

[image: image1]
Association of visceral adiposity index with hypertension (NHANES 2003–2018)












	
	TYPE Original Research

PUBLISHED 09 May 2024
DOI 10.3389/fcvm.2024.1341229






[image: image2]

Association of visceral adiposity index with hypertension (NHANES 2003–2018)

Haoran Zhou1†, Tianshu Li1†, Jie Li1, Dongdong Zheng1, Jie Yang2* and Xin Zhuang2*

1Shandong University of Traditional Chinese Medicine, Jinan, China

2Department of Cardiology, The Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan, China

EDITED BY
Elena Succurro, University of Magna Graecia, Italy

REVIEWED BY
Dafeng Liu, Public Health and Clinical Center of Chengdu, China
Matina Kleftaki, Harokopio University, Greece

*CORRESPONDENCE Jie Yang sumuzheyangjie@163.com
Xin Zhuang zhuangxin1972@126.com

†These authors have contributed equally to this work and share first authorship

RECEIVED 15 December 2023
ACCEPTED 26 April 2024
PUBLISHED 09 May 2024

CITATION Zhou H, Li T, Li J, Zheng D, Yang J and Zhuang X (2024) Association of visceral adiposity index with hypertension (NHANES 2003–2018).
Front. Cardiovasc. Med. 11:1341229.
doi: 10.3389/fcvm.2024.1341229

COPYRIGHT © 2024 Zhou, Li, Li, Zheng, Yang and Zhuang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Objectives: This study focused on the association between visceral adiposity index (VAI) and the prevalence of hypertension in a nationally representative population of American adults.



Methods: The study obtained data from the National Health and Nutrition Examination Survey (NHANES) database from 2003–2018 for a large-scale study. This study incorporated participants ≥18 years of age. Multivariate logistic regression modelling and smoothed curve fitting were applied to investigate the existence of a correlation between VAI and hypertension prevalence. Subgroups were analyzed to confirm the stationarity of the association between VAI and hypertension prevalence. In addition, an interaction test was conducted in this study.



Results: In completely adapted sequential models, the risk of hypertension prevalence in the overall population increased 0.17-fold with each 1-unit increase in VAI [odds ratio (OR) = 1.17; 95% confidence interval (CI) 1.12–1.22]. In the wholly adapted categorical model, there was a 0.95-fold increased risk of hypertension in the population of VAI quartile 4 (Q4) vs. VAI quartile 1 (Q1) (OR = 1.95; 95% CI 1.62–2.35). These results indicate that VAI was strongly related to the occurrence of hypertension, and smoothed curve-fitting analysis showed nonlinearity. Adjustment for covariates revealed no apparent interactions in the subgroup analyses, and results were stable across subgroups.



Conclusion: This cross-sectional study suggests a nonlinear and positive correlation between elevated VAI and the adult risk of developing hypertension in U.S. adults.
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1 Introduction

Hypertension is a common chronic disease with high prevalence and is one of the most prevalent risk elements for cardiovascular disease (CVD) (1, 2). According to epidemiologic statistics, there are approximately 1 billion hypertensive patients worldwide, and it is projected that the population of hypertensive patients will increase to 1.292 billion by 2025 (3, 4). In the United States, it was found that the prevalence of hypertension in adults is about 32%–46% (5). Among those aged 60 years and above, the percentage of women suffering from hypertension is about 75% (6). The global incidence of hypertension has been gradually increasing in recent years, and the age of hypertension has been decreasing. Hypertension is the disease that causes the most significant number of deaths in the world and causes severe damage to the heart, brain, and kidneys. At the same time, hypertension itself and its complications cause suffering to patients and a substantial financial burden to families. The prevention, treatment, and management of hypertension has become an urgent issue in the field of public health and medical care.

Risk considerations for hypertension include high sodium and low potassium intake in the diet, smoking and use of alcohol in lifestyle behaviours, psychological stress, sleep disorders, obesity and overweight (7). Hypertension due to obesity and overweight has become a hot issue widely studied by scientists, and its prevalence has increased significantly in the United States and worldwide. Among the many complications of obesity, hypertension is the most common and significant complication, accounting for approximately 70% of the obese population (8). Measures of obesity include body mass index (BMI), waist circumference (WC), and hip circumference (9, 10). However, there are limitations in clinical application, such as BMI is incapable of evaluating body fat percentage, and WC is incapable of distinguishing between visceral adipose tissue and abdominal subcutaneous adipose tissue (11). The visceral adiposity index (VAI) has been proposed to address this issue. VAI is an indicator of visceral adiposity related to cardiometabolic status and has been shown to correlate with visceral adipose tissue area and volume independently of subcutaneous adipose tissue (12). Hence, VAI, which has been introduced as a surrogate indicator of adipose tissue function, could more directly predict the progression and risk of cardiovascular disease (13, 14). Numerous studies have found VAI to be positively associated with insulin resistance (IR), kidney stones, heart failure, and depression (15–18). In addition, epidemiologic studies exploring the relationship between VAI and the risk of hypertension have shown that VAI is positively linked to the risk of hypertension in the Chinese population (19) and that there is a nonlinear positive association between VAI and cardiovascular disease (20). In contrast, other studies have found no correlation with gender (21). There are no extensive cross-sectional studies on the association between VAI and the risk of hypertension in the United States.

Therefore, the purpose of the current investigation is to detect the potential link between VAI and the prevalence of hypertension in U.S. adults through the data collected by NHANES between 2003 and 2018 to provide a scientific basis for the prevention, diagnosis, treatment, and of hypertension as well as to provide strong evidence for the results of previous studies.



2 Materials and methods


2.1 Study population

NHANES is an extensive cross-sectional survey designed to assess the health and nutritional status of adults and children in the United States. Our data are all obtainable from the NHANES website (https://www.cdc.gov/nchs/nhanes/index.htm), all participants signed informed consent forms, and the project was endorsed by the National Center for Health Statistics (NCHS) Ethics Review Board. We analyzed data from the last eight cycles (2003–2018). A total of 80,312 subjects were enrolled in 8 consecutive NHANES investigative cycles between 2003 and 2018, including 14,569 participants. The reasons for excluding other participants were as follows: 1. 32,549 aged <18 years; 2.18 missing information on hypertension; 3. 28,076 missing information on the VAI index; and 4. 5,100 missing information on covariates (Figure 1).
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FIGURE 1
The flowchart of participants.




2.2 Definition of VAI

NHAENS blood sample collection and measurements are performed according to standardized protocols from the Centers for Disease Control and Prevention (CDC). A dedicated staff is available to organize the information, specimen testing, and analysis.VAI assesses visceral fat using anthropometric data (BMI, WC) and biochemical indicators (TG, HDL-C). The formula was calculated as follows: VAI = [WC/(39.68 + 1.88 × BMI)] × (TG/1.03) × (1.31/HDL) for men, and VAI = [WC/(36.58 + 1.89 × BMI)] × (TG/0.81) × (1.52/HDL) for women. BMI = body weight (kg)/height (m2), WC units are cm, TG and HDL units are mmol/L.



2.3 Definition of hypertension

NHANES organized experienced investigators to record participants' blood pressure based on the American Heart Association guidelines (22). The specific blood pressure measurements are all available on the official NHANES website. In the resting state for at least 5 min, we performed three consecutive blood pressure measurements (each at least 1 min apart) to obtain their average values. Hypertension was defined as (i) self-reported hypertension, (ii) current use of antihypertensive medication, and (iii) mean systolic blood pressure (SBP) ≥ 140 mmHg and/or mean diastolic blood pressure (DBP) ≥ 90 mmHg.



2.4 Covariates

Based on the methodology of previous studies, we selected variables such as demographic data, socioeconomic status, lifestyle, physical examination, laboratory tests, and personal history as potential confounders to estimate the relation between VAI and hypertension. Covariates comprised age, gender, ethnicity, education, marital status, household poverty-to-income ratio (PIR), smoking, alcohol consumption, BMI, WC, total cholesterol (TC), high-density lipoproteins (HDL), low-density lipoproteins (LDL), triglycerides (TG), fasting blood glucose (FPG), hemoglobin A1c (HbA1c), and estimated glomerular filtration rate (eGFR), diabetes mellitus(DM), coronary heart disease(CHD), antihypertensive medications, and antiHyperlipidemic medications. Participants were categorized into five racial groups: Mexican American, non-Hispanic white, non-Hispanic black, other Hispanic, and other races. Age (18–34, 35–54, 55–74, ≥75), sex (male/female), level of education (less than 9th grade, 9th–11th grade, high school graduation, some college graduation, college and above), marital status (married, widowed, divorced, separated, unmarried, living with a partner), PIR (<1.3, 1.3–3.5, ≥3.5), and cigarettes (previous, current, non-smoking), alcohol consumption (previous, light/moderate, heavy, non-drinking). Diabetes mellitus (yes/no), coronary heart disease (yes/no), antihypertensive drugs (yes/no), antihyperlipidemic drugs (yes/no).



2.5 Statistical analysis

All data in this study were statistically analyzed by applying R language (version 4.3.1). Continuous variables were represented as mean ± standard deviation, and categorical variables were represented as frequency (percentage). Differences between categorical variables were analyzed using the chi-square test, while continuous variables meeting normal distribution were tested using the weighted Student's t-test; otherwise, the Mann-Whitney u-test was used. We quadruple-categorized the VAI. Multivariate logistic regression models were applied to investigate the relevance of VAI to hypertension after adjusting for potential confounders. The degree of correlation was represented as OR and 95% CI. Three models were developed: Model 1 was not adjusted for confounders; age, gender, and ethnicity were adjusted in Model 2, and Model 3 further adjusted for level of education, marital status, PIR, tobacco use, alcohol use, eGFR, DM, CHD, antihypertensive drugs, and antihyperlipidemic drugs. Smoothed curve fitting was then applied to examine the existence of a nonlinear relationship between VAI and hypertension. Ultimately, subgroup analyses of the confounders listed in the baseline table (age, sex, race, education, marriage, eGFR, smoking, alcohol use, DM, and CHD) were performed using hierarchical logistic regression modelling for the presence of interactions. The threshold for a statistically significant difference was set at P < 0.05.




3 Results


3.1 Baseline characteristics

The characteristics of all participants are shown in Table 1. A total of 14,569 (Figure 1) participants ≥18 years of age were included in this research. Hypertension was present in 37.66% of the participants, and the weighted mean age was 47.49 ± 0.25 years. Among them, 49.50% were males, and 50.50% were females. Patients at higher risk for hypertension tended to be female, ≥50 years of age, non-Hispanic white, married, less educated, lower household PIR, higher BMI and WC, higher lipid and glucose levels, and higher alcohol and tobacco use. In addition, patients at higher risk for hypertension were more likely to have diabetes and coronary heart disease. They were divided into four groups (Q1-Q4) according to the VAI quartiles. The differences in age, race, level of education, marital status, PIR, smoking, alcohol consumption, BMI, WC, FPG, HbA1c, TC, TG, LDL, HDL, eGFR, DM, CHD, antihypertensive medication, and antihyperlipidemic medication among the four groups of patients were statistically significant (P < 0.05).


TABLE 1 The characteristics of participants.
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3.2 Multifactorial logistic regression analysis

Table 2 shows the relationship between VAI and hypertension incidence. Three models were constructed: model 1, model 2, and model 3. VAI was used as a continuous variable, and in model 1 (Unadjusted model), the prevalence of hypertension increased by 29% with each unit increase in VAI, with an effect value OR and 95% CI of 1.29 (1.24, 1.33), respectively. Model 2 adjusted for age, gender, and ethnicity and had an effect value OR and 95% CI of 1.26 (1.21, 1.30), respectively. Model 3 continued to adjust for education, marriage, PIR, smoking, alcohol consumption, eGFR, DM, CHD, antihypertensive medication, and antihyperlipidemic medication based on model 2, with an effect value OR and 95% CI of 1.17 (1.12, 1.22), respectively. VAI was changed from a continuous variable to a categorical variable and categorized into four levels based on quartiles of VAI. Using Q1 as a control, the prevalence of VAI and hypertension exhibited a monotonically increasing trend in all models (P < 0.0001). In conclusion, VAI is positively linked to the development of hypertension.


TABLE 2 Relationship between VAI and hypertension in different models.
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3.3 Curve fitting analysis

Smooth curve fitting plots, like those shown in Figure 2, visualize the connection between VAI and the prevalence of hypertension. The nonlinear association between VAI and hypertension(P for nonlinear <0.001) was observed after adjusting for confounders such as age, gender, ethnicity, level of education, marital status, PIR, smoking, alcohol consumption, eGFR, DM, CHD, antihypertensive drugs, and antihyperlipidemic drugs. The risk of hypertension showed a nonlinear positive increasing trend with increasing VAI, and the trend was steeper with larger VAI.
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FIGURE 2
Association between visceral adiposity index and hypertension.




3.4 Subgroup analysis

As shown in Figure 3, we performed subgroup analyses to validate the relationship between VAI and hypertension. It is worth noting that there was no interaction between age, gender, ethnicity, education, marital status, tobacco use, alcohol use, eGFR, DM, and CHD in the subgroups, and they were highly stable.
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FIGURE 3
Subgroup analysis for the association between VAI and hypertension.





4 Discussion

In this large cross-sectional study, we included 14,569 participants aged ≥18 in the United States to evaluate the link between VAI and hypertension. The outcome shows that in Table 1, the associations between VAI and hypertension were not affected by confounders such as age, race, education, marital relationship, and PIR. Upon adjustment for potential covariates, we discovered a positive relation between VAI and hypertension, suggesting that VAI is a risk factor for the development of hypertension. The greater the level of VAI, The greater the risk of developing hypertension. We performed smoothed curve fitting and found that this positive correlation was nonlinear (P for nonlinear <0.001), with a steeper elevation trend with higher VAI values. In addition, subgroup analyses were performed to reveal potential relationships through these data. The subgroups were non-interacting and stable.

The prevalence of overweight and obesity in the population is continuing to rise in the United States and globally, inevitably creating a major epidemic (23, 24). According to epidemiologic statistics, approximately 2.1 billion people worldwide will suffer from the disease by 2030 (25). Obesity is also a significant risk factor for cardiovascular disease, coronary heart disease, type 2 diabetes, heart failure, and hypertension. Although hypertension has been studied in detail, the pathogenesis of obesity is currently unknown. However, it is related to adipose tissue. Adipose tissue dysfunction activates the renin-angiotensin-aldosterone system, which increases blood pressure. First, subcutaneous adipose tissue in the abdomen of obese individuals secretes large amounts of angiotensin II (AngII) (26); second, angiotensinogen overexpression in adipose tissue increases blood pressure (27); and third, adipocytes depend on AngII for aldosterone production (28). Fourth, adipose tissue-derived mineralized corticotropin-releasing factor stimulates aldosterone release in adrenocortical cells (29). Hypertension has also been found to be associated with a variety of hormones secreted in adipose tissue (30). Leptin is an adipocyte-derived hormone, and obesity leads to elevated leptin levels, which stimulates increased sympathetic nerve activity (31), leading to increased heart rate and blood pressure. Resistin is significantly increased during obesity (32), plays a role in insulin resistance (33), and induces hypertension by inducing angiotensinogen (34). Lipocalin secretion is reduced in obese patients (35), leading to a decrease in endothelial nitric oxide synthase and prostaglandin I 2 synthase, which allows for diminished vasodilatation and exhibits elevated blood pressure (36). Therefore, excess adipose tissue may cause hormonal, inflammatory, and endothelial alterations resulting in events such as increased insulin resistance, increased sympathetic activity, activation of the renin-angiotensin-aldosterone system, endothelial dysfunction, and renal sodium reabsorption, which ultimately lead to elevated blood pressure (37).

VAI is a reliable and comprehensive index for assessing visceral fat (11). Visceral fat is measured using abdominal CT or magnetic resonance imaging (MRI). Although these methods are more accurate, they are costly and inefficient, with fewer clinical applications and side effects (17).VAI is calculated from the anthropometric indexes BMI and WC and the biochemical indexes TG and HDL, which are simple to operate and have easily accessible and safe data.VAI is associated with abdominal aortic calcification, cardiovascular disease, metabolic syndrome, and stroke and has been studied epidemiologically (38–41). The present research indicated a nonlinear positive correlation between VAI and the prevalence of hypertension, which may be related to inflammation, insulin resistance and adipocytokine production. Inflammation plays a crucial role in hypertension, and many studies have shown that hypertensive patients have elevated levels of systemic inflammation, and inhibition of inflammation reduces hypertension, which helps to predict the risk of hypertension through inflammation (42). When obesity after excessive calorie intake increases the association between adipose tissue and inflammation, inflammatory expression and systemic inflammation levels increase, allowing vasoconstriction, increased endothelial adhesion, sympathetic excitation and the development of hypertension (43, 44). Visceral adipocytes produce adipocytokines, including leptin, resistin, lipocalin, and inflammatory cytokines, which increase IR (15). Excess adipose tissue can increase IR by promoting inflammation through increased levels of resistin or tumour necrosis factor-α. Adipose tissue macrophages activate inflammatory signalling pathways within neighbouring insulin-targeting cells (adipocytes), releasing inflammatory factors directly involved in the development of IR (45).IR increases the sympathetic nervous system by enhancing angiotensin II (AngII) and aldosterone activity, and oxidative stress leads to elevated blood pressure (46). Therefore, it is advisable to eat a light diet, reduce the intake of high-fat diets, control body weight and blood glucose, enhance exercise, and regularly monitor fat content, blood glucose, and lipid levels to prevent hypertension.

This study has a number of strengths: (i) these are the first cross-sectional investigations to evaluate the link between VAI and hypertension in a widespread American population. (ii) The sample selection and sample size are representative and adequate, and are worthy of replication. (iii) We reviewed related studies and adjusted for the interference of confounders to make the results more accurate. In addition, this study has some limitations: (i) due to the long period, the complicated calculation of VAI, and the fact that the assessment may be subject to anthropometric indicator errors and biochemical indicator inaccuracies. (ii) We could not analyze special populations Because the observation was U.S. adults, excluding minors. (iii) Although confounding factors affecting hypertension were adjusted for in the study, other influencing factors may exist.



5 Conclusion

In summary, after adjusting for potential confounders, this cross-sectional study based on eight cycles of NHANE (2003–2018) data showed a nonlinear positive association between VAI and hypertension in US adults. Thus, VAI may serve as a specific marker to identify hypertension risk at an early period in the adult population in order to reduce its prevalence. In the future, more randomized controlled trials or prospective studies are needed to confirm this finding.Secondly, VAI will be extended to basic experiments to explore its pathogenesis with related diseases. Finally, we will promote VAI in the clinic to provide convenience for patients.
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