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DESIGN, SETTING, AND PARTICIPANTS After the DCCT (1983-1993) ended, participants were
followed up in a multisite (27 US and Canadian academic clinical centers) observational study
(Epidemiology of Diabetes Control and Complications [EDIC]) until December 31, 2012.
Participants were 1441 healthy volunteers with diabetes mellitus who, at baseline, were 13 to
39 years of age with 1 to 15 years of diabetes duration and no or early microvascular
complications, and without hypertension, preexisting cardiovascular disease, or other
potentially life-threatening disease.
INTERVENTIONS AND EXPOSURES During the clinical trial, participants were randomly
assigned to receive intensive therapy (n = 711) aimed at achieving glycemia as close to the
nondiabetic range as safely possible, or conventional therapy (n = 730) with the goal of
avoiding symptomatic hypoglycemia and hyperglycemia. At the end of the DCCT, after a
mean of 6.5 years, intensive therapy was taught and recommended to all participants and
diabetes care was returned to personal physicians.
MAIN OUTCOMES AND MEASURES Total and cause-specific mortality was assessed through
annual contact with family and friends and through records over 27 years’ mean follow-up.
RESULTS Vital status was ascertained for 1429 (99.2%) participants. There were 107 deaths,
64 in the conventional and 43 in the intensive group. The absolute risk difference was −109
per 100 000 patient-years (95% CI, −218 to −1), with lower all-cause mortality risk in the
intensive therapy group (hazard ratio [HR] = 0.67 [95% CI, 0.46-0.99]; P = .045). Primary
causes of death were cardiovascular disease (24 deaths; 22.4%), cancer (21 deaths; 19.6%),
acute diabetes complications (19 deaths; 17.8%), and accidents or suicide (18 deaths; 16.8%).
Higher levels of glycated hemoglobin (HbA1c) were associated with all-cause mortality
(HR = 1.56 [95% CI, 1.35-1.81 per 10% relative increase in HbA1c]; P < .001), as well as the
development of albuminuria (HR = 2.20 [95% CI, 1.46-3.31]; P < .001).
CONCLUSIONS AND RELEVANCE After a mean of 27 years’ follow-up of patients with type 1
diabetes, 6.5 years of initial intensive diabetes therapy was associated with a modestly lower
all-cause mortality rate when compared with conventional therapy.
TRIAL REGISTRATION clinicaltrials.gov Identifiers: NCT00360815 and NCT00360893
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ype 1 diabetes mellitus has historically been associated with an increased risk of early mortality1,2; however, more recent epidemiologic data from Europe
and the United States have suggested that this risk has been
reduced.3-8 A recent US epidemiology study estimated that
life expectancy for those diagnosed between 1965 and 1980
with type 1 diabetes mellitus during childhood is now 68.8
years, only 3.6 years less than the comparable general population estimate.9 Although reasons for the reduction in mortality are unclear, the Diabetes Control and Complications
Trial (DCCT), conducted between 1983 and 1993, and its
observational Epidemiology of Diabetes Interventions and
Complications (EDIC) follow-up study have previously demonstrated that intensive therapy that lowers glycemia
reduces renal10,11 and cardiovascular disease,12 the predominant causes of early mortality.13 Based on the demonstrated
reductions in morbidity, intensive diabetes therapy is now
the recommended standard of care14; however, it has not
been established whether mortality in type 1 diabetes mellitus is affected following a period of intensive glycemic
therapy. In type 2 diabetes treatment, reducing glycemia
closer to the nondiabetic range has not consistently reduced
mortality. Indeed, in the ACCORD (Action to Control Cardiovascular Risk in Diabetes) trial,15 all-cause and cardiovascular mortality were increased, although this has not been
seen in other trials.
DCCT intensive diabetes therapy resulted in glycated hemoglobin (HbA1c) levels that were approximately 2% lower than
levels in conventional therapy over an average of 6.5 years.10
However, the HbA1c levels equalized over the subsequent 19
years of EDIC. In this study, we examined the differences in
all-cause and cause-specific mortality between the original
treatment groups that received 6.5 years of intensive vs conventional therapy during the clinical trial. Secondary objectives were to examine the extent to which mortality was associated with glycemia or development of albuminuria.

Methods
Detailed descriptions of the DCCT clinical trial and the EDIC
obser vational follow-up study have been published
previously.10,16-18 In brief, the DCCT (1983-1993) randomized
1441 patients with type 1 diabetes mellitus between the ages
of 13 and 39 years to intensive or conventional therapy, with
the goal of studying the effects of near-normal glycemia on
long-term diabetes complications. Approximately one-half
of the participants were in the primary prevention cohort
with 1 to 5 years’ diabetes duration, no retinopathy, and less
than 40 mg of albuminuria per 24 hours. The secondary
intervention cohort had 1 to 15 years’ diabetes duration, at
least 1 microaneurysm, and less than 200 mg of albuminuria
per 24 hours. Eligibility criteria excluded participants with a
history of cardiovascular disease, hypertension (140/90 mm
Hg or greater or use of antihypertensive medications), or
hypercholesterolemia.16 During the clinical trial, the intensive and conventional treatment groups achieved mean
HbA1c levels of approximately 7% and 9%, respectively, dur46

ing a mean follow-up of 6.5 (range 3-9) years.10 At the end of
the clinical trial, participants in the intensive therapy group
were encouraged to continue intensive therapy practices,
and the conventional group participants were taught intensive therapy. Thereafter, 1394 participants (representing 97%
of the entire cohort) joined the EDIC observational study
(1994-present) and received subsequent diabetes care from
their personal physicians.17 Early in EDIC, the previously
established separation in glycemia between the intensive
and conventional groups diminished and was nonsignificant
by year 5.18 The DCCT and EDIC protocols were approved by
institutional review boards at all participating centers. All
participants provided separate written consents to enroll in
DCCT and later in EDIC.

Procedures
Laboratory assessments were performed centrally using standardized methods.16,17 HbA1c values, body mass index, and
blood pressure were measured quarterly during the DCCT and
yearly during EDIC.16,17 Fasting lipid and urine albumin excretion rate (AER), determined from a 4-hour collection, were
measured annually during DCCT16 and in alternate years during EDIC.17 Serum creatinine was measured annually.
Deaths were reported to the data coordinating center
through annual contact with family or friends and through
search of public records. The research group prespecified that
analyses comparing mortality between the randomized treatment groups would be performed after 50 deaths in the original conventional group. As the study approached this milestone in late 2011, we attempted to ascertain by telephone,
email, or mail (US Postal Service or Canada Post) the vital status of participants not known to have died. Later we commissioned a commercial vendor (OmniTrace) to attempt to determine vital status of 74 participants for whom status was
uncertain. Vital status, as of December 31, 2012, was thus determined for 99.2% (1429) of all participants.
Copies of death certificates, clinical center narratives, autopsy reports, and hospital records were obtained19 and reviewed by the mortality and morbidity review committee
(masked to treatment assignment, HbA1c, and glucose levels), which assigned a cause of death. The first author (T.J.O.),
who was similarly masked, further classified deaths according to the Diabetes Epidemiology Research International (DERI)
classification system.20 This system standardizes classification of the underlying cause of death, prioritizes secondary
causes, and determines the role of diabetes. In the analyses
of this study, only the underlying cause of death is considered. If death was attributed to an accident that was thought
to be caused by hypoglycemia, it was classified as hypoglycemia and not as an accident. Deaths categorized as accidents
included motor vehicle crashes, drowning, unintentional ingestion, and other external events, but were differentiated from
suicides.

Covariates
Weighted mean HbA1c values over the study duration were
computed with weights proportional to the time interval between values, quarterly during DCCT and annually during EDIC.
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Table 1. Clinical Characteristics at DCCT Baseline (1983-1989) of the DCCT/EDIC Cohort
No. (%)a
Intensive
Treatment
(n = 711)

Characteristic

Conventional
Treatment
(n = 730)

P Value for
Comparisonb

Primary
Prevention
(n = 726)

Secondary
Intervention
(n = 715)

P Value for
Comparisonb

Alive
(n = 1334)

Dead
(n = 107)

P Value for
Comparisonb

Age,
mean (SD), y

27 (7)

27 (7)

.14

26 (7)

27 (7)

.09

27 (7)

29 (7)

<.001

Age at diabetes
onset, mean (SD), y

22 (8)

22 (8)

.64

24 (8)

19 (8)

<.001

22 (8)

24 (8)

.003

Female sex

345 (49)

335 (46)

.32

348 (48)

332 (46)

.57

641 (48)

39 (36)

.02

Secondary
intervention

363 (51)

352 (48)

.28

663 (50)

52 (49)

.83

6 (4)

5 (4)

.14

3 (1)

9 (4)

<.001

6 (4)

6 (4)

.96

132 (19)

134 (18)

.92

132 (18)

134 (19)

.78

233 (17)

33 (31)

<.001

23.3 (2.7)

23.4 (2.9)

.46

23.2 (2.9)

23.6 (2.7)

.007

23.4 (2.8)

23.3 (2.9)

.84

10 (1.4)

13 (1.8)

.57

10 (1.4)

13 (1.8)

21 (1.6)

2 (1.9)

.81

Systolic

113 (12)

115 (12)

.01

113 (11)

115 (12)

.008

114 (12)

117 (11)

.008

Diastolic

72 (9)

73 (9)

.26

72 (9)

73 (9)

.03.

72 (9)

74 (8)

.05

Duration of diabetes,
mean (SD), y
Current cigarette
smoker
c

BMI, mean (SD)
Obese

.50

Blood pressure,
mean (SD), mm Hg

Lipids, mean (SD),
mg/dL
HDL-Cd

51 (12)

50 (12)

.50

52 (13)

49 (12)

.002

50 (12)

51 (13)

.61

LDL-Cd

110 (29)

109 (29)

.50

107 (30)

112 (28)

.004

109 (29)

113 (26)

.18

Total cholesterold

177 (33)

176 (34)

.53

174 (34)

179 (33)

.01

176 (33)

182 (31)

.04

81 (43)

82 (51)

.82

76 (50)

87 (44)

<.001

81 (47)

90 (48)

.005

AER, mean (SD),
mg/24 h

16.4 (19.6)

15.5 (17.9)

.89

11.8 (8.3)

20.1 (24.6)

<.001

AER, median
(IQR), mg/24 h

11.5 (10.1)

11.5 (11.5)

10.1 (8.6)

13.0 (17.3)

39 (5.5)

35 (4.8)

.55

1 (0.1)

73 (10.2)

eGFR, mean (SD)

126 (14)

126 (15)

.78

127 (14)

126 (14)

HbA1c, %

9.1 (1.6)

9.1 (1.6)

.55

9.0 (1.7)

9.2 (1.5)

Heart rate,
mean (SD), bpm

68 (11)

68 (11)

.36

67 (11)

70 (11)

Triglyceridesd
Renal functiond

Any albuminuria,
AER ≥40 mg/24 h

Abreviations: AER, albumin excretion rate; bpm, beats per minute; BMI, body
mass index; DCCT, Diabetes Control and Complications Trial; EDIC,
Epidemiology of Diabetes Control and Complications; eGFR, estimated
glomerular filtration rate; HbA1c, hemoglobin A1c; HDL-C, high-density
lipoprotein cholesterol; IQR, interquartile range; LDL-C, low-density lipoprotein
cholesterol.
SI conversion factors: To convert values for cholesterol to mmol/L, multiply by
0.0259; and for trigylcerides to millimoles per liter, multiply by 0.0113.

Renal insufficiency was defined as an estimated glomerular filtration rate (eGFR) of less than 30 mL/min/1.73 m2 using the
Chronic Kidney Disease Epidemiology Collaboration equation21
or a history of kidney transplantation or dialysis. Albuminuria was categorized as normal (AER <40 mg/24 hours), microalbuminuria (AER from 40 to <300 mg/24 hours), macroalbuminuria (AER ≥300 mg/24 hours), and as any albuminuria
(AER ≥40 mg/24 hours). Nonfatal cardiovascular disease included nonfatal myocardial infarction, silent myocardial infarction (diagnosed on an annual electrocardiogram without
a clinical history), revascularization (angioplasty or bypass),
confirmed angina, and nonfatal cerebrovascular events, as described previously,12 and congestive heart failure (NY Heart Association functional class III or greater; ascertainment startjama.com

15.8 (19.0) 17.6 (15.7)
10.1 (10.1) 14.4 (14.4)

<.001

65 (4.9)

9 (8.4)

.11

.43

126 (14)

127 (15)

.94

.002

9.0 (1.6)

9.5 (1.7)

.005

<.001

68 (11)

70 (11)

.14

a

Values are reported as No. (%) unless otherwise indicated.

b

All P values were determined using the Wilcoxon rank-sum test or the χ2 test.

c

BMI is calculated as weight in kilograms divided by height in meters squared.

d

Renal function and lipid levels (HDL-Cand LDL-C) were determined from the
biennial evaluation conducted at year 17 or 18 of the EDIC study on the basis of
the year of entry into the DCCT.

ing in 2007; EDIC year 13). Severe hypoglycemia, defined as
requiring the assistance of another party, and the subset accompanied by coma, seizure, or both were ascertained at DCCT
quarterly clinic visits. During EDIC, hypoglycemic events as defined previously were only recorded for the 3 months preceding an annual visit and the rate annualized.

Statistical Analyses
A Cox proportional hazards model with 50 deaths in the original conventional group provided 85% power to detect a hazard ratio (HR) of 0.5 between groups with a 2-sided test at the
0.05 level. Analyses herein are based on all deaths known to
have occurred up to December 31, 2012. The survival analysis
follow-up time was based on the date of death (n = 107), the
JAMA January 6, 2015 Volume 313, Number 1
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Table 2. Deaths and Death Rates by Treatment Group, Primary Prevention vs Secondary Intervention Cohort, and Sex
Comparator Groups

HR
(95% CI)a

P Value

0.67 (0.46 to 0.99)

.045

ARD
(95% CI)a

P Value

Total
Intensive Treatment
No. of deaths/total

Conventional Treatment

43/711

Rate/100 000 patientyears (95% CI)

64/730

236 (176 to 318)

346 (272 to 440)

Men
No. of deaths/total

No. of deaths/total

39/680

354 (280 to 448)

222 (163 to 303)

Secondary Intervention

Primary Prevention

52/715

Rate/100 000 patientyears (95% CI)

.048

132 (24 to 240)

.02

−23 (−132 to 86)

.68

−122 (−287 to 43)

.15

−88 (−226 to 50)

.21

−52 (−209 to 105)

.52

−164 (−315 to −13)

.03

56 (−101 to 213)

.48

Women

68/761

Rate/100 000 patientyears (95% CI)

−109 (−218 to −1)

1.61 (1.09 to 2.39)

55/726

280 (214 to 366)

303 (234 to 393)

Intensive Treatment

Conventional Treatment

0.87 (0.59 to 1.27)

.02

.47

b

Treatment Group by Sex
Men
No. of deaths/total

Rate/100 000 patientyears (95% CI)

27/366

41/395

291 (200 to 424)

0.69 (0.42 to 1.12)

.13

413 (307 to 558)

Women
No. of deaths/total
Rate/100 000 patientyears (95% CI)

16/345

23/335

179 (110 to 291)

0.66 (0.35 to 1.26)

.21

267 (179 to 400)

Treatment Group by Prevention Cohortc
Primary prevention
No. of deaths/total
Rate/100 000 patientyears (95% CI)

Intensive Treatment

Conventional Treatment

24/348

31/378

276 (186 to 409)

0.83 (0.49 to 1.42)

.50

328 (232 to 463)

Secondary intervention
No. of deaths/total
Rate/100 000 patientyears (95% CI)

19/363

33/352

200 (128 to 313)

0.54 (0.31 to 0.95)

.03

364 (260 to 509)

Sex by Prevention Cohortd
Primary prevention
No. of deaths/total
Rate/100 000 patientyears (95% CI)

Men

Women

31/378

24/348

330 (234 to 467)

1.22 (0.71 to 2.07)

.47

274 (185 to 406)

Secondary intervention
No. of deaths/total
Rate/100 000 patientyears (95% CI)

37/383

15/332

378 (275 to 519)

Abbreviations: ARD, adjusted risk difference; HR, hazard ratio.
a

HRs from an unadjusted Cox proportional hazard model and ARDs from a
Poisson model.

b

P = .92 for the test of group-by-sex interaction based on the Wald statistic
from Cox proportional model.

date last known to be alive (n = 12), or the December 31, 2012,
date of data set closure (n = 1322). The patient disposition for
these analyses is described in the eFigure (see Supplement).
Quantitative and categorical characteristics were compared using the Wilcoxon rank-sum test and χ2 test, respectively. Death rates per 100 000 patient-years, and 95% CIs, were
computed from robust Poisson regression models.22 Inferences on the difference in absolute rates were obtained using
the Δ method.22 P values and HRs comparing all-cause mortality between groups were based on Wald tests from Cox proportional hazards models and the cumulative incidence for
48

2.25 (1.23 to 4.10)

<.01

171 (104 to 282)

207 (59 to 354)
c

P = .27 for the test of group-by-study cohort interaction based on Wald
statistic from Cox proportional model.

d

P = .13 for the test of sex-by-study cohort interaction based on Wald statistic
from Cox proportional model.

time to death was estimated using the Kaplan-Meier method.22
The homogeneity of treatment group differences among strata
was tested using a group-by-stratum interaction in the model.
Estimates for HRs associated with other time-dependent covariates were calculated using separate Cox models adjusted
for baseline characteristics.
Additional Cox models evaluated the association of the 2
specified major risk factors (glycemia and albuminuria/renal
disease) with the risk of mortality, individually. The number
of deaths was inadequate for reliable multivariable riskfactor modeling, especially within each treatment group.
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Figure. Cumulative Incidence of Mortality in the Diabetes Control and Complications Trial
Cumulative mortality by sex

Cumulative mortality by treatment group
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Data are reported from the Diabetes Control and Complications Trial (DCCT;
1983-1993) and the subsequent observational follow-up Epidemiology of
Diabetes Interventions and Complications (EDIC) study (1994 to December 31,
2012). Hazard ratios (HRs), CIs, and P values were obtained from a Cox

proportional hazards model. For men vs women, HR = 1.61 (95% CI, 1.09-2.39);
P = .02; for the intensive vs conventional treatment groups (intent-to-treat
analysis), HR = 0.67 (95% CI, 0.46-0.99); P = .045.

All analyses were performed using SAS software (version
9.3; SAS Institute Inc) and R package.23 A 2-sided P value of less
than .05 was considered statistically significant.

There were no significant differences in mortality
between the primary prevention and secondary intervention cohorts (Table 2). The intensive to conventional group
HR within the secondary intervention cohort was nominally
signific ant (HR = 0.5 4 [95% CI, 0.31-0.95]; P = .03;
ARD = −164/100 000 patient-years [95% CI, −315 to −13];
P = .03), whereas intensive to conventional group HR in the
primary prevention cohort was not (HR = 0.83 [95% CI,
0.49-1.42]; P = .50; ARD = −52/100 000 patient-years [95%
CI, −209 to 105]; P = .52). However, a test of homogeneity of
the difference between the intensive vs the conventional
treatment group HRs in the 2 cohorts (0.83 in the primary vs
0.54 in the secondary) was not significant (ie, within the
realm of chance variation).
The most common causes of death (Table 3) were cardiovascular events (24 [22.4%]), cancer (21 [19.6%]), acute diabetes complications (19 [17.8%]), and accidents or suicide (18
[16.8%]). In the intensive vs the conventional group, there were
fewer deaths from diabetic renal (1 vs 6), cardiovascular (9 vs
15), and cancer causes (7 vs 14). The most frequently occurring fatal cancer was lung cancer (n = 5; 2 in the intensive vs 3
in the conventional group). There were nominally more deaths
due to accident or suicide in the intensive vs the conventional group (13 of 711 vs 5 of 730). None of the accidents were
directly attributable to hypoglycemia. The proportion of deaths
attributed to accident or suicide was significantly greater
among men (23.5% [95% CI, 14.1%-35.4%) than women (5.1%
[95% CI, 0.6%-17.3%]; P < .001).
Albuminuria and end-stage renal disease during the study
were associated with the risk of mortality (Table 4). Among the
635 patients with any albuminuria (AER ≥40 mg/24 hours),
mortality risk was higher compared with those with a history
of normal albuminuria (HR = 2.20 [95% CI, 1.46-3.31]; P < .01;
model A). The HR for mortality in the 464 patients who developed microalbuminuria (AER ranging from 40 mg/24 hours

Results
During the DCCT, 1441 volunteers were randomized to receive either intensive therapy (n = 711) or conventional therapy
(n = 730) for a mean of 6.5 years and subsequently observed,
which resulted in 36 725 person-years of total follow-up (18 207
intensive and 18 518 conventional) during DCCT and EDIC combined. Characteristics at baseline of the 2 randomly assigned
treatment groups, the primary and secondary cohorts, and of
those who survived vs those who died are shown in Table 1.
There were no major differences at baseline between the randomly assigned treatment groups except for a 2-mm Hg higher
systolic blood pressure in the conventional group. The intercohort differences reflect eligibility differences.
The all-cause mortality rate was low, only 291/100 000 patient-years (95% CI, 242-351) or 0.29% per year, and was greater
in men than women (hazard ratio [HR], 1.61 [95% CI, 1.092.39; P = .02]), absolute risk difference (ARD), 132/100 000 patient-years (95% CI, 24- 240; Table 2 and Figure). In addition,
those who died were older, had an older age at diabetes onset, were more likely to be smokers, and had higher baseline
systolic blood pressure, cholesterol, and HbA1c levels (Table 1).
Of the 107 (7.4%) deaths, 43 (6.0%) were in the intensive treatment group and 64 (8.8%) were in the conventional treatment group. Mortality risk per 100 000 patient-years was lower
in the intensive group (HR = 0.67 [95% CI, 0.46-0.99]; P = .045;
ARD = −109/100 000 patient-years [95% CI, −218 to −1];
P = .048; Table 2 and Figure), with a similar HR for both sexes
(Table 2). Mortality between treatment groups did not differ
until after the first 15 years of follow-up (Figure).
jama.com

JAMA January 6, 2015 Volume 313, Number 1

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: on 12/16/2018

49

Research Original Investigation

Treatment of Diabetes and Long-term Mortality

Table 3. Distribution of the DERI Causes of Death and Classification by the Role of Diabetes
No. (%)
Total
Overall

107 (100)

Intensive
Treatment

Conventional
Treatment

Women

Men

Primary
Prevention

Secondary
Intervention

43 (40.2)

64 (59.8)

39 (36.5)

68 (63.5)

55 (51.4)

52 (48.6)

DERI Causes of Death
Diabetic renal
Acute complications

7 (6.5)

1 (2.3)

6 (9.4)

1 (2.6)

6 (8.8)

3 (5.5)

4 (7.7)

19 (17.8)

9 (20.9)

10 (15.6)

10 (25.6)

9 (13.2)

9 (16.4)

10 (19.2)

Diabetic ketoacidosis

8 (7.5)

3 (7.0)

5 (7.8)

3 (7.7)

5 (7.4)

4 (7.3)

4 (7.7)

Diabetic coma,
unspecified

2 (1.9)

1 (2.3)

1 (1.6)

1 (2.6)

1 (1.5)

1 (1.8)

1 (1.9)
5 (9.6)

Hypoglycemia

9 (8.4)

5 (11.6)

4 (6.3)

6 (15.4)

3 (4.4)

4 (7.3)

Accident or suicide

18 (16.8)

13 (30.2)

5 (7.8)

2 (5.1)

16 (23.5)

12 (21.8)

6 (11.5)

11 (10.3)

8 (18.6)

3 (4.7)

0 (0)

11 (16.2)

6 (10.9)

5 (9.6)

7 (6.5)

5 (11.6)

2 (3.1)

2 (5.1)

5 (7.4)

6 (10.9)

1 (1.9)

24 (22.4)

9 (20.9)

15 (23.4)

10 (25.6)

14 (20.6)

12 (21.8)

12 (23.1)

Accident
Suicide
Cardiovascular
Infection
Cancer

4 (3.7)

1 (2.3)

3 (4.7)

21 (19.6)

7 (16.3)

14 (21.9)

0 (0)
11 (28.2)

4 (5.9)

1 (1.8)

3 (5.8)

10 (14.7)

11 (20.0)

10 (19.2)

Other, nondiabetes

5 (4.7)

1 (2.3)

4 (6.3)

1 (2.6)

4 (5.9)

2 (3.6)

3 (5.8)

Other, diabetes

1 (0.9)

0 (0)

1 (1.6)

1 (2.6)

0 (0)

1 (1.8)

0 (0)

Unknown

8 (7.5)

2 (4.7)

6 (9.4)

3 (7.7)

5 (7.4)

4 (7.3)

4 (7.7)

33 (63.5)

Death by Role of Diabetes
Diabetes had a rolea

62 (57.9)

26 (60.5)

36 (56.3)

22 (56.4)

40 (58.8)

29 (52.7)

Diabetes caused death

29 (27.1)

13 (30.2)

16 (25.0)

12 (30.8)

17 (25.0)

15 (27.3)

14 (26.9)

Diabetes was
necessary for the
death but another
process was the
underlying cause

23 (21.5)

7 (16.3)

16 (25.0)

8 (20.5)

15 (22.1)

10 (18.2)

13 (25.0)

Diabetes made a
marginal contribution
to the death but was
not necessary for
death

10 (9.4)

6 (14.0)

4 (6.3)

2 (5.1)

8 (11.8)

4 (7.3)

6 (11.5)

37 (34.6)

15 (34.9)

22 (34.4)

14 (35.9)

23 (33.8)

22 (40.0)

15 (28.9)

8 (7.5)

2 (4.7)

6 (9.4)

3 (7.7)

5 (7.4)

4 (7.3)

4 (7.7)

Diabetes had no roleb
Unknown

Abbreviations: DERI, Diabetes Epidemiology Research International Mortality
Study; DKA, diabetic ketoacidosis.
a

No. of deaths/total is 37/36 725 or 101/100 000 patient-years.

No. of deaths/total is 62/36 725 or 169/100 000 patient-years.

to <300 mg/24 hours) vs those with normal albuminuria was
1.52 (95% CI, 0.97-2.37; P = .07), and the HR for mortality in the
171 patients who developed macroalbuminuria (AER ≥300
mg/24 hours) vs those with normal albuminuria was 3.00 (95%
CI, 1.82-4.93; P < .001; model B). Risk was also higher in the
44 patients with renal insufficiency vs those without (HR = 8.51
[95% CI, 4.45-16.27]; P < .001; model C). Although a history of
severe hypoglycemia requiring assistance was not significantly associated with mortality (model E), the subset of participants who had experienced severe hypoglycemia with
coma, seizure, or both (model D) had a HR of 1.63 (95% CI, 1.102.40; P = .02), and a nonsignificantly higher risk of death due
to accident or suicide (HR = 2.64 [95% CI, 0.99-7.04]; P = .06).
Mortality risk was also associated with higher mean HbA1c levels over the full follow-up period (HR = 1.56 [95% CI, 1.35-1.81
per 10% relative increase in HbA1c]; P < .001). The eTable in the
Supplement presents the treatment group differences in these
covariates.
The risk of mortality was higher among those with a history of hypoglycemia (Table 4), and hypoglycemia occurred
50

b

more frequently in the intensive group (eTable in the Supplement). When adjusting for hypoglycemia with coma, seizure,
or both, the model estimates the intensive-to-conventional HR
as if there were no difference in hypoglycemia between the 2
treatment groups so that the reduced risk associated with intensive treatment is greater (adjusted HR = 0.61 [95% CI, 0.410.9]; P = .01).

Discussion
Over an average of 27 years of follow-up in the DCCT/EDIC cohort with type 1 diabetes mellitus, overall mortality risk in the
intensive group was lower than that in the conventional group
(P = .045), although the absolute risk reduction was small at
approximately 1/1000 patient-years. The DCCT was designed
to examine the effects of intensive therapy on microvascular
complications and, on the basis of the large demonstrated
benefits, 10-12 intensive therapy has become the recommended therapy for type 1 diabetes.14 However, sustaining in-
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Table 4. Separate Models of the Association of Each Time-Dependent Covariate With the Risk of Death and the Corresponding Death Rate Within
Categories of Each Covariate

Time-Dependent Covariate

Effect of Time-Dependent
Covariate, HR (95% CI)a

P Value

No. of Deaths/Total

Death Rate per
100 000
Patient-Yearsb

Renal Diseasec
Model A, AER <40 mg/24 h
AER ≥40 mg/24 h
Model B, AER <40 mg/24 h

1 [Reference]
2.20 (1.46-3.31)

<.01

1 [Reference]

46/806

225

61/635

1165

46/806

225

40 ≤AER <300 mg/24 h

1.52 (0.97-2.37)

.07

31/464

746

AER ≥300 mg/24 h

3.00 (1.82, 4.93)

<.01

30/171

1482

Model C, no renal insufficiency
Renal insufficiency

1 [Reference]

95/1397

8.51 (4.45-16.27)

<.01

12/44

267
1527

Hypoglycemia
Model D, no coma or seizure
Coma or seizure
Model E, no severe hypoglycemiad
Severe hypoglycemiad

1 [Reference]
1.63 (1.10-2.40)

.02

1 [Reference]
1.36 (0.90-2.07)

.15

1.56 (1.35-1.81)

<.01

52/773

267

55/668

1153

34/444

306

73/997

1361

HbA1c
Model F, per 10%-higher mean HbA1c
during DCCT/EDICef

Abbreviations: AER, albumin excretion rate; DCCT, Diabetes Control and
Complications Trial; EDIC, Epidemiology of Diabetes Control and Complications;
HbA1c, hemoglobin A1c; HR, hazard ratio.
a

All models were adjusted for the hemoglobin A1c value, age, sex, systolic blood
pressure, and smoking status at baseline in the DCCT.

b

Includes those who had renal disease, microalbuminuria, albuminuria, renal
insufficiency, or hypoglycemia and those who did not.

c

Microalbuminuria and albuminuria included participants who progressed to
end-stage renal disease that was not preceded by a timed renal collection to
measure the AER. Renal insufficiency was defined by a history of an estimated
glomerular filtration rate of less than 30 mL/min/1.73m2 using the CKD-EPI

tensive therapy is difficult for many patients, as demonstrated by the rise in mean HbA1c levels after completion of the
DCCT, which became nonsignificantly different from the control group within 5 years. Furthermore, intensive therapy is associated with increased hypoglycemic risk, which in turn has
been associated with increased mortality.24 The current data
suggest net mortality benefit from intensive therapy, even
when the controlled clinical trial comparing intensive with conventional therapy was implemented over less than 25% of the
27-year follow-up time.
These results provide reassurance that adoption of 6.5 years
of intensive therapy in type 1 diabetes does not incur increased risk of overall mortality, and are in contrast to findings from the ACCORD trial in type 2 diabetes.15 The UKPDS
(UK Prospective Diabetes Study), a controlled clinical trial with
a population of newly diagnosed patients with type 2 diabetes and a study duration that was more analogous to the DCCT/
EDIC than ACCORD, also showed a reduced mortality with intensive therapy.25 The lower mortality in the intensive group
in our study was consistent across all causes of death except
for accident and suicide; however, possibly owing to the small
number of deaths, the reductions in specific causes did not
a c h i e ve s t at i s t i c a l s i g n i f i c a n c e . T h e i nte n s ive - to conventional differences in mortality parallel the previously
demonstrated reductions in cardiovascular and renal disease
jama.com

(Chronic Kidney Disease Epidemiology Collaboration) equation (22) of kidney
transplantation, or the implementation of dialysis.
d

Any hypoglycemic episode requiring assistance from any party to treat.

e

The log-mean glycated hemoglobin value was used so that the HR per c-fold
change in risk is c4.69593, where 4.69593 is the estimated regression
coefficient; a c of 1.1 corresponds to a 10% increase in the mean glycated
hemoglobin value, such as comparing the risk with an HbA1c level of 8% vs an
HbA1c of 8.8% (10% higher). Likewise, a c of 0.9 corresponds to a 10%
decrease.

f

Indicates glycated hemoglobin.

in DCCT/EDIC,12-14 and HbA1c levels and albuminuria (to a lesser
degree) were associated with mortality.
EDIC has established that glycemic control plays a central
role in determining the risks of microvascular and macrovascular complications,12,18 and we now show its association with
subsequent mortality. Although the numbers are small, there
were fewer diabetic renal deaths (1 vs 6) and cardiovascular
deaths (9 vs 15) with intensive vs conventional therapy, causes
for which glycemia might be expected to play a major role.
These results also support the emerging concept that most
of the excess mortality in type 1 diabetes is mediated by the
development of albuminuria (whether microalbuminuria or
greater).26,27 In EDIC, the persistent effect of early metabolic
control (achieved with intensive therapy during the average
6.5 years of DCCT) on subsequent risk of albuminuria and other
longer-term complications (so-called metabolic memory)18,28,29
appears to be related to a reduction in mortality over the subsequent 20-year follow-up period.
The small numbers of accidents and suicides (13 in the intensive group and 5 in the conventional group), none of which
were clearly related to acute hypoglycemia, preclude any definitive conclusions regarding the relative risk of former intensive therapy. However, acute hypoglycemia has been recognized as an important cause of mortality in type 1 diabetes
mellitus24 and a history of severe hypoglycemia accompaJAMA January 6, 2015 Volume 313, Number 1
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nied by coma, seizure, or both in DCCT/EDIC was associated
with greater overall mortality (HR = 1.63 [95% CI, 1.10-2.40];
P = .02), supporting the concept that a history of severe hypoglycemia increases or is a marker for mortality risk. Despite the putative adverse effect of severe hypoglycemia on
mortality risk, mortality was lower in the intensive therapy
group. Studies in type 2 diabetes have been conflicting and inconclusive as to the chronic role of severe hypoglycemia and
mortality.30,31
There are a number of limitations to this study that include the small number of deaths, the initial selection of a lower
cardiovascular disease risk population, and underrepresentation of mortality experience in the childhood years of diabetes. The lack of racial diversity may also be considered a limitation. Another limitation is that our current analyses do not
account for any potential treatment group differences in cardioprotec tive medic ation use ( renin-angiotensin-
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