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Abstract

This study aims to investigate the relationship between waist circumference

and hypertension risk in normal-weight/overweight individuals with normal car-

diometabolic profiles. The authors included 7217 normal-weight and overweight

individuals with normal cardiometabolic profiles from the 2001 to 2014 US National

Health and Nutrition Examination Survey. The authors summarized demographic

characteristics, cardiometabolic profiles, and behavioral factors across waist circum-

ference quartiles. Then, in the logistic regression analysis, the authors observed a

positive and significant association between waist circumference (as a continuous

variable) and the prevalence of hypertension in all three models (nonadjusted, mini-

mally adjusted, and fully adjusted), with odds ratios (95% confidence intervals) of 1.76

(1.65–1.86), 1.29 (1.20–1.39), and 1.24 (1.09–1.40), respectively. When analyzed as a

categorical variable, individuals in the highest waist circumference group had a 1.48-

fold increased risk of hypertension than the lowest group in the fully adjusted model.

Moreover, the Cox regression analysis revealed a positive and significant association

between waist circumference and all-cause mortality in individuals with hyperten-

sion in the nonadjusted model (HR, 1.27; 95% CI, 1.10–1.47) and the fully adjusted

model (HR, 1.59; 95% CI, 1.22–2.06). In conclusions, our results showed that, even in

those with normal metabolic profiles, high waist circumference was significantly asso-

ciatedwith the increased prevalence of hypertension. And once hypertension has been

established, patients with high waist circumference showed elevated all-cause mor-

tality. Therefore, waist circumference should be routinely measured and controlled

regardless of metabolic profiles.
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1 INTRODUCTION

Over the past five decades, obesity has become a growing global health

problem. Obesity is closely associated with multiple chronic diseases

and contributes to decreased life quality and expectancy.1,2 Since body

mass index (BMI)was first proposed in the 19th century, it has been the

most widely and frequently used anthropometric parameter to define

obesity. However, BMI alone is insufficient to accurately evaluate the

obesity-related risk3,4 because individualswith similarBMImight show

different body fat distribution andmuscle mass.5,6

Compared with BMI, waist circumstance is more closely associated

with the absolute amount of abdominal fat.7 Accumulating studies

have revealed that waist circumference was closely associated with

multiple cardiovascular diseases and all-cause mortality, with or with-

out adjusting for BMI.8,9 A recent consensus statement by the IAS

and ICCRWorkingGroup recommended routinelymeasuringwaist cir-

cumference alongside BMI to classify obesity and identify the high-risk

obesity phenotype.10 In the previous studies, we reported a positive

association of waist circumference with hypertension prevalence and

cardiometabolic dysregulation regardless of BMI.11,12

Obesity is usually characterized by multiple metabolic abnor-

malities, including lipid metabolism abnormalities (increased serum

triglyceride [TG] and decreased HDL-cholesterol [HDL-C] con-

centrations) and glucose metabolism abnormalities (raised fasting

plasma glucose [FPG] and insulin resistance).13,14 These concomi-

tant metabolic abnormalities are vital mediators of obesity-related

hypertension.15,16 Interestingly, accumulating studies suggested that

abdominal fat may contribute to the development of hypertension via

nonmetabolic pathways (such as the activation of the sympathetic ner-

vous system [SNS]17,18 or the renin-angiotensin-aldosterone system

[RAAS]19). However, few studies investigated the cardiovascular risk

in metabolically healthy individuals. It remains unclear whether high

waist circumference is a risk factor for hypertension in individuals with

normal metabolic profiles.

Therefore, our study was designed to shed new light on the associa-

tion between waist circumference and hypertension independently of

metabolic factors.

2 METHODS

2.1 Data source and study population

The US National Health and Nutrition Examination Survey (NHANES)

is a publicly available survey that collects the health and nutrition

information of the representative US population every other year. The

National Death Index (NDI) is a centralized database that provides

vital mortality information, which helps to investigate the relationship

betweenmultiple health factors andmortality.

This study used the cross-sectional data from seven consec-

utive cycles (2001–2002, 2003–2004, 2005–2006, 2007–2008,

2009–2010, 2011–2012, 2013–2014) of NHANES. The survival-

related follow-up information was acquired from the NDI database,

which records survival status from the date of medical examination to

either death or censoring (until December 31, 2015).

We included normal-weight and overweight (defined as a BMI of

18.5–24.9 kg/m2 and 25.0–29.9 kg/m2, respectively) participants with

multiple information, including body measurements, blood pressure,

diabetes, smoking status, alcohol intake, dietary information, medical

conditions, administration of antihypertensive, standardized biochem-

istry profiles and mortality information. The exclusion criteria were

as follows (1) participants aged < 18 or > 80 years, (2) had miss-

ing data (BMI, waist circumference, or blood pressure records), (4)

pregnant individuals, (5) diagnosed with cancer, (6) deceased within

3 months, (7) participants with abnormal cardiometabolic profiles (TG

≥ 150 mg/dl; HDL < 40 mg/dl in males, < 50 mg/dl in females; FPG

≥ 100 mg/dl) according to the definition of metabolic syndrome.20

Finally, a total of 7217 participants were enrolled (Figure 1). The anal-

ysis was approved by National Center for Health Statistics Research

Ethics Review Board, and informed consent was acquired from all

individuals.

2.2 Waist circumference measurement

According to the NHANES Anthropometry Procedures Manual, a

trained health technician first instructed the participant to keep the

appropriate posture and expose the measurement area (mainly the

waist and hip area). Then, the technician would palpate the partici-

pant’s hip area at the participant’s right side to locate and mark the

acme of the right iliac crest as themeasurement level. Finally, the tech-

nician should measure the waist circumference with a tape measure

horizontally surrounding the waist at the measurement level and lying

snugbutnot compressing the skin at theendof theparticipant’s normal

expiration.

2.3 Definition of hypertension

Blood pressure was measured by the certified examiners trained

by Shared Care Research and Education Consulting with sphygmo-

manometers, following the latest recommendations of the American

Heart Association Human Blood Pressure Determination. After rest-

ing quietly in a seated position for 5 min and once the participant’s

maximum inflation level had beendetermined, three consecutive blood

pressure readings were obtained, and we calculated the mean blood

pressure.

In this study, individuals were defined as hypertensive when they

met at least one of the following criteria: (1) mean systolic blood

pressure ≥ 130 mm Hg, (2) mean diastolic blood pressure ≥ 80 mm

Hg, (3) self-reported hypertension, and (4) self-reported usage of

antihypertensive drugs.21–23
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F IGURE 1 Flow chart of selection of eligible participants. NHANES: National Health andNutrition Examination Survey. NDI: National Death
Index

2.4 Demographic variables

Demographic variables were acquired from questionnaires, including

age, sex, race (non-Hispanic white, non-Hispanic black, Mexican Amer-

ican, other Hispanic, and other races), income, and education (below

high school, high school, and above high school). Poverty-income ratio

(PIR) was used to assess the income levels, which were classified

as < 1.33, 1.33–3.50, and ≥ 3.50 recommended by the Supplemental

Nutrition Assistance Program.24

2.5 Cardiometabolic and behavioral factors

Cardiometabolic and behavioral factors included body measure-

ment, lipid profiles, blood glucose, sodium intake, cigarette/alcohol

consumption, and history of cardiovascular diseases. Total-to-HDL

cholesterol was calculated as total cholesterol divided by high-density

lipoprotein cholesterol.25 Diabetes was defined as self-reported dia-

betes or hemoglobin A1c (HbA1c) ≥ 6.5%. More than 100 cigarettes

consumption in life was determined as smoking, and participants who

consumed ≥ 12 alcoholic drinks per year were considered alcohol

users. Participants with self-reported heart attack, angina pectoris,

coronary heart disease, congestive heart failure, and/or stroke were

considered to have a history of cardiovascular diseases.26 Details

about the questionnaires and examinations protocols could be easily

accessed on the NHANESwebsite.

2.6 Statistical analysis

All the statistical analyses were performed and reported based on

the recommendation from American Heart Association Scientific

Publication Committee.27 We used multivariate multiple imputa-

tions to fill the missing covariates to maximize statistical power.28,29

Kolmogorov–Smirnov test was used to assess the normality of the

data distribution. Normally distributed continuous variables, non-

normally distributed continuous variables, and categorical variables

were presented as mean ± standard deviation, median (Q1, Q3), and

frequencies with percentages, respectively. The difference among

waist circumference quartiles was evaluated by one-way analysis of

variance, the Kruskal–Wallis test, and the chi-square test, respectively.

We applied a generalized linear model to evaluate the relation-

ship between waist circumference and systolic blood pressure and

analyzed their correlation by the Spearman correlation coefficient.

Furtherly, we used the logistic regression to assess the association

between waist circumference and hypertension, and odds ratios (ORs)

with 95% confidence intervals (CIs) were calculated accordingly. In

the minimally adjusted model, we adjusted for age, sex, race/ethnicity,

education, HbA1c, smoking, drinking, PIR level, total-to-HDL choles-

terol, and triglyceride level. In the fully adjustedmodel, we adjusted for

BMI, age, sex, race/ethnicity, education, HbA1c, smoking, drinking, PIR

level, total-to-HDL cholesterol, and triglyceride level. Moreover, we

illustrated the relationship between waist circumference and hyper-

tension by a restricted cubic spline with five knots (located at the

5th, 27.5th, 50th, 72.5th, and 95th percentiles), with the median waist

circumference set as the reference.30

Furthermore, we adopted the Cox regression analysis to assess the

association between waist circumference and all-cause mortality in

individuals with hypertension. The hazard ratios (HRs) with 95% CIs

of the three models were calculated. In the minimally adjusted model,

we adjusted for age, sex, race/ethnicity, education, HbA1c, smoking,

drinking, PIR level, total-to-HDLcholesterol, and triglyceride level. BMI

was additionally adjusted for in the fully adjusted model. We defined

statistical significance as P of < .05. All statistical analyses were per-

formed by the R software (version 3.6.1; R Foundation for Statistical

Computing, Vienna).

3 RESULTS

3.1 Characteristics of the study population

Demographic characteristics, cardiometabolic profiles, and behavioral

factors are summarized in Table 1. Compared with the individuals with

low waist circumference, those with high waist circumference were

older, less educated, and more were males, while the PIR level showed
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F IGURE 2 The fitted curve on the relationship betweenwaist circumference and systolic blood pressure by the generalized linear model in
males and females

no significant difference. In the overall population, the prevalence of

hypertension was 24.1%, the median age was 41.0 (29.0–55.0) years,

the median BMI was 24.5 (22.2–26.8) kg/m2, and the median waist

circumference was 87.1 (80.0–94.0) cm. Interestingly, although all the

individuals had normal metabolic profiles (TG, HDL-C, and FPG), those

with higher waist circumference had higher total-to-HDL cholesterol,

TG, and FPG levels. Moreover, they also showed a higher prevalence of

hypertension and self-reported cardiovascular diseases.

As shown in Figure 2, waist circumference stratified by sex was pos-

itively and significantly associated with SBP, with a more considerable

slope value observed in females.

3.2 The association between waist circumference
and hypertension

Table 2 shows the association betweenwaist circumference and hyper-

tension. We observed a positive and significant association between

waist circumference (as a continuous variable) and the prevalence

of hypertension in all three models (nonadjusted, minimally adjusted,

and fully adjusted), with ORs (95% CIs) of 1.76 (1.65–1.86), 1.29

(1.20–1.39), and 1.24 (1.09–1.40), respectively.

When analyzed as a categorical variable, individuals in the high-

est waist circumference group had a 1.48-fold increased risk of

hypertension than those in the lowest group in the fully adjusted

model. Furthermore, we used a restricted cubic spline to visualize the

association between waist circumference and hypertension. An ele-

vated risk of hypertension was observed with the increasing waist

circumference levels after adjusting for multiple covariates (Figure 3).

3.3 The association between waist circumference
and all-cause death in hypertensive individuals

As presented in Figure 4, Kaplan–Meier curve analysis revealed a

significant difference in all-cause mortality among waist circumfer-

ence quartiles (Q1, Q2, Q3, and Q4) in individuals with hypertension

(log-rank P < .0001). Hypertensive individuals with high waist cir-

cumference showed significantly elevated all-cause mortality than the

low waist circumference groups. However, no significant difference

was observed among hypertensive individuals with low levels of waist

circumference (Q1 vs. Q2, P= .230; Q2 vs. Q3, P= .358).

The Cox regression analysis showed that waist circumference

was significantly associated with all-cause death in hypertensive

individuals in the nonadjustedmodel (HR, 1.27; 95%CI, 1.10–1.47) and

the fully adjustedmodel (HR, 1.59; 95%CI, 1.22-2.06) (Table 3).

4 DISCUSSION

This study revealed the association between waist circumference and

hypertension independently of metabolic factors based on normal-
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TABLE 2 The association of waist circumference with hypertension prevalence using logistic regressionmodels

Non-adjustedmodel Minimally-adjustedmodel Fully-adjustedmodel

Odds ratio P-value Odds ratio P-value Odds ratio P-value

Waist circumference (Per 10 cm) 1.76 (1.65–1.86) <.001 1.29 (1.20–1.39) <.001 1.24 (1.09–1.40) <.001

Categories

Q1[61.3, 80.0] Reference Reference Reference

Q2(80.0, 87.1] 1.38 (1.16–1.65) <.001 1.07 (.88–1.3) .513 1.00 (.80–1.24) .974

Q3(87.1, 94.0] 2.10 (1.78–2.49) <.001 1.31 (1.08–1.59) .007 1.15 (.90–1.47) .262

Q4(94.0, 120] 3.80 (3.23–4.48) <.001 1.79 (1.47–2.18) <.001 1.48 (1.09–1.99) .011

Minimally adjustedmodel:We adjusted for age, sex, race/ethnicity, education, HbA1c, smoking, drinking, PIR level, total-to-HDL cholesterol, and triglyceride

level.

Fully adjustedmodel:We adjusted for BMI, age, sex, race/ethnicity, education, HbA1c, smoking, drinking, PIR level, total-to-HDL cholesterol, and triglyceride

level.

Abbreviations: HbA1c, hemoglobin A1c; PIR, poverty-income ratio; BMI, bodymass index.

F IGURE 3 The adjusted restricted cubic splinemodel on the association betweenwaist circumference and hypertension in normal-weight and
overweight individuals with normal cardiometabolic profiles. Themedian waist circumference of 87.1 cmwas set as the reference. Multiple
covariates were adjusted in themodel, including age, race/ethnicity, sex, education level, diabetes, smoking status, alcohol consumption, PIR level.
CI: Confidence interval; OR: Odds ratio; PIR: Poverty-income ratio

weight and overweight individuals with normal cardiometabolic pro-

files from the 2001 to 2014 NHANES. In the logistic regression anal-

ysis, waist circumference (as a continuous variable) had a consistent

and significant association with increased prevalence of hyperten-

sion (adjusted OR, 1.24; 95% CI, 1.09–1.40), and a similar result was

observed in the restricted cubic spline.When analyzed as a categorical

variable, the highest waist circumference group (94.0–120 cm), with a

hypertension prevalence of 38.5%, had a 1.48-fold higher risk than the

lowest quartile group (61.3–80.0 cm). Moreover, the Cox regression

analysis showed that hypertensive individuals with high waist circum-

ference had significantly elevated all-cause mortality (adjusted HR,

1.59; 95% CI, 1.22–2.06). These results suggested that waist circum-

ference might be a risk factor for the occurrence and development of

hypertension, independently of metabolic profiles.
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F IGURE 4 Kaplan–Meier plots in individuals with hypertension by waist circumference quintiles. The survival comparison among groups was
adjusted by the Bonferroni–Holmmethod.Waist circumference quintiles were acquired from all individuals with hypertension. Q1: 61.3–80.0 cm;
Q2: 80.0–87.1 cm; Q3: 87.1–94.0 cm; Q4: 94.0-120 cm

TABLE 3 The association of waist circumference with all-causemortality using Cox regressionmodel

Non-adjustedmodel Minimally-adjustedmodel Fully-adjustedmodel

Hazard Ratio P-value Hazard Ratio P-value Hazard Ratio P-value

Waist circumference (Per 10 cm) 1.27 (1.10–1.47) .001 1.02 (.87–1.20) .775 1.59 (1.22–-2.06) .001

Minimally adjustedmodel:We adjusted for age, sex, race/ethnicity, education, HbA1c, smoking, drinking, PIR level, total-to-HDL cholesterol, and triglyceride

level.

Fully adjustedmodel:We adjusted for BMI, age, sex, race/ethnicity, education, HbA1c, smoking, drinking, PIR level, total-to-HDL cholesterol, and triglyceride

level.

Abbreviations: HbA1c, hemoglobin A1c; PIR, poverty-income ratio; BMI, bodymass index.

Obesity, as a global health problem, has brought a considerable

social burden for its close association with multiple chronic diseases

and its contribution to a decreased quality and expectancy of life
1,.31 Although BMI has been widely used for defining obesity and has

been observed to have a U/J-shaped relationship with cardiovascu-

lar disease-specific mortality and all-cause mortality,32,33 its inability

to reflect body fat distribution has limited its application in evaluat-

ing obesity-related cardiovascular risk because of the heterogeneous

nature of obesity, in which visceral fat has a closer association with

metabolic abnormalities compared with subcutaneous fat.34,35 To our

best knowledge, waist circumference is closely associated with the

absolute quantity of abdominal fat and has unique advantages in

assessing abdominal fat distribution.7,35 Moreover, a recent consen-

sus statement has highlighted the importance of routinemeasurement

of waist circumference alongside BMI in classifying obesity and iden-

tifying individuals with high obesity-related risk.10 Also, our previous
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studies have revealed that waist circumference is positively and signif-

icantly associated with hypertension prevalence and cardiometabolic

dysregulation regardless of BMI.11,12

Multiple studies have demonstrated that obesity is related to

hypertension. Still, to the best of our knowledge, the specific mecha-

nisms of the association of abdominal obesity with hypertension are

complex and unclear, involving multiple dietary, genetic, epigenetic,

and environmental factors.36,37 Previous studies have revealed that

concomitant cardiometabolic abnormalities are vital mediators of

obesity-related hypertension.15,16,38 Also, cardiometabolic risk factors

was considered to play a mediation role between high waist circum-

ference and increased morbidity and mortality risk.10,39 Interestingly,

accumulating studies suggested that abdominal fat may contribute to

the development of hypertension via nonmetabolic pathways (such

as the activation of SNS17,18 or RAAS19). In this study, we observed

a positive and significant association between waist circumference

and prevalence of hypertension in the normal-weight and overweight

individuals with normal cardiometabolic profiles (adjusted OR, 1.24;

95% CI, 1.09–1.40). This study suggested that waist circumference

might be a risk factor for hypertension independently of the above

cardiometabolic profiles and supposed that, before themetabolic path-

ways and the BMI-defined obesity occurred, the excessive abdominal

fat represented by high waist circumference might have contributed

to the occurrence of hypertension by nonmetabolic pathways. More-

over, once hypertension has been established, patients with high

waist circumference show elevated all-cause mortality (adjusted HR,

1.59; 95% CI, 1.22–2.06), which suggested that the nonmetabolic

pathways might also play a role in the progression and prognosis of

hypertension.

To data, multiple studies have revealed that SNS activation, espe-

cially the renal sympathetic nerves activity (RSNA), plays a vital role

in obesity-induced hypertension17,.18,38,40 And accumulating evidence

has suggested that abdominal visceral fat had a positive and signif-

icant association with SNS activity, while such a relation was not

evident in subcutaneous obese individuals.41,42 Notably, some possi-

ble mediators of obesity-related SNS activation have been suggested,

such as adipokines (like leptin, angiotensinogen, interleukin-6, and

tumor necrosis factor-α), angiotensin II, hyperinsulinemia, impaired

baroreceptor reflexes, and activated chemoreceptor reflexes.18 For

example, angiotensinogen can be secreted by adipocytes and is a

crucial factor for the formation of angiotensin II. Notably, multiple

studies have suggested that the secretion of angiotensinogen and

the expression of related genes are greater in visceral compared

with subcutaneous fat tissues.19,43–45 And accumulating evidence has

revealed that angiotensin II can increase SNS activity in animals46

and humans.47 Additionally, angiotensinogen released by adipose tis-

sue can also activate the RAAS19 and stimulate the adrenal release

of aldosterone, which regulates blood pressure by mineralocorticoid

receptors in the vascular and renal systems.48 Interestingly, recent

studies have suggested that metabolically healthy obesity phenotype

may be a transient state,49,50 which means individuals with high waist

circumference but normal cardiometabolic profiles may transition to

metabolically unhealthy with abnormal profiles in the future. There-

fore, more molecular biological experimental studies are required to

confirm and clarify the specific mechanisms underlying the association

between abdominal fat and hypertension.

In this study, although all individuals are normal-weight/overweight

with normal cardiometabolic profiles, the high waist circumference

groups, compared with the low waist circumference groups, still have

a significantly higher prevalence of hypertension and higher all-cause

mortality once hypertension has been established. Therefore, we high-

light the importance of routinely measuring waist circumference in

evaluating obesity-related cardiovascular risk and identifying high-risk

individuals, regardless of metabolic profiles. For metabolically healthy

people without hypertension, routine measurement and early behav-

ior or therapeutic intervention is beneficial for the primary prevention

of hypertension. And for hypertensive patients, routine measurement

and early intervention might decrease the all-cause mortality and

improve prognosis.

5 LIMITATIONS

Although our studies have several strengths in a nationally US sample

(from NHANES and NDI databases), unique study design, and stan-

dard statistical analysis, some limitations should be mentioned. First,

the individuals we included were limited to the US population, while

data from other countries like China were lacking. Considering dif-

ferences in fat distribution among races, the generalizability of our

results should be further improved. Second, this study did not distin-

guish subtypes of hypertension (essential hypertension and secondary

hypertension). And their mechanisms of occurrence and develop-

ment differ significantly, in which waist circumference might play

distinct roles. Third, we used TG, HDL, and FBG as representative car-

diometabolic profiles based on the definition of metabolic syndrome,

while cardiometabolic profiles are more than the three ones above. In

our further studies, stricter criteria of normal cardiometabolic profiles

are required for more accurate and reliable results. Fourth, although

we adjusted for many known covariates in the statistical analysis,

potential and unknown confounders may still exist. Last but not least,

although our study revealed the association between waist circumfer-

ence and hypertension prevalence, it is difficult to determine causality

due to the inherent nature of a cross-sectional study.More prospective

studies are required to prove whether high waist circumference would

cause a high risk of hypertension in individuals with normal metabolic

profiles.

6 CONCLUSIONS

Our results showed that, even in those with normal metabolic pro-

files, high waist circumference was significantly associated with the

increasedprevalenceofhypertension.Andoncehypertensionhasbeen

established, patients with high waist circumference showed elevated

all-causemortality. Therefore,waist circumference should be routinely

measured and controlled regardless of metabolic profiles.
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