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High Blood Pressure and Obesity Increase the Risk of Abnormal
Glucose Tolerance in Young Adult African Americans
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Higher prevalence of both hypertension and obesity in Afri-
can Americans is associated with a disproportionately
greater burden of cardiovascular diseases in this ethnic
group. The purpose of this study was to examine whether
there is an interaction between hypertension and obesity
that significantly increases the expression of metabolic risk
factors for cardiovascular disease. Four groups of young
adult African Americans were recruited based on their
weight and blood pressure (BP). The effects of weight and
BP on metabolic risk factors were analyzed based on data
obtained from 484 patients. Results demonstrated that
high BP and obesity were independently associated with

increased odds of abnormal glucose tolerance, 1.8- and
2.2-fold, respectively. The coexistence of both high BP
and obesity further increased the odds of abnormal glu-
cose tolerance 4-fold. In addition, the geometric mean of
homeostasis model assessment, an estimate of insulin
resistance, increased by 18% with high BP, 60% with
obesity, and 90% with the presence of both high BP and
obesity. Although no statistically significant interaction
between high BP and obesity was detected, the relation-
ships of both high BP and obesity with metabolic risk fac-
tors were clearly additive. J Clin Hypertens (Greenwich).
2011;13:397–403. �2011 Wiley Periodicals, Inc.

Hypertension is a major health problem and a well-
established risk factor for cardiovascular (CV) events.1

Obesity is also a significant public health issue due to
its metabolic burden leading to diabetes mellitus.2

Both hypertension and obesity are prevalent in African
Americans, and the excess rates of these conditions are
parallel with disproportionately greater rates of CV
events in African Americans compared with Cauca-
sians.3 While it has been established that both hyper-
tension and obesity contribute to adverse outcomes,
the extent to which high blood pressure (HBP) con-
tributes to abnormal glucose metabolism and other
metabolic risk factors is less clear. We conducted a
study to examine the relationships of HBP and obesity
with metabolic risk factors in young adult African
Americans prior to clinical manifestation of CV dis-
ease or overt diabetes. The purpose of the study was
to determine whether there is an interaction between
HBP and obesity that significantly increases the expres-
sion of metabolic risk factors for CV disease.

METHODS

Study Population
Healthy young African American adults were recruited
in urban Philadelphia through local advertisements
between 2006 and 2009. Inclusion criteria for enroll-
ment included adults with or without obesity (defined
as body mass index [BMI] �30 kg ⁄ m2) and with or

without HBP (defined as blood pressure [BP]
�130 ⁄ 85 mm Hg or taking any antihypertensive medi-
cations). Exclusion criteria included known secondary
hypertension, diabetes, renal disease, CV disease, auto-
immune disease, thyroid disease, sickle cell disease,
eating disorders, and use of steroids. The study proto-
col was approved by the institutional review board of
Thomas Jefferson University. Written informed con-
sent was obtained from each participant at enrollment.

Study Procedures
Each participant was given instructions to collect a
timed overnight urine sample on the morning of the
visit to the clinical research center. Data on health sta-
tus, medication use, and health-related behaviors were
obtained by self-report of each participant. Clinical
assessments were obtained from all participants upon
their arrival to the research center in the early morn-
ing, including BP and anthropometric measurements
(height, weight, and waist circumference). BP measure-
ments were obtained from each patient following a
10-minute rest period in a seated position using aus-
cultation with an aneroid sphygmomanometer. The
average of 4 separate measurements of systolic BP
(SBP) and diastolic BP (DBP) was used as the BP value
for each participant. BMI was calculated as weight
(kg) divided by height squared (m2).

An oral glucose tolerance test (OGTT) was con-
ducted after a 12-hour overnight fast. A fasting blood
sample was obtained for plasma glucose, insulin, and
lipids. Following the ingestion of 75 g of glucose solu-
tion (Glucola; Ames Diagnostics, Elkhart, IN), blood
samples were then obtained at 30, 60, and 120 min-
utes post-ingestion and assayed for plasma glucose and
insulin concentrations. Plasma glucose concentration
was analyzed with the glucose oxidase technique (YS
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Model 27; Glucostat, Yellow Springs, OH). Plasma
insulin concentration was determined with a solid
phase radioimmunoassay (RIA) (Coat-a-Count; Diag-
nostic Products Corp, Los Angeles, CA). Coefficients
of variation for intra-assay and inter-assay variability
for glucose and insulin assays were <5%. Insulin resis-
tance was estimated using the homeostasis model
assessment of insulin resistance (HOMA).4 Fasting lip-
ids including total cholesterol, low-density lipoprotein
(LDL), high-density lipoprotein (HDL), and triglyce-
rides were measured using the Hitachi 704 standard
enzymatic method in the Lipid Laboratory of Thomas
Jefferson University. Urine albumin excretion (UAE)
was measured by ELISA (Exocell, Philadelphia, PA)
and corrected for creatinine (mg ⁄ g cr). These assays
were highly reliable, with a consistently low coefficient
of variation (<5%).

Statistical Analyses
HBP was defined as SBP �130 mm Hg or DBP
�85 mm Hg or being on any antihypertensive medica-
tion, while normal BP (NBP) was defined as BP
<130 ⁄ 85 mm Hg and not on any antihypertensive
medication. Patients were stratified into 4 different
groups based on BMI and BP status: nonobese normal
BP (N-NBP), nonobese HBP (N-HBP), obese normal
BP (O-NBP), and obese HBP (O-HBP). Obese was
defined as BMI �30 kg ⁄ m2 while nonobese includes
both overweight (BMI 25 kg ⁄ m2 to <30 kg ⁄ m2) and
normal weight (BMI <25 kg ⁄ m2). Glucose tolerance
status was determined using fasting and 2-hour OGTT
glucose values: normal glucose tolerance was defined
as fasting blood glucose <100 mg ⁄ dL and 2-hour
post-OGTT glucose <140 mg ⁄ dL; impaired glucose
tolerance was defined as fasting blood glucose 100
mg ⁄ dL to 125 mg ⁄ dL or 2-hour glucose of 140 mg ⁄ dL
to 199 mg ⁄ dL; and diabetic was defined as fasting
blood glucose >125 mg ⁄ dL or 2-hour post-OGTT glu-
cose >199 mg ⁄ dL. The term abnormal glucose toler-
ance included both impaired glucose tolerance and
diabetes (based on OGTT results). The metabolic syn-
drome was defined as having any 3 of the following 5
criteria: waist circumference �102 cm for men or
�88 cm for women; BP �130 ⁄ 85 mm Hg or taking
antihypertensive medication; HDL <40 mg ⁄ dL for
men or <50 mg ⁄ dL for women; triglycerides �150
mg ⁄ dL; fasting glucose �110 mg ⁄ dL.5

Statistical Modeling
Categoric variables available for analysis included glu-
cose tolerance (normal vs abnormal glucose tolerance),
sex, obesity, HBP, alcohol consumption (response to
‘‘do you drink alcohol? yes or no’’) and smoking sta-
tus (response to ‘‘do you smoke cigarettes? yes or
no’’). Continuous variables included age, HDL, LDL,
triglycerides, and HOMA. Due to skewed distribu-
tions, triglyceride and HOMA data were log-trans-
formed for statistical analysis. The central tendency
and dispersion of these two variables were summarized

for each BMI-BP group by geometric means and the
first and third quartiles on their original scales. All
other continuous variables were summarized by arith-
metic means and standard deviations. Similarly, counts
and percentages were tabulated for the categoric vari-
ables. Unadjusted analysis of variance (ANOVA) F
tests for differences in means across the BMI-BP
groups were conducted for continuous variables, and
Fisher exact tests were conducted for detecting depen-
dencies between categoric variables and BMI-BP
group.

The dependent variables investigated for association
with obesity and HBP were glucose tolerance status,
HDL, LDL, triglycerides, and HOMA. Abnormal glu-
cose tolerance was modeled by logistic regression
and HDL and LDL were modeled by linear regression.
Triglycerides and HOMA were modeled by linear
regression after log-transformation. The regression
parameter estimates for these two variables were sub-
sequently anti–log-transformed back to the original
scale and presented as geometric mean ratios (GMRs).
Each model was adjusted for age, sex, smoking, and
alcohol consumption. The results are presented for
obesity, HBP, or both conditions by linear contrast in
terms of odds ratios (glucose tolerance), expected dif-
ferences (HDL and LDL), and expected GMRs (trigly-
cerides and HOMA) with 95% confidence intervals
(CIs). The significance of an interaction term between
obesity and HBP was tested by a one degree of free-
dom likelihood ratio test for each dependent variable
model. Diuretic use was introduced into models to
determine whether it was significantly related to the
risk factors. The significance level for all tests was set
at a=0.05.

RESULTS
A total of 505 young adult African Americans were
enrolled into the study. Twenty-one participants were
removed from data analysis for either incomplete data
(n=10), inability to verify reported antihypertensive
medication use (n=7), or suspected renal disease based
on albuminuria �300 mg ⁄ gm creatinine and ⁄ or serum
creatinine �1.5 mg ⁄ dL (n=4). Data analysis was con-
ducted for 484 study participants with complete data.
These participants were stratified into 4 groups based
on their BMI and BP status: N-NBP, N-HBP, O-NBP,
and O-HBP. As shown in Table I, four groups were
clearly separated by BMI and BP according to the
study protocol. More women were stratified to the
obese groups (O-NBP and O-HBP) while more men
were stratified to the nonobese groups (N-NBP and N-
HBP). Although no known diabetics were enrolled in
the study, based on the results of the OGTT, 9% of
participants were found to be diabetic and 29% met
criteria for impaired glucose tolerance. Three percent
of participants in the N-NBP group were found to be
diabetic, and 9% to 13% of participants in the
remaining groups (N-HBP, O-NBP, O-HBP) were
found to be diabetic. Compared with the N-NBP
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group, the N-HBP and O-NBP groups had higher but
comparable percentages (40%–41%) of abnormal glu-
cose tolerance (impaired and diabetic), and the O-HBP
group had the highest percentage (54%) of abnormal
glucose tolerance. More than two thirds of partici-
pants in HBP groups (N-HBP and O-HBP) reported
taking antihypertensive medications. The percentages
of participants who reported a positive family history
of diabetes ranged from 27% to 37% across the 4
groups, and there was no statistically significant differ-
ence among the 4 groups.

Table II lists the CV risk factor parameters within each
of the 4 groups. Patients in 2 HBP groups (N-HBP and O-
HBP) were somewhat older than those in the NBP groups
(N-NBP and O-NBP). Mean fasting glucose was lowest
in the N-NBP group (97.1 mg ⁄ dL), intermediate in the
N-HBP group (102.5 mg ⁄ dL), and highest in the obese
groups (107.8 mg ⁄ dL for O-NBP and 107.3 mg ⁄ dL for
O-HBP). Mean levels of fasting insulin, HDL, LDL, tri-
glycerides, and HOMA differed across BMI-BP grouping
(P<.01 for each). Compared with the N-NBP group, the
N-HBP, O-NBP, and O-HBP groups had progressively
higher mean fasting insulin levels. Obese groups (O-NBP
and O-HBP) had lower mean HDL levels and higher
mean LDL levels compared with the nonobese groups
(N-NBP and N-HBP). Mean triglyceride levels were
higher in the HBP groups (N-HBP and O-HBP) compared
with the NBP groups. Compared with the N-NBP group,

the N-HBP, O-NBP, and O-HBP groups had progres-
sively greater insulin resistance measured by HOMA.

We then stratified the entire cohort according to
BMI status. Table III provides the participant charac-
teristics for men and women separately according to 4
BMI categories representing normal weight, over-
weight, obese, and severely obese. The results demon-
strated a clear increase in prevalence of abnormal
glucose tolerance (impaired and diabetic) with each
increment in BMI category in men. In women, the
trend was less clear, and the sample size of women in
the normal BMI subgroup was smaller. There was a
progressive increase in prevalence of metabolic syn-
drome with increasing BMI category among both men
and women (0%–53% for men and 6%–44% for
women).

We detected no statistically significant interaction
terms between obesity and HBP in models with main
effects adjusted for age, sex, smoking, and alcohol con-
sumption. The P values from the likelihood ratio tests for
these terms were .17 (glucose tolerance), .94 (HDL), .66
(LDL), .43 (triglyceride), and .73 (HOMA). Therefore,
the interaction terms were removed from the final mod-
els. The association estimates for obesity and HBP with
metabolic risk factors are summarized in Table IV.
Obesity was associated with a 2.2-fold increase in the
odds of having abnormal glucose tolerance (odds ratio,
2.22; 95% CI, 1.47–3.34) while HBP was associated
with a 1.8-fold increase in the odds (odds ratio, 1.84;
95% CI, 1.23–2.74). When both obesity and HBP were
present, the odds of having abnormal glucose tolerance
increased by 4.1-fold (odds ratio, 4.07; 95% CI, 2.29–
7.23). The Figure provides a graphic depiction of the
association between abnormal glucose tolerance and
obesity, HBP, or both. Obesity was associated with sig-
nificantly lower HDL levels ()5.68 mg ⁄ dL; 95% CI,
)8.37 to )2.99) and higher LDL levels (8.78 mg ⁄ dL;
95% CI, 3.41–14.15), but no significant increase in tri-
glyceride levels (GMR, 1.08; 95% CI, 0.99–1.18). HBP
was associated with significantly higher triglyceride lev-
els (GMR, 1.21; 95% CI, 1.10–1.32), but no significant
difference in both HDL (0.31 mg ⁄ dL; 95% CI )2.39 to
3.00) and LDL levels ()0.43 mg ⁄ dL; 95% CI, )5.81 to
4.96). Obesity and HBP were both associated with
higher insulin resistance index measured by HOMA
(GMR, 1.60; 95% CI, 1.39–1.86 for obesity and GMR,
1.18; 95% CI, 1.02–1.37 for HBP). We considered the
possibility that diuretic use could contribute to abnormal
glucose tolerance. When diuretic use was added as a vari-
able in the final models, no statistically significant associ-
ations between diuretics and glucose tolerance state,
HDL, LDL, triglycerides, or HOMA were detected.

DISCUSSION
Data from this study demonstrate that both HBP and
obesity are individually associated with an increase in
odds for abnormal glucose tolerance by 1.8- and 2.2-
fold, respectively. The odds for abnormal glucose
tolerance increase 4-fold with coexistence of both

TABLE I. Characteristics of Study Patients

Nonobese ⁄
NBP

(n=121)

Nonobese ⁄
HBP

(n=120)

Obese ⁄
NBP

(n=117)

Obese ⁄
HBP

(n=126) P Valuea

Sex

Female 51 (42) 33 (28) 82 (70) 76 (60) <.01

BMI group

Normal 64 (53) 39 (33) N ⁄ A N ⁄ A <.01

Overweight 57 (47) 81 (68) N ⁄ A N ⁄ A
Obese N ⁄ A N ⁄ A 117 (100) 126 (100)

HTN medication N ⁄ A 78 (65) N ⁄ A 91 (72) <.01

Diuretics N ⁄ A 34 (28) N ⁄ A 40 (32) <.01

Glucose tolerance

Normal 98 (81) 71 (59) 70 (60) 58 (46) <.01

Impaired 19 (16) 38 (32) 32 (27) 53 (42)

Diabetic 4 (3) 11 (9) 15 (13) 15 (12)

Metabolic

syndromeb

1 (1) 25 (21) 22 (19) 78 (62) <.01

Family history of

diabetesc

33 (27) 37 (31) 41 (35) 46 (37) .40

Values are expressed as number (percentage). Abbreviations: BMI,
body mass index; HBP, high blood pressure; HTN, hypertension;
N ⁄ A, not applicable; NBP, normal blood pressure. aFisher exact
test. bMetabolic syndrome is defined as �3 of following: waist
circumference �102 cm (for men), �88 cm (for women); systolic
blood pressure �130 mm Hg or diastolic blood pressure �85 mm
Hg or use of hypertension medications; high-density lipoprotein <40
mg ⁄ dL (for men), <50 mg ⁄ dL (for women); triglycerides �150
mg ⁄ dL; fasting glucose �110 mg ⁄ dL. cFamily history of diabetes:
parent or sibling.
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HBP and obesity. In addition, the geometric mean
of HOMA, an estimate of insulin resistance,
increases by 18% with HBP, 60% with obesity, and
90% with the presence of both HBP and obesity.
Although no statistically significant interaction
between HBP and obesity was detected, the relation-
ships of both conditions with the metabolic risk fac-
tors are clearly additive.

Both obesity and hypertension occur at higher rates
in African Americans and the prevalence continues to
rise.6,7 There are extensive data available on the link
between obesity and abnormal glucose metabolism.8,9

Data that demonstrated improved glucose metabolism
following weight reduction support the causal effect of
obesity on abnormal glucose metabolism.10–12 An
independent association between hypertension and

TABLE II. Cardiovascular Risk Factor Parameters of Study Patients

Parameters, mean (SD)a Nonobese ⁄ NBP (n=121) Nonobese ⁄ HBP (n=120) Obese ⁄ NBP (n=117) Obese ⁄ HBP (n=126) P Valueb

Age, y 35.3 (8.0) 40.3 (6.1) 35.4 (7.8) 39.7 (6.6) <.01

BMI, kg ⁄ m2 24.7 (3.2) 26.2 (2.4) 37.4 (6.7) 37.8 (7.2) <.01

Waist circumference, cm 83.5 (8.6) 88.0 (7.7) 109.8 (15.1) 111.9 (15.8) <.01

BP systolic, mm Hg 111.4 (9.0) 130.7 (17.8) 114.2 (8.7) 130.2 (19.0) <.01

BP diastolic, mm Hg 69.8 (7.8) 83.0 (12.9) 68.9 (8.0) 79.8 (12.3) <.01

Fasting glucose, mg ⁄ dL 97.1 (11.7) 102.5 (13.7) 107.8 (24.3) 107.3 (21.0) <.01

Fasting insulin, lU ⁄ mL 6.5 (7.2) 7.2 (8.4) 9.5 (10.9) 10.9 (8.7) <.01

HDL, mg ⁄ dL 50.2 (14.8) 51.3 (15.2) 44.8 (14.1) 45.6 (14.0) <.01

LDL, mg ⁄ dL 103.8 (30.1) 103.7 (26.7) 114.0 (26.8) 112.5 (31.5) <.01

Triglycerides, mg ⁄ dL 70.6 (39.1) 86.7 (47.3) 74.5 (46.9) 97.0 (54.1) <.01

Total cholesterol, mg ⁄ dL 168.2 (32.9) 172.3 (29.6) 173.2 (30.6) 177.2 (36.0) .24

UAE, mg ⁄ g creatininec 3.8 [1.5, 10.0] 6.0 [1.9, 18.1] 4.8 [2.2, 11.8] 5.8 [2.2, 14.6] .07

HOMAc 1.1 [0.7, 1.6] 1.3 [0.8, 1.7] 1.8 [1.0, 2.9] 2.2 [1.3, 3.7] <.01

Abbreviations: BMI, body mass index; BP, blood pressure; HBP, high blood pressure; HDL, high-density lipoprotein; HOMA, homeostasis model
assessment of insulin resistance; LDL, low-density lipoprotein; NBP, normal blood pressure; UAE, urinary albumin excretion. aApplied to all
parameters except for UAE and HOMA. bAnalysis of variance F test. cData natural log-transformed: geometric means with [1st quartile, 3rd quartile]
presented.

TABLE III. Characteristics of Men and Women by Different BMI Groups

Male Patients BMI <25 (n=71) �25 BMI <30 (n=86) �30 BMI <35 (n=45) BMI �35 (n=40) P Valuea

Blood pressure

HBP 31 (44) 56 (65) 25 (56) 25 (63) .05

Hypertension medications 17 (24) 37 (43) 16 (36) 17 (43) .07

Diuretics 6 (8) 17 (20) 6 (13) 9 (23) .12

Glucose tolerance status <.01

Normal 58 (82) 55 (64) 26 (58) 9 (23)

Impaired 10 (14) 27 (31) 15 (33) 20 (50)

Diabetic 3 (4) 4 (5) 4 (9) 11 (28)

Metabolic syndromea 0 (0) 9 (10) 12 (27) 21 (53) <.01

Family history of diabetesb 19 (27) 28 (33) 15 (33) 16 (40) .55

Female Patients BMI <25 (n=32) �25 BMI <30 (n=52) �30 BMI <35 (n=68) BMI �35 (n=90) P Valuec

Blood pressure groups

HBP 8 (25) 25 (48) 34 (50) 42 (47) .10

Hypertension medications 6 (19) 18 (35) 29 (43) 29 (32) .13

Diuretics 2 (6) 9 (17) 12 (18) 13 (14) .46

Glucose tolerance status .06

Normal 21 (66) 35 (67) 48 (71) 45 (50)

Impaired 10 (31) 10 (19) 15 (22) 35 (39)

Diabetic 1 (3) 7 (13) 5 (7) 10 (11)

Metabolic syndromea 2 (6) 15 (29) 27 (40) 40 (44) <.01

Family history of diabetesb 7 (22) 16 (31) 28 (41) 28 (31) .26

Values are expressed as number (percentage). Abbreviations: BMI, body mass index; HBP, high blood pressure. aMetabolic syndrome is defined as
�3 of following: waist circumference �102 cm (men), �88 cm (women); systolic blood pressure �130 mm Hg or diastolic blood pressure �85 mm Hg
or taking hypertension medication; high-density lipoprotein <40 mg ⁄ dL (men), <50 mg ⁄ dL (women); triglycerides �150 mg ⁄ dL; fasting glucose
�110 mg ⁄ dL. bFamily history of diabetes: parent or sibling. cFisher exact test
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abnormal glucose metabolism has also been reported.
Data from the San Antonio Heart Study showed that
baseline hypertension was associated with an increase
in 8-year incidence of impaired glucose tolerance in
both Mexicans and non-Hispanic whites.13 Feskens
and colleagues14 performed a cross-sectional analysis
on longitudinal data obtained over 30 years on the
Finnish and Dutch cohorts of the Seven Countries
Study. These investigators showed that men with dia-
betes and impaired glucose tolerance at the 30-year
follow-up examination had significantly higher SBP
and higher prevalence of hypertension than men with
normal glucose tolerance, and the differences in BP
between the glucose tolerance groups could be seen 5,
20, and 30 years earlier. Brancati and colleagues15 also
reported that higher BP was associated with greater
risk of developing type 2 diabetes in African Ameri-
cans based on analysis of data from the Atherosclero-
sis Risk in Communities Study. A previous study by
our group in a different cohort of young adult African
Americans reported a highly significant inverse correla-
tion of BP and insulin sensitivity quantified by insulin
clamp, and higher BP was associated with abnormal
glucose metabolism.16 The results of our current study
are consistent with previous findings that HBP and

obesity were individually associated with higher risk
of abnormal glucose metabolism. The coexistence of
HBP and obesity increase the risk of abnormal glucose
metabolism further than either condition alone.

Rates of obesity are much higher in African Ameri-
cans than in Caucasians.7 Although the association
between excessive body weight and adverse outcome is
clear, controversy remains on the level of excess body
weight or BMI that confers heightened risk for adverse
outcome. Several studies reported that adverse out-
comes are mostly associated with BMI in excess of
30 kg ⁄ m2, and there has been little or no evidence
of adverse outcomes associated with BMI in the range
of 25 kg ⁄ m2 to 30 kg ⁄ m2.17–20 However, using data
from the National Institutes of Health ⁄ American Asso-
ciation of Retired Persons cohorts, Adams and col-
leagues21 reported that BMI in both the overweight
and obese ranges were associated with higher mortal-
ity in healthy lifetime nonsmokers. When the analyses
were restricted to BMI during midlife (50 years), the
association became stronger, with mortality rates
increasing 20% to 40% in those with BMI from �25
to <30 kg ⁄ m2, and 2- to 3-fold in those with BMI
�30 kg ⁄ m2. Our data from this study on young adult
African Americans demonstrate a progressive increase
in prevalence of abnormal glucose tolerance as BMI
exceeds 25 kg ⁄ m2 in men while the trend was less
clear in women.

Despite their greater rates of CV events, African
Americans appear to have a more favorable lipid pro-
file compared with Caucasians. In both men and
women, mean plasma triglyceride concentration is
reported to be approximately 20 mg ⁄ dL lower in Afri-
can Americans compared with their Caucasian coun-
terparts.22 Our previous study in a different cohort of
young adult African Americans reported a significant
correlation of insulin resistance measured by insulin
clamp with triglyceride level, and this relationship
extended below the triglyceride threshold for meta-
bolic syndrome.23 The association between HBP and
higher triglyceride level has also been reported in pre-
vious studies.23,24 Compared with Caucasians, HDL
levels are higher in African Americans.25 The higher
HDL levels among African Americans can not be

TABLE IV. Estimated Association of Obesity and Hypertension on Metabolic Risk Factors

Obesity HBP Obesity and HBP

Abnormal glucose tolerance, OR (95% CI)a 2.22 (1.47–3.34) 1.84 (1.23–2.74) 4.07 (2.29–7.23)

Expected difference in HDL, mean (95% CI), mg ⁄ dLb )5.68 ()8.37 to )2.99) 0.31 ()2.39 to 3.00) )5.38 ()9.09 to )1.66)

Expected difference in LDL, mean (95% CI), mg ⁄ dLb 8.78 (3.41–14.15) )0.43 ()5.81 to 4.96) 8.35 (0.94–15.77)

Expected relative difference in triglycerides, GMR (95% CI)c 1.08 (0.99–1.18) 1.21 (1.10–1.32) 1.31 (1.16–1.48)

Expected relative difference in HOMA, GMR (95% CI)c 1.60 (1.39–1.86) 1.18 (1.02–1.37) 1.90 (1.55–2.32)

Abbreviations: CI, confidence interval; HDL, high-density lipoprotein; HBP, high blood pressure; HOMA, homeostasis model assessment of insulin
resistance; LDL, low-density lipoprotein. aOdds ratios (ORs) modeled from cumulative odds model increasing levels of glucose tolerance status
(0=normal, 1=impaired ⁄ diabetic). bAdditive regression model coefficients. cThese dependent variable data were natural log-transformed to correct for
skewness in regression models. The results are presented as geometric mean ratios (GMRs) representing multiplicative increases in the dependent
variable (eg, triglycerides) associated with the independent variable (eg, obesity). All models include age, sex, smoking, and alcohol use.

FIGURE. The odds ratio for abnormal glucose tolerance, represented
by the small square, and 95% confidence interval (CI), represented by
the vertical line, is depicted for obesity alone, for high blood pressure
(HBP) alone, and for both obesity and high blood pressure.

Official Journal of the American Society of Hypertension, Inc. The Journal of Clinical Hypertension Vol 13 | No 6 | June 2011 401

Hypertension and Obesity in African Americans | Huan et al.



explained by race differences in BMI or other factors
that have an effect on plasma HDL concentration such
as alcohol intake, physical activity, or smoking.26

Although African Americans appear to have a more
favorable plasma lipid pattern compared with Cauca-
sians and Mexican Americans, it is not clear whether
the lipid patterns in African Americans are protective
or whether the lipid threshold at which risk increases
is at a lower level of triglyceride and higher level of
HDL in African Americans. In our current study of
young adult African Americans, HBP was associated
significantly with higher triglyceride level while obesity
was associated significantly with lower HDL and
higher LDL levels.

Our results confirm previous findings that both
obesity and HBP contribute to the increased risk of
abnormal glucose tolerance. In addition, our results in
this group of young adult African Americans demon-
strate that the effect of obesity and hypertension on
metabolic risk factors start at a young age.

LIMITATIONS
There are some limitations in this study. First is the
cross-sectional design. While the results of our data
analysis suggested an additive relationship for both
HBP and obesity with deterioration of glucose metabo-
lism, these findings represent an association and do
not permit us to draw conclusions on causation. Sec-
ondly, there were more nonobese men with HBP and
more obese women with NBP enrolled in the study.
Although the rates of obesity among African American
men and women in our cohort are consistent with
national data, the lack of sex balance could have
potentially skewed the results. Due to the clinical con-
cern about diuretics on abnormal glucose metabolism,
we conducted analyses to determine whether diuretic
use among hypertensives contributed to the adverse
effect on glucose metabolism. The results of our analy-
sis found that diuretic use did not contribute to the
additive effect of hypertension on abnormal glucose
tolerance. We did not find any effect of antihyperten-
sive medication on abnormal glucose tolerance. Due to
smaller numbers of cases using other classes of medi-
cation and frequent use of combinations of drug clas-
ses, we did not have sufficient power to conduct a
separate analysis for each class of antihypertensive
medication. Finally, all participants in this study were
African American, which limits the generalizability of
the results to other populations.

CONCLUSIONS
Obesity and HBP are both independently associated with
greater prevalence of abnormal glucose metabolism. The
presence of both conditions together was associated with
additive increases in the prevalence or levels of metabolic
risk factors. These results indicate that the high rates of
HBP and obesity in African Americans may place this
ethnic group at a disproportionately high risk for abnor-
mal glucose tolerance and associated CV disease.
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