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OBJECTIVE

The objective of this study was to assess the incidence of major cardiovascular
(CV) hospitalization events and all-cause deaths among adults with diabetes with
or without CV disease (CVD) associated with inadequately controlled glycated
hemoglobin (A1C), high LDL cholesterol (LDL-C), high blood pressure (BP), and
current smoking.

Study subjects included 859,617 adults with diabetes enrolled for more than 6
months during 2005–2011 in a network of 11 U.S. integrated health care organizations. Inadequate risk factor control was classiﬁed as LDL-C ‡100 mg/dL, A1C
‡7% (53 mmol/mol), BP ‡140/90 mm Hg, or smoking. Major CV events were based
on primary hospital discharge diagnoses for myocardial infarction (MI) and acute
coronary syndrome (ACS), stroke, or heart failure (HF). Five-year incidence rates,
rate ratios, and average attributable fractions were estimated using multivariable
Poisson regression models.
RESULTS

Mean (SD) age at baseline was 59 (14) years; 48% of subjects were female, 45%
were white, and 31% had CVD. Mean follow-up was 59 months. Event rates per
100 person-years for adults with diabetes and CVD versus those without CVD were
6.0 vs. 1.7 for MI/ACS, 5.3 vs. 1.5 for stroke, 8.4 vs. 1.2 for HF, 18.1 vs. 40 for all CV
events, and 23.5 vs. 5.0 for all-cause mortality. The percentages of CV events and
deaths associated with inadequate risk factor control were 11% and 3%, respectively, for those with CVD and 34% and 7%, respectively, for those without CVD.
CONCLUSIONS

Additional attention to traditional CV risk factors could yield further substantive
reductions in CV events and mortality in adults with diabetes.
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RESEARCH DESIGN AND METHODS
Data Sources

The Surveillance, Prevention, and Management of Diabetes Mellitus (SUPREME-DM)
DataLink was developed in a network of
11 large, integrated health care organizations in the HMO Research Network in
the United States (5). Members of these
health systems include 16 million persons who receive insurance through a
variety of mechanisms, including commercial plans, self-pay, Medicare, Medicaid, and other federal- or state-supported
insurance programs. Health systems
participating in SUPREME-DM include
Geisinger Health System (Pennsylvania),
Group Health (Washington), HealthPartners
(Minnesota and Wisconsin), Henry Ford
Health System (Michigan), Marshﬁeld Clinic
(Wisconsin), and Kaiser Permanente regions

in Colorado (KPCO), Northern California
(KPNC), Southern California (KPSC), Hawaii (KPHI), Georgia (KPSE), and the
Northwest (Oregon and Washington
[KPNW]). Research units embedded in
these health care organizations developed
a distributed virtual data warehouse that
contains information on demographics,
pharmacy, laboratory, diagnoses, and
procedures from outpatient and inpatient encounters extracted from their respective electronic medical record and
administrative data (claims) systems (6).
Mortality data were extracted from administrative registries, state death registries, and the National Death Index (in
two health systems) and were available
with a 1-year lag. These data were used
to construct the SUPREME-DM DataLink,
the largest and most clinically detailed
diabetes population ever assembled in
the United States outside the U.S. Department of Veterans Affairs (5).
Study Population

To be included in the analyses reported
here, subjects had to 1) be at least 20 years
old; 2) be insured; 3) have received care
in one of the 11 participating health systems between 1 January 2005 and 31
December 2010; 4) have an assigned diabetes identiﬁcation date; 5) have had at
least 6 months of continuous enrollment
before the cohort entry date; and 6) have
had one or more laboratory measurements of fasting plasma glucose, A1C, or
LDL-C and BP. The cohort entry date was
deﬁned as the latest of 1) the diabetes
identiﬁcation date, 2) 1 January 2005, or
3) the date the patient turned 20 years old.
Patients with diabetes insured during
2003 and 2011 were identiﬁed. Diabetes
status was classiﬁed using a previously
validated algorithm (5,7–9). Study criteria for diabetes required either one or
more inpatient diabetes diagnosis codes
(ICD-9 Clinical Modiﬁcation 250.x,
357.2, 366.41, 362.01–362.07) or any
combination of two or more of the following events on separate days no more
than 2 years apart: 1) A1C $6.5% (48
mmol/mol), 2) fasting plasma glucose
$126 mg/dL, 3) random plasma glucose
$200 mg/dL, 4) outpatient visit diabetes diagnosis code (same codes as that
used for inpatients), or 5) any ﬁlled prescription for a glucose-lowering medication. Patients prescribed metformin or
thiazolidinediones with no other indicator of diabetes were not included

because these agents could be used
for other conditions. Those who met criteria during pregnancy were excluded.
Patients were assigned a diabetes identiﬁcation date deﬁned as the second
date on which they met study criteria
for diabetes.
Risk Factor Deﬁnitions

We extracted baseline data within 61
year of the cohort entry date for each
subject. When multiple baseline clinical
measures were available, we selected
the measure closest to the cohort entry
date, except baseline BP, which was averaged from all outpatient readings
within 1 year of the cohort entry date.
We deﬁned inadequate baseline control
following American Diabetes Association
guidelines (10,11)dLDL-C $100 mg/dL
and A1C $7% (53 mmol/mol)dand the
Eighth Joint National Committee 2014
guidelines (11)dsystolic BP $140 mmHg
or diastolic BP $90 mmHg or current smoking. Additional variables included age; sex;
BMI (kilograms per meters squared); HDL
cholesterol (HDL-C); treatment with antihypertensive medications, statins, insulin, or
other glucose-lowering drugs; incident diabetes status; and preexisting comorbidities.
To be classiﬁed as having incident diabetes in our cohort, a patient was required
to have 18 months of antecedent enrollment with no evidence of diabetes before the diabetes identiﬁcation date (5).
Baseline status for comorbid conditions
was assigned based on two or more outpatient diagnosis codes or one or more
inpatient diagnosis codes on or before
the cohort entry date for chronic kidney
disease (CKD; ICD-9 code 585.xx), CVD
(ICD-9 codes 410–414.xx and 429.2),
heart failure (HF; ICD-9 codes 428–
428.9), hemorrhagic stroke (ICD-9 codes
430–432.9), ischemic stroke (ICD-9 codes
433–434.91), and transient ischemic attack (ICD-9 code 435.xx). Multiple imputation was used for missing data on A1C,
LDL-C, and HDL-C following previous
work using the SUPREME-DM cohort (12).
CV Events and All-Cause Mortality

Major CV events were ascertained based
on the date of primary hospital discharge
ICD-9 diagnosis codes as follows: 1) myocardial infarction (MI)/acute coronary syndrome (ACS) (ICD-9 codes 410.0–410.91,
411.1, 411.8), 2) ischemic and hemorrhagic stroke (ICD-9 codes 433–434.91,
430–432.9), or 3) HF (ICD-9 codes 428–
428.9). These events were deﬁned as the
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Nearly 25 million Americans have diabetes, and if current trends persist, more
than one in three American adults are projected to have diabetes by 2050 (1–3). Coronary heart disease and stroke are the
leading causes of excess morbidity, mortality, and cost in adults with diabetes
(4). Advances in medical care and improvements in cardiovascular (CV) risk
factor control have resulted in the reduction of CV events and deaths among
adults with diabetes (2,3). At the population level, however, increased diabetes
prevalence and more years lived with diabetes offset much of the improvement
in rates of CV events and mortality such
that the absolute burden of CV events in
those with diabetes remains high.
Major risk factors for CV events are
well known, and effective drugs and behavioral interventions are available to
manage blood pressure (BP), LDL cholesterol (LDL-C), glucose, and tobacco use.
Estimating the prevalence of inadequately controlled risk factors and the
proportion of major CV events and allcause mortality associated with each of
these uncontrolled CV risk factors could
help prioritize clinical and public health
strategies to further reduce the burden
of CV disease (CVD) in adults with diabetes. Because risk factor prevalence,
risk factor association with CV events,
and impact of treatment of uncontrolled
risk factors on CV events differ depending on whether an adult with diabetes
has CVD, we conducted separate analyses of those with versus without CVD at
baseline.
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Statistical Analysis

Models to predict hospitalization for
MI/ACS, stroke, HF, and all-cause mortality were constructed with generalized
linear models using Poisson distribution
and log link. A two-step analysis was implemented to evaluate the inclusion of
baseline covariates in the prediction
model. In the ﬁrst step, the associations
of individual baseline variables with
each major CV event and with all-cause
mortality were evaluated in separate
models for subjects with and without
CVD at baseline, using only age and sex
as covariates. Individual baseline variables included uncontrolled risk factors
(BP, LDL-C, A1C, and tobacco status),
medication use variables, BMI, HDL-C, incident diabetes, presence of CKD, race/
ethnicity, and study site. Nonmonotonic
associations of continuous variables
with CV events or all-cause mortality
were explored. In the second step, all
baseline factors associated with a major
CV event or with all-cause mortality in
step 1 and with P , 0.05 as main effects
were retained for inclusion in the ﬁnal
models.
To estimate the population-attributable
fraction for each uncontrolled risk factor
in adults with diabetes with and without
baseline CVD, we calculated the average
attributable fraction (AAF), as described by
Rückinger et al. (13). The AAF is preferred
to alternative measures of populationattributable fraction because of its properties of additivity and symmetry (14,15).
AAF was evaluated for inadequately controlled risk factors (BP, LDL-C, A1C, and
tobacco use) in the same Poisson model
that included the other risk factorsdage,

sex, HDL-C, CKD, incident (vs. prevalent)
diabetes, and medication use variablesdas
main effects for adults with diabetes with
or without baseline CVD. CIs for AAF point
estimates were estimated using delta
method approximations, as described by
Jewell (16).
To evaluate whether the lag between
the cohort entry date and the diabetes
identiﬁcation date created an immortal
time bias, we conducted a sensitivity analysis by restricting the analysis to those
who were identiﬁed in the DataLink after
2005. In addition, we estimated the nondifferential misclassiﬁcation of CV events
on estimates of AAF following the work
by Vogel and Gefeller (17).
Protection of Human Research
Subjects

This study was reviewed in advance, approved, and monitored by the KPCO Institutional Review Board (IRB), and each
participating site either ceded oversight
to the KPCO IRB or received approval
and oversight from their local IRB.
RESULTS

Baseline characteristics of the 859,617
study subjects with diabetes and with or
without CVD are presented in Table 1.
Mean follow up was 59 months, and
4,233,786 person-years of observation
for CV events were included in the analysis. Mean age was 59 years (SD 14
years); 48% were female, 45% were white,
and 31% had CVD. Incident diabetes was
identiﬁed in 24% of diabetic subjects. The
prevalence of inadequately controlled risk
factors is presented in Table 1. Compared
with those without baseline CVD, those
with baseline CVD had better control of
smoking (8.0% vs. 9.8%), A1C $7%
(53 mmol/mol) (42% vs. 53%), and LDL-C
$100 mg/dL (38% vs. 58%), and they had
similar proportions of subjects with systolic/diastolic BP $140/90 mmHg (23%
vs. 21%).
The associations of inadequately controlled baseline A1C, BP, LDL-C, and tobacco
use with subsequent CV events and allcause mortality are presented in Table 2.
CV events and all-cause mortality also
were associated with sex, age, race/
ethnicity, CKD, HDL-C, incident diabetes
status, and medication use variables
(Table 1). However, major CV events
and all-cause mortality were not signiﬁcantly associated with baseline BMI
(data not shown). In subjects without

baseline CVD, all inadequately controlled
CV risk factors were associated with
higher risk of MI/ACS, stroke, and HF,
but only smoking and BP were associated with all-cause mortality. A similar
pattern emerged in subjects with baseline CVD: All inadequately controlled CV
risk factors were associated with an increase in MI/ACS and stroke. Current
smoking, BP, and A1C (but not LDL-C)
were associated with an increase in HF.
Only smoking was associated with allcause mortality.
Rates of major CV events and all-cause
mortality in adults with diabetes and CVD
were substantially higher than in those
with diabetes but no CVD (Table 3). Fiveyear CV event rates per 100 person-years
for adults with diabetes and CVD versus
those without CVD were 6.0 vs. 1.7 for MI/
ACS, 5.3 vs. 1.5 for stroke, 8.4 vs. 1.2 for
HF, 18.1 vs. 4.0 for any CV event, and 23.5
vs. 5.0 for all-cause mortality. In those
without baseline CVD, 34% of major CV
events and 7% of all deaths were associated with inadequately controlled BP, LDLC, A1C, or tobacco use. Similarly, in those
with baseline CVD, 11% of major CV events
and 3% of all deaths were associated
with inadequately controlled risk factors.
Table 4 quantiﬁes the contribution of
speciﬁc uncontrolled risk factors to CV
events and deaths. In adults with diabetes and without CVD, inadequately controlled LDL-C was associated with 20% of
observed MI/ACS and 14% of strokes.
More than 3% of CV events were associated with smoking. Inadequately controlled BP was associated with 12% of
strokes and HF events, whereas inadequately controlled A1C was associated
with 10% of HF events. In subjects with
diabetes and CVD, the proportion of major CV events associated with smoking
ranged from nearly 1% (HF) to 3% (MI/
ACS). Inadequate control of LDL-C or BP
was associated with only a small proportion of CV events (,4%), and only smoking was associated with a small proportion
of deaths (3%).
Sensitivity analysis exploring the immortal time bias caused by the lag between cohort entry date and diabetes
identiﬁcation date revealed a 1% relative difference in event rates and allcause mortality and no discernible bias
on measures of association (rate ratios)
or AAF (data not shown) when the analysis was repeated in those identiﬁed in
the DataLink after 2005. To estimate the
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ﬁrst occurrence 7 days or more after the
cohort entry date (to avoid inpatient
stays starting before the cohort entry
date). All-cause mortality was ascertained through 31 December 2010, independent of health insurance enrollment
at the time of death. Time to event was
calculated as days elapsed from the cohort entry date +7 days to the hospital
discharge date associated with the given
event. Follow-up time was censored
1) when disenrolled from health insurance
for more than 90 days, 2) at the time of
death, or 3) at the end of the study period
(31 December 2012). Follow-up time after
death was censored at 31 December 2010
to accommodate lag in the currency of
death index data.
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Table 1—Baseline characteristics of 859,617 adults with diabetes with and without
CVD receiving care from 2005 to 2010 at 11 U.S. health care organizations and
prevalence of inadequate control of BP (systolic/diastolic ‡140/90 mmHg), LDL-C
(‡100 mg/dL), A1C (‡8% [‡64 mmol/mol]), and current smoking
No CVD
Characteristics

CVD
%

n

%

All

593,167

100

266,450

100

Age at baseline, years
,40
40–49
50–64
65–79
$80
Female sex

70,172
128,942
263,973
115,491
14,589
292,448

11.8
21.7
44.5
19.5
2.5
49.3

6,209
20,029
92,194
15,109
32,909
121,051

2.3
7.5
34.6
43.2
12.4
45.4

Race/ethnicity
American Indian/Paciﬁc Islander
African American/black
Asian
Hispanic
Other/multiple/unknown
White

7,512
56,891
74,840
147,177
71,270
235,477

1.3
9.6
12.6
24.8
12.0
39.7

2,430
27,128
23,871
42,427
18,012
52,582

0.9
10.2
9.0
15.9
6.8
57.3

BMI, kg/m2
Missing
,20
20–24
25–29
$30

103,602
4,509
57,594
117,810
309,652

17.5
0.8
9.7
19.9
52.2

44,762
4,043
35,383
59,957
22,305

16.8
1.5
13.3
22.5
45.9

HDL-C, mg/dL
#40 (M) or #50 (F)
40.1–60 (M) or 50.1–60 (F)
.60

318,482
199,807
74,878

53.7
33.7
12.6

145,032
88,378
33,040

54.4
33.2
12.4

Incident diabetes

163,931

27.6

47,938

18.0

Chronic kidney disease

129,335

21.8

94,446

35.5

Treated BP

413,227

69.7

229,955

86.3

Treated dyslipidemia

419,848

70.8

227,049

85.2

Treated diabetes
No treatment
Insulin treatment
Noninsulin treatment only

163,667
96,292
333,208

27.6
16.2
56.2

78,933
72,028
115,489

29.6
27.0
43.3

A1C, % (mmol/mol)
$9 ($75)
8–8.9 (64–74)
7–7.9 (53–63)
6.5–6.9 (48–52)
,6.5 (48)

129,643
63,023
122,341
114,757
163,403

21.9
10.6
20.6
19.4
27.6

30,288
25,190
56,723
53,168
101,081

11.4
9.5
21.3
20.0
37.9

125,812
196,948
270,407

21.2
33.2
45.6

60,942
74,850
30,658

22.9
28.1
49.0

164,022
180,401
182,870
65,874

27.7
30.4
30.8
11.1

38,915
63,355
109,308
54,872

14.6
23.8
41.0
20.6

Systolic/diastolic BP, mmHg
$140/90
130–139/80–89
,130/80
LDL-C, mg/dL
$130
100–129
70–99
,70
Current smoking

57,852

9.8

21,295

8.0

A1C, BP, and LDL-C not at goal or current smoking

500,233

84.3

193,044

72.5

effect of misclassiﬁcation of CV events in
the attributable fractions, we assumed a
sensitivity of 0.95 and a speciﬁcity of
0.995 based on previous work (18–20).
This resulted in a relative reduction

ranging from 24% (MI/ACS) to 30% (congestive HF) in adults with diabetes and
no baseline CVD and from 6% (congestive HF) to 9% (stroke) in adults with diabetes and baseline CVD.

Despite sustained and quite impressive
improvements in the control of glucose,
BP, and lipids as well as smoking cessation in those with diabetes in the last
decade in the United States, a substantial proportion of individuals have one
or more of these factors that remain
out of control (21). Our ﬁndings suggest
that better management of these risk
factors could lead to substantial further
reductions in CV events and deaths
among those with diabetes. For example, among those without CVD, the attributable risk fraction data suggest that
about 1 in 3 major CV events and fewer
than 1 in 10 deaths are associated with
uncontrolled risk factors, including hypertension, dyslipidemia, smoking, and
poor glucose control.
Although the fraction of CV events
attributable to inadequate risk factor
control is lower among those with CVD
(11%) than those without CVD (34%),
the overall rates of major CV events
are nearly ﬁve times higher in patients
with CVD than in those without it. In
addition, only a portion of the CV risk
of patients with diabetes is preventable,
even with optimal control of these major CV risk factors. Thus primary prevention of diabetes is a critically important
strategy to minimize the impact of diabetes on CV events and mortality, even
though implementation of effective interventions to prevent diabetes can be
challenging (22–25). The necessity of
this approach is underscored by the observed number of CV events per 100
person-years in 2010: 14 in those with
diabetes versus 8 in an age- and sexmatched sample without diabetes in
the SUPREME-DM cohort (J.R.D., G.V.-B.,
P.J.O., unpublished results). Furthermore,
the total direct medical cost related to
these CV events is magniﬁed because
costs of CV events in adults with diabetes
are twice the costs of events in those
without diabetes during the 12-month
period initiated by the event (26). Nonetheless, once a person has diabetes, strenuous efforts to prevent or delay CVD onset
substantially lowers the risk of major CV
events and are well justiﬁed (27).
Our results benchmark control of CV
risk factors in adults with diabetes receiving care at 11 health care organizations and enable comparison with
national data. Compared with data

Downloaded from http://diabetesjournals.org/care/article-pdf/38/5/905/623179/dc141877.pdf by guest on 24 September 2022

n

CONCLUSIONS

909
Vazquez-Benitez and Associates
care.diabetesjournals.org

Downloaded from http://diabetesjournals.org/care/article-pdf/38/5/905/623179/dc141877.pdf by guest on 24 September 2022

1.18
(1.15–1.22)
0.91
(0.89–0.94)
d

1.64
(1.55–1.74)

10,511

MI/ACS

1.31
(1.27–1.36)
1.02
(0.99–1.06)
0.88
(0.85–0.91)
d

1.37
(1.33–1.41)
0.92
(0.90–0.95)
d

1.53
(1.43–1.64)

9,377

Stroke

1.37
(1.31–1.44)
1.01
(0.96–1.07)
0.88
(0.84–0.92)

1.10
(1.06–1.15)
0.94
(0.90–0.97)
0.99
(0.87–0.94)
d

1.37
(1.33–1.42)
0.83
(0.80–0.86)
d

1.53
(1.42–1.64)

7,768

HF

d
0.89
(0.87–0.92)

1.25
(1.22–1.29)
1.03
(0.99–1.07)
0.93
(0.91–0.96)

1.30
(1.27–1.33)
0.98
(0.96–1.01)
0.86
(0.84–0.88)
d

1.31
(1.28–1.34)
0.89
(0.87–0.91)
d

1.53
(1.47–1.61)

25,189

All CV

d
0.96
(0.94–0.99)

1.01
(0.98–1.05)
0.90
(0.87–0.94)
0.94
(0.91–0.96)

0.98
(0.98–1.00)
0.91
(0.89–0.93)
0.96
(0.94–0.98)
d

0.85
(0.83–0.87)
d

1.06 (1.04–1.09)

1.62
(1.55–1.69)

20,282

All-cause
mortality

d
0.92
(0.89–0.95)

1.14
(1.10–1.18)
1.01
(0.98–1.05)
0.98
(0.95–1.01)

1.22
(1.18–1.25)
0.99
(0.96–1.01)
0.91
(0.89–0.93)
d

1.13
(1.11–1.16)
0.91
(0.89–0.93)
d

1.39
(1.32–1.46)

18,458

MI/ACS

d
0.95
(0.92–0.98)

1.22
(1.17–1.27)
0.99
(0.95–1.03)
0.92
(0.89–0.95)

1.18
(1.14–1.22)
1.01
(0.98–1.04)
0.92
(0.90–0.94)
d

1.20
(1.18–1.23)
0.95
(0.93–0.97)
d

1.29
(1.22–1.36)

16,311

Stroke

d
0.92
(0.90–0.94)

1.16
(1.13–1.20)
0.98
(0.95–1.01)
0.94
(0.92–0.97)

1.02
(0.99–1.05)
0.92
(0.90–0.94)
0.96
(0.94–0.97)
d

1.05
(1.03–1.08)
0.85
(0.83–0.86)
d

1.12
(1.07–1.18)

25,308

HF

d
0.92
(0.90–0.94)

1.17
(1.14–1.20)
1.0
(0.97–1.03)
0.94
(0.92–0.96)

1.11
(1.09–1.14)
0.96
(0.94–0.98)
0.92
(0.91–0.94)
d

1.12
(1.10–1.14)
0.89
(0.87–0.90)
d

1.30
(1.25–1.36)

51,129

All CV

d
0.98
(0.96–1.0)

1.01
(0.98–1.03)
0.89
(0.87–0.91)
0.91
(0.89–0.93)

1.02
(0.99–1.04)
0.92
(0.91–0.94)
0.93
(0.92–0.95)
d

0.99
(0.98–1.01)
0.85
(0.84–0.86)
d

1.35
(1.31–1.40)

46,610

All-cause
mortality

CVD (n = 266,450)

Inadequately
controlled
factors

1.51
(1.46–1.56)
1.06
(1.03–1.10)
0.83
(0.80–0.85)
d
1.29
(1.23–1.34)
0.98
(0.92–1.03)
0.94
(0.91–0.98)

d
0.87
(0.83–0.92)

No CVD (n = 593,167)

Table 2—Rate ratios (95% CIs) of inadequate controlled risk factors with CV events and all-cause mortality in adults with diabetes with and without baseline CVD

Events, n

1.18
(1.14–1.23)
1.09
(1.04–1.15)
0.98
(0.94–1.02)

d
0.90
(0.87–0.95)

7–7.9 (53–63)

8–8.9 (64–74)

,70 (reference)
A1C, % (mmol/mol)
$9 ($75)

70–99

100–129

,130/80 (reference)
LDL-C, mg/dL
$130

130–139/80–89

Systolic/diastolic BP,
mmHg
$140/90

Current smoking

d
0.90
(0.86–0.94)

6.5–6.9 (48–52)
(reference)
,6.5 (,48)

Estimates adjusted for age, sex, race/ethnicity, diabetes medication, statins, BP medication, CKD at baseline, incident diabetes at baseline, low HDL-C (#40 mg/dL [men]/50 mg/dL [women]), and all other
inadequately controlled factors as described in the table.
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Table 3—Five-year event rates and all-cause mortality and percent of preventable
CV events among adults with diabetes with and without baseline CVD
No CVD (n = 593,167)
CVD (n = 266,450)
5-year rates per
100 personyears

Preventable
events (%)

5-year rates per
100 personyears

Preventable
events (%)

MI/ACS events

1.7

38.4

6.0

16.0

Stroke events

1.5

36.2

5.3

17.7

HF events

1.2

29.3

8.4

3.3

All CV events

4.0

34.1

18.1

10.8

All-cause mortality

5.0

7.0

23.5

2.7

Outcomes

have found a U-shaped association in
adults with incident diabetes (34). We
found a strong association of HDL-C
with CV events and mortality. Unfortunately, management of low HDL in those
with diabetes is clinically challenging because of a paucity of evidence that existing therapies that increase HDL are
effective in reducing CV events or deaths
(35–38). Our analysis did not include other
novel CV risk factors such as hs-CRP, coronary artery calcium, BP variability, sleep
disorders, or chronic psychological stress
(39,40). These factors either were not
available in our data or were available
only in a selected group of patients.
The substantial residual CV risk not attributable to optimal management of
BP, LDL-C, A1C, and tobacco raises the
possibility that unidentiﬁed genetic,
metabolic, or psychosocial risk factors
may affect risk.
Several epidemiological studies have
evaluated CV event attributable fractions using methods similar to ours or
by combining published relative risk estimates with population-based estimates of CV risk factor prevalence in
various populations (13,41–45). However, few studies have focused on adults
with diabetes. A Taiwanese study found
that the proportion of all-cause mortality
and CVD-related mortality attributable to
metabolic syndrome in the general population was 11.6% and 39.2% among men
and 18.6% and 44.4% among women, respectively, and that central obesity in
women and hypertension in men accounted for the highest number of deaths.
In a study using 2005–2006 NHANES
data, Rückinger et al. (13) concluded
that, for subjects aged 40 years and
older, hypertension accounted for
15.7% of CV events, followed by smoking
(11.4%) and total cholesterol (10%),
with an aggregate of 44% of CV events
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from the National Health and Nutrition
Examination Survey (NHANES) for 2007
to 2010 (21), we found a lower prevalence of controlled risk factors: A1C
(,7%, 53 mmol/mol), 50% vs. 52%;
LDL-C (,100 mg/dL), 48% vs. 56%; and
systolic/diastolic BP (,130/80 mmHg),
47% vs. 51%, as well as a similar prevalence (21% vs. 19%) of those reaching all
three goals. Our results differ from the
NHANES in that we identiﬁed people
with incident diabetes, 24% of whom
have not been targeted for optimal risk
factor control.
A key ﬁnding in our study was the
increased CV risk for A1C $9%
(75 mmol/mol), especially in those
with no CVD, and no increased risk for
A1C 7–7.9% compared with 6.5–6.9%.
This ﬁnding is congruent with the results
of the Action to Control Cardiovascular
Risk in Diabetes (ACCORD) trial and
Action in Diabetes and Vascular Disease:
Preterax and Diamicron MR Controlled
Evaluation (ADVANCE) and support current guidelines that recommend personalizing an A1C goal between ,7% (53
mmol/mol) and ,8% (64 mmol/mol) in
patients with diabetes (28). Our data
also are congruent with results from
the Steno-2 study, which demonstrated
a major reduction in CV events and CV
mortality with aggressive BP and LDL-C
management, with a median achieved
A1C of about 7.8% (29). Our results and
those of previous studies (30) suggest
that the impact of A1C on CV events accelerates as A1C rises above 8%.
The lack of an association of elevated
BP and HF in those with baseline CVD
may be explained by the relatively short
follow-up period in our study. Consistent with other studies of adults with
diabetes, we observed no independent
association of BMI with CV events or allcause mortality (31–33), although others

attributable to uncontrolled BP, total
cholesterol, HDL, or smoking combined,
whereas diabetes accounted for 5.4%.
Our study has several limitations.
First, data for this study were obtained
from routine care settings with varying
time intervals and considerable missing
data. To compensate for this, we did
multivariate imputation for A1C, LDL-C,
and HDL-C in about 5% of the sample.
Second, classiﬁcation of diabetes status
is necessarily imperfect, although sensitivity is estimated at 91% and has a positive predictive value of 94% (46).
Accurately distinguishing between type
1 and type 2 diabetes using electronic
diagnosis data or duration of diabetes
is not possible (7). Third, CV events
were based on primary hospital discharge diagnoses and were not adjudicated. However, hospital discharge
diagnoses for major CV events are highly
accurate (18–20). Using the primary discharge diagnosis has an estimated positive predictive value of 96% for MI and
98% for stroke. Moreover, CV events
based on primary hospital discharge diagnoses are thought to have near-perfect
speciﬁcity, which greatly improves the accuracy of AAFs. Fourth, data constraints
limited our analysis to all-cause–speciﬁc
mortality. Fifth, the AAF is a well-recognized
method of quantifying attributable risk
that provides a valid estimate of the
causal effect of improved risk factor control on health outcomes, but results
using lagged cross-sectional analysis of
observational data should be interpreted with caution. In addition, this
method does not take into account nonlinearity, which may operate with some
CV risk factors. In the present analysis,
however, we sought but did not identify
nonlinear associations. Another limitation is that we assessed risk factors and
comorbid conditions only upon entry
into the cohort; thus changes in risk factor control during follow-up were not
reﬂected in the results. Finally, although
we studied more than 800,000 adults
with diabetes and had more than four
million person-years of follow-up observation, our results may not apply to all
segments of the U.S. general population.
These limitations must be weighed
against the strengths of this study,
which provides contemporary communitybased estimates of attributable risk percentage for CV events and total mortality
that reﬂect current levels of A1C, BP,
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Table 4—AAFs (95% CIs) of inadequately controlled risk factors for major CV events and all-cause mortality among adults with diabetes with and without baseline CVD

4.5% (4.1–4.9)

Inadequately controlled
factors

Current smoking

d

5.1% (4.8–5.5) 5.9% (5.5–6.3)
d

d

3.0% (2.7–3.2) 3.6% (3.3–3.9) 2.6% (2.4–2.8) 3.0% (2.8–3.2)

2.5% (2.4–2.7)

12.6% (12.2–13.1)

d

1.5% (1.4–1.7) 4.1% (3.8–4.4) 7.0% (6.6–7.5) 1.0% (0.8–1.1) 3.5% (3.4–3.7)
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7.4% (7.0–7.7)
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19.6% (18.7–20.5) 13.7% (12.9–14.5)

6.7% (6.2–7.2)

Systolic/diastolic
BP $140/90 mmHg

LDL-C $100 mg/dL

A1C $7%
($53 mmol/mol)

Estimates adjusted for age, sex, race/ethnicity, diabetes medication, statins, BP medication, CKD at baseline, incident diabetes at baseline, HDL-C #40 mg/dL (men)/50 mg/dL (women), elevated LDL-C ($100 mg/dL),
elevated A1C ($8% [64 mmol/mol]), elevated systolic/diastolic BP ($140/90 mmHg). d, factors not associated with an increased number of CV events or mortality.

LDL-C, and tobacco control in U.S. integrated health care systems. These data
1) underscore the importance of the primary prevention of type 2 diabetes and 2)
indicate that substantial additional reductions in major CV events and all-cause
mortality in those with diabetes may be
achieved through more effective control
of glucose, BP, LDL-C, and smoking.
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