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Risk factors for cardiovascular disease (CVD) are well-
established in type 2 but not type 1 diabetes (T1DM). We
assessed risk factors in the long-term (mean 27 years)
follow-up of the Diabetes Control and Complications Trial
(DCCT) cohort with T1DM. Cox proportional hazards multi-
variate models assessed the association of traditional and
novel risk factors, including HbA1c, with major atheroscle-
rotic cardiovascular events (MACE) (fatal or nonfatal myo-
cardial infarction [MI] or stroke) and any-CVD (MACE plus
confirmed angina, silent MI, revascularization, or congestive
heart failure). Age and mean HbA1c were strongly associ-
ated with any-CVD and with MACE. For each percentage
point increase in mean HbA1c, the risk for any-CVD and for
MACE increased by 31 and 42%, respectively. CVD and
MACE were associated with seven other conventional fac-
tors, such as blood pressure, lipids, and lack of ACE inhibitor
use, but not with sex. The areas under the receiver operating
characteristics curves for the association of age and HbA1c,
taken together with any-CVD and for MACE, were 0.70 and
0.77, respectively, and for the final models, including all
significant risk factors, were 0.75 and 0.82. Although many
conventional CVD risk factors apply in T1DM, hyperglyce-
mia is an important risk factor second only to age.

Type 1 diabetes (T1DM) confers a high risk for cardiovascular
disease (CVD) compared with the age-matched population
without diabetes (1–3) that historically has also accounted
for most of the premature deaths in T1DM and is associated
with the development of nephropathy (4–6). The Diabetes
Control and Complications Trial (DCCT) previously demon-
strated that a mean 6.5 years of intensive diabetes therapy
with a mean HbA1c of ;7% substantially reduced microvas-
cular complications, including nephropathy, compared with

conventional therapy with HbA1c of ;9% (7). After an
additional 11 years of observational follow-up in the Ep-
idemiology of Diabetes Interventions and Complications
(EDIC) study, the risk of major atherosclerotic cardiovas-
cular events (MACE; fatal or nonfatal myocardial infarc-
tion [MI] or stroke) was reduced by 58% and aggregate
CVD (MACE plus confirmed angina, silent MI, revascular-
ization, or congestive heart failure) by 42% in the original
intensive versus conventional therapy group (8).

In 2013, EDIC reached a prespecified landmark of 100
former DCCT conventionally treated subjects with an adjudi-
cated CVD event that provides adequate power to describe risk
factor effects reliably in multivariate Cox proportional hazards
regression models. We now present analyses of established and
putative risk factors for CVD, including glycemic control, after
a mean of 27 years of follow-up of the DCCT/EDIC cohort.

RESEARCH DESIGN AND METHODS

The detailed DCCT/EDIC methods have been described
(9,10). In brief, DCCT (1983–1993) was a controlled clin-
ical trial of 1,441 patients with T1DM randomized to
conventional diabetes therapy or intensive therapy to as-
sess whether reducing hyperglycemia would decrease the
risk of complications of T1DM. Conventional therapy used
one or two daily injections of insulin aimed at preventing
symptoms of hypo- or hyperglycemia but with no glucose
targets. Intensive therapy used multiple ($3) daily injec-
tions or insulin pump therapy, guided by self-monitoring
of blood glucose, and aimed to achieve glycemic control as
close to the nondiabetic range as safely possible.

Subjects
At DCCT baseline, the 13- to 39-year-old study cohort
included a primary prevention cohort with 1–5 years’
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diabetes duration, no retinopathy based on 7-field stereo-
scopic fundus photography, and ,40 mg/24 h of albumin-
uria. The secondary intervention cohort had 1–15 years’
duration, minimal to moderate nonproliferative retinopa-
thy, and ,200 mg/24 h of albuminuria (9). Exclusion cri-
teria included neuropathy requiring therapy, hypertension
(.140/90 mmHg or medication use), and hyperlipidemia
(a fasting serum cholesterol level $3 SD above age- and
sex-specific means or medication use).

Risk Factors
Risk factors were assessed by standardized methods during
DCCT/EDIC (9,10). HbA1c was measured by high-performance
liquid chromatography quarterly during DCCT and annually
during EDIC (11). Fasting lipoprotein levels and albuminuria
were measured annually during DCCT and on alternate years
during EDIC. Serum creatinine was measured annually
throughout. The DCCT/EDIC central biochemistry laboratory
performed all laboratory measurements with standardized
methods and long-term controls to guard against assay drift.

Candidate risk factors were grouped into the following
11 blocks (described in detail in Supplementary Table 1):

� design (treatment group and cohort);
� physical (sex, age, weight, BMI);
� behavioral (smoking, alcohol intake, exercise);
� family history (hypertension, MI, and T1DM or type 2

diabetes);
� blood pressure/pulse (systolic and diastolic blood pres-

sure, pulse pressure, pulse rate);
� medication use (ACE inhibitors, angiotensin receptor

blockade, b-adrenergic blockers, lipid-lowering agents,
calcium channel blockers);

� lipid levels (total cholesterol, triglycerides, LDL cholesterol
[LDLc], HDL cholesterol [HDLc] levels);

� diabetes specific (duration of diabetes, baseline stimulated
C-peptide, daily insulin dose, estimated glucose disposal
rate [12]);

� nephropathy (estimated glomerular filtration rate [GFR], al-
bumin excretion rate [AER], presence of microalbuminuria,
presence of macroalbuminuria);

� hypoglycemia events (episodes requiring assistance, coma,
or seizure); and

� glycemia (HbA1c at eligibility and mean HbA1c during
DCCT/EDIC).

Some covariates were fixed (e.g., baseline), whereas
others were time-dependent covariates representing the
current (most recent) measurement or the updated mean
of all follow-up values since randomization. For covariates
measured at different frequencies during DCCT and EDIC
(e.g., HbA1c), the updated time-weighted mean was com-
puted weighting each value by the interval between
measurements.

Cardiovascular Outcomes
EDIC embargoed CVD risk factor analyses until 100 conven-
tional group subjects had experienced a CVD event. This led

to data lock as of 31 December 2013 for these analyses.
CVD events were ascertained based on the patient-
reported updated annual CVD histories supported by
medical records and annual centrally graded electrocardio-
grams (ECGs). Events were adjudicated and classified by a
committee masked to DCCT treatment assignment and
HbA1c levels (13).

The primary CVD outcome (“any-CVD”) was time to
the first occurrence of cardiovascular death, nonfatal MI,
nonfatal stroke, subclinical MI on ECG, angina confirmed
by ischemic changes with exercise tolerance testing or by
clinically significant obstruction on coronary angiogra-
phy, revascularization (with angioplasty or coronary artery
bypass), or congestive heart failure (paroxysmal nocturnal
dyspnea, orthopnea, or marked limitation of physical activity
caused by heart disease). The secondary CVD outcome, major
atherosclerotic cardiovascular events (MACE), a subset of
any-CVD, included only the time to cardiovascular death,
nonfatal MI, or nonfatal stroke, whichever occurred first.

Statistical Analysis
Quartiles describe quantitative variables, and percentages
describe discrete variables. A Cox proportional hazards
model with 100 CVD cases in the conventional group or
;150 cases in the combined cohort provided 83% power
to detect a 30% risk reduction per SD change in a fac-
tor adjusted for 10 other covariates with an R2 = 0.35
with that factor and using a test at the 0.01 level
(two-sided) (14).

The analysis was based on the time to the first component
event for each outcome (any-CVD or MACE). The Kaplan-
Meier method estimated the probability of remaining free
of CVD or MACE over time (i.e., the “survival” function).
Semiparametric Cox proportional hazards models assessed
the influence of fixed and time-dependent covariates on the
risk of CVD/MACE (15). Smoothing splines assessed the
shape of the empirical log(hazard) functions of any-CVD
and MACE over the range of age and time-weighted mean
HbA1c (16).

Given the large number of risk factors, variables were
entered into the Cox proportional hazards model one block
at a time in the order displayed in Supplementary Table 1,
starting with design factors, then demographic-physical,
etc. Details of the variable selection/deletion process
are described in the Supplementary Data. Briefly, after
each block was added, a variable was deleted if it was not
nominally significant, yielded a poor Akaike information
criterion (17), and had a penalized likelihood estimate of
zero (18). After the last block was entered, the final
model was fit using the selected covariates. Two additional
sensitivity analyses started with the complete set of vari-
ables, followed by subset selection based on the Akaike
information criterion or the penalized likelihood. Interac-
tion terms investigated sex differences in the effect of
covariates on the risk of CVD.

There is no standard measure of the proportion of
variation explained by a factor in the Cox proportional

diabetes.diabetesjournals.org DCCT/EDIC Research Group 1371

http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db15-1517/-/DC1
http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db15-1517/-/DC1
http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db15-1517/-/DC1


hazards model. However, the measure of R2 in other mod-
els is directly proportional to the test statistic value or
inversely proportional to the P value. Accordingly, the
Z-test value is used to measure the relative strength of
the predictive association with CVD risk.

The area under the receiver operating characteristics
curve (AUC = sensitivity vs. 1 – specificity) describes the
predictive accuracy of a model, with an AUC = 0.5 mean-
ing chance predictions and an AUC = 1 providing 100%
accurate predictions. To allow for time-dependent covari-
ates, a separate model was fit for each year of follow-up
and the simple average of the separate AUC estimates was
obtained. The AUC value can be interpreted as the prob-
ability that a subject who experienced an event has a
higher risk score than a subject who is event free.

RESULTS

As of 31 December 2013, 85.8% of the original cohort
(93.2% of the 1,327 surviving participants) were under
active follow-up, with a median follow-up of 27 years.
A total of 184 subjects had a CVD event (any-CVD cases)
and 88 had MACE, with 82 CVD and 39 MACE cases in
the intensive group and 102 CVD and 49 MACE cases
in the conventional group. After 27 years of follow-
up, ;85% of the cohort remained free of any-CVD and
more than 90% were free of MACE (Fig. 1).

Baseline Characteristics
Table 1 reports the baseline characteristics of the DCCT
cohort as a whole and among those who did versus did
not have any-CVD event as well as the corresponding
hazard ratio (HR) without adjustment for other factors.
Supplementary Table 2 shows the baseline characteristics

for subjects with and without a MACE event. At baseline,
53% of the participants were men, the median age was
27 years, duration of diabetes was 49 months, HbA1c was
8.8% (73 mmol/mol), and 19% were smokers. Nominally
significant baseline factors associated with a higher risk of
any-CVD included the secondary versus primary cohort,
older age, greater weight and BMI in women but not in
men, smoking, longer duration of diabetes, family history
of MI and type 2 diabetes, higher blood pressure and
pulse, and higher total cholesterol, triglyceride, LDLc,
and HbA1c levels. These risk factors were also associated
with MACE, albeit with lower degrees of significance,
presumably owing to fewer events (Supplementary Table
2). Of note, the rate of any-CVD and MACE were not
statistically different between men and women (P = 0.98
and P = 0.23 for any-CVD and MACE, respectively) (Table 1
and Supplementary Table 2).

Time-Dependent Characteristics
Table 2 presents the HRs for any-CVD and MACE based on
the current value or the updated mean value of each time-
dependent covariate, without adjustment for other factors.
Supplementary Table 3 presents the values of each covari-
ate among those still at risk for any-CVD at 10, 20, and 25
years. During the study, weight and BMI increased among
men and women, smoking decreased, alcohol consumption
increased, and exercise declined, and there were age-related
increases in blood pressure and lipids and in the use
of respective medications and increases in the prevalence
of nephropathy (Supplementary Table 3). All of these, ex-
cept for weight, alcohol consumption, and exercise, were
significantly associated with the risk of any-CVD, much
more so than the baseline value. Similar associations were
observed for MACE (Supplementary Table 4).

Individual Covariate Effects
Age and time-weighted mean HbA1c levels were the most
significant univariate risk factors for any-CVD, with re-
spective Z-test values of 8.1 and 6.6 (P , 1.0E-10), each
adjusted for the other and also for MACE. Supplementary
Fig. 1 shows that the spline-smoothed model-free esti-
mates of the log(hazard) function for any-CVD and for
MACE were both strongly linear functions of age and the
time-weighted mean HbA1c.

Table 3 presents the covariates that remained signifi-
cantly associated with any-CVD and MACE, after adjust-
ment for age and time-weighted mean HbA1c. A higher
risk of any-CVD was predicted by family history of MI;
higher blood pressure and pulse variables; use of calcium
channel blockers (but not the other “cardioprotective”
medications); higher cholesterol, triglycerides, and LDLc;
lower HDLc (which became significant after adjustment);
diabetes-related history variables (including higher mean
insulin dose); higher AER; and history of micro- and
macroalbuminuria but not estimated GFR. Use of ACE
inhibitors was not significant alone or when adjusted for
age and time-weighted HbA1c but became significant
when also adjusted for blood pressure levels.

Figure 1—Kaplan-Meier survival (event-free) curves (solid lines),
and 95% CIs (dashed lines) for MACE (top line) and any-CVD (bot-
tom line), with number of subjects at risk for each at 10, 20, and
30 years of follow-up. The number at risk beyond 23 years declines
as a function of staggered entry into the study from 1983 to 1989.
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Similarly, a higher risk of MACE was predicted by the
same set of factors, with the exceptions that higher insulin
dose and microalbuminuria were not significant, but macro-
albuminuria (AER $300 mg/24 h) was significant.

Final Multivariate Models
Table 4 reports the final multivariate Cox models for any-
CVD and for MACE, with the covariates listed in the order
of the unsigned covariate Z values (or P values). Because

any Z $ 3.28 has P , 0.001 and Z values as high as 7 are
observed, the Z value better represents the significance of
the covariate effect in the model than does the designa-
tion “P , 0.001.” In the model for any-CVD (Table 4),
older age (HR 1.54 per 5 years; 95% CI 1.36, 1.73; Z =
7.07, P , 0.001) was the most significant risk factor.
A higher time-weighted mean HbA1c was the next most
significant factor (HR 1.31 per 1%; 95% CI 1.15, 1.50; Z =
4.0, P , 0.001). Other nominally significant variables

Table 1—Baseline characteristics of DCCT/EDIC participants according to the presence or absence of any-CVD over the
course of DCCT/EDIC

Any-CVD

Overall No Yes
N = 1,441 n = 1,257 n = 184 HR 95% CI P value

Design
Treatment group (% conventional) 51 50 55 1.29 0.964, 1.725 0.0864
Cohort (% secondary) 50 48 62 1.592 1.18, 2.147 0.0023

Demographic
Physical
Sex (% men) 53 53 52 1.004 0.752, 1.341 0.9786
Age (years) 27 (22,32) 27 (21,32) 31 (27,35) 1.091 1.066, 1.116 ,0.0001
Adult vs. adolescent (,18 years) 86 85 95 3.378 1.727, 6.611 0.0004
Weight men (kg) 74 (67,82) 74 (67,82) 76 (70,84) 1.011 0.993, 1.029 0.2422
Weight women (kg) 62 (56,69) 61 (55,68) 65 (57,70) 1.034 1.011, 1.057 0.0032
BMI men (kg/m2) 24 (22,25) 23 (22,25) 24 (22,26) 1.065 0.993, 1.142 0.0764
BMI women (kg/m2) 23 (21,25) 23 (21,25) 24 (22,26) 1.096 1.022, 1.175 0.0098

Behavioral
Smoking (%) 19 17 27 1.834 1.325, 2.538 0.0003
Alcohol (% occasional or regular) 22 22 20 0.888 0.617, 1.279 0.5246
Exercise (% moderate or strenuous) 70 70 71 1.067 0.775, 1.468 0.6901

Family history (%)
Hypertension 56 56 59 1.123 0.838, 1.506 0.4377
MI 49 47 60 1.615 1.202, 2.169 0.0015
T1DM 14 14 17 1.294 0.884, 1.894 0.1856
T2DM 9 9 13 1.592 1.037, 2.446 0.0336

Traditional
Blood pressure
Systolic (mmHg) 114 (106,122) 114 (106,120) 116 (110,124) 1.016 1.004, 1.029 0.0117
Diastolic (mmHg) 72 (68,80) 72 (68,80) 74 (68,80) 1.021 1.004, 1.038 0.0131
Pulse pressure (mmHg) 40 (34,48) 40 (34,48) 42 (34,48) 1.006 0.991, 1.02 0.4554
Pulse rate (bpm) 76 (68,84) 76 (68,82) 78 (72,88) 1.019 1.006, 1.031 0.0029

Lipids (mg/dL)
Total cholesterol 174 (153,197) 172 (152,195) 185 (162,211) 1.012 1.008, 1.016 ,0.0001
Triglycerides 73 (55,94) 72 (55,93) 80 (59,97) 1.614 1.184, 2.199 0.0024
HDLc 49 (42,57) 50 (42,58) 47 (41,55) 0.992 0.98, 1.004 0.2001
LDLc 107 (91,127) 105 (89,125) 119 (98,144) 1.014 1.01, 1.019 ,0.0001

Diabetes-related
History
Diabetes duration (months) 49 (26,108) 47 (26,104) 69 (29,130) 1.004 1.001, 1.007 0.0032
C-peptide (nmol/L)*
Diabetes duration ,5 years 0.13 (0.04,0.25) 0.12 (0.04,0.24) 0.13 (0.03,0.29) 1.5571 0.325, 7.458 0.5796
Diabetes duration $5 years 0.03 (0.03,0.04) 0.03 (0.03,0.04) 0.03 (0.03,0.03) 0.079 0, 33.708 0.4115

Nephropathy
AER (mg/24 h) 24 (20,29) 23 (20,28) 24 (20,30) 1.17 0.978, 1.401 0.0861

Glycemia
HbA1c (%) 8.8 (7.8,10.1) 8.8 (7.8,10.1) 9.0 (8.1,10.3)
HbA1c (mmol/mol) 73 (62,87) 73 (62,87) 75 (65,89) 1.093 1.003, 1.19 0.0426

Data are presented as median (first quartile,third quartile) or prevalence (%) and as the corresponding HR for any-CVD per unit change
in the baseline covariate. An identical table for MACE is presented in the Supplementary Data. T2DM, type 2 diabetes mellitus.
*C-peptide is presented separately within diabetes duration strata because the eligibility range differed among those with #5 years’
duration (0–0.5 nmol/L) and those with .5 years’ duration (0–0.2 nmol/L).
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Table 2—HR for any-CVD and for MACE per unit change in each time-dependent covariate with no other adjustments, and an
indication of the type of covariate used in the analysis

Any-CVD MACE

Type* HR 95% CI P value HR 95% CI P value

Demographic
Physical

Age (years) C 1.091 1.066, 1.116 ,0.0001 1.112 1.074, 1.151 ,0.0001
Weight men (kg) C 1 0.987, 1.014 0.954 0.984 0.964, 1.004 0.1092
Weight women (kg) C 1.009 0.995, 1.022 0.1956 1.008 0.988, 1.028 0.4519
Mean BMI (kg/m2) M 1.04 1, 1.081 0.0486 1.009 0.952, 1.069 0.758
BMI men (kg/m2) C 1.01 0.967, 1.055 0.6557 0.966 0.903, 1.034 0.3216
BMI women (kg/m2) C 1.024 0.985, 1.064 0.2303 1.019 0.962, 1.08 0.5147

Behavioral
Smoking (yes vs. no) C 1.529 1.076, 2.173 0.0179 2.247 1.411, 3.579 0.0007
Alcohol (% occasional or regular vs. nondrinker) C 0.86 0.727, 1.018 0.0797 0.783 0.608, 1.007 0.0568
Exercise (% moderate or strenuous vs. sedentary) C 0.914 0.707, 1.181 0.4898 0.979 0.676, 1.416 0.909

Traditional
Blood pressure C

Systolic (mmHg) C 1.027 1.018, 1.037 ,0.0001 1.034 1.022, 1.046 ,0.0001
Mean systolic (mmHg) M 1.061 1.043, 1.078 ,0.0001 1.071 1.046, 1.096 ,0.0001
Diastolic (mmHg) C 1.009 0.993, 1.025 0.2721 1.01 0.987, 1.034 0.3842
Mean diastolic (mmHg) M 1.055 1.028, 1.083 0.0001 1.044 1.005, 1.085 0.027
Pulse pressure (mmHg) C 1.036 1.025, 1.047 ,0.0001 1.045 1.03, 1.059 ,0.0001
Hypertension (yes vs. no) C 2.01 1.448, 2.79 ,0.0001 2.198 1.348, 3.586 0.0016
Any hypertension (yes vs. no) A 2.308 1.583, 3.365 ,0.0001 2.291 1.303, 4.027 0.004
Pulse rate (bpm) C 1.021 1.008, 1.034 0.0012 1.029 1.011, 1.048 0.0016
Mean pulse rate (bpm) M 1.057 1.036, 1.078 ,0.0001 1.074 1.044, 1.106 ,0.0001

Medications
ACE inhibitor (yes vs. no) C 1.092 0.782, 1.523 0.6062 0.945 0.583, 1.533 0.8191
ARB (yes vs. no) C 1.421 0.878, 2.3 0.1523 1.024 0.486, 2.158 0.9495
b-Blockers (yes vs. no) C 1.827 1.002, 3.333 0.0493 2.796 1.441, 5.424 0.0024
Calcium channel blockers (yes vs. no) C 2.84 1.801, 4.478 ,0.0001 2.385 1.216, 4.68 0.0115
Lipid lowering (yes vs. no) C 1.401 0.991, 1.98 0.056 1.141 0.696, 1.872 0.6006

Lipids (mg/dL)
Total cholesterol C 1.01 1.007, 1.014 ,0.0001 1.011 1.007, 1.016 ,0.0001
Mean total cholesterol M 1.018 1.013, 1.023 ,0.0001 1.018 1.011, 1.025 ,0.0001
Triglycerides (log) C 2.133 1.674, 2.719 ,0.0001 2.522 1.807, 3.518 ,0.0001
Mean triglycerides (log) M 2.458 1.786, 3.382 ,0.0001 2.923 1.87, 4.568 ,0.0001
HDLc C 0.995 0.986, 1.005 0.3191 0.984 0.97, 0.999 0.0323
Mean HDLc M 0.989 0.977, 1.001 0.0847 0.983 0.965, 1.002 0.0754
LDLc C 1.011 1.006, 1.015 ,0.0001 1.014 1.008, 1.019 ,0.0001
Mean LDLc M 1.019 1.014, 1.025 ,0.0001 1.02 1.012, 1.029 ,0.0001
Hyperlipidemia (yes vs. no) C 1.767 1.3, 2.401 0.0003 1.647 1.055, 2.571 0.0282

Diabetes-related
History

Insulin dose (units/kg/day) C 1.595 1.095, 2.325 0.0151 1.363 0.694, 2.678 0.3691
Mean insulin dose (units/kg/day) M 1.674 0.797, 3.516 0.174 1.296 0.433, 3.874 0.6431
Estimated glucose disposal rate C 0.819 0.761, 0.882 ,0.0001 0.763 0.683, 0.853 ,0.0001

Nephropathy
Estimated GFR (mL/min per 1.73 m2) C 0.985 0.978, 0.991 ,0.0001 0.978 0.971, 0.986 ,0.0001

Estimated GFR ,60 (yes vs. no) C 2.479 1.332, 4.613 0.0042 4.356 2.21, 8.586 ,0.0001
Any estimated GFR ,60 (yes vs. no) A 2.529 1.472, 4.346 0.0008 3.949 2.099, 7.429 ,0.0001

AER (mg/24 h) (log) C 1.229 1.133, 1.334 ,0.0001 1.283 1.151, 1.431 ,0.0001
Sustained AER $30 mg/dL (yes vs. no) C 1.8 1.278, 2.535 0.0008 1.916 1.18, 3.109 0.0085
AER $40 mg/dL (yes vs. no) C 1.891 1.346, 2.656 0.0002 2.171 1.355, 3.478 0.0013
AER $300 mg/dL (yes vs. no) C 2.312 1.434, 3.728 0.0006 3.028 1.64, 5.593 0.0004
Any AER $40 mg/dL (yes vs. no) A 1.768 1.316, 2.374 0.0002 1.729 1.127, 2.654 0.0122
Any AER $300 mg/dL (yes vs. no) A 1.958 1.287, 2.978 0.0017 3.072 1.834, 5.148 ,0.0001

Hypoglycemia
Coma/seizure (yes vs. no) C 0.972 0.812, 1.163 0.7542 1.021 0.835, 1.248 0.8379
Requiring assistance (yes vs. no) C 1.002 0.93, 1.079 0.9626 1.005 0.905, 1.114 0.9319

Glycemia
HbA1c (%) C 1.241 1.129, 1.364 ,0.0001 1.297 1.139, 1.478 0.0001
Mean HbA1c (%) M 1.382 1.231, 1.551 ,0.0001 1.539 1.309, 1.808 ,0.0001

ARB, angiotensin receptor blockers. *Categories C (current or most recent), M (updated mean value), and A (cumulative incidence, such
as any use) correspond to time-dependent covariates assessed or measured at or most recently before each event time or right
censoring time (i.e., at the most recent visit up to the particular time).
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were higher mean systolic blood pressure (Z = 3.1, P =
0.002), higher current log(triglycerides) (Z = 3.0, P =
0.003), higher mean pulse rate (Z = 2.8, P = 0.005), longer
duration of diabetes (Z = 2.5, P = 0.02), use of ACE in-
hibitor (Z = 22.3, P = 0.03; ACE inhibitor use being pro-
tective), family history of MI (Z = 2.15, P = 0.04), and
higher updated mean LDLc (Z = 2.07, P = 0.04). Thus, age
is by far the most significant factor, followed by HbA1c,
that is more significant than any other factor in the
model, even after adjusting for age and the other factors.

The final time-dependent Cox model was fit separately
in men and women (Supplementary Tables 5 and 6). Non-
significant interaction terms between sex and each of the
variables in the multivariable model indicated that the
coefficients for men and women were not significantly
different.

The multivariable Cox model for MACE (Table 4) was
very similar to that for any-CVD even though there were

fewer cases of MACE. Again, age was by far the most
significant factor, followed by time-weighted mean HbA1c

and then other factors. The only differences between the
sets of variables in the MACE versus any-CVD models were
that smoking replaced family history of MI, whereas the
current LDLc value replaced the updated mean LDLc. For
each factor that appears in both models in the same man-
ner, the coefficient was somewhat higher in the MACE
versus the any-CVD model, but the CI was wider owing
to fewer MACE events.

These models for any-CVD and MACE were obtained
from a joint forward addition and backward elimination
of successive blocks of covariates (see RESEARCH DESIGN AND

METHODS). Two sensitivity analyses were also conducted
using different methods of model selection (see RESEARCH

DESIGN AND METHODS). Both analyses selected the same sets
of covariates for any-CVD and MACE and are presented in
Table 4.

Table 3—HRs per unit change in each baseline or time-dependent covariate in separate Cox models for any-CVD and for
MACE, minimally adjusted for age and updated mean HbA1c

Any-CVD MACE

Type* HR (95% CI) P value HR (95% CI) P value

Design
Secondary cohort (yes vs. no) B 1.57 (1.17, 2.13) 0.003

Demographic
Behavioral
Smoking status (yes vs. no) C 1.89 (1.18, 3.04) 0.009

Family history
MI (yes vs. no) B 1.53 (1.14, 2.06) 0.005

Traditional
Blood pressure
Systolic (mmHg) C 1.02 (1.01, 1.03) ,0.001 1.02 (1.01, 1.03) ,0.001
Mean systolic (mmHg) M 1.04 (1.02, 1.06) ,0.001 1.04 (1.02, 1.07) ,0.0014
Mean diastolic (mmHg) M 1.04 (1.01, 1.07) 0.004
Pulse pressure (mmHg) C 1.02 (1.01, 1.03) ,0.001 1.03 (1.01, 1.04) 0.001
Mean pulse rate (bpm) M 1.05 (1.03, 1.07) ,0.001 1.07 (1.03, 1.10) ,0.001

Medications
Calcium channel blockers (yes vs. no) C 2.02 (1.28, 3.20) 0.003

Lipids (mg/dL)
Total cholesterol C 1.008 (1.004, 1.012) ,0.001 1.009 (1.004, 1.0139) ,0.001
Triglycerides (log) C 1.98 (1.53, 2.56) ,0.001 2.37 (1.65, 3.40) ,0.001
LDLc C 1.008 (1.004, 1.013) ,0.001 1.011 (1.005, 1.017) ,0.001
HDLc C 0.98 (0.966, 0.995) 0.007
Mean total cholesterol M 1.012 (1.006, 1.017) ,0.001 1.010 (1.002, 1.018) 0.013
Mean triglycerides (log) M 2.23 (1.60, 3.12) ,0.001 2.56 (1.60, 4.11) ,0.001
Mean LDLc M 1.013 (1.007, 1.020) ,0.001 1.013 (1.004, 1.022) 0.007
Mean HDLc M 0.984 (0.971, 0.996) 0.010 0.976 (0.958, 0.994) 0.010

Diabetes related
History
Duration (months) B 1.005 (1.002, 1.008) ,0.001 1.006 (1.002, 1.01) 0.006
Mean insulin dose (units/kg/day) M 3.72 (1.70, 8.14) 0.001

Nephropathy
AER (mg/24 h) (log) C 1.17 (1.06, 1.28) 0.001 1.21 (1.06, 1.37) 0.004
Any AER $40 (yes vs. no) A 1.66 (1.21, 2.26) 0.002
Any AER $300 (yes vs. no) A 2.41 (1.39, 4.18) 0.002

Only covariates that were nominally significant at P # 0.01 are shown for each model. *Categories C (current or most recent),
M (updated mean value), and A (cumulative incidence, such as any use) correspond to time-dependent covariates assessed or
measured at or most recently prior to each event time or right censoring time (i.e., at the most recent visit up to the particular time),
with B indicating baseline value.
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The AUC measure of predictive ability for each
outcome (any-CVD and MACE) was assessed for a Cox
model with age as the only covariate, another with age
and time-weighted mean HbA1c, and another using the full
model. The respective AUC values were 0.67, 0.70, and
0.75 for any-CVD and 0.71, 0.77, and 0.82 for MACE.

DISCUSSION

These results establish mean HbA1c over time as a strong
risk factor for clinical CVD (events) in T1DM, even when
adjusted for age and other traditional risk factors. The
causal effect of hyperglycemia on risk of CVD in T1DM
was first suggested a decade ago when DCCT/EDIC estab-
lished the salutary effects of intensive therapy on CVD (8).
Although an association of HbA1c levels with CVD out-
comes was demonstrated, the limited number of CVD
events at that time precluded a thorough investigation of
risk factors as included in this report. The long-term, stan-
dardized measurement of numerous established and puta-
tive risk factors for CVD during DCCT/EDIC provided the
opportunity to examine not only cross-sectional, including
baseline, risk factors but also the effects of longitudinal
exposure to changing (time-dependent) values of risk fac-
tors over time. Our extensive collection of risk factors over
many years in patients who began the study when they
were relatively young and without CVD also enables an
understanding of the temporal relationship between risk
factors and outcomes. This minimizes the potential for
reverse causality between CVD and a risk factor.

After adjusting for the two most statistically significant
risk factors, age and mean HbA1c, essentially the same set of
covariates, including higher mean systolic blood pressure,
mean pulse rate, current log(triglycerides), current or
mean LDLc, and diabetes duration were significantly
associated with the risk of any-CVD or MACE (Table 4).
Current use of an ACE inhibitor was protective in both
models. The only difference in risk factors between the
two models was that a family history of MI appeared in
the any-CVD model, whereas smoking appeared in the
MACE model.

There are a number of possible explanations for our
ability to demonstrate a strong relationship between
glycemia and CVD when older observational cohort studies in
T1DM were unable to do so (1,5). The more frequent and
consistent measurement of glycemia over time with standard-
ized methods in DCCT/EDIC provided an accurate assessment
of long-term glycemia. In addition, the younger age and ex-
clusion from entry into DCCT of participants at high cardio-
vascular risk and the relatively infrequent history of smoking
in our cohort may have limited the influence of traditional
risk factors and allowed the effects of glycemia to be manifest.
Finally, the relatively lower average HbA1c levels achieved
may have also contributed because recent data from the
Swedish National Diabetes Register showed a stronger as-
sociation with CVD events over a lower HbA1c range (19).

As for the other risk factors identified, systolic blood
pressure or hypertension has consistently been reported as
a major risk factor for CVD. The importance of the blood

Table 4—The final multivariable Cox models for any-CVD and for MACE as a function of fixed (baseline) and time-dependent
covariates, the latter either the current value or mean from baseline as stated

HR (95% CI)* Z-test value P value

Any-CVD model
covariate
Baseline age (per 5 years) 1.5366 (1.3641, 1.731) 7.0711 ,0.001
Mean HbA1c (per 1%) 1.3115 (1.1488, 1.4972) 4.0133 ,0.001
Mean systolic blood pressure (per 10 mmHg) 1.3186 (1.1096, 1.567) 3.1419 0.002
Current triglycerides (log) 1.5536 (1.1688, 2.065) 3.0346 0.003
Mean pulse rate (per 10 bpm) 1.3855 (1.1051, 1.737) 2.8267 0.005
Baseline duration of diabetes (per 5 years) 1.247 (1.0514, 1.4789) 2.5364 0.02
Current use of ACE inhibitor (yes vs. no) 0.6732 (0.4777, 0.9486) 22.2611 0.03
Baseline family history of MI (yes vs. no) 1.3866 (1.0294, 1.8678) 2.1507 0.04
Mean LDLc (per 10 mg/dL) 1.0721 (1.0037, 1.1451) 2.0697 0.04

MACE model
covariate
Baseline age (per 5 years) 1.7748 (1.4872, 2.1179) 6.3613 ,0.001
Mean HbA1c (per 1%) 1.4186 (1.1785, 1.7077) 3.6965 ,0.001
Mean pulse rate (per 10 bpm) 1.5975 (1.1576, 2.2046) 2.8509 0.005
Current triglycerides (log) 1.7844 (1.1909, 2.6737) 2.8071 0.005
Mean systolic blood pressure (per 10 mmHg) 1.3863 (1.0929, 1.7583) 2.6931 0.007

Current smoking (yes vs. no) 1.8686 (1.1647, 2.9978) 2.5924 0.01
Baseline duration of diabetes (per 5 years) 1.3334 (1.0399, 1.7098) 2.2685 0.03
Current use of ACE inhibitor (yes vs. no) 0.5819 (0.3553, 0.9529) 22.1515 0.04
Current LDLc (per 10 mg/dL) 1.0692 (1.0035, 1.1392) 2.0685 0.04

Covariates are listed in the order of significance as indicated by the unsigned Z-value. *The HRs in the Cox proportional hazards
model can be converted from HR per x-units (e.g., per 5 years of age above) to HR per y-units (e.g., per 1 year) using the equation:
HR(y/x). For example, the HR for MACE per 1 year of age is (1.7748)1/5 = 1.1216. The same equation applies to the confidence limits.
The Z test and P values are unchanged by a change of scale of the HRs.
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pressure finding is magnified by a recent temporal analysis
that showed hypertension remains the major unaddressed
risk factor for major diabetes complications (20).

The strong association of triglycerides with CVD is
consistent with prior studies showing that triglyceride
concentration is a particularly strong CVD predictor in
diabetes (21). Further, this association was observed at
very low mean values of triglycerides, even in those with
subsequent CVD, supporting a recent call for resetting
“normal” values in T1DM (22). These findings suggest
that a trial to examine the effects of triglyceride lowering
in T1DM should be performed and that the current lack of
American Diabetes Association guidelines for treatment of
triglycerides (23) should be reconsidered.

Likewise, the strong reduction in risk with ACE
inhibition observed in this study, when adjusted for blood
pressure, suggests that a trial of the effects of ACE
inhibition in a comparable T1DM population may be
warranted. The strong effect of increased pulse rate is also
noteworthy. This may reflect autonomic neuropathy that
has been shown to predict coronary heart disease (24).

The factors that do not emerge as predictors are also of
interest. The similar rates of CVD in men and women
with T1DM have been seen in other studies (1,2,5,25) and
with even higher rates in women than men with type 2
diabetes (26,27). This finding contrasts with the higher
risk of CVD among men than women in the general pop-
ulation (28). As we have observed in DCCT/EDIC, loss of
the female protection in diabetes may be related to less
aggressive care in women than in men resulting in lower
achievement of recommended risk factor levels (29,30).
Diabetes has also been hypothesized to have a relatively
larger deleterious effect on risk factor levels in women
than in men, including lipids, blood pressure, markers
of coagulation, and fibrinolysis (31,32). One recent study
in T1DM also demonstrated that HDLc lost its protective
effect above 50 mg/dL in women but not in men (33).

Another risk factor established for CVD in type 2
diabetes (34) that did not emerge in our study was obesity
or BMI. BMI has not been a strong risk factor for CVD
(1,5) or mortality in other studies in T1DM (35,36).
Weight gain was greater in the intensively treated partic-
ipants during DCCT (37), and its potential adverse effect
on CVD risk might have been mitigated by the other
benefits of intensive therapy, including lower mean
HbA1c. The absence of a deleterious effect of increased
BMI is confirmed by a previous report that showed
weight gain in the presence of improved glycemic control
was not disadvantageous (38).

A major factor that did not emerge as a risk factor for
CVD in the final model was renal disease, measured as
albuminuria (AER 30–300 mg/24 h or $300 mg/24 h),
which for many years has been thought to be a major
contributor to CVD (39). More recent studies have also
supported a relatively greater role for albuminuria than for
reduced GFR in CVD (40). Several factors may explain our in-
ability to demonstrate an association between albuminuria

and CVD. First, because HbA1c levels are strongly associ-
ated with the development of albuminuria in our study
(41), adjusting for HbA1c may have reduced the putative
adverse effects of albuminuria. Second, the putative ad-
verse effects of albuminuria may be confounded by the
common use of ACE inhibitors, which reduce the risk of
CVD in the setting of albuminuria. Finally, the null associ-
ation in the final model may be a function of inadequate
power (with a limited number of cases of macroalbuminuria,
for example) or overadjustment because blood pressure
may be in the causal pathway between AER and CVD.

Measurement error may have also contributed to the
failure to observe a significant association with some factors
(e.g., behavioral risk factors or those based on self-report
such as smoking, exercise, and alcohol use). Measurement
errors would bias the estimates of associations toward the
null, thus reducing power to detect associations. Conversely,
a risk factor measured with high precision, such as HbA1c,
will provide much greater power to detect a given associa-
tion. Further, when a precisely measured covariate and one
measured with error represent the same causal pathway
to the outcome, that factor measured precisely will show
a more significant effect. Accordingly, a study similar to
ours, but with highly precise measures of other exposures,
such as exercise, might provide substantially different re-
sults than those presented here. However, the results pre-
sented here would be expected to apply to other populations
with a similar precision of measurement of such factors, as
is typically the case in observational follow-up.

The obvious strengths of these analyses include the
careful and standardized assessments of established and
putative risk factors and cardiovascular outcomes pro-
spectively over decades. In addition, follow-up has been
complete, with 93% of the surviving cohort continuing to
be monitored over an average of more than 27 years.
Limitations include the exclusion of patients with hyper-
tension and dyslipidemia and some patients with albu-
minuria at baseline. However, owing to a baseline mean
age of 27 years and diabetes duration of only 6 years, it
is unlikely that more than a small number of patients
at higher risk may have been excluded because of these
established and putative CVD risk factors.

Regarding the modeling, data-dependent model selection
has been shown to be susceptible to various types of biases,
including bias in the set of covariates selected for inclusion,
the coefficient estimates, and the levels of significance.
However, we are confident that the resulting models are
reliable. The covariates selected for any-CVD and for MACE
were highly internally consistent, each model including the
same five most significant covariates of age, HbA1c, systolic
blood pressure, triglycerides, and pulse rate, all at P, 0.01.
Further, although the initial model building was based on a
stepwise process adding one block at a time, exactly the
same final models were obtained in two sensitivity analyses:
a penalized likelihood approach was used in one and the
other was based on selection of an optimal subset of
covariates using the Akaike information criterion.
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Although these models could be used as the basis for a
“risk” or prediction score, we hesitate to do so owing to
the relatively small numbers of subjects with an outcome
event (184 any-CVD, 88 MACE) compared, for example,
with the 1,174 CVD cases used to develop, validate, and
calibrate the Framingham Risk Score (42). However, it
is encouraging that the AUC, a measure of predictive
ability, was 0.75 for the any-CVD model and was 0.82
for MACE.

HbA1c is clearly a robust and important risk factor in
the DCCT/EDIC cohort over the substantial but still limited
period of study. However, the cohort is still young (mean
age of 55 as of 2013), the proportion of survivors (1,327 or
92%) is still quite high (43), and the cumulative incidence
of any-CVD is still only ;17% (Fig. 1). Thus, the effect of
hyperglycemia or other risk factors may indeed be substan-
tially different in future decades in which the overall in-
cidence of CVD will increase.

In conclusion, in the DCCT/EDIC cohort with T1DM,
increasing age is the most significant risk factor for
clinical CVD, as in the general population, followed by the
updated weighted-mean HbA1c. Other traditional risk fac-
tors also appear to be important as risk factors for CVD
and for MACE, particularly blood pressure and triglycer-
ides. Thus, in T1DM, control of glycemia as well as other
CVD risk factors should be aggressively pursued to reduce
major cardiovascular events.
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