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Association of different obesity 
patterns with hypertension in US 
male adults: a cross‑sectional study
Lu Chen 1,5, Jun Zhang 1,5, Nan Zhou 3*, Jia‑Yi Weng 1*, Zheng‑Yang Bao 2* & Li‑Da Wu 4*

Obesity is an important risk factor for hypertension. We aimed to investigate the association between 
different obesity patterns and hypertension risk in a large male population in the US. Male participants 
from the National Health and Nutrition Examination Survey (NHANES) (2007–2018) were enrolled 
in this cross-sectional study. Social demographic information, lifestyle factors, anthropometric 
measurements and biochemical measurements were collected. Three obesity patterns were classified 
according to the body mass index (BMI) and waist circumference (WC), including overweight and 
general obesity, abdominal obesity, and compound obesity. We adopted multivariate logistic 
regression to investigate the associations between hypertension and different obesity patterns 
after adjusting for cofounding factors. Subgroup analysis, stratified by age, smoking, drinking and 
estimated glomerular filtration rate (eGFR), was also conducted to explore the associations between 
obesity patterns and hypertension risk among different populations. Moreover, the association 
between WC and hypertension among male individuals was also explored using restricted cubic spline 
(RCS) analysis. Receiver operating characteristic (ROC) was used to evaluate the discriminatory power 
of WC for screening hypertension risk. 13,859 male participants from NHANES survey (2007–2018) 
were enrolled. Comparing with the normal-weight group, the odds ratios (ORs) [95% confidence 
interval (CI)] for hypertension in individuals with overweight and general obesity, abdominal obesity 
and compound obesity were 1.41 [1.17–1.70], 1.97 [1.53–2.54] and 3.28 [2.70–3.99], respectively. 
Subgroup analysis showed that the effect of different obesity patterns on hypertension risk was highly 
stable among individuals with different clinical conditions. In addition, WC had a positive correlation 
with the risk of hypertension (OR: 1.43; 95% CI 1.37–1.52; P < 0.001) in fully adjusted multivariate 
logistic regression model. RCS analysis showed that the association between WC and hypertension 
risk was in a nonlinear pattern, and WC had a good discriminatory power for hypertension in ROC 
analysis. Different patterns of obesity have a great impact on the risk of hypertension among male 
individuals. Increment of WC significantly increased the hypertension risk. More attention should 
be paid to the prevention of obesity, especially abdominal obesity and compound obesity in male 
individuals.

Hypertension refers to a clinical syndrome characterized by elevated arterial blood pressure1. The prevalence 
rate of hypertension is increasing year by year, with more than 1.3 billion people suffering from hypertension 
worldwide at present. One in five adults has hypertension. In addition, the age of onset of hypertension tends to 
be younger. Hypertension is particularly harmful to the blood vessels, heart, kidneys and brain, and accounts for 
the largest number of deaths from all diseases. The primary treatment goal for patients with hypertension is to 
minimize the overall risk of cardiovascular complications and death2. Unreasonable life style factors, including 
excessive sodium salt, low potassium diet, heavy alcohol consumption, excessive intake of saturated fatty acids can 
raise blood pressure. Smoking and heavy alcohol consumption are also risk factors for hypertension. Moreover, 
obesity is one of the most important risk factors for hypertension. A better understanding of the relationship 
between hypertension and obesity is crucial to prevent hypertension3.
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Obesity has already become a serious public health problem and associated with numerous complications, 
including hyperlipidemia, hypertension, arteriosclerosis and other chronic diseases4. In addition, patients with 
obesity are more likely to have diabetes, gout and some tumor-related diseases5–7. Obesity is due to high fat food 
intake or small amount of activity, leading to the accumulation of fat in the body. Obesity causes thickening 
of subcutaneous fat, resulting in increased blood volume, and eventually leading to hypertension and even left 
ventricular hypertrophy8. There are three main patterns of obesity at present, including overweight and general 
obesity, abdominal obesity and compound obesity9. Both of abdominal obesity and hypertension are important 
components of metabolic syndrome, and their common pathogenesis includes insulin resistance, secondary 
hyperinsulinemia and inflammatory reaction, which can cause damage to heart, kidney and other organs. The 
main harm of abdominal obesity is that it can lead to diabetes, hyperlipidemia, hypertension, and visceral dam-
age, which is prone to fatty liver and heart disease. In women, it can also lead to breast and cervical cancer. Waist 
circumference (WC) often serves as an index for abdominal obesity, and body mass index (BMI) is the most used 
indicator to evaluate the status of general obesity10.

Few studies have examined the level of hypertension risk associated with different patterns of obesity. In 
addition, current studies believe that the prevalence of hypertension in male population is higher than that 
in female population, and the influence of obesity on hypertension in male population is greater than that in 
female population11. To the best of our knowledge, we firstly focus on the influence of different obesity patterns 
on hypertension particularly in male population. We conducted a cross-sectional study to further explore the 
association between different obesity patterns and the hypertension risk in male individuals. Subgroup analyses 
were also performed to assess the effect of different obesity patterns on the hypertension risk of in male individu-
als with different clinical conditions.

Methods
Study population.  National Health and Nutrition Examination Survey (NHANES) is a research program 
designed to assess the health and nutrition status of adults and children in the US12. A mass of data in NHANES 
database have been analyzed extensively, which is of great help in finding the etiologies, understanding the 
epidemiology, and searching for novel biomarkers of different diseases13–15. To ensure that the samples were 
representative, the method of stratified multistage probability sampling was used to screen out participants in 
NHANES survey. In our study, five continuous cycles of the NHANES (2007–2008, 2009–2010, 2011–2012, 
2013–2014, 2015–2016, and 2017–2018) were adopted. Male participants with complete demographic data, 
standard physical measurements, biochemical indicators, and lifestyle information were included in the pre-
sent study. The exclusion criteria were as follows: (1) age < 18 or ≥ 80 years, (2) estimated glomerular filtration 
rate (eGFR) < 60 ml/min/1.73 m2, (3) participants without key clinical records, including BMI, WC and blood 
pressure records. This is an observational study performed according to the STROBE Checklist (https://​www.​
strobe-​state​ment.​org/​check​lists/).

Anthropometric measurements.  Experienced examiners measured weight, height, and WC of partici-
pants using standardized techniques and equipment. WC, an index for abdominal obesity, was measured at 
the superior border of the iliac crests and categorized into quartiles. BMI is an indicator of general obesity. The 
formula of dividing weight (Kg) by the square of height (m) was adopted to calculate BMI (Kg/m2)16. Detailed 
procedures for all anthropometric measurements are available on the NHANES website.

Different obesity patterns.  According to the standards of International Diabetes Federation (IDF), 
normal weight was defined as 18.5 kg/m2 ≤ BMI < 23.9 kg/m2; BMI ≥ 24.0 kg/m2 was regarded as overweight; 
general obesity was defined as BMI ≥ 28.0 kg/m2 without an abnormal WC; abdominal obesity was defined as 
WC ≥ 102 cm for men and WC ≥ 80 cm for women, with normal BMI at the same time; the coexistence of both 
general and abdominal obesity was regarded as compound obesity17.

Definition of hypertension.  According to the protocol of blood pressure measurement released by the 
American Heart Association, the blood pressure was recorded by a trained examiner. The average systolic/
diastolic blood pressure of three consecutive measurements was obtained and reported. It is the same as the 
previous published researches on the analysis of NHANES database, hypertension was defined as (1) average 
SBP ≥ 140 mmHg, (2) average DBP ≥ 90 mmHg, (3) self-reported hypertension; (4) individuals with prescribed 
antihypertensive medications. The criteria of 140/90 mmHg refers to the guideline of International Society of 
Hypertension18.

Covariates.  We selected covariates according to the previously published studies19–21. Age, race/ethnicity, 
and education level were obtained from the demographic questionnaire. Diabetes history, alcohol consump-
tion and smoking status were adopted from the health questionnaire. After at least 8 h of an overnight fast, 
blood samples were collected and used to examine the levels of triglyceride (TG), total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), red blood cell (RBC), 
white blood cell (WBC), blood platelet (PLT), neutrophil (NE), lymphocyte (LY), hemoglobin, Hemoglobi-
nA1c (HbA1c), fast blood glucose (FBG), aspartate aminotransferase (ALT) and aspartate transaminase (AST). 
NHANES website provided the detailed procedures in collecting biochemical measurements.

Statistical analysis.  Continuous variables were presented as the mean ± standard deviation (SD) (normal 
distribution), or the median (interquartile range) (skewed distribution). We adopted Kolmogorov–Smirnov test 
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to assess the normality. Categorical variables were presented as the number (percentage). We compared baseline 
characteristics among individuals with different obesity patterns based on Chi-square test for categorical vari-
ables and one-way ANOVA test (normal distribution) or Shapiro–Wilk test (skewed distribution) for continuous 
variables. Kernel density estimation was used to illustrate distributions of WC in individuals with and without 
hypertension. To evaluate the associations between different obesity patterns and WC with hypertension risk, 
multiple logistic regression analysis was performed after adjusting for confounding factors selected by the step-
wise backward selection method (age, race/ethnicity, education, smoking, drinking, diabetes, TG, TC, LDL-C, 
HDL-C, RBC, hemoglobin and eGFR). Individuals with normal-weight were the reference and the odds ratios 
(ORs) with 95% confidence intervals (CIs) were calculated. Considering overweight is a risk factor for hyper-
tension, the overweight and general obesity populations were merged into a single group as previous studies. 
Subgroup analyses stratified by age, smoking, drinking and eGFR were performed to further assess the associa-
tions between different obesity patterns and hypertension. Restricted cubic spline analysis (RCS) (with three 
piecewise points) was used to evaluate the nonlinear associations between WC and the risk of hypertension, the 
median value of WC was used as a reference. Receiver operating characteristic (ROC) curve was used to evaluate 
the discriminative power of WC in identifying individuals with hypertension. A P value < 0.05 was considered 
significant. All statistical analyses were conducted using R software (R Core Team, 2022; version 4.1.6) and SPSS 
25.0 software (SPSS Institute, Chicago).

Ethics approval and consent to participate.  The new ethic statement as follows: The NCHS Ethics 
Review Board protects the rights and welfare of NHANES participants. The NHANES protocol complies with the 
U.S. Department of Health and Human Services Policy for the Protection of Human Research Subjects. NCHS 
IRB/ERC Protocol number: 2011–17. Ethical review and approval were waived for this study as it solely used 
publicly available data for research and publication. Informed consent was obtained from all subjects involved 
in the NHANES. This study was deemed exempt from review by the Ethics Committee of Huadong Sanatorium.

Results
Characteristics of the study population.  13,859 male participants from NHANES (2007–2018) was 
enrolled in the present study. The proportions of compound obesity, abdominal obesity and overweight and 
general obesity were 4,366 (31.5%), 1,460 (10.5%) and 4090 (29.5%), respectively. The prevalence of hyperten-
sion among compound obesity, abdominal obesity, overweight and general obesity and normal weight groups 
were 2800 (64.1%), 916 (62.7%), 1643 (40.2%) and 1269 (32.0%). A significant difference was observed in the 
prevalence of hypertension among age ≥ 60 years group and age < 60 years in the normal weight, overweight and 
general obesity, abdominal obesity and compound obesity groups (p < 0.05) (Fig. 1). Significant differences in 
demographic characteristics, blood biochemical indexes and life style factors were observed among the different 
obesity patterns (Table 1).

Association between different obesity patterns and hypertension.  In the non-adjusted model, 
compound obesity (OR, 3.81; 95% CI, 3.48–4.17, P < 0.001), abdominal obesity (OR, 3.59; 95% CI, 3.16–4.07, 
P < 0.001) and overweight and general obesity (OR, 1.43; 95% CI, 1.31–1.57, P < 0.001) were all strongly associ-
ated with hypertension risk. In the minimally adjusted model, after adjusting for confounding factors, the asso-
ciations between different obesity patterns and hypertension risk decreased. However, all of these three obesity 
patterns were still independent factors associated with increased hypertension risk. After adjusting for age, race/
ethnicity, education, smoking, drinking, diabetes, TG, TC, LDL-C, HDL-C, RBC, hemoglobin and eGFR, indi-

Figure 1.   Comparison of the prevalence rate of hypertension between individuals ≥ 60 years and 
individuals < 60 years among different obesity patterns (n = 13,859).
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viduals in the compound obesity group had more than three-fold increase in the odds of developing hyperten-
sion (OR: 3.28; 95% CI 2.70–3.99; P < 0.001) compared with individuals with normal weight in the fully adjusted 
model. People with abdominal obesity were nearly twice as likely of developing hypertension (OR:1.97, 95% CI 
1.53–2.54; P < 0.001). Overweight and general obesity also associated with the hypertension risk (OR:1.41, 95% 
CI 1.17–1.70; P < 0.001) (Table 2).

Subgroup analysis of different obesity patterns and the risk of hypertension.  We also carried 
out subgroup analyses stratified by age, smoking, drinking and eGFR, after adjusting for age, race/ethnicity, 
education, smoking, drinking, diabetes, TG, TC, LDL-C, HDL-C, RBC, hemoglobin, and eGFR. In Figs. 2, 3, 
4, compared with normal weight at baseline, the risk of hypertension was found to increase in all three obesity 
patterns. Our results showed that the effects of different obesity patterns on hypertension risk was highly stable. 
In each subgroup, individuals with compound obesity were all associated with a high-risk value of developing 
hypertension (Fig. 3). Nevertheless, abdominal obesity and overweight and general obesity were not associated 
with the increased prevalence rate of hypertension in the population of age more than 60 years group (Figs. 2, 
3). We also found that, across subgroups, the risk of hypertension was increased in individuals with overweight 

Table 1.   Comparison of patients’ characteristics among different obesity patterns (n = 13,859). Normally 
distributed continuous variables are presented as the mean ± standard deviation; Non-normally distributed 
continuous variables are presented as the mean (interquartile range); Categorical variables are presented as 
the number (percentage). WC waist circumference, BMI body mass index, SBP systolic blood pressure, DBP 
diastolic blood pressure, eGFR estimated glomerular filtration rate, TG triglycerides, TC total cholesterol, LDL-
C low-density lipoprotein cholesterol, HDL-c high-density lipoprotein cholesterol, RBC red blood cells, WBC 
white blood cells, PLT platelets, NE neutrophils, LY lymphocytes, HbA1c glycated hemoglobin, FBG fasting 
blood glucose, ALT alanine aminotransferase, AST glutamic transaminase.

Variables Normal weight (n = 3943) Overweight and general obesity (n = 4090) Abdominal obesity (n = 1460) Compound Obesity (n = 4366) P values

Age, years 38 (24, 56) 41 (30, 54) 58 (46, 67) 48 (35, 61) < 0.001

WC, cm 84.0 (78.7, 89.3) 95.6 (91.9, 98.9) 105.2 (103.3, 107.9) 115.5 (109.1, 124.2) < 0.001

BMI, kg/m2 22.8 (21.3, 23.9) 27.1 (26.0, 28.5) 28.6 (27.5, 29.7) 34.1 (31.8, 37.6) < 0.001

SBP, mmHg 118.3 (110.1, 128.7) 113.1 (106.2, 130.9) 125.3 (116.6, 135.3) 125.1 (116.9, 136.2) < 0.001

DBP, mmHg 70.2 (62.3, 77.1) 72.1 (65.6, 79.8) 73.6 (65.2, 80.3) 75.1 (67.2, 83.1) < 0.001

Race/ethnicity, % < 0.001

 Non-Hispanic White 1457 (37.0%) 1272 (31.1%) 785 (53.8%) 1851 (42.4%)

 Non-Hispanic Black 930 (23.6%) 871 (21.3%) 206 (14.1%) 996 (22.8%)

 Mexican American 440 (11.2%) 834 (20.4%) 206 (14.1%) 816 (18.7%)

 Other Hispanic 300 (7.6%) 525 (12.8%) 153 (10.5%) 416 (9.5%)

 Other races 816 (20.7%) 588 (14.4%) 110 (7.5%) 287 (6.6%)

Education levels, % < 0.001

 Below high school 311 (7.9%) 459 (11.2%) 165 (11.3%) 384 (8.8%)

 High school 1712 (43.5%) 1578 (38.6%) 566 (38.8%) 1766 (40.5%)

 Above high school 1916 (48.6%) 2051 (50.2%) 728 (49.9%) 2212 (50.7%)

 Diabetes, % 309 (7.8%) 474 (11.6%) 341 (23.4%) 1178 (27.0%) < 0.001

 Smoking, % 1946 (52.4%) 1879 (47.6%) 899 (61.9%) 2226 (51.7%) < 0.01

 Drinking, % 1318 (49.4%) 1508 (51.7%) 458 (44.6%) 1538 (50.1%) < 0.001

 eGFR, ml/min/1.73m2 103.6 (89.7, 117.5) 99.0 (86.3, 111.9) 90.4 (78.2, 101.6) 96.8 (83.5, 110.5) < 0.001

 TG, mmol/L 0.94 (0.67, 1.37) 1.19 (0.82, 1.73) 1.24 (0.93, 1.88) 1.41 (0.99, 2.01) < 0.001

 TC, mmol/L 4.63 (3.98, 5.30) 4.89 (4.19, 5.56) 4.89 (4.19, 5.60) 4.86 (4.16, 5.56) < 0.001

 LDL-C, mmol/L 2.66 (2.17, 3.28) 2.97 (2.41, 3.60) 2.92 (2.38, 3.57) 2.97 (2.38, 3.62) < 0.001

 HDL-C, mmol/L 1.37 (1.16, 1.63) 1.22 (1.03, 1.42) 1.19 (1.01, 1.40) 1.11 (0.96, 1.29) < 0.001

 RBC, × 109/L 4.90 (4.62, 5.17) 4.99 (4.73, 5.26) 4.91 (4.62, 5.18) 5.02 (4.74, 5.28) < 0.001

 WBC, × 109/L 6.42 (5.31, 7.82) 6.63 (5.61, 8.03) 7.12 (5.93, 8.40) 7.42 (6.11, 8.82) < 0.001

 PLT, × 106/L 22.3 (19.2, 25.8) 22.6 (19.5, 26.3) 22.3 (18.8, 25.9) 23.0 (19.5, 26.7) < 0.001

 NE, × 109/L 3.62 (2.81, 4.73) 3.71 (2.92, 4.71) 4.10 (3.22, 5.12) 4.31 (3.43, 5.46) < 0.001

 LY, × 109/L 1.92 (1.63, 2.42) 2.03 (1.72, 2.61) 2.02 (1.62, 2.41) 2.13 (1.69, 2.56) < 0.001

 Hemoglobin, g/L 15.0 (14.3, 15.7) 15.1 (14.5, 15.9) 15.0 (14.3, 15.9) 15.1 (14.4, 15.9) < 0.001

 HbA1c, % 5.4 (5.1, 5.7) 5.5 (5.2, 5.8) 5.6 (5.3, 6.0) 6.2 (5.7, 7.4) < 0.001

 FBG, mmol/L 5.4 (5.1, 5.9) 5.6 (5.3, 6.1) 5.8 (5.4, 6.5) 5.9 (5.5, 6.8) < 0.001

 ALT, u/L 20.0 (16.0, 27.0) 25.0 (20.0, 34.0) 24.0 (19.0, 33.0) 28.0 (22.0, 39.0) < 0.001

 AST, u/L 23.0 (20.0, 28.0) 25.0 (21.0, 30.0) 24.0 (21.0, 30.0) 24.0 (21.0, 29.0) < 0.001
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and general obesity than with normal weight, but higher in individuals with abdominal obesity, individuals with 
compound obesity having the highest risk.

Association between WC and hypertension.  Considering individuals with abdominal obesity and 
compound obesity had a larger WC and a significantly higher prevalence rate of hypertension, we explored the 
relationship between WC and hypertension. The distribution of WC stratified by hypertension is provided in 

Table 2.   Multivariate logistic regression model of associations between different patterns of obesity and 
hypertension Risk (n = 13,859). Minimally adjusted model, we adjusted for age, race/ethnicity, education, 
smoking, drinking. Fully adjusted model, we adjusted for age, race/ethnicity, education, smoking, drinking, 
diabetes, TG, TC, LDL-C, HDL-C, RBC, hemoglobin, and eGFR. TG triglycerides, TC total cholesterol, LDL-C 
low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, RBC red blood cells, eGFR 
estimated glomerular filtration rate.

Obesity Patterns Total
Hypertension 
(n, %)

Non-adjusted model Minimally adjusted model Fully adjusted model

OR [95% CI] P-value OR [95% CI] P-value OR [95% CI] P-value

Normal weight 3943 1260 (32.0%) Reference – Reference – Reference –

Overweight and 
general obesity 4090 1643 (40.2%) 1.43 [1.31, 1.57] P < 0.001 1.37 [1.21, 1.54] P < 0.001 1.41 [1.17, 1.70] P < 0.001

Abdominal 
obesity 1460 916 (62.7%) 3.59 [3.16, 4.07] P < 0.001 1.86 [1.58, 2.19] P < 0.001 1.97 [1.53, 2.54] P < 0.001

Compound 
obesity 4366 2800 (64.1%) 3.81 [3.48, 4.17] P < 0.001 3.23 [2.86, 3.64] P < 0.001 3.28 [2.70, 3.99] P < 0.001

Figure 2.   Subgroup analyses for the risks of developing hypertension in the overweight and general obesity 
group compared with the normal-weight group.

Figure 3.   Subgroup analyses for the risks of developing hypertension in the abdominal obesity group compared 
with the normal-weight group.
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Figs. 5. Increased WC (per 10 cm) had a positive correlation with the prevalence rate of hypertension in non-
adjusted model (OR: 1.58; 95% CI 1.54–1.62; P < 0.001), minimally adjusted model (OR: 1.42; 95% CI 1.38–1.47; 
P < 0.001) and fully adjusted model (OR: 1.43; 95% CI 1.37–1.52; P < 0.001) (Table 3). When fully adjusting for 
age, race/ethnicity, education, smoking, drinking, diabetes, TG, TC, LDL-C, HDL-C, RBC, hemoglobin and 
eGFR, individuals in the second to the fourth quartile of WC still had a higher risk for hypertension. Results of 
RCS analysis also demonstrated that WC were positively corelated with the increased prevalence rate of hyper-
tension, and in a nonlinear pattern. The hypertension risk increased rapidly with the increase of WC, especial 
in the upper quantile (Fig. 6A). ROC analysis showed that WC had a well discriminatory power for screening 
hypertension risk, and the AUC of WC is 0.691 (95% CI 0.682–0.699; optimal cutoff value: 98.2) (Fig. 6B).

Discussion
In the present cross-sectional study, we included 13, 859 male participants from NHANES (2007–2018) to 
explore the association between the hypertension risk and different obesity patterns in male population. BMI 
and WC were used as indicators for general obesity and abdominal obesity, respectively. The prevalence rate of 
hypertension among male individuals with compound obesity (64.1%), abdominal obesity (62.7%), overweight 
and general obesity (40.2%) and normal weight (32.0%) was evaluated in detail. Moreover, after adjusting for 
covariates, we carried out multivariable regression analysis to further investigate the increased risk of hyperten-
sion in male individuals with different obesity patterns compared with individuals with normal weight. Results 
of multivariable regression analysis showed that different obesity patterns were independent risk factors for 
hypertension in male population. The risk of hypertension in individuals with abdominal obesity and compound 
obesity was higher than individuals with overweight and general obesity. Therefore, different obesity patterns 

Figure 4.   Subgroup analyses for the risks of developing hypertension in the compound obesity group compared 
with the normal-weight group.

Figure 5.   The overall distribution of WC and distribution of WC in individuals with hypertension and 
individuals without hypertension.
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have a great impact on the prevalence of hypertension in male population. Multivariable regression analysis was 
also performed to investigate the association between WC and hypertension, which showed that increased WC 
was also an independent risk factor for hypertension22.

Back in the 1960s, the Framingham heart study found that obesity significantly increased the risk of 
hypertension23. In recent years, the prevalence of hypertension and obesity has increased significantly 
worldwide24. The research on the pathogenesis of obesity-related hypertension is helpful to find out reasonable 
treatment methods. Obesity can be mainly divided into overweight and general obesity, abdominal obesity and 
compound obesity. Many studies have explored the effects of different obesity patterns on different diseases. Lu 
et al. performed a retrospective study and found that different types of obesity had significant effects on the risk 
of Hashimoto’s thyroiditis, and compound obesity was an independent risk factor17. Barcelar et al. also demon-
strated that obesity, particularly the abdominal obesity, was associated with respiratory system alterations, and 
severe abdominal obesity could eventually lead to respiratory dysfunction25. In addition, abdominal obesity is 
also closely associated with nonalcoholic fatty liver disease, diabetes, coronary heart disease and other chronic 
diseases26. In the present cross-sectional study, we firstly investigated the effects of different obesity patterns on 
the risk of hypertension based on data from NHANES database. Our results showed that obesity patterns had 
significant effects on the prevalence rate of hypertension in male population. Male population are more prone to 
metabolic disorders, which may explain why different obesity patterns had a greater impact on the prevalence of 
hypertension in male population. In addition, we also conducted a detailed subgroup analysis stratified by age, 
smoking, drinking, and eGFR, the effect of different obesity patterns on hypertension was highly stable. Results 
of subgroup analysis demonstrated that, among individuals older than 60 years, only compound obesity was the 

Table 3.   Multivariate logistic regression model of associations between waist circumference and hypertension 
risk (n = 13,859). Minimally adjusted model, we adjusted for age, race/ethnicity, education, smoking, drinking. 
Fully adjusted model, we adjusted for age, race/ethnicity, education, smoking, drinking, diabetes, TG, TC, 
LDL-C, HDL-C, RBC, Hemoglobin, and eGFR. TG triglycerides, TC total cholesterol, LDL-C low-density 
lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, RBC red blood cells, eGFR estimated 
glomerular filtration rate.

Obesity Patterns Total Hypertension (n, %)

Non-adjusted model Minimally adjusted model Fully adjusted model

OR [95% CI] P-value OR [95% CI] P-value OR [95% CI] P-value

Waist circumference 
(per 10 cm) 13,859 6619 (47.8%) 1.58 [1.54, 1.62] P < 0.001 1.42 [1.38, 1.47] P < 0.001 1.43 [1.37, 1.52] P < 0.001

Categories

Q1 3482 883 (25.4%) Reference – Reference – Reference –

Q2 3459 1462 (42.3%) 2.16 [1.95, 2.39] P < 0.001 1.40 [1.23, 1.60] P < 0.001 1.51 [1.23, 1.87] P < 0.001

Q3 3459 1924 (55.6%) 3.69 [3.33, 4.08] P < 0.001 2.18 [1.91, 2.49] P < 0.001 2.37 [1.91, 2.95] P < 0.001

Q4 3459 2350 (67.9%) 6.24 [5.62, 6.92] P < 0.001 3.92 [3.42, 4.50] P < 0.001 4.10 [3.26, 5.16] P < 0.001

Figure 6.   RCS analysis between WC and the risk of hypertension and the ROC curve. (A) RCS analysis for the 
association between WC and the risk of hypertension; (B) ROC curve of WC for discriminating hypertension 
risk.
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independent factor. This may be due to a significant increase in the prevalence rate of hypertension due to the 
hardening of blood vessels with increasing age.

Using multivariable regression analysis, we found that the prevalence of hypertension was significantly higher 
in individuals with either type of obesity patterns than individuals with normal weight. However, individuals with 
abdominal obesity or compound obesity had a higher risk of hypertension than individuals with overweight and 
general obesity. Abdominal obesity is a kind of abnormal phenotypes of fat distribution, and is associated with 
insulin resistance and chronic inflammation, which can lead to hypertension through multiple mechanisms27. In 
abdominal obesity, the levels of RAAS components such as renin, angiotensin, and aldosterone are significantly 
increased, and the elevated levels of aldosterone exceed the renin activity. In addition to renal RAAS activation, 
RAAS of cardiac system, RAAS of vascular system, RAAS of adipose system and RAAS of central nervous system 
are also significantly activated, eventually leading to hypertension28. Vascular dysfunction in abdominal obe-
sity includes changes in vascular structure, endothelial dysfunction and increased vascular stiffness. Abnormal 
endothelial function and increased vascular stiffness are the main changes in the early stage of obesity-induced 
hypertension, and insulin resistance is an important mechanism to initiate this process29. Increased body volume 
load and impaired renal function are important clinical features of obesity. In recent years, researchers found that 
impaired renal function may occur before obesity-induced hypertension happens30. The activation of sympathetic 
nervous system caused by obesity is also an important mechanism of obesity related hypertension. Moreover, 
leptin levels are elevated in most individuals with obesity, suggesting leptin resistance. Hyperleptinemia can 
promote norepinephrine conversion and increase sympathetic activity, leading to elevated blood pressure31.

Most studies used BMI as the main criterion for assessing obesity at present, however, BMI does not accurately 
reflect the distribution of body fat32. WC is one of the most commonly used indicators of anthropometry and 
widely used for the diagnosis of abdominal obesity. According to the guidelines recommended by the IDF, it is 
necessary to combine BMI and WC in the assessment of obesity, which is helpful for the relationship between 
different forms of obesity and different diseases33. Several studies have already investigated associations between 
WC and clinical outcomes in patients with type 2 diabetes34. A recent prospective case–control study examined 
the associations between circulating levels of inflammation factors and demonstrated that WC is associated with 
an increased coronary heart disease (CHD) risk independent of other underlying risk factors such as physical 
activity levels and BMI35,36. Another systematic review and meta-analysis suggest that regular aerobic exercise 
can moderately reduce WC and visceral adipose tissue accumulation, and reduce the risk of cardiovascular and 
cerebrovascular diseases, while high-intensity exercise may benefit patients without underlying chronic diseases 
more than moderate intensity exercise37. We also investigated the exact relationship between WC and the hyper-
tension risk, and our results also showed that increased WC could be an independent risk factor for hypertension. 
Elevated WC can lead to the secretion of interleukin (IL) -6 and tumor necrosis factor (TNF) -α from white 
adipose cells in the body, leading to the infiltration of macrophages, and eventually chronic inflammation38. The 
function of infiltrated islet cells is affected and insulin resistance eventually occurs. On the other hand, inflam-
matory factors can affect the normal secretion and regulation function of vascular endothelial cells, resulting 
in the loss of normal function of endothelial cells39. Besides, we found that the association between WC and 
hypertension was in a nonlinear pattern, the risk of hypertension increased significantly with the increment of 
WC, especially in the upper quantile. Controlling of WC and abdominal obesity is very important for the control 
of hypertension40. Moreover, WC can be also adopted to screen out the risk of hypertension in male individuals.

Although we conducted a detailed analysis of the effects of different obesity patterns on the prevalence of 
hypertension, there are still some limitations to be noted in this study. First, this study used only a nationally 
representative sample from the US, but there are large ethnic differences in diet, physical activity, genetic vari-
ants, lipid metabolism, and susceptibility to cardiovascular disease, and the generality of our conclusions to other 
populations is unclear. Second, due to the inherent nature of cross-sectional studies, it is difficult to determine 
the causal relationship between different modes of obesity and hypertension41. More prospective studies are 
needed to determine the exact relationship between different forms of obesity and hypertension. Third, although 
we adjusted for multiple covariates, we could not completely exclude the influence of other confounding factors 
on our results.

Conclusions
In conclusion, we investigated the association of different obesity patterns with hypertension and found that 
abdominal obesity and compound obesity were strongly associated with increased risk of hypertension. With 
the increasing burden of hypertension and its resulting cardiovascular and cerebrovascular diseases worldwide, 
the management of obesity, especially abdominal obesity, should be strengthened to prevent hypertension.

Data availability
Publicly available datasets were analyzed in this study. All the raw data used in this study are derived from the 
public NHANES data portal (https://​wwwn.​cdc.​gov/​nchs/​nhanes/​analy​ticgu​ideli​nes.​aspx).

Received: 20 January 2023; Accepted: 20 June 2023

References
	 1.	 Kametas, N. A., Nzelu, D. & Nicolaides, K. H. Chronic hypertension and superimposed preeclampsia: Screening and diagnosis. 

Am. J. Obstet. Gynecol. 226, S1182–S1195 (2022).
	 2.	 Ogunniyi, M. O., Commodore-Mensah, Y. & Ferdinand, K. C. Race, ethnicity, hypertension, and heart disease: JACC focus seminar 

1/9. J. Am. Coll. Cardiol. 78, 2460–2470 (2021).

https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx


9

Vol.:(0123456789)

Scientific Reports |        (2023) 13:10551  | https://doi.org/10.1038/s41598-023-37302-x

www.nature.com/scientificreports/

	 3.	 Hall, J. E., Carmo, J. M., Silva, A. A., Wang, Z. & Hall, M. E. Obesity, kidney dysfunction and hypertension: Mechanistic links. Nat. 
Rev. Nephrol. 15, 367–385 (2019).

	 4.	 Pietrucha, A. Z. et al. The influence of obesity on progression of coronary arteriosclerosis and clinical course after ST elevation 
acute myocardial infarction treated with primary coronary interventions. Adv. Med. Sci. 56, 241–248 (2011).

	 5.	 Spínola, V., Llorent-Martínez, E. J. & Castilho, P. C. Polyphenols of Myrica faya inhibit key enzymes linked to type II diabetes and 
obesity and formation of advanced glycation end-products (in vitro): Potential role in the prevention of diabetic complications. 
Food Res. Int. 116, 1229–1238 (2019).

	 6.	 Li, Q.-H. et al. Sugar-sweeten beverage consumption is associated with more obesity and higher serum uric acid in chinese male 
gout patients with early onset. Front. Nutr. 9, 916811 (2022).

	 7.	 Flaherty, D. C. & Bilchik, A. J. ASO author reflections: Can the association between obesity and colorectal cancer be explained by 
an unfavorable tumor immune microenvironment? Ann. Surg. Oncol. 26, 535–536 (2019).

	 8.	 Bartkowiak, J. et al. The impact of obesity on left ventricular hypertrophy and diastolic dysfunction in children and adolescents. 
Sci. Rep. 11, 13022 (2021).

	 9.	 Chung, G. K. K. et al. Prospective association of obesity patterns with subclinical carotid plaque development in early postmeno-
pausal chinese women. Obesity (Silver Spring) 28, 1560 (2020).

	10.	 Cong, X., Liu, S., Wang, W., Ma, J. & Li, J. Combined consideration of body mass index and waist circumference identifies obesity 
patterns associated with risk of stroke in a Chinese prospective cohort study. BMC Public Health 22, 347 (2022).

	11.	 Ramezankhani, A., Azizi, F., Momenan, A. A. & Hadaegh, F. Sex differences in cumulative exposure to metabolic risk factors before 
hypertension onset: The cohort of the tehran lipid and glucose study. J. Am. Heart Assoc. 10, e021922 (2021).

	12.	 Füzéki, E., Engeroff, T. & Banzer, W. Health benefits of light-intensity physical activity: A systematic review of accelerometer data 
of the national health and nutrition examination survey (NHANES). Sports Med. 47, 1769–1793 (2017).

	13.	 Vengalasetti, Y. V., Chertow, G. M. & Popat, R. Dysgeusia and dysosmia in chronic kidney disease: NHANES 2011–2014. J. Ren. 
Nutr. 5, 63 (2021).

	14.	 Lv, L., Wu, S., Yang, Y. & Yue, X. Modified effect of active or passive smoking on the association between age and abdominal aortic 
calcification: A nationally representative cross-sectional study. BMJ Open 11, e047645 (2021).

	15.	 Ma, Y. et al. Associations between dietary inflammatory index and sex hormones among 6- to 19-year-old children and adolescents 
in NHANES 2015–2016. Front. Endocrinol (Lausanne). 12, 792114 (2021).

	16.	 Zhang, Y. et al. Non-linear associations between visceral adiposity index and cardiovascular and cerebrovascular diseases: Results 
from the NHANES (1999–2018). Front. Cardiovasc. Med. 9, 908020 (2022).

	17.	 Lu, Y., Yang, H., Xu, Z. & Tang, X. Association between different obesity patterns and the risk of developing type 2 diabetes mellitus 
among adults in Eastern China: A cross-sectional study. Diabetes Metab. Syndr. Obes. 14, 2631–2639 (2021).

	18.	 Huang, Z. Association between blood lead level with high blood pressure in US (NHANES 1999–2018). Front. Public Health. 10, 
836357 (2022).

	19.	 Inoue, K., Streja, E., Tsujimoto, T. & Kobayashi, H. Urinary albumin-to-creatinine ratio within normal range and all-cause or 
cardiovascular mortality among U.S. adults enrolled in the NHANES during 1999–2015. Ann. Epidemiol. 55, 15–23 (2021).

	20.	 Blighe, K., Gurudas, S., Lee, Y. & Sivaprasad, S. Diabetic retinopathy environment-wide association study (EWAS) in NHANES 
2005–2008. J. Clin. Med. 9, 214 (2020).

	21.	 Yue, Y., Nair, N., Quinones, S., Kordas, K. & Desai, G. Associations of total urinary arsenic with total cholesterol and high-density 
lipoprotein among 12–17-year-old participants from the 2009–2016 NHANES cycles: A cross-sectional study. Int. J. Hyg. Environ. 
Health. 242, 113950 (2022).

	22.	 Blüher, M. Obesity: Global epidemiology and pathogenesis. Nat. Rev. Endocrinol. 15, 288–298 (2019).
	23.	 Cooper, L. L. & Mitchell, G. F. Incorporation of novel vascular measures into clinical management: Recent insights from the 

framingham heart study. Curr. Hypertens Rep. 21, 19 (2019).
	24.	 Al-Jawaldeh, A. & Abbass, M. M. S. Unhealthy dietary habits and obesity: The major risk factors beyond non-communicable 

diseases in the eastern mediterranean region. Front. Nutr. 9, 817808 (2022).
	25.	 Barcelar, J. D. M. et al. Chest wall regional volumes in obese women. Respir. Physiol. Neurobiol. 189, 167–173 (2013).
	26.	 Alami, F., Alizadeh, M. & Shateri, K. The effect of a fruit-rich diet on liver biomarkers, insulin resistance, and lipid profile in patients 

with non-alcoholic fatty liver disease: A randomized clinical trial. Scand J. Gastroenterol. 2, 58 (2022).
	27.	 Yoo, J.-K. & Fu, Q. Impact of sex and age on metabolism, sympathetic activity, and hypertension. FASEB J. 34, 11337–11346 (2020).
	28.	 Srinivasa, S. et al. RAAS activation is associated with visceral adiposity and insulin resistance among HIV-infected patients. J. Clin. 

Endocrinol. Metab. 100, 2873–2882 (2015).
	29.	 Earle, K. A., Ng, L., White, S. & Zitouni, K. Sex differences in vascular stiffness and relationship to the risk of renal functional 

decline in patients with type 2 diabetes. Diab. Vasc. Dis. Res. 14, 304–309 (2017).
	30.	 Pei, X. et al. Clinical effect of retroperitoneal laparoscopic radical nephrectomy on renal cell carcinoma, the influence of renal 

function, and the influencing factors of recurrence. Evid. Based Complem. Alternat. Med. 2022, 4182853 (2022).
	31.	 Gruber, T. et al. Obesity-associated hyperleptinemia alters the gliovascular interface of the hypothalamus to promote hypertension. 

Cell Metab. 5, 33 (2021).
	32.	 Ashwell, M., Gunn, P. & Gibson, S. Waist-to-height ratio is a better screening tool than waist circumference and BMI for adult 

cardiometabolic risk factors: Systematic review and meta-analysis. Obes. Rev. 13, 275–286 (2012).
	33.	 Quah, Y. V., Poh, B. K. & Ismail, M. N. Metabolic syndrome based on IDF criteria in a sample of normal weight and obese school 

children. Malays. J. Nutr. 16, 207–217 (2010).
	34.	 Zhang, F.-L. et al. Strong Association of Waist Circumference (WC), Body Mass Index (BMI), Waist-to-Height Ratio (WHtR), 

and Waist-to-Hip Ratio (WHR) with Diabetes: A population-based cross-sectional study in Jilin Province, China. J. Diabetes Res. 
2021, 8812431 (2021).

	35.	 Lopes, K. G. et al. Metabolic and inflammatory profiles of post-bariatric patients with weight recidivism. Obes. Surg. 32, 1849–1855 
(2022).

	36.	 Gaglioti, A. H., Rivers, D., Ringel, J. B., Judd, S. & Safford, M. M. Individual and neighborhood influences on the relationship 
between waist circumference and coronary heart disease in the reasons for geographic and racial differences in stroke study. Prev. 
Chronic Dis. 19, E20 (2022).

	37.	 Armstrong, A. et al. Effect of aerobic exercise on waist circumference in adults with overweight or obesity: A systematic review 
and meta-analysis. Obes. Rev. 23, e13446 (2022).

	38.	 Chen, Y. et al. Impact of BMI and waist circumference on epigenome-wide DNA methylation and identification of epigenetic 
biomarkers in blood: An EWAS in multi-ethnic Asian individuals. Clin. Epigenetics. 13, 195 (2021).

	39.	 Dias, I. B. F. et al. Relationships between emerging cardiovascular risk factors, z-BMI, waist circumference and body adiposity 
index (BAI) on adolescents. Clin. Endocrinol. (Oxf). 79, 667–674 (2013).

	40.	 Bastien, M., Poirier, P., Lemieux, I. & Després, J.-P. Overview of epidemiology and contribution of obesity to cardiovascular disease. 
Prog. Cardiovasc. Dis. 56, 369–381 (2014).

	41.	 Wang, X. & Cheng, Z. Cross-sectional studies: Strengths, weaknesses, and recommendations. Chest 158, S65–S71 (2020).



10

Vol:.(1234567890)

Scientific Reports |        (2023) 13:10551  | https://doi.org/10.1038/s41598-023-37302-x

www.nature.com/scientificreports/

Acknowledgements
We acknowledge NHANES database for providing their platforms and contributors for uploading their meaning-
ful datasets. And we thank all participants included in our present study.

Author contributions
L.-DaW. and N.Z. were involved in the experiment design. L.-DaW. and J.-Y.W. performed the data analysis. J.-
Y.W. and N.Z. wrote the manuscript. J.Z. reviewed the manuscript and provided critical suggestions. L.C. revised 
the manuscript according to the comments by editors and reviewers and provided valuable suggestions for the 
article’s revisions, especially for statistics section. L.C. also polished the overall language, greatly improving the 
English quality of the article. Similarly, Z.-Y.B. offered valuable suggestions during the article revision process 
and will bear a portion of the publication fee, which is crucial for expanding the dissemination of our article’s 
findings and conclusions. All authors approved the final manuscript.

Funding
This research was funded by the National Natural Science Foundation of China (Grant No. 82100360) and the 
tutorial system of Suzhou (Grant No. Qngg2022021).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​023-​37302-x.

Correspondence and requests for materials should be addressed to N.Z., J.-Y.W., Z.-Y.B. or L.-D.W.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

https://doi.org/10.1038/s41598-023-37302-x
https://doi.org/10.1038/s41598-023-37302-x
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Association of different obesity patterns with hypertension in US male adults: a cross-sectional study
	Methods
	Study population. 
	Anthropometric measurements. 
	Different obesity patterns. 
	Definition of hypertension. 
	Covariates. 
	Statistical analysis. 
	Ethics approval and consent to participate. 

	Results
	Characteristics of the study population. 
	Association between different obesity patterns and hypertension. 
	Subgroup analysis of different obesity patterns and the risk of hypertension. 
	Association between WC and hypertension. 

	Discussion
	Conclusions
	References
	Acknowledgements


