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Anthropometric measures of increased central and
overall adiposity in association with echocardiographic
left ventricular hypertrophy

Sérgio Lamego Rodrigues1, Marcelo Perim Baldo1, Roberto Sá Cunha1, Lı́lian CS Angelo2,
Alexandre C Pereira2, José Eduardo Krieger2 and José Geraldo Mill1

Left ventricular hypertrophy is an important predictor of cardiovascular risk and sudden death. This study explored the ability

of four obesity indexes (body mass index, waist circumference, waist–hip ratio and waist–stature ratio) to identify left ventricular

hypertrophy. A sample of the general population (n¼682; 43.5% men) was surveyed to assess cardiovascular risk factors.

Biochemical, anthropometric and blood pressure values were obtained in a clinic visit according to standard methods. Left

ventricular mass was obtained from transthoracic echocardiogram. Left ventricular hypertrophy was defined using population-

specific cutoff values for left ventricular mass indexed to height2.7. The waist–stature ratio showed the strongest positive

association with left ventricular mass. This correlation was stronger in women, even after controlling for age and systolic blood

pressure. By multivariate analysis, the main predictors of left ventricular hypertrophy were waist–stature ratio (23%), systolic

blood pressure (9%) and age (2%) in men, and waist–stature ratio (40%), age (6%) and systolic blood pressure (2%) in women.

Receiver-operating characteristic curves showed the optimal cutoff values of the different anthropometric indexes associated

with left ventricular hypertrophy. The waist–stature ratio was a significantly better predictor than the other indexes (except for

the waist–hip ratio), independent of gender. It is noteworthy that a waist–stature ratio cutoff of 0.56 showed the highest

combined sensitivity and specificity to detect left ventricular hypertrophy. Abdominal obesity identified by waist–stature ratio

instead of overall obesity identified by body mass index is the simplest and best obesity index for assessing the risk of left

ventricular hypertrophy, is a better predictor in women and has an optimal cutoff ratio of 0.56.
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INTRODUCTION

The epidemic of overweight/obesity caused by lifestyle changes asso-
ciated with economic expansion and urbanization1 is challenging
developing countries with a dramatic increase in morbidity and
mortality from cardiovascular diseases,2 especially in middle-aged
productive individuals.3 Obesity is frequently associated with the
development of hypertension, type II diabetes mellitus, and cardio-
vascular and kidney diseases,4,5 as well as changes in the cardiac
structure.6 In epidemiological studies, the evaluation of obesity has
been accomplished using anthropometric measures.7 In addition to
difficulties in establishing a consensual definition of obesity,8 the most
useful specific aspect of increased adiposity to indicate high cardio-
vascular risk is also controversial. The measures used include body
mass index9 for total body adiposity, waist circumference10 for central
adiposity or some normalized obesity index such as the waist–hip
ratio11 or the waist–stature ratio.12

Due to the economic and health burdens involved with cardio-
vascular disease,13 every effort should be made to identify abnormal

health conditions before the appearance of clinical symptoms
to reduce their toll.14,15 The aim is to identify a phenotype related
to left ventricular hypertrophy using a simple, cheap measure that is
easily interpreted and could then be carried out in the population
in health promotion and prevention of cardiovascular risk factors
programs. Our aim was to establish the association between echocar-
diographic left ventricular hypertrophy and anthropometric para-
meters of increased adiposity in a population-based study to find
the best measure and its cutoff values using receiver-operating
characteristics (ROC) curve analysis.

METHODS

Study design and population
We performed a cross-sectional study of risk factors for cardiovascular diseases

among the urban population of Vitoria, Espı́rito Santo, Brazil, according to the

guidelines of the MONICA-WHO project.16 The study design was based on

cross-sectional research methodology and was developed by means of surveying

health data in a probabilistic sample of residents from the municipality of
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Vitoria, Espı́rito Santo, Brazil. A total of 1662 individuals (25–64 years),

representative of the population, were surveyed in 1999–2001. All first-phase

participants were invited to a health reevaluation 5 years later. A total of

682 subjects agreed to participate and were reassessed by the same methodo-

logy. In addition, they were requested to have an echocardiogram.

The investigation of the second-phase subjects is the main focus of this study.

Supplementary information related to sample selection and examinations is

available in earlier publications.17,18

The project was approved by the institutional ethics committee and all

participants gave informed written consent.

Measurements
Blood pressure was measured during the morning period (0700 to 0900 hours)

in fasting individuals in a seated position using a standard mercury sphygmo-

manometer on the left arm after a 5- to 10-min rest period. Mean values of

systolic and diastolic blood pressure were calculated from two measurements

carried out by two independent trained staff members, with a minimal

interval of 10min between the two measures. Subjects were considered

hypertensive if they had a systolic blood pressure X140mmHg, a diastolic

blood pressure X90mmHg or if they used antihypertensive drugs, including

diuretics.

A fasting venous blood sample was collected soon after blood pressure

measurements to determine glucose, triglycerides, total cholesterol, high-

density lipoprotein (HDL)-cholesterol and creatinine using validated commer-

cial kits. Diabetes was defined in patients using antidiabetic medication and/or

with a fasting blood glucose X126mg per 100ml.

Anthropometric parameters were obtained by trained technicians using

standard methods.19 Body weight was taken on a calibrated scale to the nearest

0.1 kg. Height was taken with a wall-mounted stadiometer to the nearest

0.5 cm. Body mass index was calculated as body weight in kgm�2 and obesity

was defined as body mass index X30kgm�2. Waist circumference was

measured at the mean point between the lowest rib margin and the iliac crest

with the subject standing and at the maximum point of normal expiration. Sex-

specific partition values (X102 andX88 cm for men and women, respectively)

were used as cutoff values for central obesity. The waist–stature ratio was

calculated by dividing the waist circumference (in cm) by the baseline height

(in cm). Hip circumference was measured to the nearest 0.1 cm around the

thighs at the height of the greater trochanter, with subjects in a standing

position.

Echocardiography measurements were performed on each subject using a

commercially available Acuson Sequoia Ultrasound system with a 2- to 3.5-

MHz transducer (Acuson, Mountain View, CA, USA). All examinations were

performed by the same physician, who was blind to the individuals’ clinical and

biochemical data. The procedure was carried out at rest with the subject in the

left lateral decubitus position. Using the second harmonic imaging and two-

dimensional guided M-mode measurements, left ventricular end diastolic

diameter (LVEDD), interventricular septum thickness (IVST) and posterior

wall thickness (PWT) were obtained, following the recommendations of the

American Society of Echocardiography.20 Crude left ventricular mass was

calculated according to the American Society of Echocardiography corrected

formula:21 left ventricular mass¼0.80�(1.04�(LVEDD+IVST+PWT)3�
(LVEDD)3)+0.6 g. All values were registered in mm and each measure was

recorded as an average of three consecutive cardiac cycles. Left ventricular mass

was indexed to height raised to the power 2.7.22,23 Randomly selected

examinations (35) were submitted to a second observer, also blind to the

clinical data. The agreements among examinations were analyzed by the

differences between measures according to the Bland–Altman method,24 and

more than 95% of the differences of the echocardiographic measurements

(septum, posterior wall, systolic and diastolic left ventricle diameters) were

within 1.96 standard deviations of the mean. The differences found between the

two investigators were not clinically relevant. The cutoff points to define

increased left ventricular mass were the values corresponding to the 95th

percentile of the normal distribution curve obtained from a healthy subsample.

The values for crude left ventricular mass were X197.2 and X162.9 g for men

and women, respectively. The indexed values were X47.7 and 46.6 gm�2.7,

X113.4 and 108.2 gm�2 and X105.3 and 100.1 g/m2 for men and women,

respectively.25 The values are similar to those reported by Ilercil et al.26

Obesity parameters were analyzed in relation to left ventricular mass

indexed to height2.7,22 which detects obesity related left ventricular hyper-

trophy better than left ventricular mass corrected for body surface area.21,27

Individuals with technically unsatisfactory echocardiography or with

incomplete anthropometric or clinical data (n¼41) were excluded from

the analysis.

Statistical analysis
Analyses were performed with the SPSS 13.0 package (Chicago, IL, USA). Data

were described separately for gender as means±standard deviation for con-

tinuous variables and proportions to dichotomous variables. The goodness

of fit to a normal distribution was evaluated using the Kolmogorov–Smirnov

test. Body mass index and triglycerides were analyzed after logarithmic

transformation. Unpaired Student’s t-test and the w2-test were used to compare

continuous and categorical variables, respectively. Total and partial correlation

analyses (Pearson) were performed to estimate associations between anthro-

pometric indexes and left ventricular mass. The model was adjusted for systolic

blood pressure and age. Multivariate stepwise regression analysis was used

to determine which obesity indexes were independently associated with left

ventricular mass variability. The prediction ability of obesity measures and

the sensitivities and specificities of the indexes were identified by ROC curve

analysis.28 Differences of the areas under the ROC curve were compared using

a method previously described.29 Optimal cutoff points were registered as

the measures representing the largest concomitant sensitivity and specificity.30

P-values less than 0.05 were considered statistically significant.

RESULTS

Baseline characteristics
Clinical and demographic characteristics of the sample are shown in
Table 1. Most variables analyzed were significantly higher in men,
except for age, glycemia, waist–stature ratio, left ventricular mass
indexed to height2.7 and the prevalence of current smokers, which
were similar in both genders. Cholesterol and HDL levels were lower
in men than in women.
The prevalence of left ventricular hypertrophy, defined by a parti-

tion coefficient unrelated to body surface area (gm�2.7), was 23.8%,
without statistical difference between genders (20.3 and 26.4% for

Table 1 Clinical and anthropometric variables of the sample stratified

by gender

Variables Men (n¼277) Women (n¼364) P-value

Age (years) 51.3±10.6 51.3±10.2 0.91

Systolic blood pressure (mmHg) 133.8±18.5 127.5±19.4 0.00

Diastolic blood pressure (mm Hg) 88.7±11.5 83.0±11.9 0.00

Glucose (mg per 100 ml) 95.6±20.3 96.5±31.4 0.70

Creatinine (mg per 100 ml) 1.1±0.3 0.9±0.2 0.00

Cholesterol (mg per 100 ml) 198.4±37.7 205.9±40.5 0.01

HDL-cholesterol (mg per 100 ml) 42.0±9.9 49.8±11.7 0.00

Triglyceride (mg per 100 ml) 177.4±105.9 138.4±74.5 0.00

Body mass index (kg m�2) 26.1±3.6 26.9±5.3 0.04

Waist circumference (cm) 91.1±9.9 85.0±13.1 0.00

Waist–stature ratio 0.54±0.06 0.54±0.08 0.42

Waist–hip ratio 0.92±0.07 0.83±0.09 0.00

Left ventricular mass, crude (g) 170.9±42.7 136.4±36.8 0.00

Left ventricular mass (gm�2.7) 41.9±11.0 41.1±11.7 0.40

Left ventricular mass (gm�2) 92.6±21.3 82.9±20.4 0.00

Arterial hypertension (%) 55.6 43.6 0.00

Obesity, BMIX30 kgm�2 (%) 15.1 23.9 0.05

Current smoker (%) 19.8 14.8 0.08

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; n¼number of subjects.
Data described as mean±s.d. or percentage (%).
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men and women, respectively, X2¼0.07). Left ventricular hypertrophy
was detected in 7.9% of normotensive and 40% of hypertensive
individuals. Normotensive subjects with increased abdominal adipos-
ity had five times more left ventricular hypertrophy when compared
with the normal waist circumference group (25 and 5%, respectively;
data not shown). Only 27% of hypertensive subjects were using
angiotensin-converting enzyme inhibitors or angiotensin II receptor
blockers.

Total and partial correlations of left ventricular mass with
anthropometric indexes
We investigated the association of the anthropometric indexes with left
ventricular mass normalized to height2.7. Waist–stature ratio showed a
positive and overall better correlation in both genders and was a
stronger predictor in women, even after adjustment for age and
systolic blood pressure (Table 2).

ROC curve analysis
Figure 1 shows the ROC curves for body mass index, waist circum-
ference, waist–hip ratio and waist–stature ratio with regard to the
ability to identify left ventricular hypertrophy (gm�2.7) in men and
women. There was a significant waist–stature ratio superiority in
relation to the other indexes (Po0.05) (except for the waist–hip
ratio), independent of gender.
Table 3 shows the areas under the ROC curves and the optimal

anthropometric index partition points (according to the highest
sensitivity and specificity) to identify left ventricular hypertrophy
(gm�2.7). There was roughly the same body mass index cutoff
(B27 kgm�2), a 6-cm difference in waist circumference (93 and
87 cm) and a 0.08 difference in waist–hip ratio (0.94 and 0.86) for
men and women, respectively. The waist–stature ratio (0.56) was
similar for both genders. It is worth noting that the waist–stature
ratio showed the highest combined sensitivity and specificity, with
values above 70 and 75% for men and women, respectively. The waist–
stature ratio index (0.56) showed 69% sensitivity and 82.3% specificity
in the ability to identify left ventricular hypertrophy in normotensive
subjects, whereas in hypertensive individuals the sensitivity and
specificity were 77 and 61%, respectively (data not shown).

Multivariate regression analysis
Predictors of left ventricular mass variability (gm�2.7) were investi-
gated by multivariate stepwise regression analysis, stratified by gender.
The model was adjusted for age and systolic blood pressure. In men,
the waist–stature ratio (b¼0.515, Po0.001), systolic blood pressure
(b¼0.273, Po0.001) and age (b¼0.198, Po0.001), explained 23,

9 and 2% of left ventricular mass variability, respectively. In women,
waist–stature ratio (b¼0.957, Po0.001), age (b¼0.214, Po0.001)
and systolic blood pressure (b¼0.171, Po0.001) explained 40, 6 and
2% of left ventricular mass variability, respectively. The predictive
strength of the waist–stature ratio was not changed with the inclusion
or exclusion of systolic blood pressure from the model.

DISCUSSION

The prevalence of abdominal adiposity and overall obesity is increas-
ing, with an immense personal and economic cost.31 The cost is driven

Table 2 Pearson correlation coefficients (r) between left ventricular

mass indexed to height2.7 and obesity indexes

Men Women

Partial correlation Partial correlation

Variables r P-value r P-value r P-value r P-value

BMI 0.39 o0.001 0.30 o0.001 0.54 o0.001 0.52 o0.001

WC 0.36 o0.001 0.23 o0.001 0.57 o0.001 0.51 o0.001

WHR 0.38 o0.001 0.21 o0.001 0.50 o0.001 0.40 o0.001

WSR 0.46 o0.001 0.32 o0.001 0.63 o0.001 0.57 o0.001

Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist–hip ratio; WSR,
waist–stature ratio.
Partial correlation: adjusted for age and systolic blood pressure.
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Figure 1 Receiver-operating characteristic curves of body mass index, waist

circumference, waist–hip ratio and waist–stature ratio in relation to left

ventricular hypertrophy (g height�2.7) in men and women.

Anthropometric indexes of adiposity and LVH
SL Rodrigues et al

85

Hypertension Research



by obesity-related increases in risk for conditions such as insulin
resistance, dyslipidemia and systemic inflammation, all of which are
essential in the pathogenesis of cardiovascular disease, metabolic
syndrome and some types of cancer.32,33 Changes in the left ventri-
cular structure such as hypertrophy, which is a potent marker of
end-organ damage,34 have been reported with increased adiposity.6

The presence of left ventricular hypertrophy strongly predicts
bad cardiovascular outcomes, both in the presence and in the absence
of metabolic syndrome and/or diabetes and independently of
hypertension.35

Our study shows that all adiposity measures have a positive
association with left ventricular mass even after adjustments for age
and systolic blood pressure. However, the waist–stature ratio presented
the best correlation and was identified as the major determinant of left
ventricular mass regardless of gender, although both findings are
stronger in women. Our data are in accordance with a recent study
reporting that the hypertrophic left ventricular phenotype was better
predicted in women with increased abdominal adiposity, independent
of body size.36

Body mass index has been used as an obesity index in many other
studies. However, its ability to predict or to be associated with
hypertension, metabolic syndrome or left ventricular hypertrophy
has been questioned.37,38 Furthermore, although some studies have
explored the associations between cardiovascular risk and anthropo-
metric indexes other than body mass index, analytic approaches and
results have been inconsistent and most studies have not directly
compared multiple indexes.39

Our study suggests that the established cutoff points for categoriz-
ing the population as overall or centrally obese seem not to be
appropriate. Indeed, 63% of men and 95% of women classified as
obese by body mass index were also obese by waist circumference,
whereas only 73% of men and 60% of women deemed obese by waist
circumference were also obese by body mass index (data not shown).
Even though body mass index and waist circumference have a high
correlation (r¼0.88 for both genders, Po0.001), 40% of women with
abdominal obesity would be missed by body mass index obesity
criteria. These discrepancies were also reported in other studies.40,41

Multiple biological mechanisms have been implicated in mediating
the adverse health effects of excess adiposity; however, the exact
pathways are unknown. Besides mechanisms involving secretion of

adipokines and other vasoactive substances, visceral fat seems to be
more sensitive to lipolysis compared with subcutaneous fat, resulting
in an increased release and accumulation of free fatty acid levels in
multiple organs. This contributes to insulin resistance and vascular
stiffness by increasing adrenergic reactivity, vascular tone and blood
pressure.42,43 Independently of arterial pressure and age, obesity
increases the risk of left ventricular hypertrophy, as well as other
structural abnormalities, including concentric remodeling and con-
centric left ventricular hypertrophy.44

Therefore, a message that must be delivered is that obesity is
harmful over time, regardless of how we define or measure it.
Accordingly, translating our data to the clinical practice shows an
easier measurement method that is fairly well understandable by lay
people and that does not require abstract concepts. Moreover, a
tightening pair of pants, a belt that no longer fits and an increase in
clothing size number are all easy observations that correlate with waist
circumference. More important than weight or body mass index is the
emerging need to observe the waistline.
Our data suggest that a cutoff point for a waist circumference with

regard to left ventricular hypertrophy could be communicated to the
community by simply asking individuals to multiply their stature
(in cm) by 0.56 and recommending a waist circumference below this
measurement. We believe that this easily corrected (for the frame size)
and a flexible number is more appropriate than the fixed and sex-
specific waist circumference partition values currently in use.
A limitation of our study is its cross-sectional design, which does

not allow us to draw conclusions in terms of causality, but rather
merely shows associations between the anthropometric index and left
ventricular hypertrophy. In addition, due to the ethnic characteristics
of our population (40% white, 50% mulatto and 7% black) and the
generally high sodium intake and high prevalence of hypertension, our
results may not be generalized to other populations.
In conclusion, taken as a whole, our main finding is that abdominal

obesity identified by the waist–stature ratio, and not overall obesity
identified by body mass index, is the simplest and best obesity index
for identifying echocardiographic left ventricular hypertrophy, mainly
in women, with an optimal cutoff ratio of 0.56.
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