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OBJECTIVE

Recent studies have suggested that prediabetes is associated with an increased risk for
cardiovascular disease (CVD) only among individuals with concomitant hypertension.

RESEARCH DESIGN AND METHODS

We analyzed the association between prediabetes and CVD by hypertension status
among 3,313 black adults in the Jackson Heart Study (JHS) without diabetes or a
history of CVD at baseline (2000–2004). Prediabetes was defined as fasting plasma
glucose between 100 and 125 mg/dL or hemoglobin A1c between 5.7 and 6.4%
(39 and 46 mmol/mol). Hypertension was defined as systolic/diastolic blood
pressure ‡140/90 mmHg and/or self-reported antihypertensive medication use.
Participants were followed for incident CVD events and all-causemortality through
31 December 2014.

RESULTS

Overall, 35% of JHS participants did not have prediabetes or hypertension, 18% had
prediabetes alone, 22%had hypertension alone, and 25%hadboth prediabetes and
hypertension.Comparedwithparticipantswithouteither condition, themultivariable-
adjusted hazard ratios for CVD events among participants with prediabetes alone,
hypertension alone, and both prediabetes and hypertension were 0.86 (95% CI 0.51,
1.45), 2.09 (1.39, 3.14), and 1.93 (1.28, 2.90), respectively. Among participants
with andwithout hypertension, therewas no association between prediabetes and
an increased risk for CVD (0.78 [0.46, 1.34] and 0.94 [0.70, 1.26], respectively). No
association was present between prediabetes and all-cause mortality among
participants with or without hypertension.

CONCLUSIONS

Regardless of hypertension status, prediabetes was not associated with an
increased risk for CVD or all-cause mortality in this cohort of black adults.

Prediabetes is an intermediate glycemic state between normal glycemia and diabetes
that is characterized by impaired fasting glucose (100–125 mg/dL), impaired glucose
tolerance (2-h plasma glucose concentration 140–199 mg/dL after an oral glucose
challenge), or a hemoglobin A1c (HbA1c) between 5.7 and 6.4% (39 and 46mmol/mol)
(1,2). Approximately 84.1 million U.S. adults $18 years of age had prediabetes in
2015 (3). A higher proportion of non-Hispanic blacks in the U.S. have prediabetes
compared with non-Hispanic whites and Hispanics (1).
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Prediabetes has been associated with a
higher risk for cardiovascular disease (CVD)
in some, but not all, studies (4–8). One
reason for the inconsistent association
between prediabetes and CVD events in
prior studies may be explained by whether
concomitant hypertension was present. In
two studies from China, participants with
prediabetes and hypertension had a higher
risk for CVD events compared with their
counterparts without prediabetes or hy-
pertension (9,10). In contrast, participants
with prediabetes butwithout hypertension
did not have an increased risk for CVD
events compared with those who did not
have prediabetes or hypertension. These
data suggest that the association between
prediabetes and CVD may only be present
among individualswith hypertension. How-
ever, these prior studies did not report the
associationbetweenprediabetesandCVD
among participants with and without hy-
pertension, separately (9,10). Addressing
this knowledge gap will help to determine
whether and under what physiologic con-
ditions prediabetes is associated with an
increased risk for CVD. Furthermore, few
data are available on whether the risk for
CVD associated with prediabetes differs
among black adults with versus without
hypertension (11). This question is impor-
tant given the high prevalence of both
prediabetes and hypertension among black
adults (3,12). Therefore,we examined the
association between prediabetes and in-
cident CVD and all-causemortality among
black adults with and without hyperten-
sion using data from the Jackson Heart
Study (JHS). In a secondary analysis, we
examined the association of prediabetes
with incident diabetes among JHS partic-
ipants with and without hypertension.

RESEARCH DESIGN AND METHODS

Study Population
The JHS isacommunity-basedprospective
cohort study designed to identify factors
that explain the high rate of CVD among
black adults and to find approaches for
reducing this risk (13). The JHS enrolled
5,306 black adults $20 years of age
between 2000 and 2004 from the three
counties that comprise the Jackson, Mis-
sissippi, metropolitan area (14). For the
analysis of the association between pre-
diabetes and CVD events and all-cause
mortality, the study population was first
restricted to 4,606 JHS participants with
complete information on fasting blood
glucose, HbA1c, blood pressure (BP), and

self-reported glucose-lowering and anti-
hypertensive medication use at the base-
line examination (i.e., exam 1). Next, the
study sample was further restricted to
3,725 participants without diabetes. Di-
abetes was defined as fasting blood
glucose $126 mg/dL, HbA1c $6.5%
($48mmol/mol),orself-reporteddiagnosis
of diabetes with the use of glucose-
lowering medication at baseline. Addi-
tionally, 286 participants with a history
of CVD, including coronary heart disease
(CHD) or stroke, at baseline and 126 par-
ticipantswithout follow-up data for CVD
eventswere excluded from this analysis.
After these exclusion criteria were applied,
3,313 JHS participants were included in the
primary analysis. For the analysis of pre-
diabetesand risk for incident diabetes,we
further restricted the study population to
2,786participantswho completedat least
one of the two follow-up examinations
(i.e., exam 2 between 2005 and 2009 or
exam 3 between 2009 and 2012). The
institutional review boards governing re-
search inhumansubjectsat theUniversity
of Mississippi Medical Center (Jackson,
MS), Jackson State University (Jackson,
MS),andTougalooCollege (Tougaloo,MS)
approved the JHS protocol, and all par-
ticipants provided written informed con-
sent at each study visit.

Data Collection
Baseline data were collected during an
in-home interview and a study examina-
tion at the JHS clinic (15). During the
in-home interview, trained staff admin-
istered questionnaires to collect infor-
mation on demographics, health behaviors,
and previously diagnosed conditions, in-
cluding diabetes and a history of CHD,
myocardial infarction, or stroke. During
the clinic visit, an inventory of prescription
and over-the-counter medications taken
within 2 weeks before the study exam-
ination was conducted; height, weight,
and BP were measured; and blood and
urine specimens were collected (15).

Age, sex, education, current cigarette
smoking status, aspirin use, and antihy-
pertensive medication use were self-
reported (16). Statin use was determined
from the medication inventory. Income
level was based on family income and
family size. Low incomewas defined as an
income lower than the calendar-year–
specific poverty level on the basis of the
U.S. census. Low physical activity was
defined as ,75 min of vigorous physical

activity per week or ,150 min of com-
bined moderate/vigorous physical activ-
ity per week (17). Using measurements
obtained during the baseline examina-
tion, BMI was calculated as weight in
kilograms divided by height in meters
squared. Obesity was defined as a BMI
$30 kg/m2.

Total and HDL cholesterol, serum cre-
atinine, serum glucose, and HbA1c were
measured using the blood collected dur-
ing the baseline examination. Total and
HDL cholesterol were measured using a
Roche Cobas Fara analyzer. Serum cre-
atinine was measured by multipoint en-
zymatic spectrophotometric assay on a
Vitros 950 analyzer (Ortho Clinical Diag-
nostics, Raritan, NJ). Serum creatinine
values were biochemically calibrated to
the Cleveland Clinic–equivalent Minne-
sota Beckman CX3 assay (18). HbA1c was
measured using a TOSOHhigh-performance
liquid chromatography system at the
University of Minnesota Department
of Laboratory Medicine and Pathology.
Fasting serum glucose was measured
using a glucose oxidase method on a
Vitros 950 or 250 analyzer at the Uni-
versity of Mississippi Medical Center.
Using the urine collected during the
study examination, albumin and creat-
inine were measured, and albuminuria
was defined as an albumin-to-creatinine
ratio .30 mg/g. Estimated glomerular
filtration (eGFR) was calculated on the
basis of serum creatinine using the
Chronic Kidney Disease Epidemiology
equation. Chronic kidney disease was
defined as either albuminuria or reduced
eGFR (i.e., eGFR ,60 mL/min/1.73 m2).
Prediabetes was defined as a fasting
($8 h) serum glucose between 100 and
125 mg/dL or an HbA1c between 5.7 and
6.4% (39 and 46 mmol/mol). An oral
glucose tolerance test was not per-
formed in the JHS.

During the baseline and second exam-
ination, systolic and diastolic BP were
measured manually two times by trained
staff using a Hawksley random zero sphyg-
momanometer and Littman stethoscope
following a standardized protocol. For a
subset of participants at the second ex-
amination, BP was measured using both a
random zero sphygmomanometer and an
oscillometric device simultaneously. The
random zero BP measurements from ex-
ams 1 and 2 were calibrated to a semi-
automated device using robust regression
as described previously, and the calibrated
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data were used in the current analysis
(19,20). BP was measured using an oscil-
lometric device at exam 3. The average of
two systolic and diastolic BP measure-
ments at each examination were used
in the current analyses (16). Hypertension
was defined according to the Seventh
Report of the Joint National Committee
on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure guide-
line as systolic BP $140 mmHg, diastolic
BP $90 mmHg, or self-reported antihy-
pertensive medication use (21).

Outcome Definitions
The primary outcome in the current
analysis was the occurrence of an in-
cident CVD event. The composite CVD
outcome included incident CHD (non-
fatal myocardial infarction or CHD
death), fatal and nonfatal stroke, and
incident heart failure hospitalization.
Additionally, all-cause mortality was ex-
amined as a separate outcome. A de-
tailed description of the adjudication
process in JHS has been published pre-
viously (22). We analyzed data on ad-
judicated CHD and stroke events and
all-cause mortality from the baseline
examination through 31 December
2014. Heart failure adjudication was
available from 1 January 2005 through
31 December 2014.
Incident diabetes was examined as a

secondary outcome. At exams 2 and 3,

participants were asked whether they
had been diagnosed with diabetes and
were taking glucose-lowering medica-
tion. Additionally, blood samples were
collected, and fasting serum glucose and
HbA1cweremeasured following identical
procedures as used at baseline. For the
outcome of incident diabetes, partici-
pants were followed from baseline until
their first visit with diabetes, which was
defined as a self-reported diagnosis of
diabetes with glucose-lowering medica-
tion use, a fasting blood glucose $126
mg/dL, or an HbA1c$6.5% ($48 mmol/
mol). For the outcome of incident di-
abetes, participants who did not develop
diabetes were censored at the last ex-
amination they attended.

Statistical Analyses
We calculated baseline characteristics of
the overall study population and among
the following four participant groups: 1)
those without either prediabetes or hy-
pertension, 2) those with prediabetes
alone, 3) those with hypertension alone,
and 4) those with both prediabetes and
hypertension. Incidence rates and cumu-
lative incidence for the composite CVD
outcome, its individual components (CHD,
stroke, and heart failure), and all-cause
mortality were calculated for participants
in these four groups. Cox proportional
hazard regression models were used to
calculate hazard ratios (HRs) for each

outcome, comparing participants with
prediabetes alone, hypertension alone,
and both prediabetes and hypertension,
separately, versus those without either
prediabetes or hypertension. Model 1 in-
cluded adjustment for age, sex, income,
and education. Model 2 included adjust-
ment for the variables in model 1 and
obesity, currentsmoking,physicalactivity,
total cholesterol, HDL cholesterol, chronic
kidney disease, and statin and aspirin use.
HRs for CVD events were calculated com-
paring participants with versus without
prediabetes among those with and with-
out hypertension, separately. Tests for
interaction between prediabetes and
hypertension were performed using Cox
proportional hazard regression models,
including the full population and main
effect terms for prediabetes and hyper-
tension and a multiplicative interaction
term between hypertension and predia-
betes. For the above analysis, we did not
update participants’ prediabetes status
during follow-up. In a separate analysis, we
updated prediabetes and hypertension
status at exams 2 and 3 (i.e., modeling
prediabetes and hypertension as time-
varying exposures) and calculated HRs
for each outcome. When modeling pre-
diabetes as a time-varying exposure, par-
ticipants who developed diabetes at either
exam 2 or exam 3 were censored at the
first examination where they met the
definition of incident diabetes.

Table 1—Baseline characteristics among JHS participants overall and with and without prediabetes stratified by hypertension
status

No hypertension Hypertension

Overall population
(N 5 3,313)

No prediabetes
(n 5 1,162)

Prediabetes
(n 5 592)

No prediabetes
(n 5 723)

Prediabetes
(n 5 836)

Age (years) 53.1 6 12.9 45.8 6 11.8 52.4 6 11.4 57.2 6 11.7 60.2 6 10.7

Female sex 63.1 62.9 55.7 69.9 62.7

Low income 13.1 13.2 13.2 12.6 13.6

Less than high school education 15.9 8.6 15.5 17.3 25.0

Low physical activity 78.3 72.8 79.2 79.9 83.6

Current smoking 12.7 13.2 13.7 12.5 11.7

Obesity 48.9 39.4 53.7 47.0 60.2

Total cholesterol (mg/dL) 199.6 6 38.5 193.3 6 37.8 203.7 6 40.7 200.2 6 36.6 205.1 6 38.5

HDL cholesterol (mg/dL) 52.4 6 14.6 52.8 6 14.5 49.1 6 12.9 55.2 6 15.9 51.6 6 14.4

Chronic kidney disease 7.7 3.7 4.2 10.7 13.3

Statin use 8.0 2.5 5.2 9.7 16.3

Aspirin use 18.1 8.7 12.4 25.4 28.9

Antihypertensive medication use 39.1 0.0 0.0 83.7 82.4

Systolic BP (mmHg) 126.0 6 16.5 117.0 6 10.6 120.0 6 10.0 134.0 6 17.3 135.0 6 18.2

Diastolic BP (mmHg) 76.0 6 8.6 74.0 6 7.1 75.0 6 7.3 79.0 6 9.3 78.0 6 9.4

Data are mean 6 SD or %. Hypertension is defined as systolic BP $140 mmHg, diastolic BP $90 mmHg, or self-reported use of antihypertensive
medication.
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In secondary analyses, we calculated
the proportion of participants who de-
veloped diabetes at exam 2 or 3 among
those without prediabetes or hyperten-
sion, with prediabetes alone, with hyper-
tension alone, and with both prediabetes
and hypertension at baseline. We used
interval-censored Weibull regression
models to calculate the HRs for incident
diabetes among participants with pre-
diabetes alone, with hypertension
alone, and with both prediabetes
and hypertension, separately, versus
those without prediabetes or hyperten-
sion (23). Two models with progressive
statistical adjustment were fitted as
described above. In addition, we
calculated HRs for incident diabetes
among participants with versus with-
out prediabetes stratified by hyperten-
sion status at baseline and conducted
tests for interaction between predia-
betes and hypertension as described
above.
To confirm the robustness of the

findings, we conducted sensitivity anal-
yses by repeating all the calculations
described above, defining hyperten-
sion in accordance with the following
BP levels in the 2017 American College
of Cardiology/American Heart Associ-
ation (ACC/AHA) guideline for the pre-
vention, detection, evaluation, and
management of high BP in adults:
systolic BP $130 mmHg, diastolic BP
$80 mmHg, or self-reported anti-
hypertensive medication use (24).
P , 0.05 was used to denote sta-
tistical significance. Analyses were
conducted using SAS 9.4 statistical soft-
ware (SAS Institute, Cary, NC) except
for the interval-censored regression
models, which were conducted using
Stata 13 (StataCorp, College Station,
TX).

RESULTS

Participant Characteristics
At baseline, 1,162 (35%) participants did
not have prediabetes or hypertension,
592 (18%) had prediabetes alone, 723
(22%) had hypertension alone, and 836
(25%) had both prediabetes and hyper-
tension. Participants with both predia-
betes and hypertensionwere older, had
less education, and were more likely
to be obese and to be taking a statin
and aspirin compared with their coun-
terparts in the other three groups
(Table 1).

Risk for Incident CVD and All-Cause
Mortality
Overall, 294participants had aCVDevent
(rate 8.03/1,000 person-years), and
307 participants died (7.90/1,000 per-
son-years) during follow-up. Without
adjustment for confounders, the cumu-
lative incidence for CVD and all-cause
mortality increased progressively from
participants without prediabetes or hy-
pertension to those with prediabetes
alone, with hypertension alone, and
with both prediabetes and hypertension
(Fig. 1). Supplementary Figs. 1–3 show the
cumulative incidence for CHD, stroke, and
heart failure, separately. After multivariable
adjustment, participants with prediabetes
alone did not have an increased risk for

the composite CVD outcome, CHD, stroke,
heart failure, or all-cause mortality com-
pared with those without prediabetes or
hypertension (Table 2). In contrast, partic-
ipants with hypertension alone and those
with both prediabetes and hypertension had
a higher risk for the composite CVD outcome
and CHD compared with their counterparts
without prediabetes or hypertension both
before and after multivariable adjustment.
Compared with participants without pre-
diabetes or hypertension, the multivariable-
adjusted HR for stroke and heart failure
was 2.10 (95% CI 1.03, 4.30) and 1.69 (0.98,
2.91), respectively, among those with hy-
pertension alone and 1.88 (0.91, 3.88) and
1.48 (0.86, 2.56), respectively, among those
with both prediabetes and hypertension.

Figure 1—Cumulative incidence of CVD outcomes and all-causemortality among JHS participants
with and without prediabetes stratified by hypertension status.
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Prediabetes was not associated with
an increased risk for the composite CVD
outcome, its individual components, or
all-cause mortality in analyses stratified
by hypertension status (Supplementary
Table 1). There was no evidence of an
interaction between prediabetes and hy-
pertension status on the composite CVD
outcome, its individual components, or all-
cause mortality (all P-interactions. 0.20).
Whenprediabetes andhypertension status
were updated at exams 2 and 3, participants
with hypertension alone or with both pre-
diabetesand hypertension had a higher
risk for CVD events compared with
their counterparts without prediabetes

or hypertension (Supplementary Table
2). There was no evidence that partic-
ipants with prediabetes alone had an
increased risk for CVD compared with
their counterparts without prediabetes
or hypertension. There was no evidence
of effect modification between predia-
betes and hypertension status when
these variables were updated at exams
2 and 3 (all P-interactions . 0.10)
(Supplementary Table 3).

Secondary Analysis: Risk for Incident
Diabetes
Overall, 474 participants developed di-
abetes during follow-up. The proportion

of participants who developed diabetes
was higher among those with both pre-
diabetes and hypertension (36.3%) com-
pared with their counterparts with
prediabetes alone (25.6%), with hyper-
tension alone (7.6%), and without pre-
diabetes or hypertension (5.0%) (Table
3). After multivariable adjustment, par-
ticipants with prediabetes alone, hyper-
tension alone, and both prediabetes and
hypertension each had a higher risk for
incident diabetes versus their counter-
parts without prediabetes or hyperten-
sion. Prediabetes was associated with
an increased risk for incident diabetes
among participants with and without

Table 2—Risk for cardiovascular events and all-cause mortality among JHS participants without prediabetes or hypertension,
with prediabetes alone, with hypertension alone, and with both prediabetes and hypertension

Participants without hypertension Participants with hypertension

Prediabetes Prediabetes

No Yes No Yes

N 1,162 592 723 836

CVD events
Number of events 40 28 99 127
Follow-up (person-years) 13,325 6,721 7,678 8,876
Rate (per 1,000 years) (95% CI) 3.0 (2.1, 4.0) 4.2 (2.8, 5.8) 12.9 (10.5, 15.6) 14.3 (11.9, 16.9)
HR (95% CI)
Model 1 1 (ref) 0.84 (0.50, 1.41) 2.11 (1.41, 3.17) 1.92 (1.29, 2.85)
Model 2 1 (ref) 0.86 (0.51, 1.45) 2.09 (1.39, 3.14) 1.93 (1.28, 2.90)

CHD
Number of events 11 13 39 52
Follow-up (person-years) 13,435 6,799 7,896 9,192
Rate (per 1,000 years) (95% CI) 0.8 (0.4, 1.4) 1.9 (1.0, 3.1) 4.9 (3.5, 6.6) 5.7 (4.2, 7.3)
HR (95% CI)
Model 1 1 (ref) 1.59 (0.62, 4.03) 3.96 (1.81, 8.65) 3.33 (1.53, 7.24)
Model 2 1 (ref) 1.58 (0.62, 4.03) 3.99 (1.81, 8.78) 3.25 (1.47, 7.21)

Stroke
Number of events 12 10 31 41
Follow-up (person-years) 13,441 6,812 7,961 9,247
Rate (per 1,000 years) (95% CI) 0.9 (0.5, 1.5) 1.5 (0.7, 2.5) 3.9 (2.6, 5.4) 4.4 (3.2, 5.9)
HR (95% CI)
Model 1 1 (ref) 1.11 (0.48, 2.59) 2.08 (1.03, 4.23) 1.83 (0.91, 3.69)
Model 2 1 (ref) 1.13 (0.48, 2.64) 2.10 (1.03, 4.30) 1.88 (0.91, 3.88)

Heart failure
Number of events 23 10 53 68
Follow-up (person-years) 13,417 6,835 7,886 9,237
Rate (per 1,000 years) (95% CI) 1.7 (1.1, 2.5) 1.5 (0.7, 2.5) 6.7 (5.0, 8.6) 7.4 (5.7, 9.2)
HR (95% CI)
Model 1 1 (ref) 0.51 (0.24, 1.12) 1.70 (0.99, 2.92) 1.51 (0.89, 2.55)
Model 2 1 (ref) 0.53 (0.24, 1.16) 1.69 (0.98, 2.91) 1.48 (0.86, 2.56)

All-cause mortality
Number of events 45 40 103 119
Follow-up (person-years) 13,762 7,056 8,336 9,692
Rate (per 1,000 years) (95% CI) 3.3 (2.4, 4.3) 5.7 (4.1, 7.6) 12.4 (10.1, 14.9) 12.3 (10.2, 14.6)
HR (95% CI)
Model 1 1 (ref) 0.97 (0.60, 1.57) 1.94 (1.31, 2.87) 1.46 (0.98, 2.16)
Model 2 1 (ref) 1.00 (0.61, 1.62) 1.81 (1.22, 2.69) 1.43 (0.96, 2.15)

Mean follow-up for composite CVDeventswas 11.1 years.Maximumfollow-up for composite CVDeventswas 14.3 years. CVD is defined as a composite
of CHD, stroke, and heart failure events. Hypertension is defined as a systolic BP $140 mmHg, diastolic BP $90 mmHg, or self-reported use of
antihypertensivemedication.Model 1 includes adjustment for age, sex, income, and education.Model 2 includes adjustment for the variables inmodel
1 and obesity, current smoking, physical activity, total cholesterol, HDL cholesterol, chronic kidney disease, and statin and aspirin use. ref, reference.
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hypertension, with no evidence of effect
modification by hypertension status
(Supplementary Table 4).

Sensitivity Analyses: Defining
HypertensionUsing the2017ACC/AHA
BP Guideline
When hypertension was defined accord-
ing to BP levels in the 2017 ACC/AHA
guidelines, participants with hyperten-
sion alone and with both prediabetes
and hypertension had a higher risk for
CVD compared with their counterparts
without prediabetes or hypertension
(Supplementary Table 5). There was
no evidence for an increased risk for
CVD or all-cause mortality among par-
ticipants with prediabetes alone com-
pared with their counterparts without
prediabetes or hypertension. There was
no evidence of effect modification be-
tween prediabetes and hypertension
on CVD or all-cause mortality (each
P-interaction . 0.5) (Supplementary
Table 6). Prediabetes was associated
with an increased risk for diabetes among
participants with and without hyperten-
sion (Supplementary Tables 7 and 8).

CONCLUSIONS

In the current study, there was no evi-
dence that participants with prediabetes
but not hypertension had an increased
risk for CVD or all-cause mortality com-
pared with their counterparts without
prediabetes or hypertension. However,
participantswith hypertension alone and
with both prediabetes and hypertension
had an increased risk for CVD and all-
cause mortality compared with their
counterparts without prediabetes or hy-
pertension. Furthermore, when partici-
pants were stratified by hypertension
status, there was no evidence of an
association between prediabetes and

the risk for CVD events or all-cause
mortality aftermultivariable adjustment.
Results were consistent when using the
Seventh Report of the Joint National
Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood
Pressure or the 2017 ACC/AHA BP guide-
line definition of hypertension. In a sec-
ondary analysis, prediabetes was associated
with an increased risk for diabetes
among participants with and without
hypertension.

An association between prediabetes
and increased risk for CVD has been
reported in some, but not all, studies
(4,6,25,26). In a meta-analysis of five
studies (n 5 29,893 participants), the
relative risk for CVD among participants
with versus without prediabetes, defined
by either impaired fasting glucose or
impaired glucose tolerance, was modest
in magnitude (1.10 [95% CI 0.99, 1.23]) (4).
Another meta-analysis of 53 prospective
cohort studies (n 5 1,611,339 partici-
pants) reported prediabetes to be asso-
ciated with a modestly increased risk for
compositeCVDoutcomes,which included
angina, percutaneous coronary interven-
tion/coronary revascularization, and pe-
ripheral artery disease in addition to CHD,
stroke, and heart failure, when prediabe-
tes was defined by impaired fasting glu-
cose (relative risk 1.13 [95%CI 1.06, 1.20])
and when prediabetes was defined by
impaired glucose tolerance (1.32 [1.23,
1.40]). Participants with impaired fasting
glucose and impaired glucose tolerance
also had a higher risk for CHD, stroke, and
all-cause mortality in this meta-analysis. In
the same meta-analysis, prediabetes de-
fined as HbA1c between 5.7 and 6.4%
(39 and 46 mmol/mol) was associated
with an increased risk for composite CVD
outcomes and CHD but not for stroke or
all-cause mortality (6).

In a prospective cohort study of 1,609
Chinese adults, the adjusted odds ratios
for CVD among those with prediabetes
alone and those with both prediabetes
and hypertension were 1.10 (95% CI 0.47,
0.58) and 2.41 (1.35, 4.46), respectively,
compared with those without prediabe-
tes or hypertension (9). In a second
prospective cohort study, also conducted
in China (n 5 4,193), the multivariable-
adjusted HR for CVD among participants
with prediabetes and hypertension ver-
sus those without prediabetes or hyper-
tension was 1.58 (95% CI 1.01, 2.46).
There was no evidence of an increased
risk for CVD among participants with
prediabetes alone versus those without
prediabetes or hypertension (HR 0.94
[0.57, 1.55]) (10). The authors concluded
that the apparent association between
prediabetes and CVD may be attributable
to the existence of concomitant hyper-
tension (9,10). Results from the current
analysis are consistent with the prior
studies in China, showing an increased
risk for CVD events and all-cause mor-
tality associated with hypertension. In
the current analysis, no association was
present betweenprediabetes andCVDor
all-cause mortality among participants
with and without hypertension, sepa-
rately, and there was no evidence of
interaction between prediabetes and
hypertension.

Although there was no evidence of an
association between prediabetes and an
increased risk for CVD in the current study,
prediabetes was associated with an in-
creased risk for diabetes among partic-
ipants with and without hypertension.
Additionally, a higher proportion of par-
ticipants with both prediabetes and hy-
pertension versus those with prediabetes
alone developed diabetes. This is consis-
tentwith prior studies. For example, in an

Table 3—Risk for incidentdiabetes amongJHSparticipantswithandwithoutprediabetes cross-classifiedbyhypertension status

Participants without hypertension Participants with hypertension

Prediabetes Prediabetes

No Yes No Yes

N 993 512 592 689

Participants who developed diabetes, n (%) 48 (5.0) 131 (25.6) 45 (7.6) 250 (36.3)

HR (95% CI)
Model 1 1 (ref) 5.97 (4.17, 8.56) 1.86 (1.20, 2.89) 10.90 (7.66, 15.50)
Model 2 1 (ref) 5.08 (3.50, 7.36) 1.60 (1.02, 2.52) 8.19 (5.66, 11.85)

Hypertension is defined as systolic BP $140 mmHg, diastolic BP $90 mmHg, or self-reported use of antihypertensive medication. Model
1 includes adjustment for age, sex, income, and education. Model 2 includes adjustment for the variables in model 1 and obesity, current smoking,
physical activity, total cholesterol, HDL cholesterol, chronic kidney disease, and statin and aspirin use. ref, reference.
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analysis of 144,410 patients with a di-
agnosis code for prediabetes or impaired
fasting glucose or impaired glucose tol-
erance, 36.3% of patients with predi-
abetes and hypertension and 27.1% of
patients with prediabetes alone devel-
oped diabetes (27).
In the U.S., black adults have a higher

prevalence of prediabetes compared
with other racial/ethnic groups (3). Pre-
diabetes is associated with an increased
risk for diabetes, which is a well-known
risk factor for CVD (21,28). Prior studies
have reported that black adults are two
times more likely to develop diabetes;
have higher rates of stroke, heart failure,
and acute coronary syndrome; and are
30%more likely to die as a result of heart
disease compared with other racial/
ethnic groups (29,30). Because of this
increased risk, black adults with predia-
betes may benefit from lifestyle modifi-
cation, including a heart-healthy diet and
increased physical activity, which could
reduce their risk for developing diabetes
and CVD (31).
Hypertension is a well-established risk

factor forCVD(32,33). In thecurrentstudy,
hypertension was associated with an in-
creased risk for CVD and all-cause mor-
tality regardless of prediabetes status.
There are many evidence-based ap-
proaches for preventing hypertension, in-
cluding losing weight among those who
are overweight or obese, following a heart-
healthy diet, increasing physical activity,
and reducing sodium intake (24). Addi-
tionally, antihypertensive medication is
effective in reducing CVD and mortality
risk among people with hypertension and
prediabetes. In a secondary analysis of
participants with prediabetes in the Sys-
tolic Blood Pressure Intervention Trial (n5
3,898), those randomized to a systolic BP
goal of 120 mmHg had a lower risk for
CVD(HR0.69 [95%CI0.53,0.89]) compared
with their counterparts randomized to
a systolic BP goal of 140 mmHg (34).
The current study has several strengths.

The JHS enrolled a large population-based
cohort of black adults. Standardized pro-
tocols were used for data collection, in-
cluding BP, HbA1c, and fasting plasma
glucose. Additionally, long-term follow-up
was available during which CVD events
were identified and adjudicated by
trained staff. Despite these strengths,
the results of the current study need
to be interpreted in the context of known
and potential limitations. The JHS enrolled

participants at a single site in Jackson,
Mississippi, and only enrolled black adults.
The generalizability of the current results
to other geographic regions and topeople
of other racial/ethnic groups is not known.
Furthermore,severalcovariates, including
physical activity and cigarette smoking,
were determined using self-report. There
may be some misclassification in defining
prediabetes and incident diabetes be-
cause of the use of only a single mea-
surement of HbA1c or serum glucose, lack
of glucose tolerance testing, and reli-
ance on self-reported diabetes status
and glucose-lowering medication use.

In conclusion, therewasnoevidence in
the current study of an association be-
tween prediabetes and an increased risk
for CVD events or all-cause mortality,
regardlessofhypertension status, among
black adults. In contrast, hypertension
alone or concomitant with prediabetes
was associated with an increased risk for
CVD events and all-cause mortality.
These findings suggest that black adults
with hypertension may benefit from
lifestyle and/or pharmacological inter-
ventions to lower their risk for CVD
and all-cause mortality. Among black
adults with prediabetes, interventions
should be implemented to prevent the
development of diabetes, which is a risk
factor for CVD.
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