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OBJECTIVE

Intensive treatment (INT) of type 1 diabetes reduces the incidence of cardiovascular
disease (CVD) events compared with conventional treatment (CONV), but it also results in
moreweight gain. Our objectivewas to examinewhether excessiveweight gain from INT of
type 1 diabetes is independently associated with subsequent CVD events.

RESEARCH DESIGN AND METHODS

Quartiles (Q) of weight gain in 1,213 participants aged 18 years and older at enroll-
ment in theDiabetes Control and Complications Trial (DCCT)were determinedwithin
randomized treatment groups (INT vs. CONV) using change in BMI from baseline to
the closeout DCCT visits. Effects of this weight gain on CVD risk factors and outcomes
during an additional 20 years of observational follow-up were then determined.

RESULTS

The Q4 INT group experienced greater proportional weight gain (median change in
BMI, 6.08 kg/m2), increases in CVD risk factors, and need for medications for hyper-
tension and lipids comparedwith theQ1–3 INT and comparable CONVgroups. Over a
mean of 26 years of follow-up, the numbers of major and total CVD events were not
statistically different in Q4 compared with Q1–3 of either the INT or CONV group. By
year 14, however, the incident CVD event curve became significantly higher in the
Q4 INT group than in the Q1–3 INT groups (P = 0.024) and was similar to that for the
CONV group.

CONCLUSIONS

For the first 13 years after DCCT, INT for type 1 diabetes reduced macrovascular
events compared with CONV, even when excessive weight gain occurred. After this,
total CVD events significantly increased in the Q4 INT group, becoming equivalent to
those in the CONV group. Longer follow-up is needed to determine whether this
trend continues and results in more major CVD events.
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The Diabetes Control and Complications
Trial (DCCT) and its observational follow-
up, the Epidemiology of Diabetes Inter-
ventions and Complications (EDIC) study,
demonstrated that intensive diabetes
therapy achieving near-normal glucose
control reduces long-term macrovascular
complications in type1diabetes compared
with conventional treatment (1,2). How-
ever, during an average of 6.5 years in
the DCCT, approximately 25% of partici-
pants randomized to receive intensive
therapy experienced weight gain that re-
sulted in obesity (mean BMI,$30 kg/m2)
and was considerably more than the con-
ventionally treated group.We termed this
“excessive” weight gain because not only
was the total amount greater, it also was
characterized by a more central distri-
bution andwas accompanied by insulin re-
sistance and worsened cardiac risk factors
compared with participants with less
weight gain in both the intensive and con-
ventional diabetes therapy treatment
groups (3)ddifferences that persisted
during the EDIC observational phase of
the study (4). Reports from several obser-
vational studies of type 1 diabetes have
found associations between obesity,
subclinical cardiovascular disease (CVD)
(4–6), and mortality rates (7) within this
population, althoughnot all remained sig-
nificant after adjusting for obesity-related
CVD risk factors. Nevertheless, our stud-
ies and these reports raise concerns that
excessive weight gain with intensive dia-
betes management might abrogate the
benefits of that management on macro-
vascular disease outcomes.
The overall aims of this analysiswere to

examine the associationbetween quartile
change in BMI during DCCT and subse-
quent cardiovascular events during the
EDIC follow-up and to assess whether ex-
cessiveweight gain (i.e., fourth quartile of
weight gain) with intensive therapy dur-
ing DCCT affects the long-term benefits of
intensive therapy on CVD risk. Our hy-
pothesis was that CVD event rates would
be higher in participants who gained ex-
cessive weight than in those who gained
only a minimal amount of weight with
intensive therapy and that the higher
rate of CVD events would be largely at-
tributable to the worsening of cardiac risk
factors.

RESEARCH DESIGN AND METHODS

The DCCT/EDIC study has been previously
described in detail (8–10). Briefly, 1,441

subjects with type 1 diabetes were en-
rolled in the DCCT between 1983 and
1989. Subjects were randomly assigned
to receive either intensive therapy (INT),
with a goal of maintaining glycemic levels
as close to the nondiabetic range as
safely possible, or conventional therapy
(CONV), with a goal of clinical well-being
and freedom from symptoms of both hy-
perglycemia and hypoglycemia. The DCCT
was stopped after a mean of 6.5 years
of follow-up, and all participants were
encouraged to implement or continue
intensive treatment (instruction pro-
vided), with subsequent diabetes care
administered by their own health care
providers. In 1994, 96% of the surviving
DCCT cohort enrolled in the EDIC obser-
vational study. After an additional 20 years
in the EDIC study, 1,251 participants (94%
of survivors) continue to be followed. A
total of 1,213 subjects were included in
the following analysis after excluding
participants ,18 years of age at DCCT
enrollment.

DCCT/EDIC Evaluations
Follow-up visits occurred quarterly dur-
ing the DCCT and annually throughout
the EDIC study. A detailed medical his-
tory was taken at each visit, including
demographics, behavioral risk factors,
and medical outcomes, as was a physical

examination that included measure-
ments of height, weight, and blood pres-
sure. BMI was calculated by dividingweight
(kilograms) by height (meters) squared.
Waist circumference at the iliac crest was
measuredat theDCCTcloseoutandannually
during the EDIC study.

Blood samples were assayed centrally
for hemoglobin A1c (HbA1c), using high-
performance ion-exchange liquid chro-
matography (8). Fasting lipids and albumin
excretion rate (AER) were measured in
the DCCT central laboratory annually dur-
ingDCCT and in alternate years during the
EDIC study. Sustained albuminuria was
defined as an AER of at least 30 mg/24 h
at two consecutive visits. End-stage renal
disease was defined as the development
of an estimated glomerular filtration rate
,15 mL/min/1.73 m2 using the Chronic
Kidney Disease Epidemiology Collabora-
tion equation (11).

In addition to the current HbA1c value,
the DCCT updated mean was used to re-
flect the cumulative glycemic exposure
from baseline up to and including the
HbA1c at each visit throughout the DCCT.
The DCCT/EDIC study time-weighted
arithmetic means were calculated using
the quarterly DCCT and annual EDIC study
values weighted by 3 and 12 months,
respectively.

Figure 1—BMI of participants at the DCCT baseline, DCCT closeout, and EDIC years 5, 10, and 15 by
quartile of weight gain between the DCCT baseline and closeout (excessive = fourth quartile of
weight gain [red lines]; minimal = first through third quartiles combined [blue lines]) in both the INT
and CONV groups. Data are mean6 SE.
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Cardiovascular Outcomes
The primary outcomewas the time to the
first of any of the following CVD events:
nonfatal myocardial infarction (MI) or
stroke; death judged to be secondary to
CVD; subclinical (“silent”) MI detected on
an annual electrocardiogram; angina con-
firmed by ischemic changes with exercise
tolerance testing or by clinically significant
obstruction on coronary angiography;
congestive heart failure with paroxysmal
nocturnal dyspnea, orthopnea, or marked
limitationofphysical activity causedbyheart
disease; or revascularization with angio-
plasty and/or coronary artery bypass. Ma-
jor adverse cardiovascular events (MACE)
were defined as nonfatal MI or stroke, or
CVD-related death. Medical records were
obtained and all CVDeventswere centrally
adjudicated by a mortality and morbid-
ity review committee masked to DCCT
treatment assignment, HbA1c, and glucose
levels.

Statistical Analyses
Quartiles of weight gain were defined
separately within the two treatment
groups as the change in BMI from DCCT

baseline toDCCTcloseout (3). In each treat-
ment group, the fourth quartile of weight
gain was used to define excessive weight
gain compared with minimal weight
gain defined by the first three quartiles
(3) (Supplementary Table 1). The sepa-
ration in weights by quartile group dur-
ing DCCT was maintained during the
observational follow-up in the EDIC study
(Fig. 1).

Clinical characteristics were compared
between weight gain groups (excessive
vs. minimal) using the Wilcoxon rank sum
test for quantitative variables and the x2

test for categorical variables. The Kaplan-
Meier method was used to estimate the
cumulative incidence of the first occur-
rence of any CVD event (12). The Cox pro-
portional hazards model was used to
estimate the effect of weight gain during
DCCT (excessive vs. minimal) on subse-
quent CVD risk during the EDIC study
(13). Adjustments were made for fixed
characteristics (e.g., sex), and covariates
measured repeatedly over time entered
the models as time-dependent covariates.
All analyses were performed using SAS

software (version 9.3; SAS Institute, Cary,
NC). Two-sided P # 0.05 was considered
statistically significant.

RESULTS

At DCCT baseline, participants in the INT
group who experienced excessive weight
gain were slightly older andmore likely to
be female than participants in the mini-
mal weight gain group (Supplementary
Table 2). At the DCCT closeout visit, those
in the excess weight gain group had
worse levels of a number of cardiac risk
factors than the minimal weight gain
group, including higher systolic and di-
astolic blood pressures; greater total, LDL,
and non-HDL cholesterol; higher triglycer-
ide levels; and lower HDL cholesterol
levels. In addition, participants with ex-
cessive weight gain had larger waist cir-
cumferences and slightly higher current
HbA1c levels despite taking larger doses
of insulin, indicating more insulin resis-
tance. In the CONV group, the difference
in BMI between the excessive and mini-
mal weight gain groups at DCCT closeout
was roughly 50% that of the difference

Figure 2—Cumulative incidence during the EDIC study of the first occurrence of any CVD eventwith INT (P = 0.23, log-rank test) (A) or CONV (P = 0.81, log-
rank test) (B) for type 1 diabetes and of nonfatalMI, stroke, or death fromCVD (MACE)with INT (P = 0.93, log-rank test) (C) or CONV (P = 0.52, log-rank test)
(D) for type 1 diabetes therapy. Excessive = fourth quartile of weight gain (red lines); minimal = first through third quartiles of weight gain combined
(blue lines).
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observed in the INT group (3 vs. 6 kg/m2).
Nevertheless, participants in the exces-
sive weight gain group (fourth quartile) in
theCONVgroupalso requiredmore insulin
and hadworse levels of some cardiac risk
factors thanthose intheminimalweightgain
group(first throughthird)quartiles, including
higher systolic bloodpressure, total andnon-
HDLcholesterols,andtriglycerides.However,
thesemarginally significant differenceswere
not as large as the ones observed in the INT
group (Supplementary Table 2).
After DCCT closeout, the differences

with regard to BMI, waist circumference,
and cardiac risk factors persisted between
the excessive and minimal weight gain
groups despite slight worsening of glu-
cose control in the INT group (Fig. 1 and
Table 1). In addition, at years 10 and 15 of
follow-up during the EDIC study, the ex-
cess gain group reported using medica-
tions to treat hypertension and lower
lipids at a higher frequency than the min-
imal gain group. Aspirin use and the fre-
quency of postmenopausal hormonal
replacement therapy were comparable
between the groups. Similar to the INT
group, those assigned to CONV in the
DCCT who experienced the greatest
weight gain (quartile 4) remained heavier
and had amore central distribution of the
weight than those in the minimal gain
group during the observational follow-
up period in the EDIC study (Fig. 1 and
Supplementary Table 3). By 15 years of

EDIC follow-up, however, the significant
differences in CVD risk factors between
the weight gain groups noted at DCCT
closeout had disappeared, and the fre-
quencies of using medication for hyper-
tension and lipids, and of taking aspirin,
were similar (Supplementary Table 3).

During amean of 26 years’ EDIC follow-
up, 86 participants in the CONV group
experienced 171 events (Supplementary
Table 4). Of these, 63 participants (14%)
with minimal weight gain experienced
107 CVD events compared with 23 partic-
ipants (15%) with excessive weight gain
who experienced 64 events (unadjusted
hazard ratio [HR] 1.06; 95% CI 0.66–1.71)
(Fig. 2 and Supplementary Table 4). No
specific CVD events, including MACE, ap-
peared to occur more frequently in one
group than the other. In the INT group,
133 adjudicated CVD events (one ormore
per person) occurred in 73 participants
(Supplementary Table 5). Of 151 partici-
pants in the excessive weight gain group,
23 (15%) had 40 events, compared with
50 of 453 participants (11%) in the mini-
mal weight gain group who had 93 total
events (unadjusted HR 1.35; 95% CI
0.83–2.22) (Fig. 2 and Supplementary
Table 5). This small differencewas primar-
ily driven bymore frequent revasculariza-
tion procedures in the excessive weight
gain group. The HR (1.14; 95% CI 0.68–
1.91) was attenuated after adjustment
for non–weight-related covariates (age,

sex, smoking, renal function, aspirin and
hormone replacement therapy use, and
HbA1c) and nearly completely attenuated
(HR 1.02; 95% CI 0.60–1.75) when ad-
justments also included weight-related
CVD risk factors (blood pressure, choles-
terol and triglyceride levels, and antihy-
pertensive and lipid-lowering medication
use) (Supplementary Table 5). HRs for
MACE were also not significant both be-
fore and after adjustments for non–
weight-related and weight-related CVD
events (Supplementary Table 5).

Because a separation in CVD event
rates in the INT group became apparent
after 14 years of EDIC follow-up (Fig. 2),
an exploratory analysis was conducted
to test the difference between these
groups and the CONV group (as a whole)
after EDIC year 14 (Fig. 3 and Table 2).
Using a Cox proportional hazards model,
we evaluated the interaction between
weight gain groups (excessive vs. mini-
mal) and an indicator variable for study
year,whichwas defined as “0” for thefirst
13 years of EDIC and “1” thereafter. In-
cident CVD events in the excessiveweight
gain group (quartile 4) with INT became
significantly higher than the minimal
gain group (quartiles 1–3) with INT after
EDIC year 14 (unadjusted HR 1.99; 95% CI
1.12–3.63) and were comparable to inci-
dent CVD in the CONV group (Fig. 3).With
further adjustment for weight-related
CVD risk factors, however, this HR was

Figure 3—Cumulative incidenceduring the EDIC study of the first occurrenceof any CVD (P = 0.21, log-rank test) (A) and nonfatalMI, stroke, or death from
CVD (MACE) (B), comparing the group with excessive weight gain group (fourth quartile of weight gain, n = 152 [red solid lines]) with the group with
minimal weight gain (first through third quartiles combined, n = 457 [blue solid lines]) in the INT group and with all participants in the CONV group
(n = 609 [green dotted lines]). Using a Cox proportional hazards model, the unadjusted difference in hazards after year 14 of EDIC follow-up between
the excessive and minimal weight gain groups receiving INT was significant (P = 0.024).
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no longer significant (Table 2). TheHRs for
MACE were not different between the
weight gain with INT groups before and
after year 14 (Fig. 3 and Table 2).

CONCLUSIONS

We previously showed that excessive
weight gain leading to obesity with inten-
sive treatment of type 1 diabetes was as-
sociated with increased CVD risk factors
and subclinical atherosclerosis in the
DCCT/EDIC study (3,4). Consistent with
previous observational cohorts, we ex-
pected to find that expression of obesity
during intensive treatment of type 1 di-
abetes would also be associated with
higher rates of macrovascular disease
(5,6) and mortality (7). Instead, we found
that, over 13 years of observational
follow-up in the EDIC study, rates of CVD
events, includingMACE,werenotdifferent
in participants who had gained excessive
weight and became obese compared with
those who gained minimal amounts of
weight with INT. However, beginning at
approximately year 14 of the EDIC study,
the event rate curves in the participants in
the INT groupbegan todiverge,with higher
total CVD event rates (but notMACE rates)
reported in theexcessiveweight gain group
compared with the minimal weight gain
group, such that by EDIC year 20 the in-
cident rate of total CVD events in the exces-
sive weight gain group treated intensively
approximated that of the CONV group
(Fig. 3).
One possible contribution to the de-

layed divergence of the total CVD event
curves in the INT group could have been
the additional nutritional counseling pro-
vided by dietitians to DCCT participants
who were gaining weight rapidly, a pre-
vention strategy implemented when
unwantedweight gain accompanying in-
tensive management became apparent

during pilot and feasibility testing before
the start of the DCCT (14,15). Another
potential explanation is that the group
with excessive weight gain reported tak-
ingmedications for blood pressure and to
lower lipids at higher rates than the group
with minimal gain during EDIC follow-up.
Indeed, we found that adjusting for tradi-
tional CVD risk factors and themedications
used to treat them (e.g., antihypertensives
and lipid-loweringmedications) eliminated
the excess risk found between the two
groups before year 14 (the unadjusted HR
fell from 1.35 to 1.02with full adjustment).
This, and the lack of impact of excessive
weight gain on MACE, parallels findings
in the U.S. populace; several decades’
worth of population weight gain (16)
has coincided with an overall reduction
in CVD mortality rates (17), in part be-
cause of better medical management of
CVD risk factors (18). In addition, the re-
vascularization rate in the Q4 INT (ex-
cessive gain) was nearly twice that of
the Q1–3 INT (minimal gain) group,
which might have acted as a “preventive”
measure (similar to blood pressure and
lipid-lowering medications) to reduce
progression to MACE.

After EDIC year 14, the attenuation ef-
fect of adjusting for CVD risk factors and
medication use was somewhat reduced;
HRs became nonsignificant but fell only
from 1.99 to 1.62 and 1.57. If this increase
in adjusted HR persists and becomes sig-
nificant during longer follow-up, it would
suggest that nontraditional obesity-
related CVD risk factors make a delayed
contribution to the expression of athero-
sclerotic events. Examples include in-
creased insulin resistance, cholesterol
accumulation in VLDL and remnant parti-
cles, and increased prothrombotic and
proinflammatory factors that are thought

to contribute to the 50–60% “residual
risk” for cardiac events despite optimal
LDL cholesterol lowering reported in sta-
tin trials (19).

This analysis has several limitations.
While the DCCT was a randomized con-
trolled trial, the EDIC study was obser-
vational. However, despite the loss of
randomized treatment groupassignment,
the continued beneficial effect of inten-
sivemanagement begun during DCCT and
carried forward into the EDIC study was
consistent for both microvascular and
macrovascular disease events. Neverthe-
less, the failure of the INT group to main-
tain target glucose control during the
EDIC study limits our ability to determine
the beneficial effects of persistent near
normalization of glucose control, despite
excessive weight gain, on CVD events in
patients with type 1 diabetes.

In summary, although excessive weight
gain with INT of type 1 diabetes worsens
obesity-related CVD risk factors, rates of
total CVD events andMACE during the first
13 years of observational follow-up in that
group were not significantly different from
the rates in those who experienced only
minimal weight gain. However, this might
have been due to CVD risk mitigation
though the greater use of lipid-lowering
and blood pressure medications by the ex-
cessive weight gain group. A significant di-
vergence of CVD event rate curves after
14 years of follow-up in the EDIC study sug-
gests that more revascularization proce-
dures eventually are needed to delay or
prevent MACE. Further follow-up of this
well-characterized population with type 1
diabetes will determine whether excessive
weight gain with INT eventually results in
increased (“breakthrough”) MACE.
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Table 2—Association in the DCCT INT group between excessive (quartile 4) and
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Unadjusted Partially adjusted Fully adjusted
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MACE 1.04 (0.48–2.22) 0.91 (0.41–2.00) 0.79 (0.35–1.76)

Data are hazard ratios (95% CI). Cox proportional hazard regression models were unadjusted;
partially adjusted for age at DCCT closeout, sex, and the following time-dependent covariates:
smoking, sustained AER$30 mg/24 h or end-stage renal disease, estimate glomerular filtration
rate ,15 mL/min/1.73 m2 or end-stage renal disease, aspirin use, hormone replacement therapy
use, and DCCT/EDIC time-weighted mean HbA1c; and fully adjusted to include also the following
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myocardial infarction or stroke, or CVD-related death.
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