
R E S E A R C H P A P E R

Anthropometric indicators of obesity as screening
tools for high blood pressure in the elderly
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Anthropometric indicators of obesity as screening tools for high blood pressure in the elderly

The study objectives were to investigate the indicators of obesity most associated with high blood pressure in community-
dwelling elderly and identify among these which one best discriminates high blood pressure. This is an epidemiological,
population, cross-sectional and home-based study of elderly people (� 60 years, n = 316) residing in northeastern Brazil.
The results showed that the body mass index and the body adiposity index were the indicators more closely associated with
high blood pressure in both sexes. Both in female and male genders, body mass index showed high values of specificity and
low sensitivity values for discriminating high blood pressure, whereas the body adiposity index showed high sensitivity and
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moderate specificity values. In clinical practice and health surveillance, it is suggested that both indicators be used as
screening tools for hypertension in the elderly.
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INTRODUCTION
Hypertension is a triggering factor for death and disability
and one of the major public health problems in the world.1

Its prevalence increases with age, reaching about 50–70%
of elderly Brazilians.2

A major determinant of hypertension in the elderly is
the excess body fat, even though the location of body fat
is also of importance.3–6 In epidemiological studies,3,5,6 the
main anthropometric indicators used to detect excess
body fat have been the body mass index (BMI), waist
circumference, conicity index, waist hip ratio (WHR) and
waist stature ratio (WSR). Recently, the body adiposity
index (BAI) was proposed as an indicator that reflects the
percentage of body fat in individual adults and can be
configured as an alternative assessment in the elderly.7

Determining the measure of obesity with the best
predictive ability for high blood pressure can be tricky
because of the biological variation between different
sociocultural groups and the population as a whole.4,5

Thus, it seems necessary to evaluate the performance of
each indicator within specific populations.

Concerning the elderly, studies comparing the impact
of different anthropometric indicators in hypertension are
scarce. It is necessary to investigate more effective indi-
cators of obesity in screening for hypertension in older
people, including even new anthropometric indicators,
such as the BAI. The objectives of this study were to
identify the impact of different anthropometric indicators
of obesity in high blood pressure, as well as identify the
best indicator that discriminates against high blood pres-
sure in community-dwelling elderly.

METHODS
This is a cross-sectional study that analyzed data from a
home-based epidemiological survey called ‘Nutritional
status, risk behaviors and health conditions of elderly in
Lafaiete Coutinho-BA’. The city studied, located in
northeastern Brazil, had 4162 inhabitants during the
period of data collection, all registered with the Family
Health Program (FHP). Two FHP teams (one doctor,
one nurse, auxiliary nurses and community health
workers) covered the entire town. This programme aims
to increase the population’s access to primary care.8 The

city has one of the worst human development indexes
(HDIs) in Brazil, occupying the 4487th position on the
longevity category (longevity-HDIM = 0.635).9

A complete census was conducted in the city of Lafaiete
Coutinho in January 2011 so as to identify the individuals
participating in the survey. All residents in the urban aged
� 60 years (n = 355) were selected for interviews and
examinations. The location of the housing is effected by
means of information of the FHP. Of the 355 elderly who
comprised the population, 316 (89.0%) participated in
the study: there were 17 refusals (4.8%) and 22 (6.2%)
individuals were not located after three home visits on
alternate days and were considered a loss.

We used a form, based on the questionnaire used in the
survey on Health, Well-Being, and Aging—SABE—
(http://hygeia.fsp.usp.br/sabe/Questionario.html), held
in seven countries of Latin America and the Caribbean,10

the exception of the physical activity questionnaire11 that in
the present study was broader.

Data collection occurred in two stages. The first con-
sisted of an interview, conducted by only the individual
interviewer, including personal information, health
status, medication use and lifestyle. The second stage was
conducted in two units of the FHP of the city and included
blood pressure measurement and anthropometry; this
step was scheduled with an interval of 1–3 days after the
home interview.

The data from household interviews and blood pres-
sure were obtained by undergraduate and graduate stu-
dents in the health field, who received special training
before testing, refinement and calibration of the inter-
viewer. Anthropometric data were obtained by three
physical education students, who received theoretical and
practical training, aiming at the standardization of the
anthropometric techniques used in the study. The preci-
sion and accuracy of the evaluators were confirmed prior
to data collection in 20 volunteers, through the analysis of
the technical errors of measurement inter- and intra-
examiner, and all showed changes consistent with accept-
able experience evaluators.12

The following information was used in this study: (i)
sociodemographic characteristics (age, sex, and literacy
and illiteracy); (ii) lifestyle (smoking, alcohol intake,
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physical activity); (iii) blood pressure; and (iv) anthro-
pometry (weight, stature, waist and hip circumference).

The study protocol was approved by the Ethics Com-
mittee, participation was voluntary and all subjects signed
an informed consent.

High blood pressure
(dependent variable)

Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were measured following standard procedures13

using an automatic digital blood pressure monitor
(HEM-742INT, Omron Healthcare, Shanghai, China).
High blood pressure (SBP � 140 mmHg and/or DBP �
90 mmHg and/or use of medication to control blood
pressure) was defined according to current guidelines in
Brazil.13

Anthropometric indicators of obesity
(independent variables)

Body mass was measured with a portable digital scale
(6 G-Tech Glass, Zhongshan Camry Electronic, Zhong-
shan, China), with the individual barefoot and using as
little clothing as possible. Stature was measured according
to the Frisancho technique,14 using a compact portable
stadiometer (Wiso, Shanghai, China) installed in a suitable
place, according to the manufacturer’s standards. The
waist and hip circumferences were measured with an
anthropometric tape according to the standardization
of Callaway et al.15 All anthropometric measurements
except body mass were performed in triplicate, and mean
values were used in the analyses. We calculated the BMI
(body mass (kg)/stature2 (m)), the WHR (waist/hip cir-
cumference), the WSR (waist circumference (cm)/
stature (cm)), the conicity index16 and the BAI.7

Adjustment variables
Sociodemographic variables: age (continuous variable)
and the literacy and illiteracy (yes or no).

Lifestyle: smoking (smoker, former smoker or never
smoked), alcohol intake (� 1 time/week or < 1 time/
week) and physical activity (insufficiently active or
active). The instrument used to assess the level of regular
physical activity was the International Physical Activity
Questionnaire extended version.11 Those who performed
less than 150 min per week in moderate or vigorous
physical activity were considered insufficiently active and
those who performed 150 min or more per week were
considered active.17

Statistical procedure
For descriptive analysis of the characteristics of the
sample, the frequencies, means and medians, standard
deviations and or interquartile ranges were calculated.
The differences between sexes were compared using the
chi-square test (qualitative variables) and Mann–Whitney
U or Student’s t-tests for independent samples (quantita-
tive variables), after verification of normality using
the Kolmogorov–Smirnov test. The association between
anthropometric indicators of obesity (independent vari-
ables) and high blood pressure (dependent variables) was
tested by means of the Poisson regression technique. We
calculated robust models to estimate adjusted prevalence
ratios (PR), with their respective confidence intervals
95% (95%). The power of diagnostics of high blood pres-
sure of anthropometric indicators of obesity and the iden-
tification of best cut-off points were evaluated using the
parameters provided by the receiver operating character-
istic (ROC) curve: area under the ROC curve (AUC),
sensitivity and specificity.

In all analyses the level of significance was 5% (a =
0.05). The data were analyzed in the Statistical Package for
Social Sciences for Windows (SPSS. 15.0, 2006, SPSS, Inc,
Chicago, IL, USA) and MedCalc (version 9.1.0.1, 2006;
MedCalc Software bvba, Ostend, Belgium).

RESULTS
The participants were 173 women (54.7%) and 143
men (45.3%). The ages ranged from 60 to 105 years
(74.2 � 9.8). The other characteristics of the studied
population according to the sex are shown in Table 1. The
frequencies of individuals who could read and write, who
smoked and who drank alcohol once or more per week
were significantly higher in males. Significant differences
were observed in mean or median values of all anthropo-
metric variables except WHR, with women having higher
values in all of them. The prevalence of high blood pres-
sure in the studied populations was high (83.7%) and
showed no differences between sexes (Table 1).

Table 2 shows the PR high blood pressure with an
increase of the indicators of obesity. For females, BMI,
waist circumference, WSR and BAI were associated
with high blood pressure. BMI (P = 0.003) and BAI
(P = 0.016) had higher strength of association. The data
showed that each increment of one unit in BMI and BAI
increased by approximately 2% and 1%, respectively, the
probability of elderly women presenting high blood pres-
sure. WHR and the conicity index were not associated
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with high blood pressure in women. For males, BMI and
BAI were the only anthropometric indicators of obesity
associated with high blood pressure, and each increase of
one unit in these indicators increased by approximately

2% the probability of elderly men presenting high blood
pressure.

After regression analysis indicated that BMI and
BAI were the anthropometric indicators of obesity most

Table 1 Descriptive characteristics of the sample according to sex. Lafaiete Coutinho-BA, Brazil, 2011

Variables Total Females Males P-value

Age (years) 73.0 � 15.0 74.0 � 14.0 73.0 � 14.0 0.191
Literacy and illiteracy (%)

Yes 33.2 27.7 39.9 0.031
No 66.8 72.3 60.1

Smoker (%)
Current 11.1 4.0 19.7 < 0.001
Former 46.7 36.4 59.2
Never 42.2 59.6 21.1

Alcohol consumption (%)
1 or + day/week 8.6 3.5 14.8 < 0.001
< 1 day/week 91.4 96.5 85.2

Physical activity (%)
Insufficiently active 47.7 47.3 48.2 0.967
Active 52.3 52.7 51.8

High blood pressure (%)
Yes 83.7 87.0 79.6 0.112
No 16.3 13.0 20.4

BMI (kg/m2) 24.5 � 4.7 25.3 � 4.9 23.7 � 4.1 0.003
Waist circumference (cm) 91.8 � 18.2 94.3 � 17.9 89.3 � 18.2 < 0.001
WHR 0.97 � 0.08 0.98 � 0.08 0.97 � 0.09 0.073
WSR 0.59 � 0.12 0.63 � 0.13 0.55 � 0.08 < 0.001
Conicity index 1.37 � 0.14 1.42 � 0.12 1.32 � 0.12 < 0.001
BAI 30.6 � 9.56 35.0 � 8.8 26.5 � 4.7 < 0.001

Values are expressed as median � interquartile range or percentage, except for BMI, which is expressed as mean � standard deviation.

BAI, body adiposity index; BMI, body mass index; WHR, waist hip ratio; WSR, waist stature ratio.

Table 2 Prevalence ratios for high blood pressure with increasing obesity indicators in the elderly. Lafaiete Coutinho, Bahia, Brazil, 2011

Variables Females Males

PR† 95%CI P-value PR† 95%CI P-value

BMI (kg/m2) 1.017 1.006–1.029 0.003 1.021 1.001–1.041 0.040
Waist circumference (cm) 1.005 1.001–1.009 0.023 1.000 0.992–1.008 0.989
WHR 0.928 0.337–2.557 0.885 0.639 0.221–1.847 0.408
WSR 1.913 1.058–3.460 0.032 1.077 0.271–4.279 0.917
Conicity index 0.974 0.636–1.493 0.905 0.634 0.293–1.372 0.247
BAI 1.010 1.002–1.018 0.016 1.020 1.001–1.040 0.049

† Adjusted for age, literacy and illiteracy, smoking, alcohol consumption and physical activity. PR, prevalence ratio; 95%CI, confidence

interval 95%; BMI, body mass index; WHR, waist hip ratio; WSR, waist stature ratio; BAI, body adiposity index.
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associated with high blood pressure in both sexes, it was
decided to proceed with the ROC curve analysis to iden-
tify, among the two, which best discriminates high blood
pressure.

The comparison of AUC between BMI and BAI in
males and females can be observed in Figures 1 and 2,
respectively. There was no statistical difference in the
percentage of AUC between the indicators.

The sensitivity and specificity for the BMI and the BAI,
and their respective cut-off points are presented in

Table 3. In both sexes, BMI showed high specificity and
low sensitivity values. The BAI has obtained high sensitiv-
ity and moderate specificity for discriminating high blood
pressure.

DISCUSSION
To our knowledge, this is the first known, home-based
epidemiological study of the population, conducted so as
to comparatively investigate the predictive and discrimi-
natory capacity of all anthropometric indicators of obesity
to high blood pressure in the elderly.

The results of this study showed that BMI and BAI are
the best predictive indicators for high blood pressure in
the elderly of both sexes, regardless of other factors
such as age, smoking, alcohol consumption and physical
activity. Furthermore, the parameters of the ROC curve
showed that these two indicators appeared to have dif-
ferent qualities. The BMI has a higher specificity and the
BAI has greater sensitivity to discrimination of elderly
with high blood pressure. This finding suggests that the
use of two indicators simultaneously can result in greater
efficiency in assessing the risk of hypertension in the
elderly.

Our findings are consistent with those of a study con-
ducted in India with adult men (� 61 years), which used
a similar method and analysis, and also identified BMI as
the indicator most closely associated with blood pressure
elevation.18 However, because it is a recently proposed
indicator, we found no studies using the BAI to allow
comparison with this study.

The literature has few references to comparative evalu-
ations between anthropometric indexes and hypertension
in the elderly, and the results are not consistent. Most
existing studies3,5,6,19 assessed anthropometric indicators
as categorical variables based on cut-off points established
internationally or created from the samples themselves.

Some of these studies showed BMI as the indicator
most strongly associated with hypertension6,19 whereas
others have shown that the combination of BMI and waist
circumference may provide better support for research of
cardiovascular disease.20,21 Research conducted with the
elderly population of Cuba and Barbados5 showed that
BMI was not associated with self-reported hypertension in
the elderly Bridgetown/Barbados and that, despite being
related to the outcome in the elderly in Havana/Cuba,
was not the best predictor for males.

Although it is important to take precaution in the use
of comparisons, because of methodological differences

Figure 1. Areas under the receiver operating characteristic curves of

anthropometric indicators of obesity and high blood pressure in elderly

individuals (females). Lafaiete Coutinho, Bahia, Brazil, 2011. BAI,

body adiposity index; BMI, body mass index. ( ) BMI; ( ) BAI.

Figure 2. Areas under the receiver operating characteristic curves of

anthropometric indicators of obesity and high blood pressure in elderly

individuals (males). Lafaiete Coutinho, Bahia, Brazil, 2011. BAI, body

adiposity index; BMI, body mass index. ( ) BMI; ( ) BAI.
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between studies, the evidence suggests that the relation-
ship of anthropometric indicators of obesity with high
blood pressure can vary depending on the sociocultural,
economic and environmental context and be influenced
by genetic variability populations. This reinforces the
need to test the predictive ability of anthropometric indi-
cators in specific populations.

The parameters of the ROC curve indicated that the
cut-off points with better sensitivity and specificity for
diagnosis of high blood pressure varied between the sexes,
both for BMI and for the BAI, both of which were higher
in women. This suggests that the use of a universal cut-off
point for assessing cardiovascular risk in elderly men and
women may be inadequate.

The discussion about the best cut-off points of BMI for
cardiovascular risk in the elderly is controversial and there
is no consensus in literature. The World Health Organi-
zation (WHO)22 has no specific cut-off points for the
elderly and recommends values > 24.99 kg/m2 as indica-
tive of excess weight for adults while acknowledging that
different cut-off points above or below can be used. The
Nutrition Screening Initiative23 suggests, specifically for
the elderly, values > 27 kg/m2, the cut-off point adopted
in Brazil by the Ministry of Health for monitoring food
and nutrition.24 The Pan American Health Organization25

has used the value of BMI � 28 kg/m2 for excess weight
individuals aged � 60 years. The results of this study
indicate that the best cut-off point of BMI to demarcate
high blood pressure in women (27.3 kg/m2) resembles
the recommendation of the Nutrition Screening Initiative.
The best cut-off point for men (24.7 kg/m2) is similar to
that recommended by the WHO.

Some considerations must be made in relation to the
BAI. Although this indicator has been proposed as a
parameter that reflects the percentage of corporal fat,7

until now, specific cut-off points for highlighting health

risks have not yet been proposed. In addition, the BAI was
developed based on a population study involving individu-
als 18–67 years and was validated in another population
aged 20–50 years. Thus, one must be cautious about its
use in elderly populations.

This study has limitations inherent to cross-sectional
design, which somewhat limits established causal rela-
tionship between obesity and high blood pressure.
Another limiting factor is the fact that blood pressure has
been observed during a given period of time, making it
impossible to determine the diagnosis of hypertension
because a number of factors, extrinsic and intrinsic, can
cause momentary peaks but no sustained arterial pres-
sure.13 However, the use of information on a medication
for hypertension helped minimize bias, as individuals
who use this type of product usually has the medical
diagnosis of the disease. In addition, blood pressure
measurements were performed following all the techni-
cal parameters established by the national guidelines13

and used the validated automatic monitor26 to reduce the
chances of human error and obtain more accurate and
precise measurements.

According to the results of this study we conclude that
(i) the BMI and the BAI were anthropometric indicators
of obesity most strongly associated with high blood pres-
sure in the population studied and (ii) the BMI had better
specificity and the BAI showed better sensitivity in dis-
criminating against high blood pressure. These findings
demonstrate that both the BMI and the BAI can be used
as screening tools for high blood pressure in the elderly.
However, it is believed that the use of both, all together,
may provide a better indication of cardiovascular risk.
As BMI and BAI are derived from easily obtainable
anthropometric measures (procedures quick and low
cost), both stand as important information for clinical
practice and health surveillance of elderly populations.

Table 3 Cut-off points, sensitivity and specificity of anthropometric indicators of obesity as discriminators of high blood pressure in the

elderly. Lafaiete Coutinho, Bahia, Brazil, 2011

Variables Females Males

Cut-off points Sen Spec Cut-off points Sen Spec

BMI (kg/m2) 27.3 35.9 95.2 24.7 39.3 82.1
BAI 31.8 75.9 57.1 25.3 74.8 53.6

BAI, body adiposity index; BMI, body mass index; Sen, sensitivity; Spec, specificity.
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These results should be viewed with caution for use in
populations with characteristics differing from those in the
present study and raise the need for further studies
in the elderly with different characteristics.
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