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Abstract
OBJECTIVE—The Diabetes Control and Complications Trial (DCCT) demonstrated the powerful
impact of glycemic control on the early manifestations of microvascular complications.
Contemporary prospective data on the evolution of macrovascular and late microvascular
complications of type 1 diabetes are limited. The Epidemiology of Diabetes Interventions and
Complications (EDIC) study is a multicenter, longitudinal, observational study designed to use the
well-characterized DCCT cohort of >1,400 patients to determine the long-term effects of prior
separation of glycemic levels on micro- and macrovascular outcomes.

RESEARCH DESIGN AND METHODS—Using a standardized annual history and physical
examination, 28 EDIC clinical centers that were DCCT clinics will follow the EDIC cohort for 10
years. Annual evaluation also includes resting electrocardiogram, Doppler ultrasound measurements
of ankle/arm blood pressure, and screening for nephropathy. At regular intervals, a timed 4-h urine
is collected, lipid profiles are obtained, and stereoscopic fundus photographs are taken. In addition,
dual B-mode Doppler ultrasound scans of the common and internal carotid arteries will be performed
at years 1 and 6 and at study end.

RESULTS—Written informed consent was obtained from 96% of the DCCT subjects. The
participants, compared with nonparticipants, tended to have better glycemic control at the completion
of the DCCT and were more likely to have their diabetes care provided by DCCT personnel. The
EDIC baseline measurement stratified by sex delineates multiple cardiovascular disease risk factor
differences such as age (older in men), waist-to-hip ratio (higher in men), HDL cholesterol (lower
in men), hypertension (more prevalent in men), and maximum intimal-medial thickness of common
and internal carotid arteries (thicker in men). Of the original conventional treatment group, 69% have
changed to continuous subcutaneous insulin infusion or multiple daily injections. Although the mean
HbA1c difference between the intensive and conventional treatment groups narrowed at EDIC years
1 and 2, HbA1c remained significantly lower in the intensive group. Of all expected clinic visits, 95%
were completed, and the quality of EDIC data is very similar to that observed in the DCCT.

CONCLUSIONS—Although obvious problems exist in extended follow-up studies of completed
clinical trials, these are balanced by the value of continued systematic observation of the DCCT
cohort. In contrast to other epidemiologic studies, EDIC will provide 1) definitive data on type 1 as
distinct from type 2 diabetes; 2) reliance on prospective rather than on cross-sectional analysis; 3)
long-term follow-up in a large population; 4) consistent use of objective, reliable measures of
outcomes and glycemia; and 5) observation of patients from before the onset of complications.

Address correspondence and reprint requests to EDIC Research Group, Box NDIC/DCCT, Bethesda, MD 20892.
A complete listing of the EDIC Research Group appears in ACKNOWLEDGMENTS.
A table elsewhere in this issue shows conventional and Système International (SI) units and conversion factors for many substances.
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Morbidity and mortality in type 1 diabetic patients derive mainly from advanced microvascular,
neuropathic, and macrovascular complications, with the major clinical impact beginning 15–
20 years after the onset of diabetes (1,2). The Diabetes Control and Complications Trial
(DCCT) demonstrated that therapy aimed at maintaining HbA1c levels as close to normal as
feasible reduced the risks for the development and progression of early microvascular and
neurologic complications of type 1 diabetes (3–5). While the reduction of the earlier stages of
diabetic complications could reasonably be expected to slow the evolution to end-stage
complications, such as loss of vision or renal failure, too few severe complications occurred
during the DCCT to establish this conclusion. Similarly, although fewer intensively treated
than conventionally treated patients in the DCCT experienced cardiovascular events (3,6), the
numbers were too small to be conclusive and the differences were not statistically significant.
Overall, relatively little is known about the development of cardiovascular disease in type 1
diabetes, although it is the major cause of mortality.

Currently available data on the evolution of long-term complications are limited by 1) failure
to separate type 1 diabetes from type 2 diabetes in study populations; 2) reliance on cross-
sectional studies that are prone to prevalence bias; 3) studies of small, selected populations
with limited generalizability; and 4) relatively brief follow-up and significant attrition in
prospective studies. Since most studies suggest that overt late-stage complications usually
occur after 15–25 years’ duration of type 1 diabetes, further study of the DCCT cohort, with
an average diabetes duration of 12 years at study end, would delineate the evolution of late-
stage complications. In addition, the DCCT cohort offered the following advantages for a long-
term follow-up study of advanced complications: 1) the early stages of these complications
had been well characterized with reliable objective outcome measurements; 2) established and
putative risk factors for cardiovascular complications had already been measured repeatedly;
and 3) all of the subjects had been strongly advised to follow intensive treatment regimens after
the conclusion of the DCCT. We therefore designed a protocol to examine the DCCT cohort
in a prospective multi-center 10-year observational study. The Epidemiology of Diabetes
Interventions and Complications (EDIC) study began in January 1994, shortly after the
closeout of the DCCT, and after approval of the EDIC protocol by the Director of the National
Institute of Diabetes, Digestive and Kidney Diseases (NIDDK). The EDIC study focuses on
the interactions between established and putative risk factors for long-term microvascular,
neurologic, and cardiovascular outcomes of type 1 diabetes, including prior diabetes treatment
and the level of glycemic control during the DCCT.

Study objectives
The major study objectives include the following:

• To describe the development and progression of cardiovascular (coronary, peripheral,
and cerebral) disease in type 1 diabetes.

• To study the effects and interactions of potential risk factors for cardiovascular disease
in type 1 diabetes, including those established in nondiabetic and type 2 diabetic
populations.

• To examine the long-term effects of differences in prior diabetes treatment
(conventional versus intensive) during the DCCT on the subsequent development and
progression of cardiovascular disease.

• To examine the development of abnormal lipid and lipoprotein levels over time, their
relationship to metabolic and other variables, and their contribution, both
independently and in conjunction with other risk factors, to the development of
macrovascular diseases.
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• To relate early degrees of microalbuminuria, therapeutic interventions, and other
established risk factors to the subsequent development of clinical nephropathy.

• To study the rate of development of clinically significant neuropathy and its
relationship to other complications and risk factors.

• To examine the transition from background to more severe stages of retinopathy, such
as proliferative diabetic retinopathy (PDR), and its relationship to established and
putative risk factors, including previous treatment, ongoing level of glycemia,
hypertension, and renal insufficiency.

• To examine the long-term effects of differences in prior diabetes treatment during the
DCCT on the development and progression of nephropathy, neuropathy, and
retinopathy, refining estimates of the risks associated with varying levels of
antecedent glycemic control.

• To examine the effect(s) of putative genetic factors that may be identified in the future
on the development and/or progression of all complications in type 1 diabetes and
their interactions with other risk factors.

• To observe the current health care provided to EDIC patients in the U.S. and Canada,
including the implementation and maintenance of intensive therapy, and the
associations between different types of medical care and health outcomes.

• To study health-related quality of life (HRQOL) and the relationship between
HRQOL and the development of clinically significant complications.

RESEARCH DESIGN AND METHODS
Subjects

At the completion of the DCCT, subjects were informed of the purpose, procedures, benefits,
and risks of the EDIC. Written informed consent to participate in EDIC was obtained from
96% of DCCT subjects. All clinically relevant measurements obtained during follow-up would
be provided to EDIC subjects and their physicians.

Organization
The organizational structure of the EDIC study is designed to coordinate the activities of the
committees, laboratories, units, and review groups, and to ensure careful conduct of the study
by uniform adherence to the Protocol and Manual of Operations (7) (Fig. 1). Of the 29 DCCT
clinics, 28 opted to participate as EDIC clinical centers (1 of the 29 with relatively few patients
was merged with its neighboring clinic). The organization of EDIC includes a clinical
coordinating center, a data coordinating center, and four reading centers and laboratories (see
ACKNOWLEDGMENTS for a listing of all EDIC participating centers, laboratories, and
reading units). All study procedures and tests are performed in the EDIC clinical centers with
standardized methods by trained and certified personnel. Analysis of samples and grading of
eye photographs, carotid ultrasounds, and electrocardiograms (ECGs) are performed in the
respective central laboratory or reading centers, using standardized quality-controlled methods.

Procedures and methods
Each subject has a standardized annual history and physical examination on the anniversary
of randomization into the DCCT (Table 1). This examination is performed within 4 months of
the anniversary date and includes detailed evaluation of overall health status, diabetes
management, occurrence of diabetic complications, development of new diseases since the
previous annual visit, and all medications used. Measures of health satisfaction and quality of
life are obtained every other year.
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Annual evaluations also include resting ECGs and Doppler ultrasound measurement of ankle/
arm blood pressure, as well as screening for peripheral neuropathy by both 10-g filament
examination (8) and administration of the Michigan Neuropathy Screening Instrument (MNSI)
(9). A timed 4-h urine is collected in alternate years for measurement of albumin excretion rate
and creatinine clearance; lipid profiles are obtained in the years that renal studies are not
performed; and a dietary recall questionnaire is given in conjunction with the lipid assessment.
Dual B-mode Doppler ultrasound scans of the common and internal carotid arteries were
carried out at entry into the EDIC study and are expected to be repeated at intervals of 5 years.
Table 2 lists the specific methods used in EDIC.

DNA has been obtained from peripheral blood leukocytes in all subjects and stored as a long-
term resource for potential analyses.

Quality control
Quality control procedures in the EDIC study include those in place internally in all the
laboratories and reading centers as well as those implemented as part of EDIC data collection.
The local clinic procedures that require training and certification include the performance of
Doppler ankle-arm index, 10-g filament test, renal studies, ECG recording, carotid ultrasound,
and fundus photographs. All blood and urine tests undergo repeated assessments for analytic
precision by assays of split-duplicate samples in the central laboratory. Split-duplicate analysis
is also used to monitor grading of the carotid ultrasound recordings, ECGs, and fundus
photographs.

Analytic procedures
General principles—Defined incident events are coded for analysis based on the
measurements and evaluations noted above. Previously documented or treated events in the
DCCT are risk factors and not incident events. Deaths and major morbid events will be
classified by a classification committee composed of a cardiologist and two diabetologists who
are masked to previous treatment assignment in the DCCT and current diabetes treatment. The
definitions of these events are as follows:

• Cardiovascular disease: death secondary to cardiovascular disease or any sudden
death judged not to be caused by hypoglycemia or other known reason, acute
myocardial infarction (MI), silent MI appearing as a major new Q-wave abnormality
on a routine ECG, initiation of thrombolytic therapy for suspected MI, coronary artery
disease (CAD) requiring bypass surgery or angioplasty, or CAD confirmed by
angiography or by a combination of angina and ischemia documented with
noninvasive testing.

• Hypercholesterolemia: calculated LDL cholesterol ≥160 mg/dl on two occasions 24
months apart or the use of lipid-lowering medication for previously documented
hypercholesterolemia as defined in the DCCT (6).

• Hypertriglyceridemia: serum triglyceride >400 mg/dl on two occasions 24 months
apart or the use of lipid-lowering medication for previously documented
hypertriglyceridemia as defined in the DCCT (6).

• Cerebrovascular disease: stroke or transient ischemic attack confirmed by
angiography or noninvasive testing.

• Peripheral vascular disease (PVD): surgical amputation of a lower extremity
necessitated by vascular disease, arterial vascular events requiring bypass or
angioplasty, claudication with exercise testing or angiographic evidence of vascular
disease, or an ankle-to-arm blood pressure ratio <0.8 or >1.4.
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• Lower-extremity ulcer: a traumatic or nontraumatic excavation or loss of
subcutaneous tissue in the foot or leg that requires medical or surgical treatment by a
health professional in an office or hospital setting irrespective of whether the etiology
is neuropathic, ischemic, or both.

• Hypertension: confirmed sitting systolic blood pressure ≥140 mmHg and/or diastolic
blood pressure ≥90 mmHg, or the use of antihypertensive medication for previously
documented hypertension.

• Microalbuminuria: urinary albumin excretion of ≥28 µg/min during the 4-h timed
collection.

• Albuminuria: urinary albumin excretion ≥208 µg/min during the 4-h timed collection.

• Renal insufficiency: serum creatinine ≥2 mg/dl, glomerular filtration rate <70 ml ·
min−1 · 1.73 m−2, or the need for dialysis or renal transplantation.

• Doubling of serum creatinine: doubling of centrally measured serum creatinine from
DCCT baseline.

• Advanced retinopathy: PDR according to the final Early Treatment of Diabetic
Retinopathy Study (ETDRS) grading scale (10).

• Blindness: loss of vision in one or both eyes, defined as visual acuity of 20/200 or
worse.

• Photocoagulation: focal or panretinal for macular edema or PDR.

• Severe hypoglycemia: events that require assistance from another individual,
including episodes of seizure and/or coma.

• Diabetic ketoacidosis (DKA): an event characterized by hyperglycemia (>200 mg/dl)
in the presence of ketonuria and acidemia requiring treatment at a health care facility.

Baseline—The baseline data for EDIC are defined as that collected during the first two visits
(to provide the full complement of data, some of which was collected biannually) to an EDIC
clinical center that occurred between 1 January 1994 and 31 December 1995. Those visits were
scheduled as close as possible to the subject’s DCCT randomization anniversary.

Data management
Data management in the EDIC study follows the principles established in the DCCT, but
specific procedures take advantage of new technical advances.

Data management and statistical analysis are conducted using SAS software (SAS Institute,
Cary NC). Incoming data forms are keyed into SAS data files for the appropriate form types,
then merged into the corresponding master files after new records are edited for possible data
errors by SAS application programs.

Data forms are tracked through the data coordinating center by a check-off system that is
reviewed at each step (log-in, keying, editing) to ensure that no forms are lost during paper
handling. Lab result reports are distributed biweekly to all clinics. This system provides a
mechanism for detecting errors and explaining irregularities in the study database.

Statistical analyses
Significance level—All significance tests for the comparisons (predominantly between the
groups previously assigned to intensive and conventional therapy) will be two-sided. A
Bonferroni adjustment (11) will be used to control for the multiple pairwise comparisons of
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treatment arms and the multiple primary outcomes. All results at P < 0.05 will be considered
significant.

Intention to treat—All hypothesis testing with regard to possible persistent effects of
intensive therapy during the DCCT will adhere to the intention-to-treat approach, i.e., all data
will be analyzed according to the participants’ original DCCT treatment assignment regardless
of subsequent treatment during EDIC. Epidemiologic analyses will use treatment assignment
during the DCCT as one variable included in the study of risk factors and outcomes.

Stratification—Analyses may be stratified by retinopathy status at entry into the DCCT,
duration of type 1 diabetes, HbA1c, age, sex, and other relevant factors. The original DCCT
cohort was stratified into a primary prevention cohort and a secondary intervention cohort
based on duration of diabetes and the presence of retinopathy (3). Where similar results are
obtained for the two cohorts, a single pooled analysis for all EDIC patients combined may be
presented.

For outcomes collected during the EDIC follow-up period (starting with year 1 EDIC time,
1994), analyses of cumulative incidence will use standard life-table methods for grouped time
intervals (12). These include the modified actuarial life table with tests of differences between
groups, using the log-rank test, and analyses adjusting for other covariates, using the
proportional hazards regression model (12). Some outcome measures obtained in the DCCT
and also in EDIC, e.g., retinopathy, will be assessed at time points relative to the original
randomization into the DCCT (i.e., DCCT time). Therefore, at any fixed point in EDIC time,
DCCT time will vary from subject to subject.

When outcomes collected in DCCT time are analyzed starting from the date of initiation of the
EDIC, subjects will have staggered gaps of unequal length in their periods of observation.
Likewise, observations collected in EDIC time and analyzed in DCCT time will also have
unequal gaps between assessments. In such cases, analyses of cumulative incidence will be
performed using methods for interval-censored observations that allow for unequal intervals
between visits. These include the Turnbull estimate of the survival (cumulative incidence)
function (13) and the generalizations of the log-rank test and the proportional hazards
regression model (14) for such interval-censored data.

In addition, longitudinal analyses of point prevalence will be conducted. Most such analyses
will be conducted in DCCT time using multivariate methods for the analysis of prevalence of
quantitative, ordinal, or qualitative measures. These include the Wei-Lachin test for qualitative
observations (15), the method of generalized estimating equations (16), and longitudinal
mixed-effects growth-curve models (17).

The incidence of single or recurrent events, such as hypoglycemia, will be summarized as a
crude rate. Such rates will be presented as the number of events per 100 patient-years based
on the ratio of the observed number of events to the total patient-years of exposure. The standard
error for such rates will be computed allowing for overdispersion (18). The risk ratio (relative
risk) will be used to summarize the difference between groups, and tests will be based on the
large-sample estimate of the variance of the log of relative risk (19). To account for the effects
of covariates on the incidence rate, either the Poisson regression model (18) or the
multiplicative intensity model (20) will be used. Analyses that assess the association between
various outcomes and a time-dependent covariate, such as the HbA1c level over time, will use
the appropriate regression models described above.
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Power calculations
Estimates of the statistical power of intention-to-treat comparisons of cause-specific mortality
between the two original DCCT treatment groups after an additional 10 years of follow-up in
EDIC are given in Table A1 of APPENDIX 1. Estimates of 10-year mortality among patients
randomized to conventional treatment in the DCCT were based on the weighted average of
age-specific mortality rates reported in ETDRS (F. Ferris, personal communication). Since the
ETDRS reported 5-year mortality, the estimate was constructed in two stages by applying the
appropriate ETDRS mortality rates to the expected number of survivors at the end of the first
5-year period.

The estimated power of the EDIC to find a difference in the 10-year prevalence of combined
nephropathy outcomes (death from kidney failure, kidney transplant, renal dialysis, candidacy
for renal transplant or dialysis, and clinical proteinuria) is shown in Table A4 of APPENDIX
1. These estimates are based on two-sided comparisons of the original DCCT treatment groups
at a significance level of 0.05. The 10-year prevalence of this outcome among subjects
randomized to the DCCT conventional treatment group was also based on ETDRS data
stratified by age and duration of type 1 diabetes.

RESULTS
Recruitment of DCCT subjects into the EDIC

In January 1994, the 1,425 surviving DCCT patients were invited to participate in the EDIC;
1,375 subjects (96%) agreed to participate, of whom 687 had been originally assigned to
intensive treatment and 688 to conventional treatment. The major demographic and clinical
characteristics of the active EDIC participants and of the 50 subjects who chose not to
participate are shown in Table 3. Compared with participants, the nonparticipants tended to
have worse glycemic control at the completion of the DCCT, fewer had been debriefed, and
the majority were no longer under the care of former DCCT personnel (Table 3).

EDIC baseline
Table 4 presents various risk factors for cardiovascular disease separately for men and women
at EDIC baseline. The men and women were similar with respect to age, duration of type 1
diabetes, HbA1c, and proportion who were currently smoking. As expected, the men and
women differed on several risk factors. Hypertension, a low serum HDL cholesterol, and a
high LDL cholesterol were more frequent in men. In Table 5, the baseline measurements of
ankle-to-arm systolic blood pressure ratio (PVD) and of carotid artery intimal-medial thickness
(atherosclerosis) are presented, stratified by sex and decade of age for EDIC patients. PVD,
defined as ankle-to-arm systolic blood pressure ratio <0.8, although uncommon, was equally
prevalent in men and women. There were no trends with age or duration of type 1 diabetes.

The average maximums of the carotid artery wall thickness for the common and internal carotid
arteries were different between men and women (P < 0.0001). Adjusting for height reduced,
but did not eliminate, the difference (P = 0.0007). A test of trend for maximum wall thickness
over decades of age was significant in all strata (P ≤ 0.0001). Attained duration of diabetes
was associated with wall thickness in both carotid arteries in men (r = 0.13 and 0.12, P < 0.01)
but only in the internal carotid artery in women (r = 0.12, P < 0.01).

Table 6 describes diabetes management in the EDIC cohort in the first 24 months after DCCT
closeout. After the completion of DCCT data collection, conventionally treated subjects were
offered, and strongly encouraged to accept, DCCT clinic help in implementing intensive
therapy. Following this, an orderly transfer of diabetes care, either to personnel in the center
(former DCCT or non-DCCT physicians) or to other care providers was effected for all
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subjects. This transition took place between June and December of 1993. During the first 2
years after DCCT closeout, 69% of the original conventional group were using either multiple
daily injections (MDI) or continuous subcutaneous insulin injection (CSII) therapy while 95%
of those originally assigned to the intensive treatment group continued using MDI or CSII.
Similar proportions of the two original DCCT treatment groups were using human insulin
preparations, with the previous intensive group continuing to use more daily insulin. A higher
proportion of the previous intensive group was performing ≥4 self-monitoring of blood glucose
tests per day. Rates of severe hypoglycemia and DKA were comparable in the two groups, but
a larger fraction of the DCCT intensive treatment cohort was classified as overweight (Table
5).

Figure 2 presents the distribution of HbA1c for the intensive and conventional treatment groups
at DCCT closeout and at EDIC years 1 and 2. Although the difference between the treatment
groups narrowed, HbA1c remained significantly lower in the intensive group (P < 0.0001) at
each time point.

Data completeness and timeliness
Of all expected clinic visits, 95% occurred, and no decline occurred between years 1 and 2.
Typically, there was a 1-month interval between the collection of each sample in the clinic and
the feedback report to the clinic.

Data quality
The precision of analysis of HbA1c and lipids and renal function, ECGs, carotid ultrasound,
and fundus photographs during the initial 2-year follow-up ranged from 0.88 (ECG) to 0.99
(HbA1c, albumin excretion rate, serum cholesterol, and serum LDL cholesterol). The precision
of these measurements is very similar to that observed over the 9 years of the DCCT

CONCLUSIONS
The DCCT recruited 1,441 subjects with type 1 diabetes between 1983 and 1989 to a
randomized clinical trial designed to examine the effects of intensive treatment compared with
conventional treatment on the development and progression of early microvascular,
neurologic, and other complications (3–6). The adherence of the subjects to the complex
protocol was extraordinary, with <3% loss to follow-up and <3% non-study-mandated
deviation from assigned treatment over the 10 years of the study After the closeout of the
DCCT, these subjects have continued to demonstrate their remarkable stability as a research
cohort, and 96% of them are now enrolled in the EDIC study.

The generalizability of the findings in this study cohort to the population of type 1 diabetes is
germane to the rationale for EDIC. A collaborative study between the DCCT and the Wisconsin
Epidemiologic Study of Diabetic Retinopathy (WESDR) compared the DCCT cohort to a
population-based type 1 diabetes cohort (22,23). The EDIC cohort has a narrower age range
(age at entry to EDIC is ~17–50 years vs. 16–78 in WESDR in 1994) and is healthier, with
relatively few subjects having clinically significant diabetes complications. Comparisons of
the conventionally treated DCCT subjects at baseline with the respective WESDR group
revealed older age and older age at diagnosis, lower HbA1c, and more frequent insulin
injections and monitoring in the DCCT cohort, but few other substantive differences between
the populations. Moreover, the 4-year progression of retinopathy and its association with
baseline HbA1c were similar for the two cohorts, except for a lower rate of progression in the
DCCT secondary intervention cohort than in its WESDR counterpart, perhaps because of lower
HbA1c in the DCCT (23). Thus, the entire EDIC cohort is reasonably representative of the type
1 diabetic population, at least with respect to retinopathy.

Page 8

Diabetes Care. Author manuscript; available in PMC 2009 September 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



CAD
With respect to potential risk factors for macrovascular disease, the DCCT excluded patients
with hypertension, nondiabetic hyperlipidemia, and known CAD (3). The EDIC cohort
provides an opportunity to examine a population of type 1 diabetic patients without obvious
CAD risk factors at baseline, other than their diabetes, that has had careful prospective
measurement of many of the CAD risk factors established in type 2 diabetic and nondiabetic
populations. The randomized interventions during the DCCT might influence the development
of CAD either directly, by altering glycemia, or indirectly, by altering lipid levels (6) or by
changing the development of nephropathy (5). The DCCT did not show an effect of intensive
treatment on blood pressure (6). In addition, other effects of intensive therapy, such as increased
weight gain, which has persisted in the EDIC cohort previously treated with intensive therapy,
might alter the risk for CAD. Therefore, randomized treatment assignment and HbA1c during
the DCCT will be included as a covariate in analyses of CAD outcomes.

At the end of the DCCT in 1993, the entire cohort had a mean age of 33 years and mean durations
of diabetes of 9 and 15 years in the primary prevention and secondary intervention cohorts,
respectively. Consistent with their young age, the exclusion of patients with preexisting
macrovascular risk factors, and the low incidence of nephropathy during the DCCT, only a
small number of CAD events had occurred by the study’s end (6). However, CAD events are
likely to increase in frequency during the 10-year follow-up of the EDIC study. By study’s
end, the mean age of the EDIC population will approach 43 years, and mean duration of diabetes
will be 19 and 25 years in the primary prevention and secondary intervention cohorts,
respectively. Based on estimates derived from previous studies (24–31), the prevalence of CAD
as manifested clinically and/or as detected by ECG or exercise tolerance tests is likely to be
20–40% in the DCCT secondary intervention cohort. Because age appears to be more important
than duration of diabetes for the risk of CAD, only a modest downward adjustment in expected
prevalence (to 15–30%) is required for the DCCT primary prevention cohort. Although clinical
event rates may be further lowered by aggressive treatment with antihypertensive and
hypolipidemic agents during the course of EDIC, the use of carotid ultrasound to determine
intimal-medial wall thickness will enhance the sensitivity for detecting atherosclerosis. In a
recent study of type 1 diabetes, patients with a 10-year history of better glycemic control
exhibited significantly less arterial disease, as measured by carotid ultrasound, than poorly
controlled patients (32).

PVD
PVD is also a major cause of morbidity loss of productivity and hospital expense and
contributes to mortality in type 1 diabetes (33). The development of PVD and its relationship
to potential risk factors in type 1 diabetes have not been determined definitively Studies such
as the Pittsburgh Epidemiology of Diabetes Complications Study provide data on which to
base the expected prevalence of PVD in type 1 diabetes (24). As in CAD, attained age appears
to be a more important predictor of PVD than duration of diabetes. For patients 18–29 years
of age, PVD prevalence defined by an ankle-to-arm blood pressure ratio <0.8 is 2–4% for
diabetes duration ranging from 5–9 years to 25–29 years, compared with 18% for patients aged
>30 years with similar duration. A prevalence of 16% was found in a sample of type 1 diabetic
patients from a Seattle, Washington, registry with a mean age of 34 years and a mean duration
of diabetes of 17 years. The prevalence of PVD increased from ~12 to 40% between the ages
of 34 and 45 (32). A threefold greater prevalence of PVD in women than in men has been
observed, with smoking and hypertension (24) and retinopathy (34) identified as potential risk
factors.

Based on these data, we estimate that the cumulative prevalence of PVD detected by ankle-to-
arm blood pressure ratios at the end of EDIC will be 32% in the primary prevention cohort and
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44% in the secondary intervention group of the DCCT. To ascertain accurately and objectively
the development of PVD, we have implemented measurement of the ankle-to-arm blood
pressure ratio, a sensitive and specific method that is relatively easy to apply and standardize
in the context of a multi-center study.

Cerebrovascular disease—The relatively low frequency of stroke compounded by the
previous lack of widely available sensitive noninvasive diagnostic methods has made the study
of cerebrovascular disease in type 1 diabetes problematic. Although it is assumed that
cerebrovascular disease is more common in the diabetic population than in the nondiabetic
population, there are few reports of its prevalence (35,36).

The 30-year-old data from the Joslin Clinic suggest that cerebrovascular disease accounts for
6.8% of deaths in diabetic patients with diabetes onset at age <20 years (37). Cerebrovascular
disease also accounted for 7% of deaths among youth-onset Danish diabetic patients, a 50%
higher rate than the level in similarly aged nondiabetic subjects (36). Neither study included
sufficient data on vascular disease risk factors or chronic glycemia to permit analysis. More
current data from the ETDRS indicate an increasing frequency of strokes with increasing age
in their type 1 diabetic population (F. Ferris, personal communication). By extrapolation of the
ETDRS data, the prevalence of stroke in the age range of the EDIC cohort at the end of 10-
year follow-up will be ~6–8%.

This relatively low anticipated prevalence of cerebrovascular disease events may yield too few
cases to analyze meaningfully However, noninvasive measurement of the carotid artery wall
thickness provides a relatively accurate and specific means of quantifying carotid
atherosclerosis. High-resolution B-mode ultrasonography can be performed with standardized
methods at multiple centers with a high degree of reproducibility and acceptable center-to-
center variability (38). The quality of the data obtained in the EDIC cohort at baseline suggests
that this method will provide a useful and reproducible measurement of carotid artery wall
thickness as it changes over time (39).

Diabetic nephropathy—Because of the relatively brief duration of type 1 diabetes in the
DCCT cohort and the exclusion of patients with proteinuria, the patient cohort recruited
experienced only a small number of advanced renal events (clinical grade proteinuria, n = 55,
and/or renal insufficiency, n = 2) by study’s end. Whether the demonstrated decrease in
development of microalbuminuria and clinical albuminuria with intensive therapy translates
into a decrease in more advanced renal disease is a clinically important question that will be
answered in the EDIC study Previous observational studies have shown that the yearly
incidence of clinical nephropathy (i.e., >500 mg proteinuria per day) begins to rise at 10 years’
duration of type 1 diabetes and reaches a peak between 11 and 15 years. In the ETDRS, renal
insufficiency requiring dialysis or transplantation developed within 5 years in 12.9% of
subjects with duration of type 1 diabetes between 11 and 15 years at entry and in 8.7% of
subjects with a duration between 15 and 20 years (F. Ferris, personal communication). Thus,
20–25% of EDIC patients who had diabetes of >11 years’ duration would be predicted to
develop renal insufficiency over a 10-year follow-up during the EDIC study. The
implementation of preventive and therapeutic modalities, such as treatment of hypertension or
the use of ACE inhibitors, will be tracked and can be adjusted for by multivariate analysis.

Advanced diabetic retinopathy—The EDIC will study the development of more
advanced retinopathy in the DCCT cohort. Longitudinal and cross-sectional studies suggest a
progressive increase in diabetic retinopathy from background to preproliferative to
proliferative stages (22,40,41). The baseline degree of retinopathy and, in particular, the
number of microaneurysms and retinal hemorrhages are high-risk factors for later development
of PDR (22). Therefore, the demonstration by the DCCT of a beneficial effect of intensive
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insulin treatment on progression from no retinopathy to background retinopathy and ultimately
to preproliferative and severe retinopathy suggests that glycemic control should have a similar
protective effect in PDR with high-risk characteristics. Long-term study of the EDIC
population should address this question directly. Older retrospective studies indicate that the
period of most rapid development of PDR begins at 10–13 years of duration (41). At closeout,
the DCCT cohort had a mean duration of 12 years. From the prospective WESDR study results,
we can expect ~20% of the EDIC cohort to develop PDR (and 4–5% to reach high-risk
characteristics) in each 5-year segment of the study. A higher proportion of these events would
be expected to occur in the original DCCT secondary intervention group than in the primary
prevention group. Other factors have been demonstrated to contribute to the risk of retinopathy
progression, including higher diastolic blood pressure (42), renal insufficiency and
microalbuminuria (43), and duration of diabetes (22). Certain HLA haplotypes have been
reported to be associated with higher risk (44,45). Of particular interest, the DCCT has now
demonstrated concordance for severity of retinopathy within multiplex families with type 1
diabetes (46). How these risk factors interact with glycemic control will be addressed in the
EDIC study.

Value of extended follow-up of a clinical trial—The potential scientific gains of
conducting extended observational follow-up of subjects from completed randomized clinical
trials have been summarized (47,48). These include the following: 1) additional beneficial or
adverse effects of a treatment regimen on more slowly developing, but possibly more serious,
consequences may be discovered (an example is the demonstration by a 9-year extended
follow-up that nicotinic acid reduced coronary heart disease mortality and all-cause mortality
after the original 6-year randomized clinical trial had demonstrated a decrease in MIs but not
in mortality [49]); 2) particular subgroups with differential treatment benefits may be
identified, generating new hypotheses and new randomized clinical trials; and 3) acquisition
of up-to-date natural history data in the context of community treatment can help in the design
of future intervention trials.

While there are potential problems in extended follow-up studies, EDIC may have limited, if
not eliminated, them (47,48). First, the design and data to be collected are subject to bias if
they are based on knowledge of results from the randomized trial itself. However, the EDIC
protocol was largely developed before unmasking of the DCCT results and was, therefore,
uninfluenced by them. Second, data acquired with extended follow-up may lack completeness
due to subject unwillingness to undergo sufficiently frequent or rigorous examination,
diminished resources, and/or long-term subject attrition. The experience of EDIC thus far
suggests that subject adherence has not declined, and the study is sufficiently supported by
available resources to anticipate nearly complete data collection. Third, future differences in
outcomes may be blurred by treatment crossovers, by introduction of new treatments, or by
withdrawal from treatments because treatment is not systematically regulated during the post-
trial follow-up. The former intensive treatment group has largely continued on that regimen,
albeit with a modest increase in average HbA1c. The former conventional treatment group was
appropriately encouraged to cross over to intensive treatment based on the results of the DCCT.
It is, therefore, possible that the narrowed differences between the two groups with regard to
treatments and in the resultant mean HbA1c levels may partly obscure differences in long-term
outcomes over time. Multivariate analyses can help to identify such confounding (4). Estimates
of the statistical power to detect differences in outcomes during extended follow-up by
continuation of intention-to-treat analysis are subject to uncertainty with regard to future
dropout rates, introduction of new therapies that will influence measured outcomes, or
inadequacy of the natural history data that were available for the power calculations. None of
these potential difficulties are likely to be limiting in EDIC. Subject dropout can be strongly
influenced by the strong bonds that developed with the subjects during the DCCT (5).
Moreover, our subjects realize that EDIC is a unique study and do not seem inclined to join
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other studies. It may be difficult to ascertain accurately the rigor with which each of two
previous randomized treatments is actually used by subjects during a follow-up study. In EDIC,
HbA1c measurements are a reasonable surrogate for the diabetes treatment regimens
themselves. Since glycemic differences were the dominant factor that generated treatment-
group differences in outcomes during the DCCT, monitoring of HbA1c will permit analysis of
glycemia as a risk factor. The EDIC investigators and the NIDDK have concluded that the
potential weaknesses of extended follow-up studies are greatly outweighed by the significant
value of continued systematic observation of the DCCT cohort and that the EDIC is a valuable
natural history study of a cohort previously enrolled in a controlled clinical trial.

In conclusion, the EDIC study successfully enrolled 96% of the surviving DCCT cohort in a
long-term study that will focus on late-occurring more severe micro- and macrovascular
complications of diabetes. EDIC has achieved a high degree of baseline data collection using
reliable quality-controlled measurements. The cohort has been comprehensively characterized
at baseline in terms of the presence or absence of micro- and macrovascular complications of
type 1 diabetes, the major recognized risk factors for these complications, preceding and current
levels of chronic glycemia, and treatment. The study is adequately powered to examine
hypotheses related to progression of cardiovascular disease, nephropathy, neuropathy, and
retinopathy.
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Appendix

APPENDIX 1

Estimated power of mortality comparisons in the EDIC patient population
Table A1–Table A3 provide estimates of the statistical power of intent-to-treat comparisons
of mortality between the two randomized treatment groups of the DCCT after an additional 10
years of follow-up in the EDIC study. These estimates are based on a simple test of proportions
after 10 years of observation. Survival analysis may provide a more powerful test of treatment
differences, but the increase in power is difficult to estimate without making untestable
assumptions about the future shapes of the respective hazard functions.

The 10-year mortality among patients randomized to conventional treatment in the DCCT was
estimated as the weighted average of the age-specific mortality rates reported by the ETDRS,
shown in APPENDIX 2. Since the ETDRS reported 5-year mortality, the estimate was
constructed in two stages by applying the appropriate ETDRS mortality rates to the expected
number of survivors at the end of the first 5-year period.

Alternative hypotheses are expressed as the anticipated reduction in the risk of death associated
with assignment to intensive therapy during the DCCT. It is assumed that all tests will be two-
sided at the 0.05 significance level.

Estimated power of intent-to-treat comparisons of combined nephropathic
outcomes in the EDIC

Table A4 describes the estimated power of the EDIC to find a difference in the combined 10-
year prevalence of death from kidney failure, kidney transplant, renal dialysis, awaiting renal
transplant or dialysis, and clinical proteinuria. Once again, they are based on two-sided
comparisons of the original DCCT treatment groups at a significance level of 0.05. ETDRS
data stratified by age and duration of type 1 diabetes were used to estimate the 10-year
prevalence of this outcome among patients randomized to the conventional group of the DCCT.

APPENDIX 2
Data on 5-year mortality in the ETDRS and the ages of EDIC participants at DCCT closeout
can be found in Table A5 and Table A6.
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Appendix
Table A1

All-cause mortality

Assumed treatment effect

n 20% 25% 30% 35% 40% 45% 50%

350 0.173 0.249 0.344 0.453 0.570 0.684 0.786

400 0.191 0.278 0.384 0.504 0.627 0.741 0.837

450 0.209 0.307 0.423 0.552 0.678 0.790 0.877

500 0.227 0.335 0.461 0.596 0.724 0.831 0.908

550 0.246 0.362 0.498 0.637 0.764 0.864 0.932

600 0.264 0.389 0.532 0.675 0.799 0.892 0.950

650 0.281 0.416 0.565 0.710 0.830 0.914 0.964

The assumed combined 10-year mortality in the DCCT conventional group is 11.8%.

Table A2
Mortality due to CAD

Assumed treatment effect

n 20% 25% 30% 35% 40% 45% 50%

350 0.138 0.192 0.262 0.346 0.441 0.544 0.647

400 0.150 0.213 0.292 0.386 0.491 0.600 0.705

450 0.163 0.234 0.322 0.426 0.538 0.651 0.755

500 0.176 0.255 0.352 0.464 0.582 0.697 0.798

550 0.189 0.275 0.381 0.500 0.623 0.738 0.834

600 0.202 0.296 0.409 0.535 0.661 0.774 0.865

650 0.215 0.316 0.437 0.568 0.695 0.806 0.890

The assumed combined 10-year mortality in the DCCT conventional group is 8.7%.

Table A3
Mortality due to stroke

Assumed treatment effect

n 20% 25% 30% 35% 40% 45% 50%

350 0.060 0.066 0.074 0.083 0.095 0.109 0.126

400 0.061 0.068 0.077 0.088 0.102 0.118 0.137

450 0.063 0.070 0.080 0.093 0.108 0.127 0.148

500 0.064 0.073 0.084 0.098 0.115 0.135 0.160

550 0.065 0.075 0.087 0.103 0.122 0.144 0.171

600 0.067 0.077 0.091 0.108 0.128 0.153 0.182

650 0.068 0.080 0.094 0.113 0.135 0.162 0.194
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The assumed combined 10-year mortality in the DCCT conventional group is 1.1%.

Table A4
Combined renal outcomes

Assumed treatment effect

n 20% 25% 30% 35% 40% 45% 50%

350 0.245 0.360 0.495 0.633 0.760 0.860 0.929

400 0.273 0.403 0.548 0.692 0.813 0.902 0.956

450 0.301 0.443 0.598 0.742 0.856 0.932 0.973

500 0.328 0.482 0.643 0.786 0.890 0.953 0.984

550 0.355 0.520 0.685 0.823 0.917 0.968 0.991

600 0.382 0.555 0.723 0.854 0.937 0.979 0.994

650 0.408 0.598 0.756 0.881 0.953 0.986 0.997

The assumed 10-year prevalence in the DCCT conventional group is 17.4%. Adapted from the EDIC Data Coordinating Center Manual of Operations
(7).

Table A5
The 5-year mortality in the ETDRS

Age at entry (years)

18–29 30–34 35–39 40–44 45+

n 609 262 209 132 232

Cause of death

  All causes 2.0 4.6 7.2 6.1 13.4

  CAD 0.8 3.1 5.3 4.6 11.2

  Stroke 0.2 0.8 0.5 0.8 0.4

Data are (%). Adapted from the EDIC Data Coordinating Center Manual of Operations (7).

Table A6
Ages of EDIC participants at DCCT closeout

Age Range (years) All patients Conventional group

17–24 172 95

25–29 244 122

30–34 348 185

35–39 340 173

40–44 249 123

45+ 74 32

Data are n.
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Figure 1.
Organization chart for the EDIC study. CBL, central biochemical laboratory; CERU,-central
ECG reading unit; CORU, central ophthalmologic reading unit; CURU, central ultrasound
reading unit.
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Figure 2.
Distribution of HbA1c (intensive vs. conventional treatment group) at DCCT closeout and
EDIC years 1 and 2. For each distribution, the median is shown by the white area with 25th
and 75th percentiles shown by the boxes and 5th and 95th pecentiles shown by the bars.
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Table 2
Methods in EDIC

Measurement Method or assay

Glycosylated hemoglobin High-performance ion-exchange liquid chromatography

Serum creatinine Automated kinetic method with Jaffè reaction

Urine creatinine Automated kinetic method with Jaffè reaction

Urine albumin Solid-phase fluoroimmunoassay

Serum albumin Thin-film adaption of a bromcresal colorimetric procedure

Serum cholesterol Cholesterol oxidase, spectrophotometric

Serum triglyceride Glycerol-blanked glycerol kinase/glycerol oxidase, spectrophotometric

Serum HDL cholesterol Magnesium dextran precipitation

Calculated LDL cholesterol Friedewald equation

12-lead resting ECG Central reading using revised Minnesota Code

Intimal-media wall thickness High resolution β-mode ultrasound graded centrally with standardized protocol

Fundus photograph Central reading of seven-field stereo photographs using final ETDRS grading scale for
retinopathy and macular edema

Blood pressure

  Systolic Sitting, right arm reading with sphygmomanometer

  Diastolic

Ankle-to-arm blood pressure ratio Resting systolic blood pressure with a Doppler ultrasonic instrument

Food frequency Harvard Food Frequency; self-administered

Current medication EDIC Form 004; administered by study coordinator

Hypoglycemia Interview at annual visit

Neuropathy MNSI

HRQOL HRQOL (DQOL, SF-36)

DQOL, Diabetes Quality of Life; SF, short form.
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Table 3
Characteristics of EDIC participants compared with nonparticipants

Characteristic* Participants Nonparticipants P value

n 1,375 50 —

Age (years) 33.6 ± 7.0 31.0 ± 7.7 0.0155

Sex (% female) 48 45 NS

Duration of type 1 diabetes (years) 12.2 ± 4.8 11.6 ± 4.4 NS

Treatment group during DCCT (% intensive) 50 30 0.0048

HbA1c at closeout of DCCT (%)

  Intensive group 7.4 ± 1.1 8.5 ± 1.6 0.0031

  Conventional group 9.1 ± 1.5 9.6 ± 1.4 0.1123

Debriefed at DCCT study’s end (%) 99 74 <0.0001

Care transferred to non-DCCT personnel (%) 48 79 <0.0001

Data are means ± SD or %. P values for continuous variables are from Wilcoxon’s rank-sum test; P values for categorical variables are from the contingency-

table χ2 test.
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Table 4
Risk factors measured during the first 2 years of the EDIC study, based on the most recent observation from each
patient

Men Women P value

n (%) 719 (52.4) 653 (47.6) —

Age (years) 36.4 ± 6.6 35.4 ± 7.2 0.0068

Duration of type 1 diabetes (years) 14.3 ± 4.8 14.8 ± 5.0 NS

BMI (kg/m2) 26.6 ± 3.9 26.0 ± 4.2 0.0001

Overweight (%) 30.9 31.8 NS

Waist-to-hip ratio 0.88 ± 0.06 0.77 ± 0.07 <0.0001

Insulin dose (U · kg−1 · day−1) 0.71 ± 0.25 0.69 ± 0.24 NS

HbA1c (%) 8.2 ± 1.3 8.3 ± 1.5 NS

Total cholesterol (mg/dl) 185.1 ± 35.6 188.1 ± 37.0 NS

Triglyceride (mg/dl) 96.8 ± 75.8 83.1 ± 73.3 0.0001

HDL cholesterol (mg/dl) 49.5 ± 12.0 59.2 ± 14.0 <0.0001

  <35 mg/dl (%) 8.2 1.6 <0.0001

LDL cholesterol (mg/dl) 116.4 ± 30.8 112.1 ± 30.3 0.0083

  > 130 mg/dl (%) 30.6 26.0 NS

Hypertension (%) 26.6 18.1 0.0002

Current cigarette smoker (%) 22.7 19.9 NS

Exercise level <0.001

  Strenuous 10.3 2.9

  Vigorous 5.9 3.4

  Moderate 49.5 58.2

  Sedentary 34.3 35.4

Current alcohol use (%) 47.4 32.2 <0.001

Urinary albumin excretion (mg/24 h) 38.1 ± 118.4 41.8 ± 226.9 NS

DQOL total score 76.4 ± 9.4 75.3 ± 8.6 0.0184

Data are means ± SD or %. P values are for men versus women. Waist-to-hip ratio is based on natural waist circumference. Hypertension is percent
diagnosed as hypertensive at any time during DCCT or EDIC and is defined as systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90
mmHg or use of anti-hypertensives. Alcohol use is percent reporting consumption of at least one alcoholic beverage per week. DQOL, Diabetes Quality
of Life.
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Table 6
Diabetes management of EDIC cohort during the first 2 years of EDIC

DCCT treatment group assignment

Intensive Conventional P value

n 687 688 —

Insulin delivery during EDIC <0.0001

  CSII 37.0 12.6

  MDI 57.6 56.9

  One or two injections/day 5.3 30.3

  Unknown 0.1 0.3 —

Human insulin (% of subjects using) 91.1 90.8 NS

Insulin dose (U · kg−1 · day−1) 0.75 ± 0.28 0.67 ± 0.20 <0.0001

Self-monitored blood glucose ≥4/day (%) 46.4 36.4 0.0002

Hypoglycemia (rate per 100 patient-years)

  Coma/seizure 6.3 7.1 NS

  Requiring assistance 25.4 25.7 NS

DKA (rate per 100 patient-years) 2.68 2.37 NS

Overweight (%)

  Men 32.5 29.7 NS

  Women 38.4 25.2 0.0005

Data are means ± SD. P values are from the contingency-table χ2 test for categorical variables, Wilcoxon’s rank-sum test for continuous variables, and

from a Wald test of the log-relative adjusted for overdispersion of event rates. Overweight is defined for men as BMI (kg/m2) >27.8 from the second

National Health and Nutrition Examination Survey (NHANES II) of 1976 to 1980 (50) and for women as BMI (kg/m2) >27.3.
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