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Introduction: Hypertension is the leading cardiovascular disorder, with central 
adiposity among its key modifiable determinants. The waist-height ratio 
(WHtR) has been proposed as an index of central adiposity, yet its association 
with hypertension and its comparative utility for hypertension screening 
remains incompletely defined. This study investigated association between 
WHtR and hypertension and compared its discriminatory performance with 
body mass index (BMI) and waist-hip ratio (WHR).
Methods: A total of 14,415 community-dwelling adults were included in the 
analysis. Hypertension was defined as systolic blood pressure (SBP) 
≥140 mmHg and/or diastolic blood pressure (DBP) ≥90 mmHg, and/or 
current antihypertensive therapy. Binomial and multivariate generalized linear 
models (GLM) assessed association between WHtR and blood pressure, 
adjusting for sex, age, and five health metrics. ROC curve analyses with 
DeLong pairwise comparisons evaluated discriminatory performance, stratified 
by sex.
Results: Abnormal WHtR (n = 8,731) was significantly associated with higher SBP 
(130 vs. 120 mmHg; p < 0.001) and DBP (80 vs. 70 mmHg; p < 0.001), and with 
greater hypertension prevalence, particularly in older and male participants. 
Sex-adjusted GLM showed abnormal WHtR negatively associated with normal 
blood pressure (OR 0.25; p < 0.001), persisting after full adjustment (OR 0.44; 
p < 0.001). Continuous GLM confirmed positive associations with SBP (β = 6.11 
per 0.1-unit increment; p < 0.001) and DBP (β = 2.36; p < 0.001). WHtR 
demonstrated superior discriminatory accuracy over BMI and WHR overall 
(AUC 0.7285 vs. 0.6901 vs. 0.6869) and across both sexes, confirmed by 
DeLong comparisons.
Conclusion: WHtR outperforms BMI and WHR in identifying individuals with 
hypertension across both sexes, supporting its evaluation for cardiovascular 
screening in community settings.
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1 Introduction

Hypertension is the most widespread cardiovascular disorder: 
the World Health Organization estimates it affects 1.28 billion 
adults aged 30–79, two-thirds in low-middle-income countries 
(1). In 2021 hypertension was the most prevalent metabolic 
diseases, showing great impact on global disease burden (2). 
Adults with blood pressure above the threshold value of ≥140/ 
90 mmHg are at increased risk of cardiovascular diseases, with 
an estimated 10-year risk of fatal and non-fatal cardiovascular 
events ≥10% (3).

The 2024 ESC guidelines stress addressing modifiable lifestyle 
factors (including diet, body weight, and physical activity) since 
obesity and central adiposity are central to hypertension 
aetiology and amenable to diet and exercise interventions (3). 
Recent evidence underlined the role of central adiposity in 
increasing cardiovascular diseases (CVD), stroke, and 
cardiovascular (CV) death risk (4). Anthropometric indices may 
help identify individuals at higher hypertension risk, enabling 
earlier intervention (3, 5). Widely used measures include body 
mass index (BMI), waist-hip ratio (WHR) and waist-to-height 
ratio (WHtR). The BMI is the most commonly used measure of 
central adiposity, still it carries several limitations in 
epidemiological applications, due to thresholds reference 
variability among different ethnic groups, inadequacy in 
reflecting age-related body changes and sex-specific difference in 
body composition, and may potentially not detect weight gain 
nature, depending on increased fat mass or muscle mass (6). 
The WHtR represents a simple and low-cost tool, with a defined 
cutoff at 0.5 for both sexes, robust across different ethnic 
populations (5). This threshold was selected as reference to 
define if patient has increased central adiposity and was 
validated both in younger subjects and adults (7).Growing 
interest is emerging on this index ‘potentiality in clinical 
applicability, as confirmed by recent works on the topic (8). 
Compared to BMI, waist circumference (WC), and WHR, 
WHtR performed as a more specific measure in abdominal 
adiposity assessment and several studies confirming its 
superiority in identifying cardiometabolic risk, for both sexes (7, 
9, 10). Evidence confirmed that both abnormal WHR and 
WHtR are associated with cardiometabolic diseases, type 2 
diabetes, CVD and hypertension (5, 7, 11–13); National Institute 
for Health and Care Excellence (14, 15). NICE included WHtR 
in 2023 obesity assessment guidelines as a measure of central 
adiposity (16). A meta-analysis by Jayedi et al. found summary 
relative risks (RR) of 1.49 [95% confidence interval (CI): 1.41– 
1.58; I2 = 97.4%, n = 50] for a 5-unit increment in BMI, RR 1.27 
(95% CI: 1.15–1.39; I2 = 95.0%, n = 14) for a 10 cm increment in 
WC, RR 1.16 (95% CI: 1.09–1.23; I2 = 77.8%, n = 5) for weight 
gain (corresponding to a 1-unit increment in BMI), and RR 1.37 
(95%CI: 1.24–1.51; I2 = 76.4%, n = 8) and 1.74 (95% CI: 1.35– 
2.13; I2 = 58.9%, n = 4) for a 0.1-unit increment in WHR and 
WHtR respectively (17). This confirms that hypertension risk 
grows continuously with increasing anthropometric measures, 
along with weight gain, with WHtR showing the highest RR.

Considering the increasing interest on WHtR in 
cardiovascular screening for its potentiality as a simple and 
effective anthropometric measure for identifying hypertension, 
and the lack of evidence from community-dwelling adults large 

cohorts, we aimed to investigate association between WHtR and 
hypertension in the large population of the LookUp 8+ study.

2 Methods

This study was based on a retrospective analysis on cross- 
sectional data from the Lookup 8+ study, an ongoing initiative 
supported by the Department of Geriatrics of the Catholic 
University of the Sacred Heart and the “Agostino Gemelli” 
University Hospital Foundation IRCCS in Rome, Italy. The 
project was developed to promote healthy lifestyle adoption and 
increase population awareness about preventable risk factors for 
chronic diseases. The study protocol was approved by the Ethics 
Committee of the Catholic University of the Sacred Heart 
(Protocol #A.1220/CE/2011). A full description of the protocol 
is available elsewhere (18–20). Prior to enrolment, a written 
informed consent was obtained from all participants. The 
present manuscript was prepared in accordance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) reporting guidelines for observational 
studies (21). The STROBE checklist can be found in 
Supplemental Material.

2.1 Sample selection

Between June 1st 2015 and December 1st 2025, a total of 
24,445 individuals were enrolled through recruitment activities 
and community events in public settings such as large 
metropolitan areas and major Italian islands. Eligibility criteria 
included to be at least 18 years old and provide a written 
informed consent. Exclusion criteria were a reported current 
pregnancy, being unable to complete physical performance 
assessments, declining capillary blood sampling for the 
measurement of total cholesterol or blood glucose, being unable 
or unwilling to provide informed consent. The present analysis 
was restricted to individuals who underwent a complete 
anthropometric assessment, including the measurement of both 
waist circumference, and height.

2.2 Data collection

Participants completed a brief questionnaire on lifestyle habits 
and underwent anthropometric assessment, capillary blood 
sampling, blood pressure measurement, and physical 
performance evaluations. Smoking behaviour was originally 
classified into three categories: current smokers, defined as 
individuals who had smoked at least 100 cigarettes during their 
lifetime and were still smoking at the time of assessment; never 
smokers, who had never smoked or had smoked fewer than 100 
cigarettes overall; and former smokers, defined as those who had 
smoked at least 100 cigarettes but had quit at least 28 days prior 
to the interview. For the statistical purposes of this study, 
smoking status was dichotomized into smokers and non- 
smokers (including never or former smokers) (22, 23). 
A healthy dietary pattern was defined as daily consumption of 
at least 3 portions of fruits and/or vegetables. Estimates of daily 
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fruit and vegetable intake were derived using standard reference 
tables developed by the Italian Society of Human Nutrition 
(SINU) for the Italian population. In the analyses, fruit and 
vegetable intake was used as a surrogate marker of overall 
dietary quality, serving as an indirect indicator of adherence to a 
healthy nutritional pattern (24). Physical activity was defined as 
exercise for at least 30 min per session, at least twice per week, 
during the previous year. The type of activity performed was 
categorized as low-intensity walking, aerobic exercise (running, 
cycling, or swimming), or strength training, with or without 
stretching. For analytical purposes of this study, participants 
were subsequently grouped as physically active or physically 
inactive, referring to previous validated categorization on this 
cross-sectional population (25). The total blood cholesterol was 
measured using a portable reflectometric analyser with 
disposable test strips (MultiCare-In, Biomedical Systems 
International srl, Florence, Italy) (26). Capillary blood glucose 
levels were obtained using disposable strips based on a detection 
system with the MultiCare-In portable device. In accordance 
with the American Diabetes Association guidelines, participants 
were classified as having diabetes if they reported a previous 
diagnosis of diabetes, had a fasting plasma glucose level 
≥126 mg/dL, or presented with a random blood glucose 
concentration ≥200 mg/dL (27).

2.3 The five health metrics

Due to growing interest in cardiovascular health, the 
American Heart Association (AHA) developed the Life’s 
Essential 8 framework (28): it consists of 8 potentially 
modifiable health metrics: diet quality, physical activity, smoking 
status, body-mass index, total cholesterol, fasting blood glucose, 
blood pressure, and sleep quality. Each component can be 
scored on a continuous scale ranging 0–100, or can be 
combined in a composite score, with higher values indicating 
better overall cardiovascular health. We selected 5 out of the 
total 8 health metrics for adjustment in our analysis, including 
absence of smoke habits (“Smoke HM”), healthy diet (“Diet 
HM”), physical activity (“PA HM”), normal total blood 
cholesterol (“Cholesterol HM”), and normal blood glucose 
values (“Glucose HM”), and categorized them as absent 
or present.

2.4 Blood pressure measurement

Blood pressure was measured with a manual 
sphygmomanometer in accordance with European guideline 
recommendations (3). For all participants, after a 5 min seated 
rest, with three consecutive measurements taken at 30 s 
intervals; the mean of these readings was used for analysis. Cuff 
size was selected based on individual arm circumference to 
ensure measurement accuracy. All assessments were conducted 
in a quiet, dedicated room under standardized environmental 
conditions. Blood pressure levels were classified as <120/ 
80 mmHg in untreated individuals, 120/80–139/89 mmHg (or 
controlled with treatment), and ≥140/90 mmHg. Information on 
the use of antihypertensive medications was also collected. 

Hypertension was defined by a mean systolic blood pressure 
(SBP) of at least 140 mmHg and/or a mean diastolic blood 
pressure (DBP) of at least 90 mmHg, and/or current use of 
antihypertensive therapy (3, 19, 20, 23).

2.5 Anthropometric measurements and 
waist-height ratio assessment

We assessed anthropometric indices with participants wearing 
thin clothing and with no shoes on. Body weight was measured 
using an analog scale, while height was determined using a 
stadiometer. Body mass index (BMI) was calculated by dividing 
weight (in kilograms) by the square of height (in meters). Waist 
and hip circumferences were assessed, and WHtR was calculated 
according to NICE guidelines (National Institute for Health and 
Care Excellence (14) by dividing waist circumference by height 
measurement. Anthropometric measurements were assessed using 
a non-stretchable pliable plastic tape. WHtR is calculated as the 
ratio of waist circumference to standing height (10); National 
Institute for Health and Care Excellence (14). Waist circumference 
is obtained at the midpoint between the inferior margin of the last 
rib and the iliac crest, assessed during normal expiration (6). The 
measuring tape was placed with a comfortable tightness, ensuring 
it did not apply force on the skin (29). A WHtR value ≥0.5 is 
considered as abnormal, suggesting increased central adiposity and 
increased cardiovascular health risk (30).

2.6 Statistical analysis

Study participants’ characteristics were described by WHtR 
group. Categorical variables are reported as absolute numbers 
and percentages, while continuous variables are expressed as 
median and interquartile range (IQR). Differences in categorical 
variables between groups were evaluated using the Pearson chi- 
squared test, while differences in continuous variables were 
assessed using Student’s t-test or the Mann–Whitney U-test, as 
appropriate. In all analyses, statistical significance was defined at 
p < 0.05. In this study we considered both WHtR as a 
continuous and a dichotomous variable, categorized as 
abnormal when ≥0.5, accordingly to the analysis. In all 
categorical analyses, “normal WHtR”, “female sex”, and the 
absence of the respective health metric risk factor (score = 0, 
indicating an altered health metric) were established as the 
reference categories, meaning that a score of 1 represents the 
healthy status for each metric. To assess the association between 
WHtR and a normal blood pressure, a binomial generalized 
linear model (GLM) analysis was performed, along with a GLM 
multivariate analysis with systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) as dependent variables and 
WHtR as the independent variable. Results are reported as 
coefficients with relative 95% confidence intervals (95% CI) and 
corresponding p-values. The assumption of normality was 
verified by reviewing histograms of the dependent variable. Both 
binomial and multivariate GLM analyses were conducted as sex- 
adjusted and as multi-adjusted, including sex, age, and five 
health metrics (smoke habits, healthy diet, physical activity, total 
blood cholesterol, and blood glucose). To evaluate the 
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discriminatory performance of WHtR, BMI, and WHR for 
hypertension, receiver operating characteristic (ROC) curves 
were constructed for each anthropometric index. The area under 
the curve (AUC) was calculated with 95% CI, and sensitivity 
and specificity at the respective thresholds were determined. 
Pairwise comparisons between AUC values were performed 
using the DeLong nonparametric method (31). ROC analyses 
were then conducted separately for males and females. All 
analyses were performed using R Studio (vers. 4.5.2).

3 Results

A total of 14,415 subjects had no missing data in all variables 
of interest and were therefore included in the analyses. A flow 
diagram with participants selection details is reported in 
Supplemental Material (Supplementary Figure S1). Median age 
was 57 years (IQR: 47.0–67.0), and males represented 45% of 

the cohort (n = 6,528). Advanced age was significantly associated 
with abnormal WHtR: participants in the abnormal WHtR 
group had a median age of 61 years (IQR: 53.0–71.0), compared 
with 50 years (IQR: 39.0–58.0) in those with normal WHtR 
(p < 0.001). Among 8,731 participants showing abnormal WHtR, 
4,644 were males, confirming males’ tendency to exhibit greater 
central adiposity. In this cohort, abnormal WHtR was 
significantly associated with cardiovascular risk factors, 
including higher BMI (median 26.0, IQR: 24.2–28.4 kg/m2; 
p < 0.001), higher prevalence of altered glucose levels (12% vs. 
4.4%; p < 0.001), reduced physical activity (44% vs. 28%; 
p < 0.001), lower adherence to a healthy diet (40% vs. 36%; 
p < 0.001), higher prevalence of hypercholesterolemia (54% vs. 
46%; p < 0.01), and higher prevalence of hypertension (67% vs. 
32%; p < 0.001). The association extended to both SBP (median 
130 mmHg, IQR: 120–140 mmHg; p < 0.001) and DBP (median 
80 mmHg, IQR: 70–80 mmHg; p < 0.001). All descriptive 
statistics are reported in Table 1.

TABLE 1 Descriptive characteristics of the study sample.

Characteristic Overall (N = 14,415) Normal (N = 5,684) Abnormal (N = 8,731) P valuea

Age 57 (47, 67) 50 (39, 58) 61 (53, 71) <0.001

Sex <0.001

Female 7,887 (55%) 3,800 (67%) 4,087 (47%)

Male 6,528 (45%) 1,884 (33%) 4,644 (53%)

Waist-Height Ratio (WHtR) 0.52 (0.47, 0.58) 0.45 (0.43, 0.48) 0.56 (0.53, 0.61) <0.001

Waist-Hip Ratio (WHR) 0.88 (0.82, 0.94) 0.81 (0.77, 0.86) 0.92 (0.88, 0.97) <0.001

BMI 24.2 (21.9, 26.9) 21.6 (20.2, 23.1) 26.0 (24.2, 28.4) <0.001

Systolic Blood Pressure (SBP) 120 (110, 135) 120 (110, 130) 130 (120, 140) <0.001

Diastolic Blood Pressure (DBP) 75 (70, 80) 70 (70, 80) 80 (70, 80) <0.001

Blood Pressure (HM) <0.001

Altered (0) 7,718 (54%) 1,839 (32%) 5,879 (67%)

Healthy (1) 6,697 (46%) 3,845 (68%) 2,852 (33%)

Physical Activity (HM) <0.001

Inactive (0) 5,437 (38%) 1,568 (28%) 3,869 (44%)

Active (1) 8,978 (62%) 4,116 (72%) 4,862 (56%)

Smoke (HM) 0.12

Smoker (0) 2,730 (19%) 1,112 (20%) 1,618 (19%)

Non-Smoker (1) 11,685 (81%) 4,572 (80%) 7,113 (81%)

Diet (HM) <0.001

No Healthy Diet (0) 5,528 (38%) 2,045 (36%) 3,483 (40%)

Healthy Diet (1) 8,887 (62%) 3,639 (64%) 5,248 (60%)

Cholesterol (HM) <0.001

Altered (0) 7,383 (51%) 2,631 (46%) 4,752 (54%)

Healthy (1) 7,032 (49%) 3,053 (54%) 3,979 (46%)

Glucose (HM) <0.001

Altered (0) 1,342 (9.3%) 252 (4.4%) 1,090 (12%)

Healthy (1) 13,073 (91%) 5,432 (96%) 7,641 (88%)

Continuous variables are expressed as Median (IQR); categorical variables are expressed as n (%). Hypertension is defined by: mean systolic blood pressure ≥140 mmHg and/or a mean 
diastolic blood pressure ≥90 mmHg, and/or current use of antihypertensive therapy. Statistical significance is set at p value <0.05.
aMann–Whitney U-test; Pearson’s Chi-squared test.
WHtR, waist-height ratio; WHR, waist-hip ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HM, health metrics.
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To evaluate the association between WHtR and a normal 
blood pressure profile, we performed two GLM binomial 
analysis, one adjusted for sex and a second including adjustment 
for sex, age and the five-health metrics (entitled from now on as 
“multi-adjusted” model). The sex-adjusted analysis showed odds 
ratio (OR) of 0.25 (95% CI: 0.24 to 0.27, p < 0.001) for abnormal 
WHtR, hinting that individuals with greater values of central 
adiposity presents 75% lower odds of maintaining a normal 
blood pressure profile, compared to those with normal WHtR. 
For sex, males exhibited OR of 0.55 (95% CI: 0.51 to 0.59, 
p < 0.001) compared to females. The multi-adjusted model 
reported OR of 0.44 (95% CI: 0.40 to 0.47, p < 0.001) for WHtR, 
confirming that even after controlling for age, sex, and the five- 
health metrics, an abnormal WHtR reduces the odds of having 
normal blood pressure by 56%. Among the five health metrics, 
Glucose (HM) emerged as significant, with OR of 1.47 (95% CI: 
1.27 to 1.69, p < 0.001) suggesting that subjects with ideal fasting 
blood glucose levels had 47% higher odds of normal blood 
pressure compared to those with altered glucose. Age showed 
OR of 0.95 (95% CI: 0.95 to 0.95, p < 0.001) and sex reported 
OR of 0.46 (95% CI: 0.43 to 0.50, p < 0.001) (Table 2).

We then explored the association between WHtR and both 
SBP and DBP within a multivariate GLM analysis, both 
conducted as sex-adjusted and multi-adjusted. Our findings 
revealed a significant positive association between WHtR and 
SBP, with a β of 6.11 (95% CI: 5.79 to 6.44; p < 0.001) per 0.1 
increase in WHtR, meaning that every 0.1-unit increase in the 
WHtR corresponds to an estimated 6 mmHg increase in SBP 
values. Male sex was independently associated with higher SBP, 
with β of 5.57 (95% CI: 5.07 to 6.07; p < 0.001) compared to 
females (Table 3a). In the multi-adjusted model, WHtR showed 
β 4.47 (95% CI: 4.10 to 4.83; p < 0.001) representing 
approximately 4 mmHg increase in the SBP for a 0.1 WHtR 
augmentation, while male sex reported β was 5.81 (95% CI: 5.30 
to 6.31; p < 0.001) compared to females. Age was significantly 

associated with SBP, with β of 0.21 (95% CI: 0.19 to 0.23; 
p < 0.001), while none of the five-health metrics reported 
statistically significant association (Table 3a). In the sex-adjusted 
GLM multivariate analysis for DBP, a significant positive 
association was found with WHtR, with β of 2.36 (95% CI: 2.15 
to 2.56; p: <0.001) per 0.1 increase in WHtR, representing a 
2 mmHg increase in DBP for each 0.1 WHtR increment. Male 
sex was also independently associated with higher DBP, with β 
3.15 (95% CI: 2.83 to 3.47; p < 0.001) compared to females 
(Table 3b). These findings were confirmed in multi-adjusted 
GLM analysis, where among the five-health metrics only 
Glucose (HM) emerged as significant, with β 1.51 (95% CI: 0.96 
to 2.07, p < 0.001) (Table 3b).

In the ROC analysis, WHtR reached an AUC of 0.7285 [95% 
CI: (0.7203 to 0.7367); p < 0.001] in the overall sample, while 
WHR showed an AUC of 0.6901 (95% CI: 0.6815 to 0.6987; 
p < 0.001) and BMI reached AUC of 0.6869 (95% CI: 0.6783 to 
0.6955; p < 0.001) (Table 4a). Stratifying by sex, WHtR achieved 
the highest AUC in females (AUC: 0.7321; 95% CI: 0.7210 to 
0.7432; p < 0.001) compared to WHR (AUC: 0.6638; 95% CI: 
0.6518 to 0.6757; p < 0.001) and BMI (AUC: 0.6832; 95% CI: 
0.6715 to 0.6950; p < 0.001). Similarly, in males, WHtR reached 
an AUC of 0.6958 (95% CI: 0.6827 to 0.7090; p < 0.001) 
compared to WHR (AUC: 0.6591; 95% CI: 0.6454 to 0.6729; 
p < 0.001) and BMI (AUC: 0.6458; 95% CI: 0.6320 to 0.6595; 
p < 0.001) (Table 4b). WHtR demonstrated superior 
discriminatory performance compared to both WHR and BMI, 
as confirmed by DeLong’s test for pairwise AUC comparisons in 
the overall sample (WHtR vs. WHR: ΔAUC: 0.0384, 95% CI: 
0.0316 to 0.0452; p < 0.001; WHtR vs. BMI: ΔAUC: 0.0415, 95% 
CI: 0.0358 to 0.0473, p < 0.001), and separately in females and 
males (Supplementary Tables S1a,b). Notably, WHR did not 
significantly outperform BMI in the overall sample (ΔAUC: 
−0.0031, 95% CI: −0.0123 to 0.0060; p = 0.4996), nor in males 
(ΔAUC: −0.0133; 95% CI: −0.0274 to 0.0008; p = 0.0637), while 

TABLE 2 Binomial generalized linear models.

Model 1 Model 2

Characteristic OR (95% CI) P value Characteristic OR (95% CI) P value

Sex Sex

Female [Reference] Female [Reference]

Male 0.55 (0.51–0.59) <0.001 Male 0.46 (0.43–0.50) <0.001

WHtR WHtR

Normal [Reference] Normal [Reference]

Abnormal 0.25 (0.24–0.27) <0.001 Abnormal 0.44 (0.40–0.47) <0.001

– Age 0.95 (0.95–0.95) <0.001

– PA (HM) 1.08 (1.00–1.17) 0.062

– Smoke (HM) 1.04 (0.95–1.15) 0.368

– Diet (HM) 1.00 (0.93–1.09) 0.903

– Cholesterol (HM) 1.11 (1.03–1.20) 0.008

– Glucose (HM) 1.47 (1.27–1.69) <0.001

Model 1: adjusted for sex. Model 2: with adjustment for sex, age and five health metrics. Hypertension is defined by: mean systolic blood pressure ≥140 mmHg and/or a mean diastolic blood 
pressure ≥90 mmHg, and/or current use of antihypertensive therapy. Statistical significance is set at p value < 0.05. OR, odds ratio; 95% CI, 95% confidence interval.
WHtR, waist-height ratio; PA, physical activity; HM, health metrics.
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in females WHR showed a slightly positive difference in AUC 
compared to BMI (ΔAUC = 0.0195, 95% CI: 0.0060 to 0.0330: 
p = 0.0047). From the AUC comparison between females and 
males for each index, WHtR and BMI performed significantly 
better in females than in males, reporting an AUC difference of 
0.0362 for WHtR and AUC difference of −0.0375 for BMI 
(Supplementary Table S2).

4 Discussion

We explored the association between WHtR and 
hypertension, evaluating its discriminatory performance in 
comparison with BMI and WHR. Our findings confirm a 
significant, independent association between WHtR and both 
SBP and DBP, demonstrating that WHtR outperforms both BMI 
and WHR in identifying individuals suffering from hypertension 
across both sexes. Participants with abnormal WHtR were 
predominantly male and older, consistent with the well- 
established pattern of progressive central fat accumulation with 

advancing age and the known sex-specific differences in adipose 
tissue distribution (32); “Comparative Evaluation of Body Mass 
Index, Waist-Hip Ratio, and Waist-Height Ratio as Predictors of 
Hypertension in Middle-Aged Individuals,” (33, 34). Visceral 
adipose tissue directly promotes insulin resistance, endothelial 
dysfunction, RAAS activation, and sympathetic overactivity, all 
notorious of hypertension onset and progression (35). These 
pathways provide a plausible biological mechanism for the 
association observed in our GLM analysis, although the cross- 
sectional design does not allow inference on mechanisms. 
Prospective studies support these findings: a Korean cohort 
study (36) demonstrated that WHtR may independently predict 
incident hypertension over a median follow-up of 2.8 years, 
underscoring the potential longitudinal relevance of this 
anthropometric index; Wang et al. (n = 4,458) divided WHtR 
into tertiles, reporting that the highest tertile (>0.53) had a 
1.45-fold higher hypertension risk vs. the lowest one (≤0.47) 
and each 0.1 unit WHtR increase raised risk by 30.4% 
(p < 0.001). Furthermore, they confirmed superior diagnostic 
performance of WHtR over BMI (reported AUC 0.626 vs. 

TABLE 3 Multivariate generalized linear models for waist-height ratio and systolic and diastolic blood pressure.

Table 3a

Model 1 Model 2

Characteristic β (95% CI) P value Characteristic β (95% CI) P value

Sex Sex

Female [Reference] Female [Reference]

Male 5.57 (5.07 to 6.07) <0.001 Male 5.81 (5.30 to 6.31) <0.001

WHtRa 6.11 (5.79 to 6.44) <0.001 WHtRa 4.47 (4.10 to 4.83) <0.001

– Age 0.21 (0.19 to 0.23) <0.001

– PA (HM) 0.53 (0.01 to 1.05) 0.044

– Smoke (HM) −0.19 (−0.81 to 0.44) 0.553

– Diet (HM) 0.17 (−0.35 to 0.68) 0.523

– Cholesterol (HM) 0.26 (−0.25 to 0.77) 0.314

– Glucose (HM) 0.67 (−0.19 to 1.52) 0.129

Table 3b

Sex Sex

Female [Reference] Female [Reference]

Male 3.15 (2.83 to 3.47) <0.001 Male 3.20 (2.87 to 3.53) <0.001

WHtRa 2.36 (2.15 to 2.56) <0.001 WHtRa 2.36 (2.12 to 2.59) <0.001

Age 0.01 (0.00 to 0.02) 0.103

– PA (HM) −0.04 (−0.37 to 0.30) 0.820

– Smoke (HM) 0.01 (−0.40 to 0.41) 0.972

– Diet (HM) −0.14 (−0.47 to 0.19) 0.394

– Cholesterol (HM) −0.18 (−0.50 to 0.15) 0.290

– Glucose (HM) 1.51 (0.96 to 2.07) <0.001

Generalized linear models for Waist-height ratio and Systolic blood pressure (Table 3a) and Diastolic blood pressure (Table 3b) with parameters estimates (coefficients) with different 
adjustment for sex, age and the five health metrics. Model 1: adjusted for sex. Model 2: with adjustment for sex, age and five health metrics. Statistical significance is set at p 
value < 0.05. 95% CI: 95% confidence interval.
aReported as for a 0.1 increase in WHtR.
WHtR, waist-height ratio; HM, Health Metric; PA, physical activity; HM, health metrics.
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0.607), consistent with our findings (37). BMI does not distinguish 
between fat mass and lean mass, nor capture the body fat 
distribution, and lacks sensitivity in detecting central adiposity 
in individuals with normal body weight but excess central fat, a 
relevant phenotype for cardiovascular risk (36, 38–41). In a 
previous analysis from our group, we found a strong association 
between BMI and hypertension, yet without accounting for fat 
distribution: the current work shows now that WHtR, capable of 
capturing central adiposity, may provide superior discriminatory 
capacity for hypertension (19, 20).

The WHR partially addresses BMI’s limitations by accounting 
for fat distribution and has been shown to have stronger 
associations with hypertension, compared to BMI, in previous 
evidence (36, 41). In our ROC analysis, however, WHR did not 
significantly outperform BMI in the overall sample, but 
interestingly the AUC for WHR was significantly higher 
compared to BMI in females, whereas absolute difference was 
small. This sex-specific pattern could be attributable to hip 
circumference composition, which partially reflects the 
gluteofemoral fat depot, not associated with increased 
cardiometabolic risk (42). Different gluteofemoral fat 
accumulation between genders may inflate the hip component 
in WHR, diluting its signal for central adiposity, and reducing 
its specificity for hypertension risk detection. WHtR, instead, 
normalizes waist circumference to height alone, exclusively 
capturing central adiposity. The validated cutoff of 0.5 ensures 
consistent applicability across sexes, ages, and ethnicities (5, 30). 
WHtR demonstrated the highest discriminatory accuracy for 
hypertension in our cohort in the overall sample, confirmed 
across sexes. DeLong’s pairwise comparisons confirmed that 

WHtR significantly outperformed both BMI and WHR across all 
groups. These findings align with previous evidence, which 
identified WHtR as a superior discriminator of cardiometabolic 
risk compared to BMI and WHR (7, 10). The relatively modest 
absolute AUC differences need to be contextualised: while the 
large sample size may accentuate the statistical significance, the 
0.04 improvement in AUC provided by WHtR over BMI and 
WHR is also clinically meaningful. In large screening 
populations, even small gains in discriminatory performance 
may potentially translate into clinically meaningful 
improvements in the identification of at-risk individuals. This 
translates into potential clinical benefit, offering a reliable 
anthropometric tool for primary care settings, without any 
additional costs. Participants with abnormal WHtR exhibited a 
globally impaired cardiometabolic profile, including higher 
prevalence of diabetes, hypercholesterolemia, reduced physical 
activity, lower adherence to healthy diet, consistently with broad 
cardiometabolic burden associated with central adiposity (9, 43).

Not all evidence supports WHtR as optimal anthropometric 
predictor of hypertension across all populations: a Japanese 
study reported that WC in males and BMI in females had 
stronger associations with blood pressure than WHtR (44); 
another study carried out on African subjects with high blood 
pressure, found BMI more strongly correlated with both SBP 
and DBP than WC or WHtR (45); in paediatric context, a meta- 
analysis found substantially comparable predictive performance 
for BMI, WC and WHtR for elevated blood pressure (46). These 
discordant findings likely reflect heterogeneity in population 
characteristics, sample size, ethnicity, age distribution, and study 
design, highlighting that the optimal anthropometric index for 
hypertension screening may vary by context. A global consensus 
on this matter requires further large-scale, multiethnic, 
prospective evidence.

Several limitations of this study deserve mention: the cross- 
sectional design precludes causal inference and any assessment 
of temporality between WHtR and hypertension. The inverse 
association observed between WHtR and likelihood of 
normotension (with higher WHtR values corresponding to 
lower probability of normal blood pressure) should therefore be 
interpreted as a statistical association, not as evidence of a 
predictive or casual relationship. The predominantly Caucasian 
cohort limits generalisability of our findings to other 
populations, as ethnic background and geographical setting may 
influence central adiposity (47–49). Moreover, the study was 
conducted in non-clinical setting, including community events 
in public settings: this also limits generalizability of the findings. 
Economic, social, environmental, and psychosocial factors may 
also influence patterns of central adiposity, along with cardio- 
metabolic thresholds, ultimately impacting on the applicability 
of a WHtR-based screening strategy (50, 51). Additionally, the 
specific age distribution of our cohort may not fully reflect a 
broader demographic, as aging is strongly associated with an 
un-favourable shift towards central fat deposition (52, 53). 
Analyses of this study were restricted to participants with 
complete data, with most exclusions resulted from waist and hip 
circumferences variables not being collected in the earliest 
protocol version, a missingness determined by enrolment period 
and not by individual characteristics. Despite adherence to 
standardised measurement protocols, the non-clinical 

TABLE 4 Area under the receiver operating characteristic (ROC) curves.

Table 4a

Index AUC 95% CI P value

WHtR 0.7285 (0.7203– 

0.7367)

<0.001

WHR 0.6901 (0.6815– 

0.6987)

<0.001

BMI 0.6869 (0.6783– 

0.6955)

<0.001

Table 4b

Index Sex Area 95% CI P value

WHtR Female 0.7321 0.7210–0.7432 <0.001

Male 0.6958 0.6827–0.7090 <0.001

WHR Female 0.6638 0.6518–0.6757 <0.001

Male 0.6591 0.6454–0.6729 <0.001

BMI Female 0.6832 0.6715–0.6950 <0.001

Male 0.6458 0.6320–0.6595 <0.001

Area Under the Receiver operating characteristic (ROC) curves of waist-height ratio, waist- 
hip ratio, and BMI for hypertension in the overall sample (Table 4a) and for females and 
males separately (Table 4b). P-values refer to the test of the null hypothesis (Null 
hypothesis: AUC equals 0.5 = no discrimination).
WHtR, waist-height ratio; WHR, waist hip ratio; BMI, body mass index; AUC, Area under 
the curve; 95% CI, 95% confidence interval.
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community-based assessment setting may have introduced 
measurement variability for height, waist circumference, and 
blood pressure. Finally, details on antihypertensive treatment 
type, intensity and duration were unavailable and could 
influence blood pressure values independent of anthropometry, 
representing a potential source of uncontrolled residual 
confounding, along with other unmeasured clinical factors.

5 Conclusions

This study found a significant association between WHtR and 
arterial hypertension in a large community-dwelling population, 
reinforcing the potential role of this simple anthropometric 
measure in cardiovascular risk assessment, specifically for 
hypertension screening. Elevated WHtR was associated with a 
globally impaired cardiometabolic health profile, and WHtR 
demonstrated superior discriminatory performance for 
hypertension compared to BMI and WHR across both sexes. 
These findings support the integration of WHtR into routine 
cardiovascular screening as a simple, low-cost tool, primarily 
applicable in community-dwelling Caucasian adults. 
Longitudinal and multiethnic studies are warranted to confirm 
causal directionality, potential applicability in different settings, 
ethnicities and socio-economic groups, and evaluate the 
prognostic value of serial WHtR measurements. Given the cross- 
sectional nature of these findings, these results should be 
interpreted as evidence of association, and assertions regarding 
longitudinal risk prediction should be avoided until further 
longitudinal data will be provided. Nevertheless, this study 
contributes evidence supporting WHtR as a practical, 
anthropometric measure for hypertension screening in 
community-dwelling subjects, and healthy ageing promotion, 
pending confirmation in other populations.
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