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Cardiovascular Risk Factor
Targets and Cardiovascular
Disease Event Risk in Diabetes:
A Pooling Project of the
Atherosclerosis Risk in
Communities Study, Multi-Ethnic
Study of Atherosclerosis, and
Jackson Heart Study
Diabetes Care 2016;39:668–676 | DOI: 10.2337/dc15-2439

OBJECTIVE

Controlling cardiovascular disease (CVD) risk factors in diabetes mellitus (DM)
reduces the number of CVD events, but the effects of multifactorial risk factor
control are not well quantified. We examined whether being at targets for blood
pressure (BP), LDL cholesterol (LDL-C), and glycated hemoglobin (HbA1c) together
are associated with lower risks for CVD events in U.S. adults with DM.

RESEARCH DESIGN AND METHODS

We studied 2,018 adults, 28–86 years of age with DM but without known CVD,
from the Atherosclerosis Risk in Communities (ARIC) study, Multi-Ethnic Study of
Atherosclerosis (MESA), and Jackson Heart Study (JHS). Cox regression examined
coronary heart disease (CHD) and CVD events over a mean 11-year follow-up in
those individuals at BP, LDL-C, and HbA1c target levels, and by the number of
controlled risk factors.

RESULTS

Of 2,018 DM subjects (43%male, 55% African American), 41.8%, 32.1%, and 41.9%
were at target levels for BP, LDL-C, and HbA1c, respectively; 41.1%, 26.5%, and
7.2%were at target levels for any one, two, or all three factors, respectively. Being
at BP, LDL-C, or HbA1c target levels related to 17%, 33%, and 37% lower CVD risks
and 17%, 41%, and 36% lower CHD risks, respectively (P < 0.05 to P < 0.0001,
except for BP in CHD risk); those subjects with one, two, or all three risk factors at
target levels (vs. none) had incrementally lower adjusted risks of CVD events of
36%, 52%, and 62%, respectively, and incrementally lower adjusted risks of CHD
events of 41%, 56%, and 60%, respectively (P < 0.001 to P < 0.0001). Propensity
score adjustment showed similar findings.

CONCLUSIONS

Optimal levels of BP, LDL-C, and HbA1c occurring together in individuals with DM
are uncommon, but are associated with substantially lower risk of CHD and CVD.
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Cardiovascular diseases (CVD), including
coronary heart disease (CHD), stroke, and
heart failure (HF), are predominant causes
ofmorbidity andmortality among persons
with diabetesmellitus (DM) (1). An impor-
tant focus of recent guidelines for the
management of DM has been the control
of modifiable risk factors for the primary
prevention of CVD (1,2). Guidelines for
over 15 years (3) have recommended tight
control of glycated hemoglobin (HbA1c),
blood pressure (BP), and LDL cholesterol
(LDL-C). Despite evidence of benefit from
tighter glycemic control on microvascular
complications from theUK ProspectiveDi-
abetes Study (4), its effect on reducing the
number of CVD events remains ques-
tionable in the light of recent clinical tri-
als (5–7); yet the control of BP (8) and
dyslipidemia (9,10) arewell demonstrated
to reduce CVD risks.While guidelines over
the past 20 years have encouraged tighter
control of blood glucose, BP, and LDL-C
levels, studies in U.S. cohorts have shown
poor CVD risk factor control in persons
with DM (11–13); one recent study (14)
showed only 25% to be at target levels for
HbA1c, BP, and LDL-C simultaneously. The
Steno-2 Trial (15) has shown that compos-
ite risk factor control in DM can reduce
CVD events by .50%. However, data
from community-dwelling individuals
with DM on the relation of composite
risk factor control with CVD risk are lim-
ited, especially from ethnically diverse U.S.
population-based prospective studies. Un-
derstanding the extent to which CVD risk
can be reduced from multiple risk factor
control can be helpful in providing the
evidence-based rationale for compos-
ite risk factor control efforts in DM
management.
Given the importance of primary pre-

vention of CVD in individuals with DM, in
this report we examine, among three
major multiethnic U.S. prospective studies
of CVD, the association of individual and
composite risk factor target attainment
for BP, LDL-C, and HbA1c levels with future
risk of CHD and CVD events over an aver-
age 11-year follow-up period in adults in
whom DM had been diagnosed.

RESEARCH DESIGN AND METHODS

Study Population
We included subjects $18 years of age
with diagnosed DM who were free of
known CVD at baseline from three Na-
tional Institutes of Health–sponsored
prospective studies of persons with

follow-up for the following CVD events:
1) the Atherosclerosis Risk in Communi-
ties (ARIC) study (16), 2) the Multi-Ethnic
Study of Atherosclerosis (MESA) (17),
and 3) the Jackson Heart Study (JHS)
(18). MESA included Caucasians, African
Americans, Hispanics, and Chinese; the
ARIC study was composed of Caucasians
and African Americans; and the JHS in-
cluded African Americans exclusively.
For our study, we identified those per-
sons with diagnosed DM, as defined by a
self-reported physician diagnosis or
whether they took medication to lower
their blood glucose levels at the time of
the identified baseline visit, where
HbA1c and other risk factor information
were available (1990–1992 in the ARIC
study, 2000–2002 in the JHS, and 2003–
2004 for visit 2 in the MESA when base-
line HbA1c measures were available).
ARIC study clinical centers included
Washington County,MD; Forsyth County,
NC; Jackson, MS; and Minneapolis, MN;
MESA included clinical sites at the Univer-
sity of Minnesota (Minneapolis, MN),
Northwestern University (Chicago, IL),
Johns Hopkins University (Baltimore,
MD), Columbia University (New York,
NY), Wake Forest University (Winston-
Salem, NC), and the University of Califor-
nia, Los Angeles (Los Angeles, CA); the JHS
has a single site in Jackson, MS. Recruit-
ment was based on probability sampling
of four communities from lists of driver
licenses, voter registration cards, or iden-
tification cards for the ARIC study; lists of
residents, dwellings, telephone exchanges,
Medicare beneficiaries, and referrals by
participants for the MESA; and the Accu-
data volunteer list and eligible ARIC study
participants for the JHS. The mean (max-
imum) follow-up time, in years, for the
subjects included was 14.9 (20.9) for the
ARIC study, 7.9 (9.9) for the JHS, and 8.0
(10.5) for theMESA. JHS subjectswhowere
also part of the ARIC study were excluded
from our JHS data set and included only in
the ARIC study data set used for our anal-
ysis. From the original cohort, sample sizes
of 15,792 for the ARIC study, 6,814 for the
MESA, and 5,302 for the JHS, we identified
those individuals with diagnosed DM
based on Examination 2 from the ARIC
study and the MESA; and, after exclud-
ing those with known prior CVD and
missing covariate information, 825,
740, and 453 subjects, respectively,
were included in the ARIC study, MESA,
and JHS data sets, for a total sample size

of 2,018 subjects (Supplementary Fig. 1).
We excluded prevalent CVD on the basis
of information on prior myocardial in-
farction (MI) and stroke, as well as data
on prior bypass surgery, angioplasty, and
HF. Information on HF was missing in 8
ARIC study subjects, and in the JHS, 18
subjects did not have information on HF
medication. In the ARIC study, 2 partici-
pants hadmissing stroke data and 91 had
information missing on bypass surgery
and/or coronary angioplasty; in the JHS,
3 subjects had information missing on
bypass surgery and/or coronary angio-
plasty. These subjects (n = 121) were all
assumed not to have prior CVD. There
were also 77, 37, and 43 persons with
DM in the ARIC study, MESA, and JHS,
respectively, who were not included be-
cause of missing key risk factor informa-
tion. These persons tended to be 1.8
years younger than those included in
our sample. They had a higher HbA1c

(9.0% vs. 7.8%) and a lower HDL choles-
terol (HDL-C) (37.9 vs. 46.6 mg/dL), but
other demographic and risk factors were
comparable.

Measurements
Goal or recommended levels of risk fac-
tors for this study were based on levels
recommended by the American Diabetes
Association during 2000–2002, which cor-
responds to the enrollment periods in the
JHS and the MESA (19). Detailed speci-
men and data collection for the MESA,
ARIC study, and JHS have been previ-
ously published (16–18). For BP, the
average of two sitting BP readings was
used. LDL-C was calculated from the
Friedwald formula using measurements
of total cholesterol, HDL-C, and triglycer-
ides from standardized assays (Roche).
HbA1c level was determined by high-
performance liquid chromatography
(Tosoh Bioscience). Study subjects were
considered to be at their goal level if
their specific laboratory value was at or
below the following cut points, as rec-
ommended by guidelines that were in
effect during the conduct of the exami-
nations (19): LDL-C level ,2.6 mmol/L
(100 mg/dL), HbA1c level ,53.0 mmol/mol
(7%), and BP level ,130/80 mmHg. The
impact of a more recently defined cut
point for BP control of ,140/80 mmHg
(20) was examined in a secondary analysis
to examine the impact of this more mod-
est, but evidence-based, goal. We also ex-
amined the number of factors controlled
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as none, any one, any two, or a compos-
ite goal of all three factors: BP ,130/80
mmHg, LDL-C,2.6 mmol/L (100 mg/dL),
and HbA1c,53.0 mmol/mol (7%). A BMI
$30 kg/m2 was used to define obesity.
Information on medications for the low-
ering of lipid levels, BP, and DM (insulin
or oral DM medication) was obtained
from questionnaires and participants
bringing in pill containers at the study
visit with the medication recorded.

CVD and CHD Event Definitions and
Ascertainment
For the ARIC study, MESA, and JHS, inci-
dent CVDwas defined as aMI, CHD death,
cardiac procedure (percutaneous coro-
nary interventions, bypass surgery, or cor-
onary revascularization), stroke, or HF;
incident CHD was defined as a MI, CHD
death, or cardiac procedure. The adjudi-
cation process for events involved a
panel to review hospitalization and death
data per study protocols previously pub-
lished (16–18). All events were adjudi-
cated from medical records and death
certificates for end-point classification
and assignment of incidence dates by
the morbidity and mortality classifica-
tion/review committee in three studies.

Statistical Methods
Using the risk factor and CVD event var-
iables from each study, we created new
variables with consistent definitions and
then pooled the subjects with DM
among cohorts. All continuous variables
used in our analyses were normally dis-
tributed and, thus, were compared be-
tween those at versus those not at
target levels for HbA1c, BP, and LDL-C
using the Student t test. The x2 test for
proportions was used to compare cate-
gorical variables, with a test of trend
used to examine cumulative CVD event
incidence by the number of risk factors
under control. CVD/CHDevent rateswere
calculated as per 1,000 person-years. Cox
proportional hazards regression models
(providing hazard ratios [HRs] and 95%
CIs) examined the relation of being at in-
dividual and composite risk factor targets
with the risk of incident CHD and CVD
events, unadjusted and then adjusted
for age, sex, ethnicity, smoking status,
HDL-C level, BMI, family history of prema-
ture CVD, lipid-lowering medication, hy-
pertension medication, and antidiabetes
medication (insulin or oral hypoglycemic
therapy). To eliminate the potential bias
of confounding by indication in those at

target levels versus those not at target
levels for individual or composite risk
factors, we recalculated the HRs in Cox
regression adjusted for propensity score
(21). Propensity scores were calculated
using logistic regression adjusted by age,
sex, ethnicity, systolic and diastolic BP
(for LDL-C and HbA1c propensity score),
HbA1c (for LDL-C and BP propensity
score), LDL-C (for BP and HbA1c propen-
sity score), HDL-C, BMI, smoking status,
family history of premature CVD, lipid-
loweringmedication, hypertensionmed-
ication, and antidiabetes medication.
We included subgroup analyses and in-
teraction terms for sex (male vs. female),
ethnicity (African American vs. other
races), and cohort (ARIC study, MESA,
JHS) with each risk factor variable (and
the number of risk factors) to examine
the heterogeneity of effects across these
strata. We also examined effects strati-
fied by DM duration in a subgroup of
participants with this information avail-
able. A two-tailed a value of, 0.05 (and
P , 0.1 for interaction test) was consid-
ered statistically significant. Data analy-
ses used SAS (version 9.4; SAS Institute,
Cary, NC).

RESULTS

For the pooled cohort, 2,018 personswith
diagnosed DM were included, with 43%
male and a mean6 SD age of 60.16 9.7
years (age range 28–86 years); ethnicity
included 30% Caucasian, 55% African
American, 11% Hispanic, and 4% Asian/
Pacific Islander. The JHS had fewer par-
ticipants who were at the BP target,
whereas the ARIC study had fewer par-
ticipants at LDL-C and HbA1c targets; the
MESA had the highest percentage of
subjects at composite control (Table 1).
The mean duration of DM was 9.9 years
and mean follow-up time in our analysis
was 10.8 years (range 0.2–20.9 years).
Although 41.8%, 32.1%, and 41.9% of
subjects were at target individually for
BP, LDL-C, and HbA1c, respectively, only
7.2% of subjects were at target for all
three factors.

Table 2 shows LDL-C, HDL-C, BMI, DM
duration, percentage African American,
current smoker, and receiving hyperten-
sion and lipid-lowering medication to be
significantly different between subjects
at versus those not at BP targets. Age, sys-
tolic BP, diastolic BP, HbA1c, BMI, percent-
age male, percentage African American,
and percentage receiving hypertension,

DM, and lipid-lowering medication
were significantly different between
subjects at versus those not at LDL-C tar-
get level. Age, LDL-C level, HDL-C level,
BMI, DM duration, percentage African
American, current smokers, and propor-
tion of subjects receiving antidiabetes
medication were significantly different
between those at versus not at the HbA1c
target. Age, BMI, percentage male, Afri-
can American, current smokers, and
lipid-lowering medication use were sig-
nificantly different between subjects
at versus those not at composite risk
factor targets.

Figure 1 shows the CVD and CHD in-
cidence per 1,000 person-years for indi-
viduals who were at versus those who
were not at target levels for BP, LDL-C,
and HbA1c (Fig. 1A), as well as for the
number of targets achieved (BP, LDL-C,
and/or HbA1c) (Fig. 1B). For each individ-
ual risk factor, individuals at target levels
had lower CVD event rates than those
who were not at target levels; there
were similar findings for CHD events. In-
cident CVD and CHD risks (per 1,000
person-years) were much greater when
no risk factors were at goal compared
withwhen all three targetswere achieved
(51.1 vs. 20.6 person-years for CVD [P ,
0.0001], and 29.6 vs. 13.7 person-years
for CHD [P = 0.001]). A test of trend
showed the proportions with incident
CVD and CHD events decreased with in-
creasing number of risk factors controlled
(P , 0.0001).

Table 3 gives the HRs and 95% CIs for
CVD events and CHD events, unadjusted,
adjusted for covariates (risk factors plus
medication), and adjusted for propensity
scores. After adjusting for covariates, in-
dividuals at versus not at BP targets
had 17% lower risks for both CVD events
(P , 0.05) and CHD events (P = NS). For
the more contemporary target of ,140/
80 mmHg, these HRs were 0.90 (95% CI
0.76–1.07, P = 0.23) for CVD and 0.98
(95% CI 0.79–1.21, P = 0.83) for CHD.
Those individuals at the LDL-C target
had a 33% lower risk for CVD events
and a 41% lower risk for CHD events.
Those with HbA1c at versus not at target
levels had a 37% lower risk for CVD events
and a 36% lower risk for CHD events.
Compared with those individuals with
none of the risk factors (BP, LDL-C,
HbA1c) at target levels, those having any
one, any two, and all three factors con-
trolled had 36%, 52%, and 62% lower risks
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for CVD and 41%, 56%, and 60% lower
risks for CHD, respectively. Also, in a sen-
sitivity analysis excluding subjects missing
certain prior CVD information (n = 121,
as noted in RESEARCH DESIGN AND METHODS),
results remained virtually identical, indi-
cating the robustness of our findings. Fi-
nally, after adjusting by propensity score,
very similar HRs were observed for being
at target levels for BP and LDL-C and by
number of risk factors controlled, but the
risk reduction associatedwithHbA1c being
at target levelwas lower (30% for CVDand
26% for CHD).
In analyses stratified by sex and eth-

nicity (Supplementary Table 1), there
was a tendency for lower adjusted risks
associated with BP control for females
(HR 0.70, P , 0.01 vs. HR 0.99, P = NS,
for CVD inmales; HR 0.67, P, 0.05 vs. HR
0.97, P = NS, respectively, for CHD) and
African Americans (HR 0.69, P , 0.01 vs.
HR 0.97, P = NS for CVD in other races; HR
0.61, P , 0.01 vs. HR 0.95, P = NS, re-
spectively, for CHD), whereas LDL-C con-
trol was related to lower risk inmales (HR
0.55, P , 0.0001 vs. HR 0.85, P = NS for
CVD in females; HR 0.53, P, 0.001 vs. HR
0.70, P = NS, respectively, for CHD) and
nonblack subjects (HR 0.63, P, 0.001 vs.
HR 0.71, P , 0.05 for CVD in African

American subjects; HR 0.50, P , 0.0001
vs. HR 0.74, P = NS, respectively, for CHD).
However, interaction terms were nonsig-
nificant (P. 0.10) except for P = 0.03 for
LDL-C control by sex for CVD and BP con-
trol by race. HbA1c control risks for CVD
and CHD were similar by sex and ethnic-
ity. There was a weak trend toward lower
risks from all three risk factors controlled
for both CVD and CHD in men (HR 0.34
and 0.39, respectively) versuswomen (HR
0.47 and 0.49) (sex interaction term P =
0.74 for CVD and P = 0.21 for CHD) as well
as for African Americans (HR 0.23 and
0.30, respectively) versus other races
(HR 0.49 and 0.45, respectively) (ethnicity
interaction term P = 0.04 for CVD and P =
0.64 for CHD).

In addition, when results were strati-
fied by DM duration (available in 602
ARIC study participants, 457 MESA par-
ticipants, and 348 JHS participants), HRs
for CVD events in those participants
were at an individual target level for
BP, LDL-C, and HbA1c were 0.71, 0.72,
and 0.64 in those below the mean DM
duration and 0.92, 0.72, and 0.72 for
those above the mean DM duration;
similar HRs were also observed for com-
posite risk factor control in these two
subgroups (all interaction tests were

nonsignificant). Additionally, the inter-
action terms of the study cohort with
BP, lipid, glucose, or composite control
were all nonsignificant (P values of
0.31–0.50 for CHD events and 0.43–0.58
for CVD events), indicating the homoge-
neity of the effect of risk factor control
with outcomes across studies (MESA,
JHS, or ARIC study).

CONCLUSIONS

In our pooled analysis of subjects with
DM in three large-scale U.S. prospective
studies, the more factors among HbA1c,
BP, and LDL-C that were at goal levels,
the lower are the observed CHD and
CVD risks (;60% lower when all three
factors were at goal levels compared
with none). However, fewer than one-
tenth of our subjects were at goal levels
for all three factors. These findings un-
derscore the value of achieving target or
lower levels of these modifiable risk fac-
tors, especially in combination, among
persons with DM for the future preven-
tion of CHD and CVD events.

There is a lack of data from population-
based cohorts of adults with DM focusing
on the impact of having ideal levels of
multiple risk factors on future risk of
CHD and CVD events, although some

Table 1—Characteristics of all participants with diagnosed DM and no CVD at baseline in the individual parent cohort studies
and in the pooled sample

ARIC study MESA JHS All 3 studies pooled

DM 825 740 453 2,018

Age (years) 58.5 6 5.7 66.2 6 9.5 53.6 6 10.7 60.1 6 9.7

Age range (years) 47–69 46–86 28–82 28–86

Male sex 355 (43.0%) 372 (50.3%) 143 (31.6%) 870 (43.1%)

White 450 (54.6%) 152 (20.5%) N/A 602 (29.8%)

African American 373 (45.2%) 278 (37.6%) 453 (100%) 1,104 (54.7%)

Hispanic N/A 228 (30.8%) N/A 228 (11.3%)

Asian/Pacific Islander 2 (0.2%) 72 (11.6%) N/A 84 (4.2%)

DM duration (years) 10.0 6 9.4 10.6 6 8.4 8.6 6 8.8 9.9 6 9.0

BP at target (,130/80 mmHg) 431 (52.2%) 376 (50.8%) 37 (8.2%) 844 (41.8%)

LDL-C at target (,2.6 mmol/L [100 mg/dL]) 157 (19.0%) 353 (47.7%) 137 (30.2%) 647 (32.1%)

HbA1c at target (,53.0 mmol/mol [7%]) 266 (32.2%) 378 (50.1%) 201 (44.4%) 845 (41.9%)

None (BP, LDL-C, HbA1c) at target 228 (27.6%) 104 (14.1%) 176 (38.9%) 508 (25.2%)

Any one (BP, LDL-C, HbA1c) at target 374 (45.3%) 267 (36.1%) 189 (41.7%) 830 (41.1%)

Any two (BP, LDL-C, HbA1c) at target 189 (22.9%) 267 (36.1%) 78 (17.2%) 534 (26.5%)

All three (BP, LDL-C, HbA1c) at target 34 (4.1%) 102 (13.8%) 10 (2.2%) 146 (7.2%)

Follow-up time (years) 14.9 6 5.6 7.9 6 1.4 8.0 6 1.4 10.8 6 5.1

Incident CVD (n/1,000 person-years) 444 (45.4) 105 (24.4) 65 (19.1) 614 (35.1)

Incident CHD (n/1,000 person-years) 288 (26.9) 66 (14.9) 24 (6.8) 378 (20.3)

Continuous variables are presented as themean6 SD; categorical variables are presented as frequencies (%); incident events were presented as the
number of events (event rates). The JHS (n = 3,675) excludes those counted in the ARIC study cohort. Asian/Pacific Islanders are all Chinese American
in the MESA and except for two unspecified Asian/Pacific Islanders from the ARIC study. DM duration data were available in 602 ARIC study
participants, 457 MESA participants, and 348 JHS participants.
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clinical trial and observational data exist.
Most noteworthy is the Steno-2 clinical
trial involving 160 Danish white patients
with type 2 DM who were randomized to
intensive therapy or conventional therapy
for a mean treatment period of 7.8 years
focusing on the following targets: HbA1c
level ,48 mmol/mol (6.5%), fasting total
cholesterol level,4.5mmol/L (175mg/dL),
triglyceride level,2.0mmol/L (150mg/dL),
and BP ,130/80 mmHg. Intensive ther-
apy resulted in a 57% reduction in CVD
death and a 59% reduction in CVD events
(15), which are nearly identical to our ob-
servational study findings. Also, applying
UK Prospective Diabetes Study risk engine
estimates to combined control of HbA1c,
BP, total cholesterol, HDL-C, and smoking
amongU.S. adultswithDM in theNational
Health and Nutrition Examination Survey,
statistically “controlling” all risk factors to
goal was projected to prevent an esti-
mated 36–42% of CHD events and, in
the case of aggressive control, was pro-
jected to prevent 54–60% of CHD events
(22). Finally, a recently published 5-year
follow-up study (23) of 859,617 adults
with DM among 11 U.S. integrated health
care organizations showed inadequate
risk factor control to be responsible for
11–34% of CVD events. While control of
BP, LDL-C, and HbA1c has improved over
recent years in U.S. adults with DM, only
about one-fourth of such individuals are at
control for all three of these factors, ac-
cording to recent U.S. data (14). Control of
risk factors (BP, LDL-C, HbA1c, and smoking
cessation) in DM patients with CHD is also
suboptimal, with simultaneous control
rates varying from 8% to 23% (24).
Risk factor control also varies substan-
tially by ethnicity (25), suggesting a
need for health care systems to develop

approaches to ensure better composite
control of risk factors. Meta-analyses of
randomized trials (26,27) evaluating qual-
ity improvement interventions in adults
with type 2 DM have shown modest im-
provements in HbA1c, BP, and LDL-C with
increased use of aspirin and antihyper-
tensive drugs, but not with statin use. In
persons with CHD, health care ap-
proaches involving physician education,
automated reminders, and required per-
formance measures have resulted in
improved adherence to recommended
therapies and reduced numbers of CHD
events and hospitalizations (28,29).
Moreover, recently launched is the first
real-world global Collaborative Diabetes
Registry, an interdisciplinary effort led
by the American College of Cardiology in
partnership with the American Diabetes
Association, the American College of Phy-
sicians, the American Association of Clin-
ical Endocrinologists, and the Joslin
Diabetes Center (30). These and other
approaches are being implemented to
improve the quality of care of persons
with DM.

Our large representation of African
Americans (55% of our study sample),
makes our study particularly unique,
demonstrating a possibly greater impact
of both BP and composite risk factor
target attainment on CHD events in
African Americans compared with indi-
viduals of other ethnicities. In our study,
being at the target level for BP tended
to be associated with greater relative
risk reductions in women and African
Americans, which may be influenced
by higher uncontrolled baseline factors
(e.g., higher systolic BP among African
Americans and females). These find-
ings are consistent with those of prior

studies showing a high prevalence of
hypertension, particularly in older
African American women, with control
of BP being poor (31). The greater ben-
efit of risk factor control, especially of
hypertension, that we observe in African
Americans, combined with their current
status of poor control of risk factors, sug-
gests an unmet opportunity for im-
proved risk factor control in African
Americans with DM.

Our study has several strengths and
limitations. An important strength of
our study derives from the inclusion of
subjects with DM from three large-scale,
well-characterized U.S. population–
based epidemiologic studies (ARIC
study, MESA, and JHS), with standard-
ized evaluation of risk factors and ascer-
tainment of CHD and CVD events that
were adjudicated by end points commit-
tees. We were also able to exclude any
significant bias due to confounding by
indication, from adjusting for propensity
scores. A potential limitation, however,
is the pooling of individuals from co-
horts of different time periods, where
there may be differences both in control
rates and the effects of risk factor con-
trol on CVD and CHD event risk. Realiz-
ing that the baseline examination data
we used for the ARIC study cohort was
collected ;10 years earlier than those
of the MESA or the JHS, it is not surpris-
ing that the ARIC study had the lowest
levels of both LDL-C and HbA1c control,
considering that both the guidelines and
intensity of treatments available were
less stringent. However, interaction
terms of this cohort effect with individ-
ual and composite risk factor control
were all nonsignificant, indicating that
the effect of risk factor control on out-
comes did not vary by cohort. While our
enrolled cohort represents subjects
from multiple metropolitan areas
around the country, our clinical centers
enrolling participants were not entirely
representative of the country; it is well
recognized that there is significant re-
gional variation in DM care, such as in
prescription rates for certain DM medi-
cations varying more than twofold be-
tween hospital referral regions (32);
thus, results may be different had
other regions/communities been
studied. Although about half of our co-
hort was African American, Hispanics
and Asians were also included in our
sample, but the numbers were too small

Figure 1—Unadjusted CVD and CHD event rates per 1,000 person-years for subjects with DM, by
status of being at target level for individual risk factors BP, LDL-C, and HbA1c (A) and by the
number of risk factors at target levels (B). BP target,130/80 mmHg; LDL-C target,2.6 mmol/L
(100 mg/dL); HbA1c target ,53.0 mmol/mol (7%).
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to examine the impact of risk factor tar-
get attainment in these groups. More
importantly, our report did not investi-
gate the effect of other targets (e.g.,
nonsmoking status or ideal BMI levels)
that are important in DM control be-
cause of sample size limitations to
look at more than three targets simulta-
neously. In addition, our determination
of being at target for a given factor was
based on a single measure. Without hav-
ing pretreatment levels, we were unable
to examine newer targets, such as those
based on the percentage of LDL-C level
lowering, as specified by more recent
guidelines (33). Importantly, during
follow-up, new risk factors may have
developed in participants or the status
of participants may have changed with
regard to whether or not they were at
target for one ormore risk factors, which
may have influenced our results. The lim-
ited and different reexamination periods
for the studies we used precluded us
from performing such an evaluation.

Also, while our report used more con-
temporary risk factor goals that were in
effect during the beginning of the MESA
and the JHS, but which were stricter than
those in effect when the ARIC study co-
hort was recruited, our intention was
to test the effect of specific risk factor
targets. For BP, we showed that those
subjects at a more current, but less ag-
gressive target level of ,140/80 mmHg
did not have lower CHD or CVD risks,
whereas CVD events were 17% lower in
those who were at a target level of
,130/80 mmHg. With the recent publi-
cation of the Systolic Blood Pressure
Intervention Trial (SPRINT) trial (34), sub-
jects randomized to a target systolic BP of
,120 mmHg versus ,140 mmHg had a
25% lower risk of the development of the
primary composite CVD end point. In ad-
dition, the recent BI 10773 (Empagliflozin)
Cardiovascular Outcome Event Trial in
Type 2 Diabetes Mellitus Patients
(EMPA-REG OUTCOME) trial (35) showed
that therewas a reduction in CVD second-
ary to the use of the glucose-lowering
agent empagliflozin, but the mechanisms
are currently unclear. Finally, althoughwe
have chosen specific targets that were
based on guidelines for persons with
DM free of prior CVD in effect at the
time of the conduct of the studies in-
cluded, an individualized approach for
setting targets may be more appropriate.
For instance, some higher-risk subjects,
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such as those with long-standing ormore
complicated DM, may be suitable for
more lenient HbA1c target levels, as re-
cent guidelines (20) have suggested, or
for different BP or lipid target levels
than we have specified.
Our study of three large prospective

U.S. cohorts of persons in whom DM has
been diagnosed shows those persons
who were at target levels for HbA1c,
BP, and LDL-C to have substantially
(;60%) lower risks for CVD and CHD
than persons with DM who were not at
target levels for such factors. These find-
ings emphasize the importance of com-
posite control of these modifiable risk
factors to better address the residual
CVD risk seen in persons with DM, the
need for the development of health care
strategies to better ensure such man-
agement, and the need for studies to
evaluate and eliminate barriers to risk
factor control in persons with DM.
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