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Correlation between weight-
adjusted-waist index and
hypertension in the US
population: based on data from
NHANES 2005-2018

Anwu Huang, Bin Lin, Zhuyin Jia, Xiaojun Ji* and Yalong Chen*

Department of Cardiology, Wenzhou Central Hospital, Wenzhou, Zhejiang, China

Objectives: This study aimed to investigate the association between the weight-
adjusted waist index (WWI) and the prevalence of hypertension in U.S. adults.
Methods: Data were sourced from the National Health and Nutrition
Examination Survey (NHANES) spanning 2005-2018. In our cross-sectional
study, we focused on the non-institutional U.S. population over the age of 18
from various communities in the United States. WWI is derived by dividing
waist circumference by the square root of body weight. The definition of
hypertension was based on self-reported history of hypertension,
antihypertensive drug use, and blood pressure measurements. Participants
without complete information on WWI and hypertension were excluded. The
independent relationship and consistency between WWI and hypertension
were assessed through weighted multivariate regression. The Pearson
correlation test was used to detect the association between WWI and BMI.
Subgroup analyses were used to verify the stability of the relationship between
WWI and the prevalence of hypertension, and interaction tests were also
conducted by gender, age, smoking, and triglycerides.

Results: Among the 37,299 participants included, the hypertension prevalence
was 33.9%. After adjusting for confounding variables, WWI demonstrated a
significant association with hypertension. Individuals in the top quarter of WWI
had a 2.27fold higher chance of hypertension prevalence compared with the
bottom quarter (OR =2.27, 95% CI 1.97-2.61; P<0.0001). Subgroup analysis
highlighted that this association was particularly pronounced in males
aged <60 years.

Conclusion: The findings underscore a robust correlation between elevated
WWI and a heightened risk of hypertension, especially in males aged <60 years.

KEYWORDS

NHANES, weight-adjusted-waist index, hypertension, obesity, cross-sectional study

1 Introduction

Hypertension, a prevalent contributor to heart disease (1), threatens the well-being of
numerous individuals and places a significant financial strain on the global economy
(2-4). Research indicates that each 10mmHg increase in systolic blood pressure is
associated with a 45% elevated risk of coronary artery disease and a 65% higher
probability of stroke (5). Globally, over half of cardiovascular-related deaths are
attributed to high blood pressure and its complications (6, 7). With the aging
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population and the prevalence of adverse lifestyle factors, the
number of individuals with hypertension continues to rise. From
1990 to 2019, the prevalence of hypertension has nearly doubled
(8), highlighting the urgency of identifying modifiable risk factors.
The occurrence of hypertension is related to many factors. In
previous studies, the aging of the population, smoking, gender and
other factors have affected the incidence of hypertension (9, 10).
Interestingly, one recent study showed that triglycerides had a
stronger relationship with blood pressure than other lipid markers
(11), and another meta-study found that people who lost significant
amounts of weight also had lower blood triglycerides (12). This leads
us to think about the relationship between obesity and hypertension.
Prior research has indicated a strong connection between obesity
and hypertension onset (13-16). For every kilogram of weight lost,
systolic blood pressure will drop by about 1 mmHg (17). In obese
patients with hypertension, bariatric surgery can significantly
reduce weight and improve blood pressure (18). Present evaluations
of obesity primarily concentrate on conventional measurements of
the body, with body mass index (BMI) being the most frequently
utilized. However, BMI does not differentiate between fat and lean
tissue (19), and in some studies, BMI has been found maybe
inadequate for predicting cardiovascular events (20). In response,
Park et al. proposed to use WWI as a new indicator to evaluate
obesity (21). Previous studies have shown that WWI is more
associated with elevated ferritin and the development of diabetes
than BMI (22, 23), which means WWTI to assess obesity can better
reflect the situation of central obesity. Numerous investigations
have demonstrated that WWI can predict the likelihood of
cardiovascular events (24-26) and WWI can predict mortality in
patients with metabolic syndrome (27). However, there are only
two studies on the relationship between WWI and hypertension.
The Rural Chinese Cohort Study (28) explored the relationship
between WWI and hypertension in rural adults aged over 18,
identifying a positive correlation between WWI and hypertension
onset. However, among individuals aged over 60, no statistically
significant association was found. In contrast, another study by
Wang et al. (29), based on NHANES data of Americans over 60,
between WWI
hypertension. The results of these studies are inconsistent.

demonstrated a positive association and

To address this gap and verify whether the relationship
between WWI and the incidence of hypertension is more
predictive in specific populations and ages, this study extended
the age range and increased the sample size using data from the
NHANES database to delve deeper into the link between WWI
and hypertension. Subgroup analyses were used to verify the
stability of the relationship between WWI and the prevalence of
hypertension. The ultimate objective is to reduce hypertension

rates through targeted interventions based on WWIL.

2 Materials and method
2.1 Survey description

Data for this study were sourced from NHANES, a national
survey conducted by the National Center for Health Statistics
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(NCHS)
population through a complex multistage probability design.
NHANES research protocols were approved by the NCHS
Research Ethics Review Committee, and all participants provided

to evaluate health and nutrition across the U.S.

written informed consent. NHANES data in the research can be
found on the website at https://www.cdc.gov/nchs/nhanes/.

2.2 Participant

To investigate the potential relationship between WWI and
hypertension, data were extracted from seven NHANES survey
cycles spanning 2005-2018. Participants lacking complete WWI
or hypertension data were excluded from the analysis. Initially,
70,190 individuals were included; however, after excluding those
under 18 years of age (n=28,047), those missing hypertension
data (n=64), WWI data (n=4,093), or pregnant (n=687), the
final sample consisted of 37,299 eligible participants (Figure 1).

2.3 Weight-adjusted waist circumference
index

WWI, a novel indicator of central obesity proposed by Park
(21), is derived by dividing waist circumference by the square

root of body weight. In this study, WWI served as the
NHANES 2005-2018
N=70190
| Excluded age<18 years
7 N=28047
Y
N=42143
Excluded incomplete data
> of hypertension
N=64
\ 4
N=42079
Excluded incomplete data
N of WWI
4 N=4093
A
N=37986
Excluded Pregnant
> participants
N=687
h 4
N=37299
FIGURE 1
Flowchart of the sample selection from NHANES 2005-2018.
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independent variable, with higher WWI values indicating greater
central obesity.

2.4 Hypertension

All individuals had their blood pressure measured at a mobile
examination center (MEC).After sitting and resting for at least
5 min, each participant’s blood pressure was measured three
times by a clinician. The participant’s blood pressure was
recorded as the average of the three times.

People who met one of the following criteria are considered to
have hypertension: (1) The answer to the problem “Have you ever
been told that you had hypertension?” was yes; (2) Taking
antihypertensive medication; (3) The participants’ average systolic
or diastolic blood pressure exceeded the standard range across
three blood pressure readings.

2.5 Covariates

In accordance with previous literature, several covariates were
selected to control for confounding factors in the analysis of the
WWTI-hypertension relationship. These included demographic
variables such as age (>18 years), gender (female/male), race
(Mexican American/Non-Hispanic White/Non-Hispanic Black/
Other Hispanic/Other races), education level (Above high school/
High school or general education development/Less than high
school/Others), and smoking status (defined as having smoked
>100 cigarettes in one’s lifetime). Additionally, health-related
(uIU/mL),
hemoglobin Alc (%), serum creatinine (umol/L), serum uric acid

measurements such as fasting plasma glucose
(umol/L), total cholesterol (mmol/L), high-density lipoprotein
cholesterol (mmol/L), low-density lipoprotein cholesterol (mmol/
L), triglycerides (mmol/L), alanine transaminase (U/L), aspartate
transaminase (U/L), waist circumference (cm), and weight (kg)

were included.

2.6 Statistical analysis

Statistical analyses were conducted in accordance with NCHS
guidelines, incorporating sample weights and accounting for the
complex multi-stage cluster survey design. Continuous variables
were presented as mean +standard deviation (SD), while
categorical variables were expressed as percentages. Differences
between WWI groups were evaluated using the weighted t-test
for continuous variables and the weighted Chi-square test for
categorical variables. The Pearson correlation test was used to
detect the association between WWI and BMI. A multivariate
logistic regression model was employed to explore the potential
association between WWI and hypertension. Missing values of
categorical variables are included in multiple regression as a
separate group, and missing values of continuous variables are
included in multiple regression after being filled with the mean

or median. Three models were constructed: Model 1 without any
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covariate adjustments, Model 2 adjusted for gender, race, and
age, and Model 3 further adjusted for gender, age, race, education
level, smoking status, fasting plasma glucose, hemoglobin Alc,
serum creatinine, serum uric acid, total cholesterol, high-density
cholesterol, cholesterol,

lipoprotein low-density

triglycerides, alanine transaminase, and aspartate transaminase.

lipoprotein

Subgroup analyses were also performed based on gender, age,
smoking status, and triglyceride levels. All statistical analyses were
conducted using R and EmpowerStats, with a two-sided P-value of
less than 0.05 considered statistically significant.

3 Results
3.1 Baseline characteristics of participants

The study included 37,299 participants with a mean age of
47.76 £ 13.70 years, comprising 49.70% men and 50.30% women.
WWI was categorized into four quartiles: 7.72-10.41, 10.41-
11.01, 11.01-11.60, and 11.60-15.70. Hypertension was prevalent
in 33.9% of the participants, with the prevalence of hypertension
rising as WWI increased (quartile 1: 11.98%, quartile 2: 26.12%,
quartile 3: 37.47%, quartile 4: 52.35%; P < 0.0001) (Table 1).

3.2 The correlation of waist-to-weight ratio
with body mass index

In Table 1, the average BMI of the study population reached
28.90, and the BMI gradually increased with the increase of
WWI (quartile 1: 24.51 + 4.56, quartile 2: 27.86 + 5.30, quartile 3:
30.35+6.10, quartile 4: 33.79 £7.60; P <0.0001). Supplementary
Table S1 shows this positive correlation between WWTI and BMI
persisted even after stratified by age, sex, and smoking group.

3.3 The correlation of waist-to-weight ratio
and body mass index with hypertension
Table 2 illustrates the correlation between WWI and
hypertension prevalence. The findings demonstrate a strong
association between higher WWI and an increased likelihood of
hypertension. In both the unadjusted and fully adjusted models,
WWI was positively correlated with hypertension prevalence. As
a continuous variable, each one-unit increase in WWI was
associated with a 42% higher risk of having hypertension after
full adjustment (Model 3 OR=1.42, 95% CI 1.34-1.51). This
relationship remained significant even when WWI was analyzed
by quartiles, with participants in the highest quartile showing a
127% greater risk compared to those in the lowest quartile (OR
=227, 95% CI 1.97-2.61; P for trend <0.0001). Supplementary
Table S2 shows an association between higher BMI and an
increased likelihood of hypertension, each one-unit increase in
BMI was associated with a 6% higher risk of having hypertension
after full adjustment (Model 3 OR =1.06, 95% CI 1.06-1.07).
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TABLE 1 Baseline characteristics of study population according to weight-adjusted-waist index tertiles, weighted.

Baseline characteristics Weight-adjusted waist index
Overall | Q1 (7.72-10.41) Q2 (10.41-11.01) Q3 (11.01-11.60) Q4 (11.

No. of participants 37,299 9,325 9,324 9,325 9,325
Age (years) 47.76 + 13.70 35.22+13.70 44.67 £ 15.02 51.04 £ 16.01 57.35+16.46 <0.0001
Gender (%) <0.0001

Male 49.70 58.33 52.95 47.86 34.21

Female 50.30 41.67 47.05 52.14 65.79
Race (%) <0.0001

Mexican American 16.10 5.38 8.95 10.54 10.33

Other Hispanic 9.66 4.82 5.61 6.42 5.79

Non-Hispanic White 40.96 66.47 66.51 65.50 68.75

Non-Hispanic Black 21.93 15.19 10.34 9.76 9.11

Other Races 11.34 8.15 8.59 7.78 6.03
Education level (%) <0.0001

Less than high school 23.29 10.42 13.53 18.57 22.31

High school or GED 21.63 19.31 22.14 25.33 27.05

Above high school 49.2 70.21 64.28 56.05 50.58

Others 5.88 0.06 0.05 0.06 0.05
Smoking status (%) <0.0001

Smoker 42.38 38.45 44.15 48.06 48.70

Non-smoker 57.62 61.55 55.85 51.94 51.30

Hypertension (%) 339 11.98 26.12 37.47 52.35 <0.0001
Systolic blood pressure (mmHg) 123.36 + 17.67 116.38 +13.10 120.50 + 15.25 124.65 + 16.89 128.38 +18.30 <0.0001
Diastolic blood pressure (mmHg) | 69.96 +12.23 68.96 +10.43 71.71+11.14 71.64 £ 11.77 69.82 +£12.95 <0.0001
Body mass index (kg/mz) 28.90+6.83 24.51 +4.56 27.86 £5.30 30.35+6.10 33.79 £7.60 <0.0001
Fasting plasma glucose (u[U/mL) 6.06 +1.99 5.38 +1.07 5.75+1.51 6.06 +1.79 6.58 +2.23 <0.0001
Hemoglobin Alc (%) 573 +1.07 527 +0.55 5.49+0.79 5.71+0.95 6.02+1.14 <0.0001
Serum creatinine (umol/L) 79.67 £36.78 79.56 +26.07 77.82 +26.82 78.10 +30.46 78.19+33.44 0.0001
Serum uric acid (pmol/L) 323.94 + 84.95 306.62 +77.30 320.23 +82.27 328.17 + 84.12 337.95 + 85.46 <0.0001
Total cholesterol (mmol/L) 4.95+1.08 4.73 £0.99 5.09 £ 1.02 5.13+£1.09 5.04+1.14 <0.0001
HDL-C (mmol/L) 1.37 £ 0.41 1.48 £0.43 1.39+£0.43 1.33 £0.41 1.31+0.39 <0.0001
LDL-C (mmol/L) 291092 2.74 £0.85 3.01 £0.88 3.05+£0.94 2.93+£0.96 <0.0001
Triglycerides (mmol/L) 1.41+1.24 1.09 £0.97 140+ 1.14 1.56 £ 1.33 1.65+1.24 <0.0001
ALT (U/L) 25.06 +20.53 22.79 £ 14.22 26.05+19.63 26.86 +18.73 25.53 £23.61 <0.0001
AST (U/L) 2546 +16.93 24.77 £ 13.47 25.16 + 14.30 25.74 £ 16.09 25.40 £ 16.71 0.0002
Waist circumference (cm) 98.51 +16.59 84.48 +10.35 95.72 £ 11.55 103.85+12.82 114.38 +15.94 <0.0001
Weight (kg) 81.08 +21.30 73.46 + 16.60 80.93 +19.21 85.89 +21.17 91.06 +24.91 <0.0001

GED, general educational development; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ALT, alanine transaminase; AST, aspartate transaminase.

TABLE 2 Association between weight-adjusted-waist index and the prevalence of hypertension.

Weight-adjusted-waist index Model 1 Model 2 Model 3

OR (95% Cl) P-value OR (95% Cl) P-value OR (95% Cl) P-value
Continuous 2.43 (2.36, 2.51) <0.0001 1.74 (1.68, 1.80) <0.0001 1.42 (134, 1.51) <0.0001
Categories
Quartile 1 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)
Quartile 2 2.51 (2.32, 2.70) <0.0001 1.78 (1.64, 1.94) <0.0001 1.47 (1.30, 1.67) <0.0001
Quartile 3 4.33 (4.03, 4.65) <0.0001 241 (2.22, 2.61) <0.0001 1.83 (1.60, 2.08) <0.0001
Quartile 4 7.76 (7.22, 8.35) <0.0001 3.47 (3.19, 3.79) <0.0001 2.27 (1.97, 2.61) <0.0001
P for trend <0.0001 <0.0001 <0.0001

Model 1: Unadjusted; Model 2: Adjusted for gender, age, race at baseline; Model 3: Adjusted for gender, age, race, education level, smoking status, Fasting plasma glucose, Hemoglobin Alc,
Serum creatinine, Serum uric acid, Total cholesterol, fasting plasma glucose, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglyceride, alanine

transaminase, aspartate transaminase at baseline.
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3.4 SUng’OUp analysis and triglycerides. The results depicted in Figure 2 revealed a
positive correlation between WWI and hypertension prevalence

To evaluate the consistency of the WWI-hypertension in all subgroup analyses. Notably, a more pronounced correlation
association across various population groups, subgroup analyses  between WWI and high blood pressure prevalence was observed
and interaction tests were conducted based on age, sex, smoking, in gender and age stratification (P for interaction <0.05).

OR 95%CI p for trend p for interaction

Gender

Male I 1.59 (1.45, 1.73) <0.0001 0.0068

Female HIlH 136 (1.27,1.47) <0.0001

Age

<60 HIll 193  (1.81,207) <0.0001 <0.0001

>60 Il 138 (1.27,1.51) <0.0001

Smoking

Yes Il 147 (1.36,1.60) <0.0001 0.3496

No - 1.4 (1.30, 1.51) <0.0001

Triglycerides

<1.7 HIH 158 (1.49,1.68) <0.0001 0.371

217 ——— 15 (1.35, 1.67) <0.0001

1.0 1.41 20

FIGURE 2
Subgroup analyses of the association between weight-adjusted waist index and the prevalence of hypertension
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Conversely, no significant association was found between WWI
and high blood pressure prevalence in smoking and triglycerides
subgroups (P for interaction >0.05).

4 Discussion

This study assessed the relationship between WWI and the
incidence of hypertension among American adults. Our findings
indicate that greater levels of WWT are linked to an enhanced
likelihood of hypertension in adults. After accounting for
relevant factors, the highest WWI level (11.60-15.70) was
correlated with a 227 times greater risk of hypertension
compared to the lowest level (7.72-10.41). Moreover, WWI was
also more associated with the incidence of hypertension than
BMI. Subgroup analyses revealed a stronger positive correlation
between WWI and hypertension prevalence in men aged 60 or
younger. As the first study to investigate the link between WWI
and hypertension in the U.S. adult population, it underscores
important gender- and age-related differences in this
relationship. The findings suggest that WWI is a meaningful
predictor of hypertension, especially in younger males, and that
addressing obesity through WWI measurement could be an
effective strategy for reducing hypertension rates.

BMI has been the
anthropometric measure for assessing obesity. Numerous studies
established a

hypertension. For example, Hollie et al., utilizing data from the

Historically, most  widely used

have clear relationship between BMI and
Health and Retirement Study (30), found a strong association
between obesity and high blood pressure. Males with a BMI of
28 kg/m* or higher had a 2.3-fold increased risk of developing
hypertension compared to those with a BMI below 28 kg/m’.
Similarly, women with a BMI between 24 and 28 kg/m* or a
BMI of 28 kg/m* or higher had 1.7 and 2.4 times greater risk,
respectively, of developing hypertension compared to those with
a healthy BMI. Additionally, the Longitudinal Aging Study (31)
reported that older adults who were overweight or obese had
significantly higher rates of hypertension. It also highlighted that
individuals with an elevated waist circumference and waist-to-hip
ratio had a 1.16 and 1.42 times greater risk of developing
hypertension, respectively, underscoring the importance of
central obesity. Recent developments in obesity pharmacotherapy
have introduced treatments that may influence blood pressure.
For instance, the SURMOUNT-1 trial, which involved obese or
with
demonstrated that 72 weeks of tirzepatide treatment led to

overweight  patients weight-related ~ complications,
significant reductions in both weight and blood pressure. A post
hoc analysis suggested that blood pressure reduction was closely
associated with weight loss (32). However, BMI, as a basic
measure of body fat, does not distinguish between fat and lean
tissue. Research has shown that individuals with normal BMI can
have a higher mortality rate than those with obese BMI due to
differences in fat distribution (33), indicating the need for
updated anthropometric measures to assess central obesity. In
this context, WWI has emerged as a more accurate predictor of

central obesity. A prospective study from the Zhejiang Metabolic
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Syndrome Cohort found WWI to be significantly more predictive
of coronary heart disease and non-accidental death compared to
traditional measures like BMI, waist circumference, and waist-to-
hip ratio (34). As a result, WWI, a novel metric for central
obesity, was selected to investigate its association with
hypertension prevalence.

Two studies have previously examined the link between WWI
and hypertension. The Rural Chinese Cohort Study (28) explored
the relationship between WWTI and hypertension in rural adults
aged over 18, identifying a positive correlation between WWI
and hypertension onset. However, among individuals aged over
60, no statistically significant association was found. In contrast,
another study by Wang et al. (29), based on NHANES data of
Americans over 60, demonstrated a positive association between
WWI and hypertension. These conflicting findings prompted us
to expand both the sample size and the age range to provide a
more comprehensive analysis of the relationship between WWI
Our identified a

association between WWI and hypertension prevalence in

and hypertension. research significant
American adults aged 18 and older. Among individuals between
18 and 60 years of age, our findings mirrored those of the Rural
Chinese Cohort Study, demonstrating a steady increase in
hypertension prevalence with age. Both our study and that of
Wang et al. confirmed the relationship between WWI and
hypertension frequency in individuals aged 60 and above. Our
research fills a gap in the literature by uncovering the
relationship between WWT and hypertension in American adults
aged 18-60, revealing gender- and age-specific variations not
addressed in previous studies. To explore these differences, a
comparative analysis with prior studies was conducted. Our
study included a larger sample of individuals over 60 years old
compared to the Rural Chinese Cohort Study, which had only
650 participants with hypertension and lacked health data for
those over 75. The limited number of older patients with
hypertension in their sample may have contributed to a lack of
statistical power in detecting the WWI-hypertension association.
In contrast, Wang et al.’s study included only participants aged
over 60, whereas our study population comprised U.S. adults
aged 18-60, allowing us to identify patterns in younger adults.

In our research, the correlation between WWI and
hypertension prevalence was particularly robust in men under
60. Higher WWI was strongly linked to an increased risk of
hypertension in younger males, suggesting that WWI may be a
superior predictor of obesity and hypertension risk in this
demographic. This finding is consistent with prior research
linking abdominal obesity to higher rates of hypertension (35).
The discrepancy between older and younger individuals may
stem from differences in fat distribution. Amdanee N et al. (36)
investigated the impact of age on fat distribution in 102 men
aged 31-83, revealing a negative correlation between age and
subcutaneous and visceral fat accumulation. However, there
remains a lack of large-scale studies to validate this observation,
highlighting the need for further research. Regarding gender, two
key factors may explain the variation in the relationship between
WWTI and hypertension prevalence. First, fat distribution differs
between males and females; men tend to store excess fat in the
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abdominal region, whereas women often accumulate fat in the
buttocks, resulting in a pear-shaped body (37, 38). Second,
hormonal factors play a crucial role in the development of
hypertension. Previous studies have shown that women generally
exhibit higher levels of leptin and greater expression of leptin
receptors than men, suggesting that females may release more
leptin per unit of fat mass (39). Additionally, sex hormone-
mediated regulation of angiotensin-converting enzyme 2 in
specific tissues may contribute to the observed gender disparity
in obesity-related hypertension (40).

The mechanism underlying the association between WWI and
hypertension prevalence likely involves the accumulation of
visceral fat. Higher WWI corresponds to greater visceral fat
content, indicating excessive fat storage and reduced muscle mass
(41). Excess visceral fat can contribute to systemic inflammation
and activate neurohumoral pathways, which in turn elevate blood
pressure and promote the development of hypertension (42, 43).

Our study offers several advantages. First, previous research
involved a limited number of participants (20), while our study
significantly expanded the sample size to 37,299 individuals. This
larger sample better represents the U.S. population and enhances
the generalizability of the findings regarding WWI. Second, prior
studies focused exclusively on participants over 60 years of age,
whereas our research includes a broader age range, allowing the
results to be applicable to the entire U.S. adult population.
Additionally, our subgroup analysis revealed variations in the
relationship between WWI and hypertension based on age and
gender, with WWI being a stronger predictor of hypertension
prevalence in younger men—an observation not previously reported.

However, the study has several limitations. Firstly, as a cross-
sectional study, it cannot establish a direct causal correlation
between WWI and hypertension. Further longitudinal cohort
studies are needed to confirm these findings. Secondly, although
as many covariates as possible were adjusted for, hypertension is
influenced by numerous factors, some of which were not
captured in the NHANES database, leaving potential confounders
unaccounted for. Thirdly, some data relied on participants’
self-reports, which may introduce recall bias. Lastly, the diagnosis
of hypertension in NHANES was based on the average of several
blood pressure readings during a single visit, differing from
standard diagnostic criteria, which could have led to an
overestimation of hypertension prevalence.

5 Conclusion
In conclusion, elevated WWT levels were strongly associated

with an increased risk of hypertension, with this relationship
being particularly significant in males aged 60 years or younger.
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