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Background: The association between waist-to-height ratio (WHtR) with 
hypertension has not been adequately explained, so in this study we sought to 
clarify the predictive role of WHtR on the incidence of hypertension as well as the 
potential nonlinear associations in the general population.

Methods: In this large prospective cohort study, a total of 4,458 individuals from 
the China Health and Nutrition Survey (CHNS) were included in the analysis. 
Multivariate Cox regression analyses, subgroup analyses, receiver operator 
characteristic (ROC) and restricted cubic spline (RCS) analyses were used to 
examine the association of WHtR with the risk of new-onset hypertension.

Results: Hypertension occurred in 32.8% of participants during the maximum six-
year follow-up period. Compared with the group with lower WHtR, the group 
with higher WHtR had a higher incidence of hypertension (p  <  0.001). Multivariate 
Cox regression analysis showed that the risk of hypertension was 1.45 times 
higher in the high WHtR group than in the low WHtR group, and that the risk of 
hypertension increased by 30.4% for every 0.1 unit increase in WHtR (p  <  0.001). 
Subgroup analyses also validated the stratified associations between WHtR and 
the risk of new-onset hypertension in most subgroups (p  <  0.05). ROC analyses 
also revealed that WHtR was superior to body mass index in predicting new-onset 
hypertension (AUC: 0.626 vs. 0.607, p  =  0.009). Further RCS analysis detected a 
nonlinear association between WHtR and risk of new-onset hypertension (P for 
nonlinearity <0.001).

Conclusion: WHtR was nonlinearly associated with the risk of new-onset 
hypertension in the general population.
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1 Introduction

With the development of society and the improvement of 
economic conditions, hypertension has gradually become one of the 
most important public health problems worldwide (1). Current 
evidence suggests that more than 1.5 billion people will bear the health 
and economic burden of hypertension in the coming years, which 
predicts that a range of diseases attributable to hypertension will also 
be a constant threat to public health in everyday life, particularly 
cardiovascular disease (CVD) and chronic kidney disease (CKD) (2). 
Multiple studies from 2016 to 2023 have shown that the global disease 
burden of CVD, CKD, and cardiovascular death due to hypertension 
continues to increase, with a study from southwestern China 
predicting that a 25% reduction in the prevalence of high systolic 
blood pressure (SBP) by 2030 would result in a reduction of 26,200 
and 8,000 cases of CVD and CKD, respectively, and a reduction of 
cardiovascular mortality and CKD mortality by 32.8 and 16%, 
respectively (3–8). These data suggest that the burden of a series of 
diseases caused by hypertension remains very heavy, and the 
formulation of high-quality prevention, management and treatment 
strategies for hypertension often fail to address the underlying 
problem, so early screening and intervention of controllable risk 
factors for hypertension from the source is particularly important for 
reducing the incidence, prevalence and mortality of hypertension and 
related diseases.

Currently widely recognized risk factors for hypertension are 
metabolically related risk factors such as uneven fat distribution and 
overnutrition, in addition to age, physical inactivity, stress, genetic 
factors, unhealthy diet and environment (such as noise, environmental 
pollution and occupational exposure) (9–11). There are several 
anthropometric indicators that can effectively reflect the nutritional 
status of the body, among which waist-to-height ratio (WHtR) seems 
to be superior to waist circumference (WC), waist-to-hip ratio (WHR) 
and body mass index (BMI) in predicting some metabolism-related 
diseases, such as diabetes, diabetic peripheral neuropathy, and CVD 
(12–15). In addition, several studies have confirmed the correlation 
between WHtR and the prevalence and incidence of hypertension 
(16–19). For example, Rezende et al. found that WHtR could be used 
as an independent risk factor for new-onset hypertension in a small 
sample cohort study (16). And Moosaie et al. also found that WHtR 
was a more accurate tool to predict the incidence of hypertension in 
patients with type 2 diabetes in another large cohort study (17). 
However, the existence of stable stratified and nonlinear associations 
between WHtR and the risk of new-onset hypertension and whether 
WHtR improves the prediction of hypertension risk still need to 
be  fully explained. Therefore, based on the current research 
background, we  explored the correlation between WHtR and 
new-onset hypertension as well as potential stratified associations and 
nonlinearities in this large prospective cohort study based on a 
Chinese community-based population.

2 Subjects, materials and methods

2.1 Study population

In this large longitudinal cohort study with a convenience 
sample, all participants were from the 2009 China Health and 
Nutrition Survey (CHNS 2009). Inclusion criteria were shown as 

follows: (1) age ≥ 18 years; and (2) complete baseline data. The 
exclusion criteria were as follows: (1) participants with hypertension 
at baseline; (2) lack of WHtR data at baseline; and (3) lack of 
follow-up data. All participants signed an informed consent form at 
the time of enrolment in the CHNS. The study protocol regarding 
the CHNS was in accordance with the Declaration of Helsinki and 
was approved by the institutional review committees at the 
University of North Carolina at Chapel Hill and the National 
Institute of Nutrition and Food Safety, Chinese Center for Disease 
Control and Prevention.

2.2 Data collection and definitions

In this study, we  downloaded the required publicly available 
anonymised data from the CHNS website and merged and cleaned 
them for statistical testing, including demographic data, 
anthropometric assessments, comorbidities, medication data, blood 
markers and follow-up data. The area of residence was classified into 
two categories: suburban or rural village and urban. Education level 
was categorised as lower than high school completed, high school 
completed and higher than high school completed. Marital status was 
categorised as married and unmarried. Smoking status was categorised 
as present smoker, past smoker and never smoker, and frequency of 
alcohol consumption was categorised as every day, 3–4 times per 
week, 1–2 times per week and ≤ 2 times per month (20, 21). Diabetes 
was defined as fasting plasma glucose (FPG) ≥ 7.0 mmol/L, 
hemoglobin A1c ≥ 6.5%, use of glucose-lowering medication, or 
previous diagnosis of diabetes (22).

Anthropometry was measured by a physician, nurse, health 
worker or other health professional according to standard procedures, 
where height (in the unshod state) was measured using a portable 
altimeter with an accuracy of 0.1 cm, weight (in the lightly clothed 
state) was measured using a calibrated beam scale with an accuracy of 
0.1 kg, and WC (in the naturally upright respiratory state) was 
measured using a non-elastic tape measure in the midpoint level 
between the lowest rib and the iliac crest, with an accuracy of 0.1 cm. 
In this study, BMI was defined as weight (kg) divided by height (m2). 
WHtR was defined as WC (cm) divided by height (cm) and 
categorized into three groups based on tertiles: ≤ 0.47 (T1: low 
WHtR), 0.47–0.53 (T2: medium WHtR), and > 0.53 (T3: high WHtR) 
(23). Besides, our study population was a community-based 
population from China, so we  defined obesity as BMI ≥ 28 kg/m2 
according to Chinese criteria and not according to the WHO criteria 
(BMI ≥ 30 kg/m2) (24, 25).

All participants were followed up from 2009 to 2015. New-onset 
hypertension was assessed based on a combination of blood pressure, 
medical history, and medication information, that is, SBP ≥ 140 mmHg 
and/or diastolic blood pressure (DBP) ≥ 90 mmHg or diagnosed by a 
physician or under antihypertensive treatment during the follow-up 
(26). All participants were asked to sit and rest for at least 10 min 
before taking blood pressure measurements, then three blood pressure 
measurements were taken by trained staff according to the standard 
protocol and using a suitable cuff and mercury sphygmomanometer, 
with at least 1 min between measurements (27, 28). In this study, the 
values of SBP and DBP were obtained by averaging the three blood 
pressure measurements.

In addition, blood specimens were required to be fasted for 8–12 h 
before they could be collected. All laboratories fulfill all requirements 
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for measurement and testing accuracy. Blood marker data included 
triglycerides (TG), total cholesterol (TC), low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), 
apolipoprotein A1 (ApoA1), apolipoprotein B (ApoB), lipoprotein(a), 
creatinine, uric acid, FPG, HbA1c and high-sensitivity C-reactive 
protein (Hs-CRP). The 12 mL of blood was drawn from the upper 
extremity vein of each participant by trained professionals and placed 
into three tubes and sent to three standardized laboratories for 
measurement by specialized technicians respectively, in which FPG 
was measured by glucose oxidase in the local laboratory, TG and TC 
were measured by enzymatic process (dissociation) and enzymatic 
process (direct), respectively, in the local laboratory, HDL-C and 
LDL-C were measured by the enzymatic process (direct) in the Beijing 
central laboratory (the China-Japan Friendship Hospital, Ministry of 
Health laboratory), HbA1c was measured by the high-performance 
liquid chromatography in the provincial laboratory, ApoA1, ApoB and 
lipoprotein(a) were measured by the immunoturbidimetry in the 
Beijing central laboratory, and creatinine, uric acid and Hs-CRP were 
determined by picric acid, uric acid-POD and latex agglutination, 
respectively, in the Beijing central laboratory. The specifics of the 
above questionnaires and marker measurements can be  reviewed 
elsewhere (20, 21).

2.3 Statistical analysis

In this study, we presented continuous variables that conformed 
to the normal distribution as mean ± standard deviation and used 
independent sample t-tests and one-way ANOVA test to examine the 
differences between groups, whereas continuous variables with the 
skewed distribution were presented as median (first quarter, third 
quarter) and non-parametric tests were used to assess the differences 
between groups, and then the categorical data were presented as 

frequency (percentage) and the differences between groups were 
evaluated by Chi-square test or Fisher’s exact test. Univariate Cox 
regression models were used to test the correlation of each variable 
with the risk of hypertension and three multivariate Cox regression 
models were constructed stepwise to test the independent correlation 
of WHtR with the risk of hypertension. Model 1 included age and sex; 
model 2 included age, sex, suburban or rural village, educational level, 
married, smoking status, drinking status, diabetes and hypoglycemic 
drugs; model 3 included all variables in model 2 as well as BMI, SBP, 
DBP, TC, TG, LDL-C, ApoB, creatinine, uric acid, FPG, HbA1c and 
Hs-CRP. Participants were then classified into 16 subgroups based on 
the 8 variables and further examined for stratified association between 
the WHtR and risk of hypertension as well as the interaction between 
WHtR and stratified variables by likelihood ratio tests in multivariate 
Cox regression models. Receiver operator characteristic (ROC) 
analyses were used to test the predictive ability of height, weight, WC, 
BMI, and WHtR for hypertension and to assess whether the diagnostic 
performance of WHtR was superior to that of other indicators. Finally, 
restricted cubic spline (RCS) analysis was used to explore the 
nonlinear association between WHtR and hypertension risk. All 
statistical tests were performed using the SPSS 26.0, MedCalc 19.6.1, 
GraphPad Prism 8 or R 3.6.3 and a two-tailed p value <0.05 was 
considered statistically significant.

3 Results

3.1 Baseline characteristics

After excluding individuals without baseline WHtR and 
follow-up data, we included 4,458 participants from the CHNS 2009, 
of whom 1,464 (32.8%) had new-onset hypertension (Figure 1). In 
Table 1, compared with participants without new-onset hypertension, 

FIGURE 1

Flow chart of the study population. CHNS, China Health and Nutrition Survey; WHtR, waist-to-height ratio.
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participants with new-onset hypertension were more likely to 
be  older, male, suburban or rural village dwellers, less educated, 
smokers, drinkers, have diabetes and hypoglycemic drugs users. And 
levels of weight, WC, BMI, WHtR, SBP, DBP, TG, TC, LDL-C, ApoB, 
uric acid, FPG, HbA1c and Hs-CRP were also higher in participants 

with new-onset hypertension (p < 0.05). Table 2 and Figure 2 showed 
that the incidence of hypertension was significantly higher in 
participants with higher WHtR than in those with lower WHtR 
(p < 0.001). And compared to individuals with lower WHtR, 
individuals with higher WHtR were more likely to be older, females, 

TABLE 1 Baseline characteristics of participants stratified by the new-onset hypertension.

Total population Non-hypertension Hypertension P value

Age, years 47.82 ± 13.35 45.33 ± 13.02 52.92 ± 12.53 < 0.001

Sex, male, n (%) 2071 (46.50%) 1,332 (44.50%) 739 (50.50%) < 0.001

Suburban or rural village, n (%) 3,270 (73.40%) 2,163 (72.20%) 1,107 (75.60%) 0.017

Educational level, n (%) < 0.001

  Lower than high school 3,410 (76.60%) 2,232 (74.70%) 1,178 (80.50%)

  High School 546 (12.30%) 386 (12.90%) 160 (10.90%)

  Higher than high school 497 (11.20%) 371 (12.40%) 126 (8.60%)

Married, n (%) 3,945 (88.70%) 2,647 (88.60%) 1,298 (88.90%) 0.777

Smoking status, n (%) 0.018

  Present 1,313 (29.50%) 852 (28.50%) 461 (31.50%)

  Past 106 (2.40%) 63 (2.10%) 43 (2.90%)

  Never 3,037 (68.20%) 2077 (69.40%) 960 (65.60%)

Drinking status, n (%) < 0.001

  Every day 397 (26.60%) 215 (22.50%) 182 (34.00%)

  3–4 times/week 214 (14.30%) 132 (13.80%) 82 (15.30%)

  1–2 times/week 362 (24.30%) 228 (23.80%) 134 (25.00%)

  ≤ 2 times/month 519 (34.80%) 382 (39.90%) 137 (25.60%)

Diabetes, n (%) 307 (6.90%) 168 (5.60%) 139 (9.50%) < 0.001

Hypoglycemic drugs, n (%) 53 (1.20%) 25 (0.80%) 28 (1.90%) 0.002

Height, cm 161.18 ± 8.39 161.16 ± 8.26 161.23 ± 8.67 0.797

Weight, cm 59.80 ± 10.65 58.74 ± 10.07 61.98 ± 11.46 < 0.001

WC, cm 81.25 ± 9.72 79.85 ± 9.30 84.13 ± 9.92 < 0.001

WHtR 0.51 ± 0.06 0.50 ± 0.06 0.52 ± 0.06 < 0.001

BMI, kg/m2 22.94 ± 3.21 22.55 ± 3.06 23.75 ± 3.35 < 0.001

SBP, mmHg 116.58 ± 11.21 114.53 ± 11.03 120.99 ± 10.28 < 0.001

DBP, mmHg 76.08 ± 7.46 74.98 ± 7.54 78.43 ± 6.73 < 0.001

TG, mmol/L 1.19 (0.81, 1.81) 1.13 (0.78, 1.72) 1.33 (0.91, 2.02) < 0.001

TC, mmol/L 4.80 ± 0.96 4.73 ± 0.93 4.95 ± 1.00 < 0.001

LDL-C, mmol/L 2.93 ± 0.91 2.87 ± 0.86 3.05 ± 1.01 < 0.001

HDL-C, mmol/L 1.44 ± 0.44 1.45 ± 0.44 1.44 ± 0.44 0.442

ApoA1, g/L 1.16 ± 0.37 1.15 ± 0.35 1.17 ± 0.41 0.079

ApoB, g/L 0.89 ± 0.25 0.87 ± 0.24 0.93 ± 0.26 < 0.001

Lp(a), mg/L 79.00 (40.00, 168.00) 77.00 (39.00, 168.00) 83.00 (42.00, 168.00) 0.187

CR, umol/L 86.17 ± 21.41 85.78 ± 23.64 86.94 ± 16.05 0.106

Uric acid, umol/L 299.13 ± 101.14 294.71 ± 103.79 307.95 ± 95.08 < 0.001

FPG, mmol/L 5.27 ± 1.27 5.18 ± 1.15 5.45 ± 1.46 < 0.001

HbA1c, % 5.53 ± 0.78 5.47 ± 0.69 5.67 ± 0.91 < 0.001

Hs-CRP, mg/L 1.00 (0, 2.00) 1.00 (0, 2.00) 1.00 (1.00, 2.00) < 0.001

Data were expressed as mean ± SD, median (interquartile range), or n (%). WC, waist circumference; WHtR, waist-to-height ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ApoA1, apolipoprotein A1; ApoB, 
apolipoprotein B; Lp(a), lipoprotein(a); CR, creatinine; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; Hs-CRP, high-sensitivity C-reactive protein.
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less educated, never-smokers, have diabetes, and use hypoglycemic 
drugs (p < 0.05). In addition, individuals with higher WHtR also had 
higher levels of weight, WC, BMI, SBP, DBP, TG, TC, LDL-C, ApoB, 
uric acid, FPG, HbA1c, and Hs-CRP, and lower levels of height, 
HDL-C, ApoA1, and creatinine (p < 0.05).

3.2 Multivariate-adjusted correlation of 
WHtR with incidence of hypertension

Table 3 presented the multivariate adjusted correlation between 
WHtR and risk of hypertension. After adjusting for age, sex, 

TABLE 2 Baseline characteristics of participants stratified by the tertiles of WHtR.

T1 T2 T3 p value

Age, years 43.42 ± 14.13 48.57 ± 12.45 51.07 ± 12.48 < 0.001

Sex, male, n (%) 692 (51.40%) 829 (49.50%) 550 (38.30%) < 0.001

Suburban or rural village, n (%) 997 (74.10%) 1,228 (73.30%) 1,045 (72.70%) 0.701

Educational level, n (%) < 0.001

  Lower than high school 964 (71.80%) 1,263 (75.40%) 1,183 (82.40%)

  High School 188 (14.00%) 212 (12.70%) 146 (10.20%)

  Higher than high school 190 (14.20%) 200 (11.90%) 107 (7.50%)

Married, n (%) 1,138 (85.00%) 1,523 (91.00%) 1,284 (89.50%) < 0.001

Smoking status, n (%) < 0.001

  Present 440 (32.70%) 523 (31.20%) 350 (24.40%)

  Past 26 (1.90%) 44 (2.60%) 36 (2.50%)

  Never 879 (65.40%) 1,108 (66.10%) 1,050 (73.10%)

Drinking status, n (%) 0.243

  Every day 111 (24.20%) 173 (28.80%) 113 (26.20%)

  3–4 times/week 65 (14.20%) 79 (13.10%) 70 (16.20%)

  1–2 times/week 104 (22.70%) 149 (24.80%) 109 (25.20%)

  ≤ 2 times/month 179 (39.00%) 200 (33.30%) 140 (32.40%)

Diabetes, n (%) 43 (3.20%) 92 (5.50%) 172 (12.00%) < 0.001

Hypoglycemic drugs, n (%) 8 (0.60%) 13 (0.80%) 32 (2.20%) < 0.001

Height, cm 162.60 ± 8.10 161.60 ± 8.25 159.38 ± 8.52 < 0.001

Weight, cm 53.91 ± 8.31 59.85 ± 9.31 65.27 ± 11.14 < 0.001

WC, cm 71.11 ± 5.04 80.82 ± 4.80 91.26 ± 6.77 < 0.001

BMI, kg/m2 20.31 ± 2.08 22.80 ± 2.16 25.58 ± 2.99 < 0.001

SBP, mmHg 113.25 ± 11.38 116.83 ± 10.89 119.31 ± 10.63 < 0.001

DBP, mmHg 74.10 ± 7.76 76.15 ± 7.44 77.78 ± 6.75 < 0.001

TG, mmol/L 0.97 (0.70, 1.32) 1.22 (0.83, 1.79) 1.46 (0.99, 2.39) < 0.001

TC, mmol/L 4.51 ± 0.90 4.85 ± 0.95 5.00 ± 0.97 < 0.001

LDL-C, mmol/L 2.69 ± 0.82 3.00 ± 0.95 3.07 ± 0.91 < 0.001

HDL-C, mmol/L 1.53 ± 0.47 1.46 ± 0.43 1.35 ± 0.39 < 0.001

ApoA1, g/L 1.19 ± 0.49 1.17 ± 0.31 1.11 ± 0.30 < 0.001

ApoB, g/L 0.79 ± 0.23 0.90 ± 0.25 0.96 ± 0.25 < 0.001

Lp(a), mg/L 79.00 (40.00, 164.50) 84.00 (43.00, 175.00) 73.00 (37.00, 160.00) 0.005

CR, umol/L 87.15 ± 16.30 86.96 ± 28.63 84.39 ± 14.73 0.001

Uric acid, umol/L 286.50 ± 95.03 296.58 ± 92.07 313.42 ± 113.86 < 0.001

FPG, mmol/L 5.01 ± 0.95 5.20 ± 1.16 5.57 ± 1.55 < 0.001

HbA1c, % 5.35 ± 0.66 5.51 ± 0.73 5.73 ± 0.87 < 0.001

Hs-CRP, mg/L 1.00 (0, 1.00) 1.00 (0, 2.00) 1.00 (1, 3.00) < 0.001

New-onset hypertension, % 289 (21.50%) 536 (32.00%) 639 (44.50%) < 0.001

Data were expressed as mean ± SD, median (interquartile range), or n (%). WHtR, waist-to-height ratio; WC, waist circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ApoA1, apolipoprotein A1; ApoB, 
apolipoprotein B; Lp(a), lipoprotein(a); CR, creatinine; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; Hs-CRP, high-sensitivity C-reactive protein.
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residence, educational level, marital status, smoking status, drinking 
status, diabetes, hypoglycemic drugs, BMI, SBP, DBP, TC, TG, 
LDL-C, ApoB, creatinine, uric acid, FPG, HbA1c and Hs-CRP, higher 
WHtR remained strongly associated with higher risk of hypertension 
[T3 vs. T1, hazard ratio (HR): 1.45, 95% confidence interval (CI): 
1.26–1.67, p < 0.001; per 0.1-unit increase, HR: 1.30, 95% CI: 1.19–
1.43, p < 0.001].

Table  4 and Figure  3 presented the results of the subgroup 
analyses, in which the multivariate-adjusted model adjusted for all 
the variables contained in model 3 in Table 3, but did not include 
hierarchical variables as categorical variables. In the subgroups of 
age < 60 years or ≥ 60 years, male or female, suburban or rural village, 
married, lower than high school, high school, never smoking, without 
diabetes, and without obesity, the association between higher levels 
of WHtR and higher risk of hypertension remained robust (p < 0.05). 
In addition, an interaction between WHtR and sex was detected, that 
is, the association between WHtR and risk of hypertension was 
stronger in male than in female (male, HR: 1.37, 95% CI: 1.20–1.58; 
female, HR: 1.28, 95% CI: 1.14–1.43; P for interaction = 0.001).

Table 5 and Figure 4 presented the C-index of WHtR and other 
indicators to predict the risk of hypertension. Although WHtR [area 

under the curve (AUC): 0.626], weight (AUC: 0.583), WC (AUC: 
0.625), and BMI (AUC: 0.607) all predicted the occurrence of 
hypertension, WHtR was superior to weight and BMI in terms of 
diagnostic performance (P for comparison <0.05). Additionally, as 
shown in Figure 5, a nonlinear correlation between WHtR and the risk 
of hypertension was also uncovered (P for nonlinearity <0.001).

4 Discussion

In this community-based survey of the general population, 
we found that higher levels of WHtR were associated with a higher 
risk of new-onset hypertension, independent of BMI and other 
cardiovascular risk factors. Furthermore, we  revealed that the 
correlation between WHtR and the risk of new-onset hypertension 
was statistically significant in most subgroups, and that WHtR was 
also superior to BMI in terms of the diagnostic performance to 
discriminate the occurrence of new-onset hypertension. More 
importantly, we also detected a nonlinear association between WHtR 
and the risk of new-onset hypertension, suggesting that when 
formulating hypertension prevention strategies, we should not only 
take into account the important impact of WHtR, but also pay 
attention to the heterogeneity across populations and risk levels.

The burden of CVD caused by obesity is very high, yet the main 
anthropometric measure of obesity in clinical practice remains BMI, 
which has a number of limitations. As BMI is derived from a 
combined height and weight formula, it does not take into account the 
importance of body fat distribution and may also be  affected by 
different sexes, ages or ethnicities (29–31). Therefore, BMI may be the 
best indicator of general adiposity, while it may not be  a better 
indicator of central adiposity. In addition, there has also been much 
interest in the “obesity paradox” involving BMI, which, contrary to 
initial conclusions about obesity, suggests that obesity does not 
necessarily shorten a patient’s life expectancy, and in some cases may 
even be “beneficial.” (24, 32, 33). As a result, a number of alternative 
anthropometric measures reflecting obesity status have been 
developed and attempted for CVD risk screening (34, 35).

Currently, the nutritional metrics that have received the most 
attention besides BMI include WC, WHR and WHtR, with WC being 
a key indicator of central obesity. In addition, WC and WHR have 
been widely recognized in the prevention and management of CVD, 
but the correlation between WHtR and CVD does not seem to be fully 

FIGURE 2

Histogram of the incidence of hypertension grouped by WHtR. *** 
p <  0.001. WHtR, waist-to-height ratio. Low WHtR ≤0.47; Medium 
WHtR: 0.47–0.53; High WHtR >0.53.

TABLE 3 Multivariate COX regression analysis of association between WHtR and incidence of hypertension.

Model 1 Model 2 Model 3

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

T1 Ref – Ref - Ref –

T2 1.04 (0.90, 1.21) 0.564 1.05 (0.91, 1.21) 0.541 1.02 (0.88, 1.18) 0.801

T3 1.58 (1.37, 1.82) < 0.001 1.58 (1.37, 1.82) < 0.001 1.45 (1.26, 1.67) < 0.001

P for trend - < 0.001 – < 0.001 – < 0.001

WHtRa 1.41 (1.29, 1.53) < 0.001 1.41 (1.29, 1.53) < 0.001 1.30 (1.19, 1.43) < 0.001

aThe HR was examined by per 0.1-unit increase of WHtR. Model 1: adjusted for age and sex; Model 2: adjusted for age, sex, suburban or rural village, educational level, married, smoking 
status, drinking status, diabetes and hypoglycemic drugs; Model 3: adjusted for variables included in Model 2 and BMI, SBP, DBP, TC, TG, LDL-C, ApoB, CR, uric acid, FPG, HbA1c and 
Hs-CRP. WHtR, waist-to-height ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglycerides; LDL-C, low-density 
lipoprotein cholesterol; ApoB, apolipoprotein B; CR, creatinine; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; Hs-CRP, high-sensitivity C-reactive protein; HR, hazard ratio; CI, 
confidence interval.
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recognised and WHtR is not considered superior to BMI and WHR 
in predicting some diseases in some studies, and the stratified and 
non-linear associations of WHtR with hypertension have rarely been 
explored. Therefore, the relevance of WHtR to CVD or 
cardiometabolic-related disease needs to be more fully explored and 
discussed, especially for hypertension (36–38). Additionally, WHtR 
not only takes into account the distribution of body fat but also 
reduces the effects of sex and ethnic heterogeneity, and has been 
recommended as an alternative to WC for assessing the severity of 
obesity (39). Therefore, based on the above background, more and 
more studies have begun to explore the association between WHtR 
and hypertension. For example, in a large cohort study based on 
13,044 participants, Petermann-Rocha et al. found that WHtR was 
superior to other anthropometric indicators, including WC, in 
predicting hypertension risk (14). In addition, Moosaie et  al. 
demonstrated that WHtR was a stronger predictor of hypertension 
than WHR and BMI in a large longitudinal study involving 1,685 
normotensive patients with type 2 diabetes (17). Furthermore, Chen 
et  al. further demonstrated a stronger correlation between higher 
levels of WHtR and higher risk of hypertension incidence compared 

to WC and BMI in a study including 9,905 participants from the rural 
Chinese cohort study (19). These studies suggest that WHtR is not 
only strongly associated with hypertension risk, but may be superior 
to WC in its ability to predict hypertension risk (14, 17, 19), while 
other studies have not validated the superiority of WHtR (16, 18, 40). 
For example, Rezende et al. did not find WHtR to be superior to WC 
in predicting hypertension incidence in a small-sample prospective 
cohort study, and even the AUC of WHtR was lower than that of WC 
in men and in the total sample (16). Also, Li et al. found a stronger 
correlation between WC and hypertension incidence than WHtR (18). 
Additionally, a systematic review and meta-analysis conducted by Lo 
et al. also confirmed that WHtR was weaker than WC in screening for 
hypertension (40). Thus, whether WHtR is necessarily superior to WC 
or other anthropometric measures in predicting hypertension needs 
to be more fully investigated.

In addition, most studies have only revealed the correlation 
between WHtR and risk of hypertension without further exploring the 
question of whether this correlation is a nonlinear one. Fortunately, our 
study not only reconfirmed the correlation between WHtR and 
hypertension risk in a Chinese community-based population, but also 

TABLE 4 Subgroups analyses for the association between WHtR and the incidence of hypertension.

HR (95% CI) p value P for interaction

Age 0.102

  < 60 years 1.36 (1.23, 1.52) < 0.001

  ≥ 60 years 1.19 (1.03, 1.37) 0.016

Sex 0.001

  Male 1.37 (1.20, 1.58) < 0.001

  Female 1.28 (1.14, 1.43) < 0.001

Suburban or rural village 0.772

  Yes 1.29 (1.17, 1.43) < 0.001

  No 1.24 (0.96, 1.60) 0.100

Married 0.573

  Yes 1.34 (1.21, 1.47) < 0.001

  No 1.15 (0.82, 1.62) 0.416

Educational level 0.876

  Lower than high school 1.28 (1.16, 1.41) < 0.001

  High school 1.37 (1.01, 1.85) 0.041

  Higher than high school 1.53 (0.95, 2.47) 0.083

Smoking status 0.806

  Present 1.22 (0.94, 1.58) 0.143

  Past 0.76 (0.30, 1.92) 0.564

  Never 1.29 (1.16, 1.43) < 0.001

Diabetes 0.451

  Yes 1.38 (0.90, 2.11) 0.135

  No 1.32 (1.20, 1.45) < 0.001

Obesity 0.300

  Yes 1.13 (0.77, 1.65) 0.537

  No 1.29 (1.16, 1.43) < 0.001

The multivariate adjusted model used in the subgroups analysis consisted of all covariates used in the Model 3 in Table 3 except for the variable (as a categorical variable) that was used for 
stratification. The HR was examined by per 0.1-unit increase of WHtR. The interaction of WHtR and variables used for stratification was examined by likelihood ratio tests. WHtR, waist-to-
height ratio; HR, hazard ratio; CI, confidence interval.
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derived some stratified associations between them, and furthermore, 
found that the correlation between WHtR and hypertension risk was a 
non-linear association with an approximate U-shape, that is, both 
lower levels of WHtR and higher levels of WHtR were strongly 
associated with higher risk of new-onset hypertension, which was in 
line with the the finding that both malnutrition and overnutrition are 
both a risk for human health (41, 42). Furthermore, since the blood 
pressure levels of some patients with hypertension were controlled at 
normal levels due to the effectiveness of antihypertensive therapy, the 

FIGURE 3

Association of WHtR with the incidence of hypertension in various stratifications. The HR was examined by per 0.1-unit increase of WHtR. The 
interaction of WHtR and variables used for stratification was examined by likelihood ratio tests. WHtR, waist-to-height ratio; HR, hazard ratio;  
CI, confidence interval.

TABLE 5 C-index of different anthropometric indicators for predicting 
hypertension incidence.

Variables AUC 95% CI p value P for 
comparison

WHtR 0.626 0.611–0.640 < 0.001 Reference

Height 0.505 0.490–0.520 0.484 < 0.001

Weight 0.583 0.569–0.598 < 0.001 < 0.001

WC 0.625 0.610–0.639 < 0.001 0.799

BMI 0.607 0.592–0.621 < 0.001 0.009

WHtR, waist-to-height ratio; WC, waist circumference; BMI, body mass index; AUC, area 
under the curve; CI, confidence interval.

FIGURE 4

ROC curve evaluating diagnostic performance of different 
anthropometric indicators for the incidence of hypertension. WHtR, 
waist-to-height ratio; BMI, body mass index; ROC, receiver operator 
characteristic; AUC, area under the curve; CI, confidence interval.
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SBP/DBP of these patients may be lower than 140/90 mmHg, which is 
generally in line with the results observed in our study. However, our 
study was only a preliminary exploration of the phenotype, and more 
studies in different populations and races are needed to further validate 
the stability of the results.

Nonetheless, there were still some limitations in this study. First, 
because of the lack of genetic data associated with WHtR and 
hypertension in this study, we  were unable to determine a causal 
association between WHtR and hypertension. Second, in this study, 
hypertension was assessed based on a combination of participants’ 
blood pressure measurements, medical history, and medication, rather 
than being diagnosed during a hospital outpatient or inpatient stay, so 
there may have been diagnostic bias. In addition, although the height 
of the participants can remain almost the same during the follow-up, 
the WC can change significantly with the nutritional status of the 
participants, and hence the dynamic assessment of WHtR is more 
scientific and accurate for predicting the risk of hypertension than a 
single assessment. Finally, despite evidence of a correlation between 
central obesity and hypertension, the specific pathological mechanisms 
underlying the correlation between WHtR and hypertension remain 
unclear (43). We can only speculate that the deleterious effects of high 
levels of WHtR on hypertension may be attributable to central obesity 
or overnutrition, whereas the potentially deleterious effects of low 
levels of WHtR on hypertension may be attributable to debilitation or 
malnutrition. More observational studies and genetic association 
studies (such as Mendelian randomised studies) are also needed to 
further compensate for these limitations in the future.

5 Conclusion

In this study, we obtained the following main findings: (1) higher 
levels of WHtR were associated with a higher risk of hypertension 
incidence; (2) the correlation between them was stable in most 

subgroups; and (3) the correlation between them was an approximately 
U-shaped nonlinearity. These findings suggest that we should pay 
more attention to the additional effects of anthropometric indicators 
other than BMI in the management of risk factors for hypertension, 
and also suggest that we should develop different preventive strategies 
for different WHtR levels in the daily management of hypertension 
risk. And our study also suggests that incorporating WHtR into 
routine screening in clinical practice and epidemiological surveys 
would be of great interest.
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