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OBJECTIVE e examined the association between high blood pressure and incident type 2
diabetes in African Americans and whites aged 35-54 years at baseline.

RESEARCH DESIGN AND METHODS —\We combined data from the Atherosclerosis
Risk in Communities (ARIC) study, the Coronary Artery Risk Development in Young Adults
(CARDIA) study, and the Framingham Heart Study offspring cohort. Overall, 10,893 participants
(57% women; 23% African American) were categorized by baseline blood pressure (normal, pre-
hypertension, hypertension) and examined for incident diabetes (median follow-up 8.9 years).

RESULTS Overall, 14.6% of African Americans and 7.9% of whites developed diabetes. Age-
adjusted incidence was increasingly higher across increasing blood pressure groups (P values for
trend: <0.05 for African American men; <0.001 for other race-sex groups). After adjustment for
age, sex, BMI, fasting glucose, HDL cholesterol, and triglycerides, prehypertension or hyperten-
sion (compared with normal blood pressure) was associated with greater risks of diabetes in
whites (hazard ratio [HR] for prehypertension: 1.32 [95% CI 1.09-1.61]; for hypertension: 1.25
[1.03-1.53]), but not African Americans (HR for prehypertension: 0.86 [0.63-1.17]; for hyper-
tension: 0.92 [0.70-1.21]). HRs for developing diabetes among normotensive, prehypertensive,
and hypertensive African Americans versus normotensive whites were: 2.75, 2.28, and 2.36,
respectively (P values <0.001).

CONCLUSIONS —In African Americans, higher diabetes incidence among hypertensive
individuals may be explained by BMI, fasting glucose, triglyceride, and HDL cholesterol. In
whites, prehypertension and hypertension are associated with greater risk of diabetes, beyond
that explained by other risk factors. African Americans, regardless of blood pressure, have greater
risks of developing diabetes than whites.
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ge, race, and adiposity are well-
established risk factors for type 2
diabetes (1,2). Other cardiometa-
bolic traits such as hypertension, fasting

blood glucose, and lipid levels have also
been identified as independent variables
in clinical predication models (3). Re-
cently, hypertension has further emerged
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as a potential risk factor based on several
longitudinal studies’ findings that higher
blood pressure is associated with in-
creased risk of diabetes (4-9). These stud-
ies, however, all had limitations. Some
relied on self-reported diabetes or blood
pressure (4,5,7). Some were single-sex
studies (4,5,7). All but one had few or
no African American participants
(4,5,7-9). Most also lacked information
on important baseline characteristics,
such as fasting glucose, lipid profile, or
waist circumference, that could confound
the relationship (4-9). It thus still remains
unclear whether hypertension is associated
with diabetes above and beyond known
risk factors. Large longitudinal studies are
needed to further examine this issue, espe-
cially in order to more precisely estimate
the association in African Americans, a pop-
ulation with disproportionate levels of hy-
pertension and diabetes.

We therefore conducted pooled anal-
yses using individual participant-level
data from three large well-characterized
community-based cohort studies in the
U.S. Together, the Atherosclerosis Risk in
Communities (ARIC) study, the Coro-
nary Artery Risk Development in Young
Adults (CARDIA) study, and the Fra-
mingham Heart Study provide a rich
resource to examine whether higher
blood pressure is a risk factor for new-
onset diabetes in middle-aged African
American and white persons in the com-
munity.

RESEARCH DESIGN AND
METHODS ARIC is a longitudinal
study of 15,792 adults aged 45-64 years
at enrollment in 1987-1989 in four com-
munities: Forsyth County, NC; Jackson,
MS (African Americans only); the north-
western suburbs of Minneapolis, MN; and
Washington County, MD. Participants at-
tended three subsequent examinations
approximately every 3 years (1990-
1992; 1993-1995; and 1996-1999).
CARDIA isalongitudinal study inves-
tigating 5,115 African American and
white men and women aged 18-30 years
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at enrollment in 1985-1986 in four com-
munities: Birmingham, AL; Chicago, IL;
Minneapolis, MN; and Oakland, CA. Par-
ticipant recruitment was approximately
balanced on age, sex, race, and education
status at each community. Six subsequent
examinations were conducted (1987-
1988, 1990-1991, 1992-1993, 1995-
1996, 2000-2001, and 2005-2006).

The offspring cohort of the Framing-
ham Heart Study began in 1971-1975, en-
rolling 5,124 offspring and spouses of the
offspring of the Framingham Heart Study’s
original cohort. The offspring cohort par-
ticipants were aged 5—70 years at their first
examination. They were next examined 8
years later and then about every 4 years
through the seventh examination, followed
by the eighth examination approximately
6.5 years later (2005-2008).

Details of these three studies have been
reported elsewhere (10-12). The studies
were approved by their institutional review
boards of the participating institutions. All
participants provided written informed
consent at each examination.

Participants
Initial eligibility criteria for these analyses
included participants aged 35-54 years
old and nondiabetic (defined as fasting
blood glucose <126 mg/dL, and no prior
history of and not on medication for di-
abetes) at their index or “baseline” exam-
ination (as detailed below). This yielded
12,119 participants: 8,170 from ARIC,
2,111 from CARDIA, and 1,838 from
the Framingham Heart Study. Partici-
pants were further excluded if they were
not African American or white (n = 30);
failed to return for follow-up or did not
have at least one follow-up visit to deter-
mine diabetes status (n = 709); or at the
index examination were either pregnant
(n =12), did not fast >8 h (n = 330), or
had missing data on systolic (SBP) or di-
astolic blood pressure (DBP) or any of the
following cardiometabolic traits: fasting
blood glucose, insulin, HDL cholesterol
(HDL-O), or triglycerides, waist circum-
ference, or BMI (n = 232). After these ex-
clusions, 10,893 participants remained
eligible. Those excluded were more likely
to be African American (40.5 vs. 23.4%),
not finished high school (21.1 vs. 12.4%),
have higher SBP (mean 119 vs. 116
mmHg), and prevalence of hypertension
(28.1 vs. 21.5%), consume more alcohol
(mean 4.8 vs. 3.8 drinks/week), and be a
smoker (40.8 vs. 25.2%).

For CARDIA and the Framingham
Heart Study offspring cohort, their fifth

examination cycle (conducted in 1995-
1996 and 1991-1995, respectively) was
considered the index examination, for an
approximate follow-up period of 10 and
14 years, respectively. These were chosen
over prior examinations to ensure a more
contemporary sample while allowing for
sufficient follow-up of approximately 1
decade. Because the most recent ARIC
exam occurred in 1996-1999, its first ex-
amination (conducted in 1987-1989)
was considered the index examination,
for 9 years of follow-up.

Assessment of blood pressure,
covariates, and incident diabetes
Blood pressure was measured with par-
ticipants seated after a 5-minute rest
using a random-zero mercury sphygmo-
manometer in ARIC and CARDIA, and a
standard mercury-column sphygmoma-
nometer in the Framingham Heart Study.
The average of two readings was used.
Three mutually exclusive blood pressure
categories were established: hypertension
was defined if SBP =140 mmHg, DBP
=90 mmHg, or reported use of antihy-
pertensive medication; prehypertension
was defined as not having hypertension,
and SBP 120-139 mmHg or DBP 80-89
mmHg; normal included SBP <120
mmHg and DBP <80 mmHg and not us-
ing antihypertensive medication.

Height, weight, and waist circumfer-
ence were measured with participants in
light clothing. BMI was calculated as
weight in kilograms divided by the square
of height in meters. Waist circumference
was measured at the level of the umbilicus
in ARIC and the Framingham Heart
Study, and at the level of the smallest
waist circumference in CARDIA. Self-
reported information included race, edu-
cation level, parental history of diabetes
(one or both parents with diabetes),
smoking status, alcohol use, and physical
activity. Participants were instructed to
fast overnight before providing blood
specimens for measuring glucose, lipid,
and insulin levels.

Participants were considered to have
incident diabetes if any of the following
was present at a follow-up examination:
fasting blood glucose =126 mg/dL, ca-
sual blood glucose =200 mg/dL, or using
insulin or oral hypoglycemic medication.
Time-to-diabetes was estimated using a
previously described method by Duncan
etal. (13). For cases ascertained based on
blood glucose value, the incident date was
estimated by linear interpolation using
the glucose values at the ascertaining

and previous examinations. For cases as-
certained based on the use of diabetic
medications, the time-to-diabetes was es-
timated by using their fasting glucose at
the earlier visit and a slope estimated us-
ing information from all diabetic subjects
who had been unaware of their status (be-
cause the fasting glucose at ascertainment
for those who were on diabetic medica-
tion may have been affected by their
knowledge of their diabetes status).

Statistical analysis

Baseline characteristics by study were
examined using simple means and pro-
portions. General linear models were
used to compare characteristics by blood
pressure categories after adjustment for
age and sex (regression models for contin-
uous traits and Poisson regression for cate-
gorical traits). In multivariable analyses,
triglycerides were natural-log transformed
because of their skewed distribution.

Diabetes incidence was calculated us-
ing person-years of observation. Age-spe-
cific rates were first calculated and then
weighted to the standard year 2000 U.S.
population to derive age-adjusted inci-
dence rates by race, sex, and blood pres-
sure category. Confidence intervals and
trend tests across blood pressure category
within race and sex groups were estimated
using 2,000 bootstrap resamples. A stan-
dard normal distribution in the rates was
assumed because the bias between the
sample population estimates and the
mean of the bootstrap estimates was less
than 1%.

Proportional hazards models were
fitted to assess the association of blood
pressure category with incident diabetes.
Tests for effect modification by sex were
evaluated in race-specific models that
adjusted for age and sex, whereas effect
modification by race was tested in age-,
race-, and sex-adjusted models. Effect
modification by study was also tested.
Nonproportionality of hazards over time
was tested in race-specific models using
time-dependent covariates for the blood
pressure categories.

For multivariable analyses, Cox pro-
portional hazards models were construc-
ted to calculate the hazard ratio (HR) and
95% Cls to compare incident diabetes
across blood pressure categories, using
normal blood pressure as the reference
group. The base model adjusted for age
and sex. The second model then added
BMI. The third, considered our primary
model, further adjusted for fasting glu-
cose, HDL-C, and triglyceride. Fasting
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glucose was included to account for its
potential confounding effect on blood
pressure and incident diabetes because
its levels were positively associated with
increasing blood pressure categories in
both race groups. The fourth model
included a longer list of cardiometabolic
risk factors by also introducing fasting
insulin and waist circumference. To di-
rectly compare the racial differences in the
association of blood pressure and incident
diabetes, we also combined both races in
multivariable analyses with race-specific
blood pressure categories using normo-
tensive whites as the referent group.
Sensitivity analyses included con-
structing models with additional groups
of covariates or varying the exclusion
criteria. The additional covariates in-
cluded: current smoking, alcohol use, class
of antihypertensive drugs, and physical
activity level, as well as education level and
parental history of diabetes. Finally, be-
cause those with higher blood pressure
also tend to have higher fasting glucose
level, which is a strong predictor of diabe-
tes, we performed separate multivariable
analyses after lowering our exclusion
threshold for baseline fasting glucose to
110 mg/dL from 126 mg/dL (i.e., exclud-
ing individuals with borderline elevated
levels at the index examination).
Antihypertensive medications were
classified into one of four categories:
B-blockers, thiazides, ACE inhibitors or
angiotensin-receptor blockers, or other
single-agent medications. Combination
or multiple medications were sorted into
nonmutually exclusive categories (for ex-
ample, someone taking a B-blocker and
thiazide was included in each of those two
drug classes). Questionnaires assessing
physical activity were not standardized
across studies. Therefore, each study’s
physical activity summary score (sum of
leisure, sport, and work activity scores in
ARIC and CARDIA, and total physical ac-
tivity in kilocalories over the past year in
Framingham) was standardized (mean =
0, SD = 1) for analytic purposes. To
achieve a normal distribution in the Fra-
mingham physical activity score, natural-
log transformation of the original score
was performed. All analyses were per-
formed using SAS 9.1 (Cary, NO).

RESULTS

Baseline characteristics

More than half (57%) were women.
Nearly one-quarter (23.4%) were African
Americans, all from ARIC and CARDIA.

Mean age (SD) in years in CARDIA, ARIC,
and Framingham Heart Study were 37.7
(1.72), 49.9 (3.15), and 47.5 (5.00), re-
spectively (Supplementary Table A). Ta-
ble 1 shows that at baseline, within each
race increasingly higher blood pressure
categories were significantly associated
with lower educational level, HDL-C,
and physical activity scores, as well as
older age, higher fasting glucose, triglyc-
erides and insulin levels, and greater
waist circumference, BMI, and alcohol
consumption. Higher blood pressure
was also associated with higher propor-
tion of men, current smoker, and parental
history of diabetes in whites. Overall,
whites had more favorable profiles in
blood pressure, adiposity, fasting glucose
and insulin levels, prevalence of smoking,
and education, whereas African Ameri-
cans had more favorable lipid levels.

Incident diabetes

During median follow-up of 8.9 years,
14.6% (n = 372; 239 women) of African
Americans and 7.9% (n = 657; 271
women) of whites developed diabetes.
Within each race-sex group, age-adjusted
rates were increasingly higher across
baseline blood pressure categories, with
the incidence lowest in the normal blood
pressure group and highest in the hyper-
tension group (Fig. 1) (P values for trend:
<0.05 for African American men;
<<0.001 for other race-sex groups). The
rates ranged from 2.8 per 1,000 person-
years in normotensive white women to
28.9 per 1,000 person-years in hyperten-
sive African American women.

Multivariable analyses
The assumption of proportionality of haz-
ards was confirmed. Race-stratified multi-
variable analyses were performed because
tests for race-by-blood-pressure-category
interactions were significant (P values-for-
interaction for prehypertension and hyper-
tension: 0.004 and 0.003, respectively).
Within race-specific models, effect modifi-
cation by sex was not present (P values-for-
interaction for prehypertension and
hypertension: 0.68 and 0.92 in African
Americans, and 0.37 and 0.052 in whites,
respectively); therefore, sex-pooled mod-
els were used for all analyses. In models
with interaction terms for study-by-
blood-pressure-category, none of the
terms approached statistical significance
(P=0.194).

The age- and sex-adjusted HR for
diabetes among African Americans (Table
2) with hypertension was 1.95 (95% CI

Wei and Associates

1.50-2.54), using normal blood pressure
group as the referent; the risk was not sig-
nificant for prehypertension (P = 0.23).
After further adjusting for BMI, the diabe-
tes risk associated with hypertension was
attenuated but remained statistically sig-
nificant (HR 1.48 [95% CI 1.13-1.94]);
but when fasting glucose, HDL-C, and tri-
glyceride levels were added, the effect was
further attenuated and there was no
longer a significant association (0.92
[0.70-1.21]).

Among whites (Table 2), after adjust-
ing for age and sex, compared with nor-
mal blood pressure group, hypertension
had a more than threefold increased risk
of developing diabetes (HR 3.26 [95% CI
2.70-3.94]), and prehypertension had a
twofold increased risk (1.99 [1.64-
2.41]). These associations remained sta-
tistically significant, though attenuated,
after also adjusting for BMI, fasting glu-
cose, HDL-C, and triglyceride levels (HR
for prehypertension: 1.32 [95% CI 1.09—
1.61]; for hypertension: 1.25 [1.03-
1.53]).

The race-specific results remained
similar even when the modeling included
additional baseline covariates (first, waist
circumference and fasting insulin; then
also antihypertensive drug class, smok-
ing, alcohol, and physical activity; and
finally also education level and parental
history of diabetes). Statistically signifi-
cant associations between prehyper-
tension or hypertension and incident
diabetes were again observed in whites
only (Supplementary Table B). Of note, in
the multivariable analyses no antihyper-
tensive drug class was significantly asso-
ciated with incident diabetes (results not
shown).

In race-combined primary multivari-
able model (i.e., adjusting for age, sex,
BML, fasting glucose, HDL-C, and triglyc-
eride) using normotensive whites as ref-
erent, the HR (95% CI) for developing
diabetes in normotensive, prehyperten-
sive, and hypertensive African Americans
were 2.75 (2.14-3.53), 2.28 (1.76-2.95),
and 2.36 (1.93-2.90), respectively, and in
prehypertensive and hypertensive whites
were 1.36 (1.12-1.65) and 1.33 (1.10-
1.62), respectively. A similar pattern was
observed after additionally adjusting for
other differences in baseline characteristics:
education, fasting insulin, waist circumfer-
ence, smoking, alcohol, and parental his-
tory of diabetes (results not shown).

When repeating our primary multi-
variable model after lowering the baseline
exclusion glucose cut point to 110 mg/dL
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tions persisted among whites (HR for
1.82]; HR for hypertension: 1.52 [1.17-
1.98]). In African Americans, there was
now a trend toward higher risk of diabetes
in prehypertension group (1.18 [0.80-
1.73]) and a marginally statistically signif-
icant association in hypertension group
(1.44 [1.01-2.05]), which was no longer
significant after additionally adjusting for
fasting insulin and waist circumference
(P value 0.062). In a race-pooled multi-
variable model with baseline glucose
<110 mg/dL and using normotensive

from 126 mg/dL, the significant associa-
prehypertension: 1.42 [95% CI 1.11-

whites as referent, the race-by-blood-
pressure-category interaction terms were

not significant (P values >0.395).

can Americans and whites with higher
blood pressure are more likely to develop
diabetes than those with normal blood
pressure. In African Americans, the

higher incidence of diabetes among hy-
whites, the association of both prehyper-

pertensive individuals may be explained
by concomitantly greater adiposity and
other cardiometabolic risk factors. In
tension and hypertension with incident

CONCLUSIONS —Middle-aged Afri-

diabetes is partially explained by these
and other risk factors. Regardless of base-
line blood pressure status, African Amer-
icans have a greater risk of developing
diabetes than whites.

Only one prior ARIC publication
from a decade ago included substantial
numbers of African Americans when

studying the relationship between blood
pressure and new-onset diabetes; how-
ever, race-specific results were not pre-
sented (6). We found significant race-by-
blood-pressure-category interaction for
incident diabetes in our primary analysis,
thus needing separate analyses by race.

Although after accounting for age- and
sex-differences hypertensive African
Americans were more than twice as likely
to develop diabetes as normotensive Afri-
can Americans, after further adjusting for
baseline BMI, fasting glucose, HDL-C,
and triglyceride levels, the effect size was
greatly attenuated and no longer signifi-

from the San Antonio Heart Study, where
no association between prehypertension
and diabetes was observed in 2,767 Mex-
ican Americans and non-Hispanic white
participants after multivariable analysis

cant. For whites, our finding validates
finding is in contrast to a recent paper

prior reports that high blood pressure
is a risk factor for diabetes (4,5,9). This
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Figure 1—Age-adjusted rate of incident diabetes and 95% CI by baseline blood pressure category, sex, and race. Rate per 1,000 person-years, age-
adjusted to the year 2000 standard population; 95% CI from normal approximation after 2,000 bootstrap samples. P values for trend all race and sex
groups <0.0001, except for African American men, for which P value for trend was 0.0219. Normal blood pressure: SBP <120 and DBP <80 mmHg
and not using antihypertensive medication; prehypertension: not hypertension and SBP 120-139 or DBP 80-89 mmHg; and hypertension: SBP
=140, DBP =90 mmHg, or using antihypertensive medication. HIN, hypertension.

(14). Although their age-, sex-, and race-
adjusted model of prehypertension was
associated with incident diabetes, it was
no longer significant after further adjust-
ing for BMI, impaired glucose tolerance,
insulin resistance and secretion, and fam-
ily history. However, the multivariable-
adjusted odds ratio of incident diabetes
for prehypertension versus normal blood
pressure at 1.42 (95% CI 0.99-2.02) was
comparable to that of our prehypertensive
whites.

African Americans generally have
higher levels of cardiovascular risk factors
than whites except for lipid profile
(15,16). Even after we accounted for these
differences, the racial variation in the as-
sociation between blood pressure and in-
cident diabetes persisted. However, when
lowering the exclusion-criteria threshold
for baseline fasting glucose to 110 mg/dL,
the positive results in whites remained
robust, whereas trends toward positive as-
sociations were newly observed in African
Americans. In a race-pooled model with
this lower exclusion cutpoint and using
normotensive whites as referent, the race-
by-blood pressure-category interaction

terms also became no longer significant.
Taken together, this suggests that the
null association from our primary analyses
of African Americans may have been
largely driven by their higher overall base-
line glucose levels.

Although African Americans are
known to have greater risks of developing
diabetes than whites, potentially modifi-
able factors including obesity, education,
physical inactivity, smoking, alcohol, and
dietary intake have accounted for only
about half of the disparity (2). We further
found that this disparity cannot be ex-
plained by African Americans’ higher
prevalence of prehypertension and hyper-
tension. Even after accounting for racial
differences in several risk factors, their
risk of diabetes remained higher than
whites across all blood pressure catego-
ries. Notably, education is a limited proxy
for socioeconomic status, and other meas-
ures such as income and healthcare access
are needed. Higher fasting insulin levels
may be one potential biological mecha-
nism to explain the excess incidence of
diabetes, though only in nonobese African
American women (17). Future studies

should investigate additional factors such
as insulin sensitivity, inflammation, and
endothelial dysfunction, the pathways of
which, like insulin resistance, are shared
by hypertension and diabetes (13,18-20).

Strengths of the present article in-
clude the large sample size, multiethnic
sample, measured instead of self-reported
blood pressure and blood glucose; and
extensive data on potential confounders.
Limitations should be recognized. First,
as with all observational studies, residual
confounding cannot be ruled out. Sec-
ond, the African American participants
were only from ARIC and CARDIA. In
ARIC, >90% of the African Americans
were recruited from one site (Jackson,
MS). Given the nonoverlapping age-range
between ARIC and CARDIA participants,
we did not test whether African Ameri-
cans differ between these studies. Though
possible that the observed race-and-blood
pressure interaction might have been
confounded by racial differences in geo-
graphical distribution, CARDIA included
balanced biracial cohorts from four other
cities, making this concern less likely.
Third, whether causal relationship exists
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Table 2—HRs for the association of baseline prehypertension and hypertension

with incident diabetes

African American White
HR 95% CI P value HR 95% CI P value
N (events) 2,552 (372) 8,341 (657)
Model 1*
Age (5 years) 1.35 (1.22-1.49) <0.001 1.23 (1.13-1.33) <0.001
Women 1.04 (0.84-1.29) 0.693 0.61 (0.53-0.72) <0.001
Prehypertension 1.20 (0.89-1.63) 0.229 1.99  (1.64-2.41) <0.001
Hypertension 195 (1.50-2.54) <0.001 326 (2.70-3.949  <0.001
Model 21
Age (5 years) 1.40 (1.27-1.55) <0.001 1.27 (1.17-1.38) <0.001
Women 0.84  (0.68-1.05) 0.128 0.62 (0.53-0.72) <0.001
Prehypertension 1.03  (0.76-1.40) 0.841 156 (1.28-1.89) <0.001
Hypertension 1.48 (1.13-1.94) 0.004 2.02 (1.66-2.47) <0.001
BMI (5 units) 1.39 (1.30-1.48) <0.001 1.71 (1.61-1.82) <0.001
Model 3%
Age (5 years) 1.10 (0.98-1.22) 0.095 1.08 (0.99-1.18) 0.081
Women 1.36 (1.07-1.72) 0.011 1.19 (1.00-1.41) <0.050
Prehypertension 0.86 (0.63-1.17) 0.342 1.32  (1.09-1.61) <0.005
Hypertension 0.92 (0.70-1.21) 0.540 1.25 (1.03-1.53) 0.026
BMI (5 units) 1.26 (1.17-1.34) <0.001 1.37 (1.28-1.47) <0.001
HDL-C (15 mg/dL) 0.89 (0.79-1.00) 0.044 0.72 (0.63-0.81) <0.001
Glucose (10 mg/dL) 2.89 (2.58-3.24) <0.001 3.07 (2.81-3.35) <0.001
Ln(triglycerides) 139  (1.10-1.75) 0.006 159 (1.34-1.88) <0.001

*Using normal blood pressure (SBP <120 and DBP <80 mmHg and not using antihypertensive medication)
as referent for comparing prehypertension (not hypertension and SBP 120-139 or DBP 80-89 mmHg) and
hypertension (SBP = 140, DBP = 90 mmHg, or using antihypertensive medication). Diabetes during follow-
up defined as fasting glucose =126 mg/dL, casual glucose =200 mg/dL, or use of diabetic drugs. TModel 1 +
BMI. ¥Model 2 + fasting glucose, HDL, and triglycerides.

and whether treating high blood pressure
prevents diabetes are outside the scope of
observational studies. Clinical trials un-
fortunately have also been unable to
address this sufficiently. Trials on prehy-
pertension are few and none reported in-
cident diabetes as an outcome (21,22).
For hypertension, several meta-analyses
of antihypertensive drug trials that repor-
ted incident diabetes identified inhibitors
of the renin-angiotensin system to lower
the risk (23,24). In contrast, other antihy-
pertensive drugs such as $-blockers and
diuretics were implicated as putative risk-
promoting factors (6,25). Moreover, drug
trials have been inherently limited in their
inability to distinguish any protective ef-
fects of blood pressure-lowering per se
from any direct pharmacological effects
on diabetes development.

In summary, high blood pressure in
middle age is associated with greater
likelihood of developing diabetes. In Af-
rican Americans with hypertension, this
association may be explained by greater
adiposity and other cardiometabolic risk
factors. In whites, both prehypertension
and hypertension are associated with
increased risk of developing diabetes

beyond that explained by adiposity and
other risk factors. Whether lowering
blood pressure slows or prevents the
onset of diabetes deserves further clinical
investigation. Regardless of blood pres-
sure status, African Americans have
greater risks of developing diabetes than
whites. Future studies are also needed to
determine the etiology for the excess risks
in African Americans.

Acknowledgments—The Atherosclerosis Risk
in Communities (ARIC) Study is supported
by National Heart, Lung, and Blood Institute
(NHLBI) contracts NO1-HC-55015, NO1-HC-
55016, NOI-HC-55018, NO1-HC-55019,
NO1-HC-55020, NO1-HC-55021, and NO1-
HC-55022. The Coronary Artery Risk De-
velopment in Young Adults (CARDIA) Study is
supported NHLBI contracts NO1-HC-48047,
NO1-HC-48048, NO1-HC-48049, NO1-HC-
48050, and NO1-HC-95095. The Framingham
Heart Study is supported by NHLBI contract
NO1-HC-25195. F.L.B. was supported by a Di-
abetes Research and Training Center (P60) grant
from the National Institute of Diabetes and Di-
gestive and Kidney Diseases. E.S. was supported
by grant KO1 DK076595 from National Institutes
of Health/National Institute of Diabetes and Di-
gestive and Kidney Diseases.

No potential conflicts of interest relevant to
this article were reported.

G.S.W. contributed to discussion and wrote
the manuscript. S.A.C. conducted the statis-
tical analysis, contributed to discussion, and
reviewed and edited the manuscript. D.C.G.,
F.LB., DL, ES., RSV, and CS.F. contrib-
uted to discussion and reviewed and edited the
manuscript.

References
1. American Diabetes Association. Standards
of medical care in diabetes—2010. Di-
abetes Care 2010;33(Suppl. 1):S11-S61
2. Brancati FL, Kao WH, Folsom AR, Watson
RL, Szklo M. Incident type 2 diabetes
mellitus in African American and white
adults: the Atherosclerosis Risk in Com-
munities Study. JAMA 2000;283:2253—
2259
3. Wilson PW, Meigs JB, Sullivan L, Fox CS,
Nathan DM, D’Agostino RB Sr. Prediction
of incident diabetes mellitus in middle-
aged adults: the Framingham Offspring
Study. Arch Intern Med 2007;167:1068—
1074
4. Conen D, Ridker PM, Mora S, Buring JE,
Glynn RJ. Blood pressure and risk of de-
veloping type 2 diabetes mellitus: the
Women’s Health Study. Eur Heart J 2007;
28:2937-2943
5. Golden SH, Wang NY, Klag MJ, Meoni LA,
Brancati FL. Blood pressure in young
adulthood and the risk of type 2 diabetes
in middle age. Diabetes Care 2003;26:
1110-1115
6. Gress TW, Nieto FJ, Shahar E, Wofford
MR, Brancati FL. Hypertension and anti-
hypertensive therapy as risk factors for
type 2 diabetes mellitus. Atherosclerosis
Risk in Communities Study. N Engl ] Med
2000;342:905-912
7. Hayashi T, Tsumura K, Suematsu C, Endo
G, Fujii S, Okada K. High normal blood
pressure, hypertension, and the risk of
type 2 diabetes in Japanese men. The
Osaka Health Survey. Diabetes Care 1999;
22:1683-1687
8. McPhillips JB, Barrett-Connor E, Wingard
DL. Cardiovascular disease risk factors
prior to the diagnosis of impaired glucose
tolerance and non-insulin-dependent di-
abetes mellitus in a community of older
adults. Am J Epidemiol 1990;131:443-453
9. Stolk RP, van Splunder IP, Schouten
JSAG, Witteman JCM, Hofman A,
Grobbee DE. High blood pressure and the
incidence of non-insulin dependent di-
abetes mellitus: findings in a 11.5 year
follow-up study in The Netherlands. Eur ]
Epidemiol 1993;9:134-139
10. The Atherosclerosis Risk in Communities
(ARIC) Study: design and objectives. The
ARIC investigators. Am ] Epidemiol 1989;
129:687-702
11. Friedman GD, Cutter GR, Donahue RP,
et al. CARDIA: study design, recruitment,

878 DiaBETES CARE, VOLUME 34, ApriL 2011

care.diabetesjournals.org



12.

13.

14.

15.

16.

and some characteristics of the examined
subjects. J Clin Epidemiol 1988;41:1105—
1116

Kannel WB, Feinleib M, McNamara PM,
Garrison RJ, Castelli WP. An investigation
of coronary heart disease in families. The
Framingham Offspring Study. Am ] Epi-
demiol 1979;110:281-290

Duncan BB, Schmidt MI, Pankow JS, etal.;
Atherosclerosis Risk in Communities Study.
Low-grade systemic inflammation and the
development of type 2 diabetes: the Ath-
erosclerosis Risk in Communities Study.
Diabetes 2003;52:1799-1805

Mullican DR, Lorenzo C, Haffner SM. Is
prehypertension a risk factor for the de-
velopment of type 2 diabetes? Diabetes
Care 2009;32:1870-1872

Manolio TA, Burke GL, Psaty BM, et al.;
CHS Collaborative Research Group. Black-
white differences in subclinical cardio-
vascular disease among older adults: the
Cardiovascular Health Study. ] Clin Epi-
demiol 1995;48:1141-1152

Sprafka JM, Folsom AR, Burke GL,
Edlavitch SA. Prevalence of cardiovascu-
lar disease risk factors in blacks and
whites: the Minnesota Heart Survey. Am J
Public Health 1988;78:1546-1549

17.

18.

19.

20.

21.

22.

Carnethon MR, Palaniappan LP, Burchfiel
CM, Brancati FL, Fortmann SP. Serum
insulin, obesity, and the incidence of type
2 diabetes in black and white adults: the
Atherosclerosis Risk in Communities Study:
1987-1998. Diabetes Care 2002;25:1358—
1364

Fernandez-Real JM, Vayreda M, Richart C,
et al. Circulating interleukin 6 levels, blood
pressure, and insulin sensitivity in appar-
ently healthy men and women. J Clin En-
docrinol Metab 2001;86:1154-1159
Gokce N, Holbrook M, Duffy SJ, et al.
Effects of race and hypertension on flow-
mediated and nitroglycerin-mediated di-
lation of the brachial artery. Hypertension
2001;38:1349-1354

Meigs JB, Hu FB, Rifai N, Manson JE. Bio-
markers of endothelial dysfunction and
risk of type 2 diabetes mellitus. JAMA
2004;291:1978-1986

Julius S, Nesbitt SD, Egan BM, et al.; Trial
of Preventing Hypertension (TROPHY)
Study Investigators. Feasibility of treating
prehypertension with an angiotensin-
receptor blocker. N Engl ] Med 2006;354:
1685-1697

The Trials of Hypertension Prevention
Collaborative Research Group. Effects of

23.

24.

25.

Wei and Associates

weight loss and sodium reduction in-
tervention on blood pressure and hyper-
tension incidence in overweight people
with high-normal blood pressure. The
Trials of Hypertension Prevention, phase
I1. Arch Intern Med 1997;157:657-667
Abuissa H, Jones PG, Marso SP, O'Keefe
JH Jr. Angiotensin-converting enzyme
inhibitors or angiotensin receptor block-
ers for prevention of type 2 diabetes:
a meta-analysis of randomized clinical
trials. J Am Coll Cardiol 2005;46:821—
826

Gillespie EL, White CM, Kardas M,
Lindberg M, Coleman CI. The impact of
ACE inhibitors or angiotensin II type 1
receptor blockers on the development of
new-onset type 2 diabetes. Diabetes Care
2005;28:2261-2266

Gupta AK, Dahlof B, Dobson J, Sever PS,
Wedel H, Poulter NR; Anglo-Scandinavian
Cardiac Outcomes Trial Investigators. De-
terminants of new-onset diabetes among
19,257 hypertensive patients randomized
in the Anglo-Scandinavian Cardiac Out-
comes Trial—blood pressure lowering arm
and the relative influence of antihyper-
tensive medication. Diabetes Care 2008;
31:982-988

care.diabetesjournals.org

DiaBETES CARE, VOLUME 34, ApriL 2011

879



