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Abstract
We aimed to estimate the association of BMI and risk of systemic hypertension in African-
American females aged 65 years and older. In this retrospective, cross-sectional study, medical
charts were randomly reviewed after obtaining institutional review board approval and data
collection was conducted for height, weight, BMI, age, ethnicity, gender, and hypertension. A
multivariable logistic regression analysis was performed. The mean BMI was significantly higher
in hypertensive subjects than normotensives (30.3 vs. 29 kg/m2; P = 0.003). A higher proportion
of hypertensive subjects had a BMI >23 kg/m2 as compared to normotensives (88.9% vs. 83.5%;
P = 0.023). When the log odds of having a history of hypertension was plotted against BMI as a
continuous variable, we found that the odds showed an increasing trend with increasing BMI and a
steep increase after a BMI of 23 kg/m2. When BMI was analyzed as a categorical variable, a BMI
of 23–30 kg/m2 was found to have an odds ratio of 1.43 (95% confidence interval 1.01–2.13; P =
0.05) and a BMI of >30 kg/m2 had an odds ratio of 1.76 (95% confidence interval 1.17–2.65; P =
0.007) when compared to a BMI of <23 kg/m2. This association remained significant in both
univariate and multivariate analysis. We conclude that BMI is an independent predictor of
hypertension in elderly African-American females. Our results indicate that the risk of
hypertension increased significantly at BMI of >23 kg/m2 in this ethnic group. Weight reduction
to a greater extent than previously indicated could play an integral role in prevention and control
of high blood pressure in this particular population.

INTRODUCTION
Obesity is designated as a major risk factor for the development of various cardiovascular
(CV) diseases by the American Heart Association (1). According to the 2007–2008 National
Health and Nutritional Health Examination Survey (NHANES), 68% of US adults are
overweight or obese (2). The percentage of obesity among adults 20–74 years of age has
more than doubled from 1976–1980 to 2007–2008, increasing from 15 to 33.8% (2,3).
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Obesity accounts for 2–6% of total health-care costs in several developed countries; some
estimates put the figure as high as 7%. The true costs are undoubtedly much greater as not
all obesity-related conditions are included in these calculations. In the United States, $147
billions are spent on obesity each year (4).

Various anthropometric indexes such as BMI, waist or hip circumference, and waist-to-hip
ratio have been implicated to estimate the CV risks (5–11). Obesity significantly raises risks
for many fatal and morbid diseases including but not limited to hypertension, diabetes
mellitus, coronary artery disease, depression, dyslipidemias, and various cancers. CV
disease is the leading cause of mortality in the elderly population (12), with comparatively
higher incidence and prevalence observed in overweight and/or obese African-American
population (13). The age-adjusted death rate in African Americans exceeds the white people
for ischemic heart disease and stroke, which continues to be the leading cause of death
among the African-American population (14). About 50% of the African-American females
>60 year of age are obese (2). Studies have demonstrated an increased CV risk in people
with higher BMI, especially in elderly populations (15,16) Obesity has been shown to be
associated with increased arterial stiffness, which contributes to systemic hypertension and
increases the incidence and prevalence of this disease in the general population.

The World Health Organization (WHO) defines overweight and obesity as a BMI range of
25–29.9 and ≥30 kg/m2, respectively. These values were obtained from the BMI and
mortality associations in European populations, which were J-shaped with the nadir of the
curve between 18.5 and 25 kg/m2 (16–19). Similar finding were observed in Asian
populations (20,21). These cutoffs have since been used as a standard in different
populations and ethnic groups with the assumption that different ethnic groups have similar
mortality and morbidity risk at these BMI cutoffs. However, controversy regarding the
optimal BMI range in various ethnic populations still exists. It is translating into a much
bigger problem in elderly population complicated by the phenomenon of sarcopenic obesity
(22). Wannamethee et al. concluded that the current BMI cutoffs were appropriate when
used to predict CV risk in 4,232 elderly men across 24 British towns (23). In contrast,
certain recent studies conducted in Asian populations showed that Asians have a higher
prevalence of CV disease, increased risk for diabetes mellitus, systemic hypertension,
dyslipidemias, and albuminuria at comparatively lower BMI values (21,24,25). These
phenomena could be explained, in part, by the findings demonstrating that Asian people
have lower BMI values but higher body fat percentage than the white or other ethnic groups
(26). For this reason, a WHO international task force has recommended overweight status
for these populations at BMI of ≥23 kg/m2 (27). However, these studies and
recommendations are limited to the Asian population.

Since the change in stratification parameters to define overweight and/or obesity in the
Asian population, application of standardized cutoffs in other ethnicities are at risk of being
rendered obsolete and requires further investigation. The higher prevalence of obesity in the
elderly African-American female population and a higher CV mortality in this population
led us to evaluate the relationship in this ethnic group. The primary objective of our study
was to examine the association of BMI and hypertension in African-American females ≥65
years of age. The secondary end point was to determine specific BMI cutoff values as a
predictor of hypertension in this ethnic population. Our study is unique as it evaluated the
relationship between BMI and hypertension in an elderly African-American female
population.
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METHODS AND PROCEDURES
Study design

This is a retrospective, cross-sectional study. The St Luke’s Roosevelt Hospital Center
institutional review board approved the study.

Subject selection
The study population consisted of 962 African-American females of age 65 years or above.
These patients were selected by reviewing consecutive medical records from the New York
Obesity Research Center.

Data collection
The data for this study were collected from the New York Obesity Research Center at St
Luke’s Roosevelt Hospital Center, affiliated with Columbia University (New York, NY).
Medical charts were reviewed after obtaining institutional review board approval and data
pertaining to height, weight, BMI, age, ethnicity, gender, and hypertension for the period of
January 1998–July 2008 were collected. After screening based on ethnicity (i.e., African-
American female population), 631 patients were found to have high blood pressure
(diagnosed systemic hypertension and/or use of antihypertensive medications) and 331
patients were without high blood pressure.

Definitions
Height of the patient was measured with a standard stadiometer, while patient was wearing a
thin pair of socks and the weight was measured with a standard electric beam scale. BMI
was calculated as weight in kg divided by height in m2 (kg/m2). WHO criteria was used for
definitions pertaining to body weight ranges. Normal weight was defined as BMI of 20–24.9
kg/m2, overweight as BMI of 25–29.9 kg/m2, obesity as BMI of ≥30 kg/m2, and morbid
obesity as BMI ≥40 kg/m2.

Hypertension was defined as (i) previous diagnosis of hypertension, (ii) blood pressure ≥140
mm Hg systolic or 90 mm Hg diastolic on at least two occasions, or (iii) use of
antihypertensive pharmacological therapy. The data for defining a patient as a hypertensive
or not was collected after careful review of the patient charts and examination reports.

History of diabetes mellitus was defined as (i) previous diagnosis of type 2 diabetes mellitus
and/or (ii) use of antidiabetic medications.

Active smoking was defined as smoking within the previous 1 month. In our study, there
were only a few subjects who were active smokers (23 hypertensive and 9 normotensive
subjects).

Corticosteroid use was defined as daily use of corticosteroid therapy for any medical
condition for a duration >3 weeks during the last 6 months.

Statistical analysis
BMI was analyzed both as a continuous and categorical variable. Differences in the mean
BMI between hypertensive and nonhypertensive participants were analyzed using the
Student t-test. For differences in the proportions in each BMI category between the two
groups, the χ2-test was used. Odds ratios and 95% confidence intervals for the associations
between explanatory variables and a history of hypertension were estimated using
multivariable logistic regression models. P values <0.05 were considered to be statistically
significant. The association of hypertension and BMI was also graphed using the odds of
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hypertension and BMI as continuous variables and specific cutpoints were derived from the
graph. Estimates for the association between the primary explanatory variable of interest
(BMI) and a history of hypertension were adjusted in multivariate models that included
potential confounding covariates that were statistically significant in univariate logistic
regression or which were significant components of the confounding pathway. The
inflection point for the incremental increase in odds for hypertension was derived from the
figure and then different cutpoints were analyzed until the starting point for the increased
risk was estimated. BMI as a continuous and as a categorical variable was included in
different models. Thus the categories were designated to be <23, 23–30, and >30 kg/m2 and
the odds were found to be 1.43 for 23–30 kg/m2 and 1.76, respectively when compared to a
BMI of <23 kg/m2 which was statistically significant (Figure 1). These confounders
included a history of diabetes mellitus, history of smoking, history of corticosteroid use. The
association of hypertension and interactions between the confounders were also assessed.
Statistical analysis was performed using STATA version 10 software package (STATA,
College Station, TX).

RESULTS
Out of a total of 962 subjects, 631 (65%) had a history of hypertension, while 331 (35%) did
not. The baseline characteristics of the subjects are shown in Table 1. Subjects with a history
of hypertension were found to have a higher prevalence of diabetes mellitus (25.8% vs.
12.5%; P < 0.001) as compared to those without a history of hypertension.

Out of the 631 hypertensive patients, 219 (34.7%), 50 (7.9%), 38 (6%), and 33 (5.2%) were
on angiotensin-converting enzyme inhibitor (ACE-I), diuretic, β-blocker (BB) and calcium
channel blocker (CCB) monotherapy, respectively. Dual therapy included 34 (5.4%) on an
ACE-I and diuretic, 24 (3.8%) on an ACE-I and BB, 24 (3.8%) on a BB and diuretic, 129
(20.4%) on ACE-I and CCB, 7 (1.1%) on CCB and diuretic, and 6 (0.9%) on a BB and CCB
combination therapy. A total of 62 (9%) were on three antihypertensive agents of which 50
(7.9%) were on a CCB: ACE-I: diuretic regimen and 12 (1.9%) were on a BB: ACE-I:
diuretic regimen. Only five (0.8%) were on other anti-hypertensive agents. The mean BMI
was not significantly higher in patients on BB (n = 104) when compared to those on other
antihypertensive medications (31 vs. 30 kg/m2, P = 0.16).

The distribution of the BMI of subjects is shown in Table 2. Subjects with a history of
hypertension had higher mean BMI as compared to those without (30.3 kg/m2 vs. 29 kg/m2;
P = 0.003). The proportion of subjects in the overweight and obese categories was also
significantly higher in hypertensive subjects compared to nonhypertensive subjects (45% vs.
37%; P = 0.023).

When a multivariable logistic regression analysis was done with hypertension as the
independent variable, we see that the odds ratio for hypertension increases exponentially for
every 1 kg/m2 increase after a BMI of 23 kg/m2, when BMI was analyzed as a continuous
variable (Table 3 and Figure 1). The association remained constant even after adjusting for
confounding factors including smoking, diabetes, and corticosteroid use. An interesting
observation was a steep increase in the odds for hypertension after a BMI of 23 kg/m2.
Though we observed an increase in odds of hypertension with BMI ≤18 kg/m2, this was not
statistically significant (P = 0.85), as shown in Figure 1.

When BMI was analyzed as a categorical variable (Table 3), a BMI of 23–30 kg/m2 was
found to have an odds ratio of 1.43 (95% confidence interval 1.01–2.13; P = 0.05) and a
BMI of >30 kg/m2 had an odds ratio of 1.76 (95% confidence interval 1.17–2.65; P = 0.007)
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when compared to a BMI of <23 kg/m2. This association remained significant even after
adjusting for confounding factors.

DISCUSSION
Our study is unique in evaluating the relationship between BMI and hypertension in an
elderly African-American female population in the United States. The prevalence of
hypertension increases with increase in BMI, which corresponds with previous studies
pointing to a positive relationship between BMI and hypertension in various ethnic
populations (13). The higher prevalence of hypertension may be secondary to the fact that
African Americans have been shown to have a high blood pressure compared to other ethnic
populations, with the additive effect of the postmenopausal status in this specific cohort. The
relative risk of being hypertensive as assessed by odds ratio was significantly higher with a
higher BMI and concomitant diabetes mellitus, which was constant in the multivariate
analysis.

We observed a novel yet robust finding when the curves were plotted for the log odds of
hypertension with BMI in this African-American female population (Figure 1). It displayed
a positive association with log odds ratio of hypertension. The steep rise in slope from a
threshold BMI ≥23 kg/m2 demonstrates the significant growth of hypertension risk after this
BMI value (P = 0.001). The results of our study suggest that in elderly African-American
females a BMI <23 kg/m2, which falls into the normal weight category per WHO
classification, should be considered as target BMI to avoid hypertension. The results from
our study conflict with the recommendations of the US Department of Agriculture that
higher weights are accepted and preferred in the elderly (28). It has already been debated
that definitions of ideal body weight in terms of CV risks should be segregated according to
age (29). A recent Danish study by Thinggaard et al. comprised of a patient population with
an age range of 70–95 years has shown increasing mortality with higher BMI in the female
population, which supports our hypothesis (30). Similarly, a 23-year follow-up of 1,723
patients in the Framingham Heart Study showed increased mortality with increasing BMI in
the elderly (31).

The pathophysiology of the relationship between obesity and hypertension is multifactorial.
Obesity is associated with increased arterial stiffness that contributes to hypertension and
increases the incidence and prevalence of this disease in the general population. Arterial
stiffness is strongly associated with obesity at any given age and increased stiffness
augments the risk of CV disease in various populations (32–35). Age is an independent and
powerful determinant of large artery stiffness, so the risk of CV events may increase in the
elderly population secondary to increased obesity-related arterial stiffness. However, there is
limited data related to obesity-associated risk of CV disorders in the elderly. Other
noteworthy explanations of this association include more fat mass in females as compared to
men, an increase in the percent body fat with age in the elderly population (36),
disproportionate distribution of fat and lean body mass in African Americans (37) and
sedentary lifestyle (38). Furthermore, there is a difference in the attitudes and cultural beliefs
toward body weight in addition to the fact that elderly African-American females have a
comparatively lower exercise capacity (39,40).

Our study results strongly suggest a higher risk of systemic hypertension at a BMI of ≥23
kg/m2, which as per WHO classification is rendered as normal BMI. This cutoff for BMI
incidentally is the same as that recommended by the WHO committee for the Asian
population. Of note, we are reporting the association between BMI and hypertension in this
population but the cross-sectional nature of our study does not allow mortality and morbidity
evaluation. In the Nurses Health Study, it has been shown that obesity and progressive
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weight gain with age are associated with increased risks for CV diseases and premature
mortality (41). Similarly, maintaining lower BMI values in elderly AfricanAmericans may
reduce the development of systemic hypertension, which is a critical risk factor for
cerebrovascular accidents and coronary artery disease leading to higher morbidity and
mortality (29). Previously, studies have shown that there exists an “obesity paradox”
wherein people with a higher BMI have comparatively better CV prognosis as compared to
normal weight individuals. However, these studies put an emphasis on “purposeful” weight
reduction that can be achieved by loss of more fat mass as opposed to lean muscle mass,
which lowers mortality. Weight loss also helps in decreasing the risk for CV disease risk
factors (1,42). Our study strikingly demonstrated a higher incidence of hypertension at a
BMI <18.5 kg/m2, Though not statistically significant, the trend is consistent with previous
studies that malnourishment is associated with increased CV mortality (31,43).

However, randomized studies are required to prove whether achieving a BMI <23 kg/m2

would translate into a decreased CV mortality in elderly African-American women.

This study further emphasizes the need of ethnic specific BMI cutoff modifications in
various populations as shown by the proposed changes in the recommendations by WHO
Task Force for the Asian population (27).

Study limitations
There are some limitations in our study, including its cross-sectional nature and lack of
follow-up data. We could not assess the physical activity and dietary habits, including salt
intake, which can influence BMI and hypertension and act as potential confounders. The
data on other anthropometric variables were not available for all the study population and
therefore could not be compared in this study. The population included in our study was
urban females and thus the results may not extrapolate to the general population.
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Figure 1.
Relationship between log odds ratio of hypertension with BMI.
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Table 1

Baseline characteristics of hypertensive and normotensive subjects (N = 962)

Subjects with a history of hypertension (n
= 631)

Subjects without a history of hypertension
(n = 331) P

Age, mean (s.d.) 75 (6.7) 77 (41.3) 0.1292

History of diabetes, n (%) 163 (25.8) 42 (12.5) <0.001

History of smoking, n (%) 23 (3.7) 12 (3.6) 0.960

History of corticosteroid use, n (%) 14 (2.2) 4 (1.2) 0.262

History of oophorectomy, n (%) 92 (14.6) 44 (13.1) 0.539
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Table 2

Distribution of BMI among hypertensive and normotensive subjects (N = 962)

BMIa Subjects with a history of hypertension (n = 631) Subjects without a history of hypertension (n = 331) P

Mean (s.d.) 30.3 29 0.003

≤23 70 (11.09) 55 (16.42) 0.023

23–30 277 (43.90) 153 (45.67) 0.04

>30 284 (45.01) 127 (37.91) 0.023

a
BMI in kg/m2.
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Table 3

Univariate and multivariate analysis of hypertension and BMI

Univariate analysis Multivariate analysis

Odds ratio of hypertension (95% CI) P Odds ratio of hypertension (95% CI) P

BMI 1.03 (1.01–1.05)a 0.004 1.03 (1.01–1.05)a 0.023

History of diabetes 2.43 (1.70–3.52) <0.001 2.33 (1.60–3.38) <0.001

History of smoking 1.02 (0.50–2.07) 0.960 0.92 (0.44–1.91) NS

History of corticosteroid use 1.88 (0.61–5.75) 0.270 1.96 (0.63–6.07) NS

BMI ≤23 1 (Ref) — 1 (Ref) —

BMI 23–30 1.43 (1.01–2.13) 0.05 1.41 (1.01–2.12) 0.05

BMI >30 1.76 (1.17–2.65) 0.007 1.59 (1.05–2.42) 0.028

CI, confidence interval.

a
Rise in odds ratio with rise in BMI of 1 kg/m2.
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