, especially in patients with
hypertension and OSA. Therefore, the purpose of this study was to explore the association between CVAI and the risk of
new-onset MI in patients with hypertension and OSA and to further investigate whether there is a nonlinear relationship
between CVAI and new-onset MI.

Materials and Methods
Study Population
Urumqi Research on Sleep Apnea and Hypertension (UROSAH) was conducted in Hypertension Center of People’s
Hospital of Xinjiang Uygur Autonomous Region, a provincial tertiary hospital, which mainly provides assessment and
individualized treatment of hypertension, as well as identification of secondary hypertension.29 UROSAH is a single-
center retrospective cohort study to assess the association of OSA with long-term cardiovascular outcomes in patients
with hypertension. A review of hypertensive patients who visited the hypertension center between January 2011 and
December 2013 was conducted. UROSAH inclusion criteria were as follows: hypertensive patients with suspected OSA.
Exclusion criteria for UROSAH were as follows: 1. Patients with acute severe cardiovascular and cerebrovascular
diseases in recent 3 months; 2. Patients with acute asthma, chronic obstructive pulmonary disease, interstitial lung
disease, pulmonary tuberculosis, and other respiratory diseases; 3. Patients who are currently using steroids, broncho-
dilators, and antihistamines; 4. Patients with a malignant tumor, acute infection, and autoimmune diseases; 5. Renal and
renal vascular hypertension, pheochromocytoma, aldosterone adenoma, Cushing’s syndrome, and other common sec-
ondary hypertension patients; 6. Patients failed sleep study (patients without adequate and satisfactory signal recording).
A total of 3605 consecutive hypertensive patients with suspected OSA admitted to the hypertension center of the People’s
Hospital of Xinjiang Uygur Autonomous Region were recruited. In this sub-study, we further excluded: 1. Participants
who were lost to follow-up; 2. After polysomnography (PSG), the apnea hypopnea index (AHI) was < 5 events/hour; 3.
A history of MI at baseline; 4. Missing values for baseline BMI, WC, TG, and HDL-C were present. Eventually, 2177
patients comprised the study population. The patient recruitment flow diagram is illustrated in Figure 1.

Ethical Approval
The research was authorized by the Medical Ethics Committee of the People’s Hospital of Xinjiang Uygur Autonomous
Region (No. 2019030662) and was conducted in strict compliance with the ethical standards set forth in the Declaration
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of Helsinki and its subsequent amendments. Written informed consent was submitted by all patients or their legal
relatives participating in this study.

Baseline Examination
All participants completed a baseline examination between 2011 and 2013. Anthropometric measurements were taken
by trained nurses. Data for height, weight, and WC were acquired following a protocol standardized to an accuracy of
0.1kg and 0.1cm, 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 0.1cm. BMI was calculated as weight divided by the square of height (kg/m2).
Baseline blood pressure was measured using a mercury sphygmomanometer after the patient had rested quietly for at
least 10 minutes, and the average of multiple measurements was taken as the systolic and diastolic blood pressure
values. All participants were required not to take caffeine, alcohol, or sedative-hypnotic drugs on the day of the sleep
study. All subjects were monitored with PSG (Compumedics, Australia) throughout the entire night. The PSG
procedures have all been consistent with previously published studies.30 PSG evaluation included monitoring airflow
with nasal pressure and/or thermocouples, respiratory effort with piezoelectric bands at abdominal and chest
locations, oxygen saturation measurement with pulse oximetry, surface electrodes connected with standard techniques
to obtain chin electromyography, and electrooculography.31 All data were scored by sleep technologists licensed by
the American Academy of Sleep Medicine and AHI, mean oxygen saturation (SaO2) during sleep, and lowest oxygen
saturation during sleep were also calculated for each patient. AHI is defined as the total number of hypopneas and
apneas that occur per hour of sleep.32 Smoking and drinking habits were categorized as never, past, and current.

Laboratory Assays
On the morning of the investigation, blood samples were taken after an all-night fast and analyzed shortly after sampling.
Prior to blood collection, subjects were requested to avoid smoking, alcohol, caffeine, and strenuous activity for 8 hours.

Figure 1 Participant flow diagram.
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The levels of fasting plasma glucose (FPG), total cholesterol (TC), HDL-C, low-density lipoprotein (LDL-C), TG, high-
sensitivity C-reactive protein (hs-CRP), homocysteine (Hcy), and creatinine (Cr) were measured by a fully automated
biochemical analyzer (Hitachi 7600-020/ISE; Hitachi, Tokyo, Japan). The estimated glomerular filtration rate (eGFR)
was computed by applying the equation of the Chronic Kidney Disease Epidemiology Collaborative Group.33

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).34 For the purposes of this study, CPAP adherence was
categorized as regular treatment and non-treatment. Regular CPAP treatment was defined as average treatment ≥4 hours/
night for >70% of the entire follow-up period, or on average of ≥4 hours per night (CPAP devices only provide
cumulative hours of use).35,36 The CVAI was determined by gender-specific equations and calculated using the following
formulas: Males: 267.93 + 0.68 * age + 0.03 * BMI (kg/m2) + 4.00 * WC (cm) + 22.00 * Log10TG (mmol/L) - 16.32 *
HDL-C (mmol/L); Females: 187.32 + 1.71 * age + 4.23 * BMI (kg/m2) + 1.12 * WC (cm) + 39.76 * Log10TG (mmol/L)
- 11.66 * HDL-C (mmol/L).37

Follow-Up and Outcomes
During a median follow-up period of 87 months (IQR, 76–99), follow-up data were obtained by reviewing patients’
medical records, outpatient clinical visits, or by contacting participants by telephone with trained personnel. 276 of the
3605 participants were missed during follow-up, and all of the remaining 3329 patients had at least one follow-up
assessment. Upon entry into this cohort, subjects were followed up for the first occurrence of MI (both fatal and non-
fatal). Outcomes were obtained through outpatient follow-up, telephone interviews using a structured questionnaire, and
inpatient medical records. Deaths caused by MI were verified by hospital death certificates and consultation with
population management. All clinical events were confirmed by medical documentation and authenticated by the clinical
events committee of our tertiary hospital. The follow-up period began with the initial visit and ended in January 2021.

Statistical Analysis
Statistical significance of differences in baseline characteristics was assessed according to CVAI quartiles (33.04–123.67,
123.83–150.55, 150.80–179.17, and 179.19–320.94) using ANOVA tests, signed-rank tests, or chi-square tests, accord-
ingly. The Kaplan-Meier method was used to evaluate cumulative risk, and Log rank tests were used to assess differences
in survival rates across strata.

Before building the Cox regression model, we evaluated the covariance between variables according to the variance
inflation factor (VIF) (Table S1). Variables with VIF > 5 were considered inappropriate for inclusion in the Cox
regression model. We eliminated three variables with multicollinearity (WC, eGFR, and Cr). Multivariate Cox regression
models were used to estimate the relationship between CVAI and risk of first MI. CVAI was described as a continuous
variable [per 1 standard deviation (SD) increase] and a categorical variable (quartiles) and was placed into different
models. Besides the crude model, we adjusted for different confounding factors and constructed three regression models.
Adjusted model 1 was adjusted for age, gender, NC, BMI, DBP, SBP, history of diabetes, drinking status, and smoking
status at baseline; Adjusted model 2 was further adjusted for TG, TC, LDL-C, HDL-C, Lp (a), FPG, HsCRP, and Hcy
levels at baseline. Adjusted model 3 was further adjusted for antihypertensive drugs, lipid-lowering drugs, antiplatelet
drugs, antidiabetic drugs, regular CPAP treatment, AHI, mean SaO2, and lowest SaO2. P values for the trend test were
performed in the regression models after the median value in each quartile of CVAI was entered into the model and
treated as an ordinal variable. To verify the robustness of the results obtained from the main analysis, a sensitivity
analysis was performed. The sensitivity analysis consisted of the following two aspects: first, a multivariate Cox
regression model was constructed again after excluding participants who were regularly CPAP treatment; second,
a competing risk analysis was performed using the Fine-Gray model.38
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A generalized additive model and smoothing curve fitting were used to assess the potential relationship between
CVAI and the risk of first MI. The generalized additive model allows us to fit the model using a nonlinear smoothing term
without prior knowledge of the relationship between the dependent and independent variables. When a nonlinearity is
detected, the inflection point is first calculated by a recursive algorithm, and then a two-piecewise Cox regression model
is constructed on both sides of the inflection point. We determine the best-fit model based on the P-value derived from the
log-likelihood ratio test.

Furthermore, we also conducted stratified analyses with interaction tests. Stratification of the study included diabetes
(no and yes), age (≥ 60, ≥ 45 and < 60, and < 45 years), gender (male and female), BMI (≥ 25, and < 25 kg/m2), SBP (≥
140 and < 140 mmHg), DBP (≥ 90 and < 90 mmHg), smoking status (never, past, and current), drinking status (never,
past, and current), eGFR (≥ 90 and < 90 mL/min/1.73 m2), and AHI (≥ 30, ≥ 15 and < 30, and ≥ 5 and < 15 events/hour).

In addition, we used C-statistic, integrated discrimination improvement (IDI), and net reclassification index (NRI) to
evaluate the incremental predictive value of CVAI over and above conventional risk factors.

A two-tailed P < 0.05 was recorded as significantly different. All statistical analyses were undertaken with
R software, version 4.1.1.

Results
Characteristics of the Participants
Of the original participants (n = 3605), 1428 participants were excluded, leaving a total of 2177 participants
included in the study for analysis (Figure 1). Baseline characteristics by quartiles of CVAI are listed in Table 1.
The mean level of CVAI for all participants was 152.39 ± 42.00. The mean levels of CVAI of the four groups were
100.71 ± 17.86, 138.08 ± 7.58, 164.62 ± 8.13 and 206.06 ± 26.52, respectively. The mean age of these participants
was 49.21 ± 10.45 years, of which 1493 (68.58%) were men. There were 870 patients with mild OSA, 647 patients
with moderate OSA, and 660 patients with severe OSA in this study, respectively, of whom a total of 80 participants
received regular CPAP treatment. During a median follow-up period of 87 months (IQR, 76–99), 82 participants
developed new-onset MI. The cumulative incidence of new-onset MI according to the CVAI quartiles for partici-
pants was illustrated in Figure 2. The incidence of new-onset MI increased dramatically with increasing CVAI
quartiles, from 8 (1.47%) in the 1st quartile to 38 (6.97%) in the 4th quartile. The Kaplan-Meier curve also revealed
that participants in the 4th quartile of CVAI had a higher risk of new-onset MI events than participants in other
groups (log-test, P < 0.0001).

Relationship Between CVAI and Incidence of New-Onset MI in Patients with
Hypertension and OSA
We eliminated three variables with multicollinearity (WC, eGFR, and Cr). The remaining nonlinear covariates were
incorporated into the Cox regression model. Table 2 illustrates the association between CVAI and new-onset MI on the
basis of CVAI quartiles and CVAI per 1 SD increase. When CVAI values were expressed as a continuous variable, per 1
SD increment in CVAI was associated with a 65% (95% CI 1.43 to 1.90, P < 0.01) increase in the hazard of new-onset
MI in the crude model, a 58% (95% CI 1.35 to 1.84, P < 0.01) increase in adjusted model 1, a 56% (95% CI 1.33 to 1.83,
P < 0.01) increase in adjusted model 2, and 54% (95% CI 1.28 to 1.85, P < 0.01) increase in adjusted model 3. When
CVAI values were expressed as a categorical variable, compared with quartile 1 in the crude model, the hazard for new-
onset MI in quartile 2 showed no statistical significance, while HRs were 2.87 (95% CI 1.64 to 5.03, P < 0.01) for
quartile 3 and 4.80 (95% CI 2.80 to 8.24, P < 0.01) for quartile 4. In adjusted model 1, the HRs were 2.49 (95% CI 1.40
to 4.43, P < 0.01) for quartile 3 and 3.99 (95% CI 2.25 to 7.06, P < 0.01) for quartile 4. A similar pattern was found in
adjusted model 3, in which HRs were 2.45 (95% CI 1.32 to 4.55, P < 0.01) for quartile 3 and 3.64 (95% CI 1.94 to 6.83,
P < 0.01) for quartile 4 (all P for trend < 0.01). To exclude the influence of regular CPAP treatment on the association
between CVAI and incidence of new-onset MI, a sensitivity analysis was performed after excluding 80 patients on
regular CPAP treatment. We discovered the relationship between CVAI and incidence of new-onset MI was unaffected
in patients with hypertension and OSA (Table S2). In addition, we performed a competing risk analysis, which
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considered death as a competing risk. Sub-distribution HRs for CVAI and new-onset MI after competing risk analysis
are presented in Table S3. The relationship between CVAI and new-onset MI was not significantly affected in the Fine-
Gray model.

Nonlinearity and Threshold Effect Analysis of CVAI on Incidence of New-Onset MI in
Patients with Hypertension and OSA
Both unadjusted and adjusted smoothing curves demonstrated that the relationship between CVAI and the risk of new-onset
MI was nonlinear (Figure 3). We fitted the relationship between CVAI and risk of new-onset MI with a two-piecewise Cox
regression model (Table 3). After adjusting for different confounding factors, the P values for the log-likelihood ratio test were

Table 1 Baseline Characteristics of Participants According to CVAI Quartiles

Variable Quartile 1 (33.04–
123.67)

Quartile 2 (123.83–
150.55)

Quartile 3 (150.80–
179.17)

Quartile 4 (179.19–
320.94)

P-value

n=544 n=544 n=544 n=545

Age, years 47.87 ± 9.51 50.06 ± 10.93 49.65 ± 11.02 49.25 ± 10.15 <0.01

Male, n (%) 234 (43.0%) 352 (64.7%) 420 (77.2%) 487 (89.4%) <0.01

NC, cm 37.03 ± 2.84 39.54 ± 3.07 41.18 ± 3.03 43.61 ± 3.11 <0.01

BMI, kg/m2 25.34 ± 2.62 27.37 ± 2.47 29.22 ± 2.91 31.90 ± 3.71 <0.01

WC, cm 89.94 ± 6.37 97.61 ± 4.53 103.28 ± 4.74 113.07 ± 7.80 <0.01

SBP, mmHg 139.71 ± 19.67 139.30 ± 18.20 141.05 ± 19.35 139.61 ± 19.93 0.46

DBP, mmHg 91.74 ± 14.30 91.21 ± 13.18 92.52 ± 14.15 92.38 ± 13.89 0.37

TG, mmol/L 1.38 (1.05–1.88) 1.71 (1.22–2.35) 1.99 (1.46–2.78) 2.04 (1.47–2.92) <0.01

TC, mmol/L 4.48 (3.83–5.07) 4.49 (3.84–5.09) 4.46 (3.89–5.16) 4.55 (3.97–5.08) 0.66

LDL-C, mmol/L 2.62 (2.14–3.15) 2.58 (2.07–3.10) 2.58 (2.09–3.17) 2.64 (2.14–3.10) 0.73

HDL-C, mmol/L 1.19 (1.01–1.42) 1.09 (0.93–1.27) 1.03 (0.87–1.20) 0.97 (0.83–1.13) <0.01

Lp (a), mg/L 156.00 (115.00–233.32) 149.60 (109.60–223.05) 158.00 (113.00–207.93) 148.00 (111.00–214.00) 0.15

FPG, mmol/L 4.94 ± 1.22 5.18 ± 1.25 5.38 ± 1.38 5.59 ± 1.85 <0.01

HsCRP, mg/L 1.59 (0.76–3.31) 2.12 (0.87–3.88) 2.16 (0.95–4.18) 2.60 (1.28–4.37) <0.01

Hcy, mmol/L 14.04 (10.22–20.59) 13.88 (9.65–19.31) 14.21 (9.53–20.77) 15.40 (10.70–21.92) 0.03

eGFR, mL/min/1.73 m2 98.16 ± 19.65 98.13 ± 20.14 97.09 ± 19.05 97.73 ± 19.57 0.79

Cr, μmol/L 70.23 ± 15.65 73.77 ± 15.61 76.68 ± 14.85 78.51 ± 14.04 <0.01

AHI, events/hour 12.50 (8.17–20.65) 17.30 (8.90–31.50) 21.80 (13.20–38.10) 25.30 (13.40–43.90) <0.01

Mean SaO2, % 91.99 ± 8.99 91.46 ± 7.68 90.99 ± 8.16 90.16 ± 7.98 <0.01

Lowest SaO2, % 80.00 ± 9.98 78.05 ± 9.42 76.35 ± 11.35 74.17 ± 12.49 <0.01

History of diabetes, n (%) 48 (8.8%) 73 (13.4%) 102 (18.8%) 136 (25.0%) <0.01

Drinking status, n (%) <0.01

Never 437 (80.3%) 374 (68.8%) 327 (60.1%) 307 (56.3%)

Past 21 (3.9%) 28 (5.1%) 46 (8.5%) 50 (9.2%)

Current 86 (15.8%) 142 (26.1%) 171 (31.4%) 188 (34.5%)

Smoking status, n (%) <0.01

Never 401 (73.7%) 340 (62.5%) 269 (49.4%) 240 (44.0%)

Past 43 (7.9%) 48 (8.8%) 67 (12.3%) 71 (13.0%)

Current 100 (18.4%) 156 (28.7%) 208 (38.2%) 234 (42.9%)

Medication use, n (%)

Antihypertensive drugs 477 (87.7%) 501 (92.1%) 524 (96.3%) 540 (99.1%) <0.01

Lipid-lowering drugs 282 (51.8%) 336 (61.8%) 386 (71.0%) 429 (78.7%) <0.01

Antiplatelet drugs 329 (60.5%) 399 (73.3%) 362 (66.5%) 428 (78.5%) <0.01

Antidiabetic drugs 31 (5.7%) 58 (10.7%) 74 (13.6%) 116 (21.3%) <0.01

Regular CPAP treatment 6 (1.1%) 19 (3.5%) 22 (4.0%) 33 (6.1%) <0.01

Notes: Values are mean ± SD, n (%) or median (Q1–Q3).
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; NC, neck circumference; WC, waist circumference; TG, triglyceride; TC,
total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; HsCRP, high sensitivity C-reactive protein; FPG, fasting plasma
glucose; Hcy, homocysteine; Cr, creatinine; eGFR, estimated glomerular filtration rate; AHI, apnea hypopnea index; Mean SaO2, mean oxygen saturation; Lowest SaO2,
lowest oxygen saturation; CPAP, continuous positive airway pressure; CVAI, Chinese visceral adiposity index.
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all less than 0.05. This finding stated that a two-piecewise Cox regression model was more appropriate for fitting the
association between CVAI and risk of new-onset MI. Using the two-piecewise Cox regression model and recursive algorithm,
we calculated the inflection point of the CVAI to be 112. In adjusted model 3, for CVAI ≥ 112, per 1 SD increase in CVAI was
associated with a 59% increase in the risk of new-onset MI (P < 0.01). For CVAI < 112, the relationship between CVAI and the
risk of new-onset MI was not significant.

Subgroup Analysis
We further conducted subgroup analyses to assess the association between CVAI (per 1 SD increment) and the risk
of new-onset MI in different subgroups. None of the variables, including age (P interaction = 0.24), gender (P
interaction = 0.52), eGFR (P interaction = 0.81), BMI (P interaction = 0.45), SBP (P interaction = 0.14), DBP (P
interaction = 0.76), AHI (P interaction = 0.42), smoking status (P interaction = 0.31), diabetes (P interaction = 0.28),
and drinking status (P interaction = 0.23) at baseline substantially altered the relationship between CVAI and risk of
new-onset MI (Figure 4).

Figure 2 Kaplan-Meier survival curves of new-onset MI across CVAI quartile groups.
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Incremental Impact of CVAI on the Predictive Power of New-Onset MI in Patients
with Hypertension and OSA
Table 4 showed that compared with the conventional model the inclusion of CVAI markedly enhanced discrimi-
nation and reclassification ability over the conventional model with a category-free NRI of 0.132 (95% CI 0.021
to 0.236, P = 0.021), and an IDI of 0.012 (95% CI 0.005 to 0.023, P < 0.001). In addition, C-statistic by the
conventional model significantly improve with the addition of CVAI (from 0.677 to 0.710, P < 0.001).

Discussion
The current aging population in China is associated with an increasing prevalence of CVD.1 MI is one of the leading
sources of cardiovascular mortality in China, which not only has a considerable impact on quality of life but also leads to
a significant increase in socioeconomic burden.39 The present study was designed as a single-center retrospective cohort
study to reveal the relationship between CVAI and new-onset MI. To our knowledge, this is the first study to investigate
the relationship between CVAI and the risk of new-onset MI in patients with hypertension and OSA. This study
demonstrated that elevated CVAI (CVAI ≥ 112) was independently associated with an increased risk of new-onset MI
events in patients with hypertension and OSA. Compared with the lowest quartile, those in the highest quartile of CVAI
had a 3.64-fold higher risk of new-onset MI. Furthermore, these results and trends were stable in both sensitivity analysis
and subgroup analysis. This implies that our findings are robust and reliable. In addition, we found inconsistent effect
size trends on the left and right sides of the inflection point. This result suggests an independent nonlinear relationship
between CVAI and the incidence of new-onset MI. More importantly, the inclusion of CVAI in a conventional model
consisting of certain conventional risk factors significantly improves reclassification ability.

China has been one of the countries with the largest obese population and obesity has become a leading issue and
public health challenge in China.40 Compelling evidence from prospective cohort studies indicates that obesity is
associated with an increased risk of CVD and premature death in the Chinese population.41 In the last decades, there
is compelling evidence that adipose tissue has multiple effects as an endocrine organ due to the dynamic secretory
function of adipocytes and resident macrophages.42 These effects may contribute to the low-grade, chronic pro-
inflammatory state of obesity and are further associated with CVD and insulin resistance (IR).42 Indeed, sustained
weight gain and adipose tissue accumulation induce major changes within various adipose depots, leading to the
dysfunction, IR, increased lipolysis, and altered adipokine production.42–44 These changes are thought to contribute to
overall adipose tissue dysfunction and play an important role in the cardiometabolic sequelae associated with obesity.
Visceral adiposity appears to be a key factor in the underlying pathophysiological mechanisms.16,45

Recent evidence supports that the distribution pattern of visceral fat can be reliably quantified by imaging techniques.15

However, these imaging techniques lack economic feasibility and lead to the risk of exposure to radiation. Therefore, emphasis
has been placed on identifying simple metrics that can be reliably applied in daily clinical practice as surrogate markers of

Table 2 Relationship Between CVAI and New-Onset MI in Different Models

Variable Crude Model Adjusted Model 1 Adjusted Model 2 Adjusted Model 3

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

CVAI (Per 1 SD increase) 1.65 (1.43, 1.90) <0.01 1.58 (1.35, 1.84) <0.01 1.56 (1.33, 1.83) <0.01 1.54 (1.28, 1.85) <0.01

Quartiles of CVAI

Q1 Ref. Ref. Ref. Ref.

Q2 1.30 (0.67, 2.50) 0.44 1.13 (0.58, 2.19) 0.72 1.15 (0.59, 2.25) 0.67 1.20 (0.61, 2.38) 0.59

Q3 2.87 (1.64, 5.03) <0.01 2.49 (1.40, 4.43) <0.01 2.30 (1.29, 4.11) <0.01 2.45 (1.32, 4.55) <0.01

Q4 4.80 (2.80, 8.24) <0.01 3.99 (2.25, 7.06) <0.01 3.76 (2.12, 6.64) <0.01 3.64 (1.94, 6.83) <0.01

P for trend <0.01 <0.01 <0.01 <0.01

Notes: Crude model: Unadjusted. Adjusted model 1: adjusted for age, gender, NC, BMI, DBP, SBP, history of diabetes, drinking status, and smoking status. Adjusted model 2:
adjusted for all the variables in model 1, plus TG, TC, LDL-C, HDL-C, Lp (a), FPG, HsCRP, and Hcy. Adjusted model 3: adjusted for all the variables in model 2, plus
antihypertensive drugs, lipid-lowering drugs, antiplatelet drugs, antidiabetic drugs, regular CPAP treatment, AHI, mean SaO2, and lowest SaO2.
Abbreviations: CI, confidence interval; HR, hazard ratio; other abbreviations as in Table 1.
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visceral adiposity and indicators of increased cardiometabolic risk. Several studies have pointed out that BMI and WC do not
perform satisfactorily for estimating visceral fat function and distribution.46,47 To address this issue, researchers have
developed the CVAI for the metabolic characteristics of the Chinese population to more accurately assess the visceral fat
distribution and cardiometabolic risk in specific populations.25,37 Initially, CVAI was deemed to be a reliable surrogate for
assessingmetabolic health and predicting diabetes.37 The results ofWei et al revealed that CVAI is a powerful and independent
risk factor for diabetes in Chinese adults. Compared with indicators such as BMI and WC, CVAI demonstrated the best
predictive ability for metabolic disease in Chinese adults and is a promising clinical predictor of visceral adiposity
dysfunction.48 Wan et al indicated that CVAI had the strongest correlation with the prevalence of CVD and diabetic

Figure 3 Dose-response relationship between CVAI and the probability of new-onset MI in different multivariable models. (A) crude model, (B) adjusted model 1, (C)
adjusted model 2, and (D) adjusted model 3. Red line represents the smooth curve fit between variables. Blue line represents the 95% of confidence interval from the fit.
Crude model: Unadjusted. Adjusted model 1: Adjusted for age, gender, NC, BMI, DBP, SBP, history of diabetes, drinking status, smoking status, and the time lag between
baseline and follow-up. Adjusted model 2: Adjusted for all the variables in model 1, plus TG, TC, LDL-C, HDL-C, Lp (a), FPG, HsCRP, Hcy, and the time lag between baseline
and follow-up. Adjusted model 3: Adjusted for all the variables in model 2, plus antihypertensive drugs, lipid-lowering drugs, antiplatelet drugs, antidiabetic drugs, regular
CPAP treatment, AHI, mean SaO2, lowest SaO2, and the time lag between baseline and follow-up.
Abbreviations: MI, myocardial infarction; RR, relative risk; other abbreviations in Table 1.
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nephropathy among a range of abdominal obesity indices and that CVAI may be a useful and powerful tool for the prevention
and treatment of CVD and diabetic nephropathy.26 Huang et al identified that CVAI performed best in anthropometric and
cardiometabolic measures for 10-year CVD risk ≥7.5% in bothmen andwomen.49 A survey by Shao et al suggested that CVAI
may better reflect the visceral fat status and serve as a potential biomarker for predicting poor prognosis in patients with
chronic coronary total occlusion compared to traditional indicators of obesity.50 Li et al showed that CVAI was positively
associated with the prevalence of carotid atherosclerosis and high risk of CVD in the elderly and could be used to determine
people at high risk of atherosclerosis.28

Table 3 Threshold Effect Analyses of CVAI (per 1 SD Increase) on the Risk of New-Onset MI Using Two-Piecewise Regression
Models

The Inflection Point
of CVAI

N (%) Crude Model Adjusted Model 1 Adjusted Model 2 Adjusted Model 3

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

< 112 (Per 1 SD

increase)

381 (17.5%) 0.69 (0.38, 1.25) 0.22 0.61 (0.35, 1.07) 0.08 0.63 (0.36, 1.08) 0.09 0.80 (0.46, 1.41) 0.45

≥ 112 (Per 1 SD

increase)

1796 (82.5%) 1.71 (1.59, 1.84) <0.01 1.64 (1.51, 1.78) <0.01 1.63 (1.50, 1.77) <0.01 1.59 (1.44, 1.75) <0.01

Log-likelihood ratio

test

<0.01 <0.01 <0.01 0.03

Notes: Crude model: Unadjusted. Adjusted model 1: adjusted for age, gender, NC, BMI, DBP, SBP, history of diabetes, drinking status, and smoking status. Adjusted model 2:
adjusted for all the variables in model 1, plus TG, TC, LDL-C, HDL-C, Lp (a), FPG, HsCRP, and Hcy. Adjusted model 3: adjusted for all the variables in model 2, plus
antihypertensive drugs, lipid-lowering drugs, antiplatelet drugs, antidiabetic drugs, regular CPAP treatment, AHI, mean SaO2, and lowest SaO2.
Abbreviation: Abbreviations as in Table 1 and 2.

Figure 4 Subgroup analysis of associations between CVAI and new-onset MI. The dots and lines represent the estimates of the hazard ratios of new-onset MI for per 1 SD
increment of CVAI and the corresponding 95% confidence intervals, respectively.
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CVAI has been identified in numerous studies as a validated biomarker for estimating visceral adiposity, but the exact
pathophysiological mechanisms underlying the relationship between CVAI and MI are unknown.28,48 Currently, several
seemingly plausible mechanisms have been proposed. First, this may be due to the synergistic effect of well-known risk
factors included in the CVAI calculation formula. Low HDL-C, high WC, and high TG are all well-known cardiovascular
risk factors.51–53 Therefore, the CVAI derived from the combination of these may be more closely related to MI than each
individual risk factor. Second, the impact of metabolic comorbidities cannot be ignored. In previous studies, visceral fat
has been shown to be strongly associated with metabolic diseases such as diabetes and hypertension, all of which are
primary risk factors for MI.54,55 Third, the relationship between CVAI and MI risk may represent a pro-inflammatory
process.56,57 Visceral fat produces various pro-inflammatory hormones and cytokines, such as tumor necrosis factor-α,
pigment epithelium-derived factor, interleukin-6, and interleukin-8, which may increase the risk of coronary athero-
sclerosis and MI.56–58

The present study has several noteworthy strengths. First, it is the first study to report a nonlinear relationship
between CVAI and risk of new-onset MI in patients with hypertension and OSA. Second, the present study is
a retrospective cohort study design with large sample size. After rigorous adjustment for confounding and sensitivity
analysis, the relationship between CVAI and new-onset MI remained stable, so the conclusions of this study can be
considered relatively reliable. Nevertheless, we acknowledge some limitations of the present study. First, the present
study is a retrospective cohort study, and although adjustments were made for a wide range of confounding in the
analysis, residual confounding variables that were not measured or recorded cannot be excluded. Second, our current
study was conducted on participants with hypertension and OSA, and the generalizability of the results to other
populations remains to be considered. Third, imaging studies of fat distribution were not available in the majority of
patients; therefore, direct comparisons of CVAI and physical quantification of fat distribution were not possible. Fourth,
regular CPAP treatment is the recommended first-line treatment for OSA, but the number of patients regularly using
CPAP therapy in this study was low. Possible reasons for this include physical discomfort, pressure intolerance, mask-
related discomfort, and the fact that regular CPAP treatment is primarily recommended for those with moderate or severe
OSA.59–61 Therefore, it could not be observed in this study whether treatment with CPAP could reduce the risk of new-
onset MI in patients with hypertension and OSA. Fifth, although our study reported a nonlinear relationship between
CVAI and risk of new-onset MI, the relatively small group size of patients with CVAI < 112 may not provide sufficient
statistical power to fully investigate this nonlinear relationship. Because of these limitations, our study only presents
hypotheses. These findings do need to be further investigated and confirmed in additional studies.

Conclusions
Our findings suggest that a nonlinear relationship between CVAI and the risk of new-onset MI in patients with
hypertension and OSA. Increased CVAI was significantly associated with the risk of new-onset MI when CVAI was ≥
112. Therefore, the results of this study provide a convenient and useful marker for early prevention of MI in patients
with hypertension and OSA, contributing to the identification of those at risk for MI and providing early preventive
intervention.

Data Sharing Statement
The dataset utilized in this study is accessible from the corresponding author at reasonable request.

Table 4 C-Statistic and Reclassification Analyses for CVAI to Advance the Risk Classification of New-Onset MI

C-Statistic (95% CI) P value IDI P value NRI (Category Free) P value

Conventional model 0.677 (0.638, 0.716) Ref. – Ref. – Ref.
Conventional model+CVAI 0.710 (0.682, 0.738) <0.001 0.012 (0.005, 0.023) <0.001 0.132 (0.021, 0.236) 0.021

Notes: Conventional model was adjusted for age, gender, smoking status, WC, BMI, history of diabetes, TC, TG, HDL-c, LDL-c, FPG, Lp (a), and hs-CRP levels at baseline.
Abbreviations: IDI, integrated discrimination improvement; NRI, net reclassification index; other abbreviations as in Table 1.
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