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Background

Chinese visceral adiposity index (CVAI) is a reliable indicator of visceral obesity, but little is known about the association of CVAI with comorbidity of hypertension (HTN) and diabetes mellitus (DM). This study aimed to explore the associations of CVAI with HTN-DM comorbidity, HTN or DM, HTN, and DM in elderly people and evaluate the mediating role of insulin resistance in the associations.





Methods

A total of 3,316 Chinese participants aged ≥60 years were included in this cross-sectional study. Logistic regression models were used to estimate odds ratios (ORs) and 95% confidence intervals (CIs). Restricted cubic splines were applied to explore the dose–response associations. Mediation analyses were used to assess the mediating effect of triglyceride-glucose (TyG) index in the associations.





Results

The prevalence rate of HTN-DM comorbidity, HTN or DM, HTN, and DM was 13.78%, 72.26%, 67.16%, and 18.88%, respectively. Linear associations between CVAI and HTN-DM comorbidity, HTN or DM, HTN, and DM were found, and ORs (95%CIs) were 1.45 (1.30–1.61), 1.39 (1.28–1.52), 1.36 (1.25–1.48), and 1.28 (1.16–1.41) for per SD increase in CVAI. Compared with quartile 1 of CVAI, the risk of HTN-DM comorbidity, HTN or DM, HTN, and DM increased 190%, 125%, 112%, and 96% for quartile 4. In addition, we found TyG index playing a key role in the associations of CVAI with HTN-DM comorbidity, HTN or DM, and DM.





Conclusion

CVAI is linearly and positively correlated with HTN-DM comorbidity, HTN or DM, HTN, and DM. The potential mechanism is insulin resistance largely mediating the associations.
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Introduction

Hypertension (HTN) and diabetes mellitus (DM) are two important risk factors for cardiovascular disease and premature death worldwide (1, 2). With the increasing prevalence of HTN and DM and intensification of aging, HTN-DM comorbidity has become a serious public health problem, especially in Chinese population (3–5). Data from China Kadoorie Biobank (CKB) showed that the prevalence rate of HTN-DM comorbidity increased by 162% (2.72% vs. 7.12%) during 8 years of follow-up (6). China Chronic Disease and Risk Factor Surveillance (CCDRFS) in 2018 including 134,950 participants aged ≥45 years showed that the total prevalence rate of HTN, DM, and HTN-DM comorbidity was 46.0%, 19.5%, and 12.3%; the corresponding prevalence rate was 59.2%, 25.0%, and 17.7% for participants aged 65–75 years and 67.6%, 26.7%, and 20.6% for participants aged ≥75 years (7). Because of the high prevalence and low control level, identifying risk factors, early detection, and subsequent intervention in HTN-DM comorbidity is urgently needed.

Chinese visceral adiposity index (CVAI), like visceral adiposity index (VAI) for western population, was established to estimate visceral adipose tissue (VAT) for Chinese population and can predict metabolic disorders well (8, 9). Previous studies have reported positive associations of CVAI with HTN (10, 11), DM (12, 13), and cardiovascular disease (14, 15), which mainly focus on single disease. The effect of CVAI on HTN-DM comorbidity was unknown, and the dose–response association was unclear. In addition, a recent study including 59,429 described that both VAT and visceral to total adipose tissue (VAT/TAT) ratio increased with increasing age (16). Therefore, it is essential to assess the association between CVAI and HTN-DM comorbidity in elderly people. Considering insulin resistance as the common mechanism of HTN and DM (17, 18), evaluating the mediating role of insulin resistance in the associations would benefit understanding the internal mechanism the association between CVAI and HTN-DM comorbidity.

Hence, this study aimed to explore the dose–response association of CVAI with HTN-DM comorbidity, HTN or DM, HTN, and DM in elderly people and test whether the associations are mediated by insulin resistance.





Methods




Study population

During 2019–2020, a total of 5,068 participants aged ≥60 years were selected from 10 community health service centers. After excluding participants with unknown status of HTN and DM (n= 453), missing data for age, body mass index (BMI), waist circumference (WC), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C) levels (n= 1,449), 3,166 individuals were included to explore the associations of CVAI and HTN-DM comorbidity, HTN or DM, HTN, and DM.





Data collection

Data on demographic characteristics (age, gender, marital status, and educational level), lifestyle factors (smoking, drinking, dietary habits, and physical activity), and medical history (anti-hypertensive medication, lipid lowering, and antidiabetic history) were collected by uniformly trained medical staff. Height, weight, WC, and blood pressure (BP) were measured, and all instruments were calibrated before use every time. Fasting blood was collected for fasting plasma glucose (FPG), TG, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and HDL-C. Quality control was conducted by establishing a detailed study protocol, using standardized questionnaire, training medical staff uniformly, calibrating instrument before use, and inputting information doubly.

Smoking was defined as smoking ≥100 cigarettes in their lifetime and drinking as drinking alcohol ≥12 times during the last year. Ideal diet was regarded as good mixture of meat and vegetables. Ideal physical activity was defined as more than 30 min of light and/or more than 20 min of moderate physical activity and/or more than 10 min of heavy physical activity per day for more than 5 years. BMI was calculated as weight (kg) divided by height (m) squared. Triglyceride-glucose (TyG) index, a reliable indicator assessing insulin resistance, was calculated as Ln (TG × 88.55 × FPG × 18/2) (both TG and FPG units in mmol/L) (19). CVAIs were calculated as follows (8):

	

	





Outcomes assessment

HTN was defined as systolic BP (SBP) ≥140 mm Hg and/or diastolic BP (DBP) ≥90 mm Hg and/or use of antihypertensive medication (20). DM was defined as FPG ≥7.0 mmol/L and/or current treatment with anti-diabetes medication according to the Chinese guidelines for T2DM (21). HTN-DM comorbidity was defined as participant having both HTN and DM. Participants with HTN or DM were having at least one of HTN or DM.





Statistical analyses

Continuous variables were described as median (interquartile range) and categorical variables as number (percentage). Wilcoxon two-sample test or chi-square test was used to test differences between men and women. Logistic regression models were used to estimate odds ratios (ORs) and 95% confidence intervals (CIs) of HTN-DM comorbidity, HTN or DM, HTN, and DM for per standard deviation (SD) increase and quartiles of CVAI. Model 1 was adjusted for age and gender; model 2 was adjusted for model 1 plus educational level, marital status, dietary, smoking, drinking, physical activity, and family history of HTN or DM; and model 3 was further adjusted for model 2 and TC, cardiovascular disease, and cancer. Restricted cubic splines (RCS) were used to explore the dose–response association of CVAI with the outcomes. Subgroup analyses were conducted to identify the consistency of the results across gender (men vs. women) and age (<75 years vs. ≥75 years) and to explore possible interaction by multiplicative model. Sensitivity analyses were conducted to test the robustness of the results by excluding participants with cardiovascular disease or cancer.

Mediation analysis was used to explore the mediating effect of TyG index in the associations between CVAI and HTN-DM comorbidity, HTN or DM, HTN, and DM by the PROCESS procedure in SAS v.9.4 (22). Mediated effect values and 95% CI were evaluated by a bias-corrected non-parametric percentile bootstrap method with 5,000 random sampling times. Statistical analyses were carried out in SAS V.9.4 (SAS Inst., Cary, NC) and R V.4.2.2 (23). A two-sided p-value <0.05 was considered statistically significant.






Results




Characteristics of study participants

The characteristics of the 3,316 study participants are shown in Table 1. Median age was 69.93 (7.46) years, and 42.46% were men. Compared with women, men were more likely to have higher proportion of marriage, higher education level, smoking, drinking, ideal diet and physical activity, higher level of WC, CVAI, TyG index, and lower level of TG, TC, HDL-C (all p <0.05). Among those participants, 457 (13.78%) had HTN-DM comorbidity, 2,396 (72.26%) had HTN or DM, 2,227 (67.16%) had HTN, and 626 (18.88%) had DM.


Table 1 | Baseline characteristics of study participants.







Dose–response associations of CVAI with HTN-DM comorbidity

RCS curve showed linear associations between CVAI and HTN-DM comorbidity, HTN or DM, HTN, and DM, with p-values of 0.2672, 0.3480, 0.1983, and 0.9019, respectively (Figure 1). After adjusting potential confounders, per SD increase in CVAI was associated 45%, 39%, 36%, and 28% increased risk of HTN-DM comorbidity, HTN or DM, HTN, and DM (Figure 2), and the corresponding ORs (95% CIs) were 1.45 (1.30–1.61), 1.39 (1.28–1.52), 1.36 (1.25–1.48), and 1.28 (1.16–1.41). The positive associations persisted on further excluding participants with cardiovascular disease and cancer (Supplementary Table S1).




Figure 1 | Dose–response association between Chinese visceral adiposity index and risk of comorbidity of hypertension and diabetes mellitus. OR, odds ratio; CI, confidence interval; CVAI, Chinese visceral adiposity index; HTN, Hypertension; DM, diabetes mellitus. (A) HTN-DM comorbidity; (B) HTN or DM; (C) HTN; (D) DM. Adjusted for age, gender, educational level, marital status, dietary, smoking, drinking, physical activity, family history of HTN or DM, total cholesterol, cardiovascular disease, and cancer.






Figure 2 | Association between per SD increase in Chinese visceral adiposity index and comorbidity of hypertension and diabetes mellitus. OR, odds ratio; CI, confidence interval; HTN, hypertension; DM, diabetes mellitus. Adjusted for age, gender, educational level, marital status, dietary, smoking, drinking, physical activity, family history of HTN or DM, total cholesterol, cardiovascular disease, and cancer.



In addition, we also assessed the associations stratified by gender and age (<75 vs. ≥75 years; Figure 2). Risk of HTN-DM comorbidity, HTN or DM, HTN, and DM associated with per SD increment in CVAI increased 37%, 34%, 33%, and 22% for men and 53%, 51%, 44%, and 34% for women. Participants aged ≥75 years had higher risk of HTN-DM comorbidity (103% vs. 32%) and DM (73% vs. 18%) than those aged <75 years (pinteraction <0.05). Per SD increase in CVAI was associated with 42% and 40% increased risk of HTN or DM and HTN for participants aged <75 years and 41% and 31% for those aged ≥75 years. Sensitivity analyses showed the similar results (Supplementary Table S1).





Risk of HTN-DM comorbidity by quartiles of CVAI

After adjusting for the potential confounders (age, gender, educational level, marital status, dietary, smoking, drinking, physical activity, family history of HTN or DM, TC, cardiovascular disease, and cancer), compared with participants in quartile 1 (Table 2), the ORs (95% CIs) in quartiles 2–4 of CVAI were 1.57 (1.13–2.19), 1.97 (1.41–2.75), and 2.90 (2.11–4.00) for HTN-DM comorbidity; 1.32 (1.07–1.64), 1.58 (1.26–1.99), and 2.25 (1.77–2.86) for HTN or DM; 1.41 (1.14–1.74), 1.64 (1.31–2.04), and 2.12 (1.69–2.66) for HTN; and 1.16 (0.88–1.52), 1.38 (1.04–1.82), and 1.96 (1.50–2.56) for DM, respectively. With increasing CVAI quartile, risk of the outcomes increased substantially. Results of sensitivity analyses showed consistent associations (Supplementary Table S2).


Table 2 | Risk for comorbidity of hypertension and diabetes mellitus by quartiles of Chinese visceral adiposity index.







Mediating effects of TyG index on association of CVAI with HTN-DM comorbidity

Results of the mediation analysis for TyG index is shown in Table 3. After accounting for potential confounders, CVAI was found positively associated with TyG index (path a), and TyG index associated with HTN-DM comorbidity (path b; OR, 3.18; 95%CI, 2.63–3.83). The total (path c) and indirect (path ab#) effects were statistically significant, and direct (path c’) effect was marginally significant, with adjusted OR (95%CI) of 1.45 (1.30–1.62), 1.32 (1.25–1.40), and 1.13 (1.00–1.27), respectively. TyG index largely mediated the association between CVAI and HTN-DM comorbidity.


Table 3 | Mediating effects of TyG-mediated effects of Chinese visceral adiposity index and risk of comorbidity of hypertension and diabetes mellitus.



For HTN or DM, the OR (95%CI) for total (path c), direct (path c’), and indirect (path ab#) effects were 1.39 (1.27–1.52), 1.29 (1.17–1.41), and 1.08 (1.04–1.12), which indicated that TyG index partly mediated the association between CVAI and HTN or DM. For DM, significant total (path c), indirect (path ab#) effects, and insignificant direct (path c’) effect suggested that TyG index completely mediated the association. However, we failed to observe the mediating effect for TyG index on the association of CVAI with HTN.






Discussion

The current study first found a linear association between CVAI and HTN-DM comorbidity, and per SD increase was associated with 45% increased risk. Linear associations of CVAI with HTN or DM, HTN, and DM were also reported, and the risk increased 39%, 36%, and 28% for per SD increment. Compared with quartile 1 of CVAI, the risk of HTN-DM comorbidity, HTN or DM, HTN, and DM increased 190%, 125%, 112%, and 96% for quartile 4. In addition, we also found TyG index largely mediating the association between CVAI and HTN-DM comorbidity, partly mediating the association for HTN or DM, and completely mediating the association for DM. Our results provide additional epidemiological evidence for preventing comorbidity or multimorbidity of metabolic disease.

With the improvement of medical care, increasing prevalence of chronic disease, and intensification of aging, comorbidity or multimorbidity has become common (7, 24). In addition, comorbidity or multimorbidity would become more common when treating chronic disease without tackling excess adiposity (25, 26). Consistent with our study, positive associations of CVAI with HTN and DM were reported based on Chinese and Japanese population (10, 12, 27). Different from the above study, we focused on elderly people and explored the association between CVAI and HTN-DM comorbidity and HTN or DM. We found that CVAI was linearly associated with HTN-DM comorbidity, and age difference (<75 vs. ≥75 years) was detected in the association (ORs, 1.32 vs. 2.03). The different effects across age groups may be due to the difference in fat distribution and accumulation, aging process, and other underlying mechanisms (16, 28, 29).

Our mediation analyses showed TyG index playing a key role in the association of CVAI with HTN-DM comorbidity. Similar to our results, a study by Dong et al. also reported TyG index mediating the association between BMI/WC and HTN-DM comorbidity (30). In addition, consistent with our findings for HTN or DM, recent studies found that the BMI-HTN or BMI-DM association was medicated by TyG index (31, 32). Our results also suggested a positive association between CVAI and insulin resistance (TyG index), which was consistent with other studies (33, 34). A recent review described that features induced by obesity including hyperinsulinemia, activation of the sympathetic nervous system, chronic inflammation, and changes in adipokines were potential mechanisms for HTN-DM comorbidity (35). Despite of those pathophysiological bases, some genetic predisposition for obesity may also increase risk of HTN-DM comorbidity (36, 37).

These findings have certain public health implications. Due to the accumulation and heterogeneity of HTN and DM, comorbidity presents a difficult prevention target if approaching these diseases separately (38, 39). Obesity is an important, modifiable, and economical target for disease prevention (39, 40). Considering a different health effect for different quantity and distribution of body fat in different age stages, CVAI, a reliable indicator of VAT, may be a suitable index of obesity to evaluate its health effect (41–43). Because Asian populations have more VAT accumulation at lower BMI values as compared with Western populations, VAI developed in Western population may not reflect AVT well in Chinese adults and has been proven in previous studies (10, 12, 44, 45). Additionally, CVAI is established based on age, BMI, WC, TG, and HDL-C, which are feasible for measuring in routine clinical practice. The measurement of CVAI will benefit identifying high risk of HTN-DM comorbidity, and maintaining healthy lifestyles to reduce CVAI will help to prevent incident HTN-DM comorbidity (46, 47).

Despite its valuable findings and potential public health implications, some limitations should be noted. First, the cross-sectional design cannot provide causal association between CVAI and HTN-DM comorbidity. Second, although we adjusted for various covariates, other confounders, such as environmental pollution and psychological factors, may also affect the association. Third, the study participants were Chinese elderly people, so our findings require validation in other Asian populations. Guidelines focusing on visceral adiposity for different populations should also be developed based on native evidence. Finally, although we conducted the research with strict accordance to the study protocol, potential measurement bias may exist due to the differences of medical staff, measuring environment, and so on.





Conclusions

Our results showed linear associations of CVAI with HTN-DM comorbidity, HTN or DM, HTN, and DM in Chinese elderly population. TyG index played an important role in the CVAI comorbidity of HTN-DN association. Our findings needed to be validated in prospective cohort studies and clinical trials.
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