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iabetes Control and Complications Trial

(DCCT): Results of Feasibility Study

THE DCCT RESEARCH GROUP

The Diabetes Control and Complications Trial (DCCT) is a multicenter, randomized, clinical study
designed to determine whether an intensive treatment regimen directed at maintaining blood glucose
concentrations as close to normal as possible will affect the appearance or progression of early vascular
complications in patients with insulin-dependent diabetes mellitus (IDDM). We present the baseline
characteristics and 1-yr results of the initial cohort of 278 subjects randomized in phase II of the trial,
a phase designed to answer several feasibility questions before initiating a full-scale trial.

During phase [, recruitment was completed on schedule. The 191 adults and 87 adolescents were
randomized either to standard treatment (90 adults and 42 adolescents), designed to approximate
conventional diabetes treatment, or to experimental treatment (101 adults and 45 adolescents), designed
to achieve near-normal blood glucose and HbA . concentrations. With few exceptions, baseline de-
mographic, ophthalmologic, renal, and other medical characteristics were evenly distributed by ran-
domization between the two treatment groups in both age strata. Glycemic control at baseline, as
assessed by HbA | concentrations and by blood glucose profiles, was comparable between the treatment
groups in both age strata.

The treatment strategies employed produced statistically significant and clinically meaningful dif-
ferences in HbA . concentrations and blood glucose profiles between the experimental- and standard-
group subjects for both adults and adolescents. These differences were maintained throughout the
feasibility phase. Except for an increased incidence of hypoglycemia in the experimental group, the
two treatment regimens maintained or improved the clinical well-being of subjects in both groups.
Adherence and completeness of follow-up were excellent (>95%), and the methods employed to
measure biochemical and pathologic characteristics of IDDM proved to be reliable, reproducible, and
precise.

The feasibility phase of the DCCT demonstrated that a complex multicenter, randomized study of
the relationship between diabetes control and complications can be performed. The full-scale, long-
term trial therefore has been initiated. Diabetes Care 10:1-19, 1987

he relationship between the metabolic control and
the vascular complications of diabetes mellitus re-
mains to be completely defined. Some (1-4) but
not all (5,6) retrospective human studies and one
prospective trial (7), as well as a number of animal studies
(8-11), have suggested that elevated blood glucose levels
cause or contribute to the development of microvascular com-
plications in insulin-dependent diabetes mellitus (IDDM).
Several short-term, randomized clinical trials recently com-

pleted in North America and Europe have failed to show any
beneficial effect of intensive insulin treatment on the pro-
gression of diabetic retinopathy (12-14).

The Diabetes Control and Complications Trial (DCCT)
was initiated to test the hypothesis that two treatment reg-
imens resulting in statistically significant and clinically mean-
ingful differences in chronic blood glucose control would
result in clinically significant differences in the rate of ap-
pearance or progression of the early vascular complications
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of IDDM (15). Retinopathy was specified a priori as a prin-
cipal outcome with nephropathy, neuropathy, and cardio-
vascular disease to be studied conjointly. The operational
plan of the trial included four phases: phase I, planning; phase
I1, a feasibility study; phase III, the full-scale trial; and phase
[V, final data analysis.

The specific objectives of phase Il were I) to determine
whether in a reasonable period a well-informed cohort of
volunteers fulfilling stringent eligibility criteria could be re-
cruited for a long-term, randomized study; 2) to determine
whether both a clinically meaningful and statistically signif-
icant difference in the level of blood glucose control (assessed
by blood glucose and HbA,. measurements) could be achieved
between patients randomly assigned either to standard treat-
ment (1 or 2 daily injections of intermediate- and/or short-
acting insulin) or to experimental treatment (intensive reg-
imens directed at normalizing of blood glucose); 3) to monitor
the clinical well-being and safety associated with the two
treatment regimens; 4) to determine whether each of the
randomly assigned therapies would be acceptable to patients
as assessed by measurements of adherence to the two regimens
over time and by completeness of follow-up; and 5) to de-
termine whether the biochemical and pathological charac-
teristics of IDDM could be measured and documented with
acceptable precision and accuracy in the context of a mul-
ticenter study.

In response to concern that this trial might not be feasible
in adolescents, the first four objectives of the feasibility phase
were to be evaluated separately for adolescents and adults.
Therefore, randomization was stratified by clinic and by age
(adolescents aged 13-17 yr and adults aged 18-39 yr).

Randomization for phase Il occurred between August 1983
and March 1984, when 278 patients were enrolled in the
trial. Our purpose is to describe the baseline demographic
and clinical characteristics of the randomized subjects and
provide the results with regard to the phase II objectives of
the first full year of study.

METHODS

The organization and design of the feasibility phase of the
study have been presented in detail (15). We restrict the
description of methods here to a brief review of the pertinent
features of selection criteria, data collection, randomization
strategy, and treatment regimens employed. Phase Il of the
DCCT was conducted in 21 clinical centers, a coordinating
center, and 7 supporting central laboratories or reading units.
The National Institute of Diabetes and Digestive and Kidney
Diseases (NIDDK) appointed the Policy Advisory Group
(PAG) and the Data Safety and Quality Review Group (DSQ)
to provide external peer review and to monitor the progress
of the trial.

Selection Criteria
The characteristics of the study subjects were mostly dictated

by the eligibility and exclusion criteria for entry into the
DCCT (15). All subjects were to be at least 13 and <40 yr

of age and with a duration of IDDM of 1-15 yr at random-
ization. They were to be free of advanced microvascular com-
plications of diabetes, suffer from no other significant medical
or psychiatric disorders that might complicate their care or
limit their participation in the study, and be willing to carry
out the responsibilities demanded by the DCCT protocol,
including fastidious record keeping, daily self-monitoring,
and regular clinic attendance. Patients who had IDDM for
1-5 yr, no retinopathy by stereoscopic fundus photography,
and <40 mg albuminuria/ 24 h were considered to be primary
prevention subjects. Patients who had IDDM for 1-15 yr,
retinopathy less than Diabetes Retinopathy Study level P2
(16), and =200 mg albuminuria/24 h were considered to be
secondary intervention subjects.

The target sample size was 252 subjects with a minimum
of 126 adults (6 subjects/clinic) and 84 adolescents (4 sub-
jects/ clinic). This sample size was necessary to provide power
>0.90 to detect differences in mean absolute values of HbA,,
of at least 1.5% and in blood glucose of at least 40 mg/dl
between the treatment groups in the total study and to pro-
vide power >0.75 within each age stratum.

Selection Procedures

Each clinical center used a series of interviews and medical
procedures to identify eligible participants (15). A two-part
informed consent was used; part 1 was administered before
eligibility screening and part 2 before baseline studies. The
interviews and tests were arranged in a sequence determined
by each clinic. All eligibility and baseline assessments were
completed before randomization. No more than 4 mo could
elapse between the date of the patient’s first examination or
procedure and the date of the randomization visit. Baseline
biochemical assessments (HbA,,, blood glucose profiles, and
blood lipids) were performed within the 2-wk period before
randomization. All baseline assessments were reviewed by
the appropriate central unit, and notification of their suit-
ability was relayed to the coordinating center before a patient
could be randomized.

Randomization

Each clinic was masked to the randomization sequences. After
all eligibility/exclusion criteria were satisfied and verified,
patients entering the trial were randomized to the standard-
or experimental-treatment groups by a telephone call from
the clinic to the coordinating center. The randomization
sequences were stratified by clinic and by age within each
clinic (adolescents vs. adults). This ensured approximately
equal numbers of patients assigned to standard and experi-
mental groups within each of the 42 clinic-age strata (21
clinics by 2 age strata). A restricted randomization procedure
was implemented to prevent an imbalance in the number of
subjects assigned to standard and experimental groups. Be-
cause of the small number of patients to be recruited within
each clinic-age stratum, the initial four random allocations
within each stratum were generated by a random permutation
of two experimental and two standard allocations, thus pro-
viding balance after four allocations. Thereafter, the Um
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procedure (17) was employed to generate the remainder of
the random allocations within strata.

Summary of Therapeutic Regimens

Subjects in the standard-treatment group received a conven-
tional regimen of one or two insulin injections per day with
appropriate education regarding diet and exercise. Primary
goals for the standard group included absence of symptoms
attributable to glycosuria or hyperglycemia, absence of ke-
tonuria, maintenance of normal growth and development
and ideal body weight, and freedom from frequent or serious
hypoglycemia. Home monitoring was primarily by urine test-
ing with self-monitoring of blood glucose when required to
achieve and maintain clinical well-being. No predefined tar-
gets for glycemic control were set. However, investigators
were notified if a subject’s HbA,, value exceeded an upper
action limit of 2 SD above the mean of a sample of current
IDDM patients (13.11%). If this occurred, therapy was ad-
justed, and HbA . was measured monthly until the situation
was corrected. '

Subjects in the experimental-treatment group received in-
sulin either by continuous subcutaneous insulin infusion (CSII)
or by multiple (=3) daily injections (MDI). In addition to

* the primary goals shared with the standard-treatment group,
experimental-group subjects were expected to self-monitor
blood glucose at least 4 times daily, and specific target values
were defined. These included premeal blood glucose levels
between 70 and 120 mg/dl, postmeal levels <180 mg/dl and
>65 mg/dl at 0300 h, and HbA,. values within the normal
range (<6.05%).

HbA . values were measured quarterly in the standard group.
Because the standard group’s treatment regimen was not di-
rected toward achieving specific glycemic targets, investi-
gators were masked to these values except when the upper
action limit was exceeded. HbA,  was determined monthly
in the experimental group, and values were unmasked for
medical management purposes because the experimental group’s
treatment regimen was directed toward achieving specific
targets.

Centrally Determined Phase II Outcome Measurements
Clinical and biochemical outcome evaluations were con-
ducted at baseline and during follow-up according to a pre-
defined schedule: quarterly for measurements of capillary blood
glucose profile and HbA,,, 3, 6, and 12 mo for fundus pho-
tographs, and annually for assessment of complications other
than retinopathy. Fluorescein angiography was performed only
at baseline.

Except for HbA, in experimental-group subjects, all cen-
trally determined outcome measurements were masked from
the DCCT clinic staffs and from the subjects. If an interim
outcome measurement dictated a change in subject manage-
ment, the results were promptly communicated to the DCCT
clinic, which informed the subject and instituted appropriate
therapy.

Capillary blood glucose. Capillary blood glucose levels were

measured by the central biochemistry laboratory (CBL) from
specimens obtained quarterly with a Profilset (Boehringer-
Mannheim, Indianapolis, IN). Seven samples were collected:
before and 90 min after each of the three major meals and
before bedtime. These were frozen at completion, brought
to the clinical centers, and shipped on dry ice to the CBL
for analysis by the hexokinase method.

HbA,.. HbA,. levels for all subjects were measured by the
central HbA, laboratory (CHL). Whole venous blood sam-
ples were collected and shipped on wet ice (~4°C) to the
CHL where hemolysates were prepared, “pre-HbA,” was
removed by incubation, and samples were then assayed with
a high-performance liquid-chromatography method (18).

To establish limits for eligibility screening and clinical
management, HbA,. was measured in the CHL in blood
obtained from 124 nondiabetic subjects age 13—-39 yr and
from a sample of 205 IDDM patients in the same age range.
The IDDM sample was drawn from other patients treated in
each of the 21 DCCT clinical centers. Based on the mean
and standard deviation of the normal subjects (5.05 + 0.50%)
and the IDDM patients (8.95 + 2.08%), the following limits
were adopted: for eligibility, >6.55% (mean + 3 SD of
nondiabetic subjects); for the upper action limit, >13.11%
(mean + 2 SD of IDDM patients); and for the experimental-
group treatment target, <6.05% (mean + 2 SD of nondi-
abetic subjects).

Fundus Photographs

Stereoscopic fundus photographs were obtained by certified
DCCT photographers with procedures adapted from the Early
Treatment Diabetic Retinopathy Study (ETDRS) (19).
Mounted and labeled slides were mailed to the central
ophthalmic reading unit (CORU) where they were first graded
for quality (i.e., rated as excellent, good, fair, acceptable,
or inadequate). Photographic sets of at least acceptable qual-
ity were first graded for lesions of diabetic retinopathy with
the Modified Airlie House Classification of Diabetic Reti-
nopathy, as adapted for previous studies (19). Overall reti-
nopathy status was then established with an approach de-
veloped for previous studies (20). Because the DCCT enrolled
subjects with a range of retinopathy from none detectable to
no more than moderate nonproliferative, these grading scales
were modified to provide better discrimination at the level
of minimal changes. The retinopathy status of each eye was
individually graded with the following scale. A normal fundus
is graded at level 10. Level 20 indicates retinal microaneu-
rysms only. At level 30, the fundus has microaneurysms with
one or more of the following: hemorrhages, hard exudates,
venous loops, questionable soft exudates (cotton-wool spots),
questionable intraretinal microvascular abnormalities (IRMA),
or questionable venous beading. A fundus at level 40 has
microaneurysms with mild but definite soft exudates and/or
mild but definite IRMA. Level 45 has microaneurysms with
one of the following: moderate soft exudates, moderate IRMA,
retinal hemorrhages/microaneurysms equaling or exceeding
those in standard photograph 2A or any venous beading.
Levels 50 and 55 denote severe nonproliferative retinopathy
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(correspond approximately to group P2 in the ETDRS). Lev-
els 60 and above derote proliferative retinopathy.

After grading each eye separately, the retinal status of each
patient was expressed by a system devised by the CORU.
With this system each patient was first classified according
to the more severely involved eye and then allocated to one
of two subgroups on the basis of the other eye, i.e., an equal
level of retinopathy in the second eye (e.g., 40/40) or a
lower level in the second eye (e.g., 40/ <40). The resulting
nine levels that were considered eligible for the DCCT were
as follows: 10/ 10 (for primary prevention subjects) and 20/ <20,
20/20, 30/<30, 30/30, 40/<40, 40/40, 45/<45, and
45/45. For efficiency and to reduce the turnaround time for
establishing eligibility, photographic sets from all subjects
screened for the study received a preliminary grading for
eligibility (i.e., evaluated only with regard to eligibility cri-
teria) by two senior graders. Photographic sets from each
patient actually entered in the study were subsequently and
independently graded by two graders (with differences re-
solved through regrading and, if necessary, through adjudi-
cation by a senior grader) to determine baseline retinopathy
status according to the nine-step scale.

Clinical Well-Being

The well-being of the subjects was objectively measured by
the occurrence of adverse events and by tests of subjects’
psychologic well-being. The latter was assessed at baseline
and 12 mo with the SCL-90 questionnaire (21) and by a
quality-of-life (QOL) questionnaire developed specifically by
the DCCT. Validation of this instrument showed a high level
of internal consistency, a high level of test-retest reliability,

and a good correlation with the SCL-90 global severity index
(r = .60, P < .0001) (22).

Quality-Control Procedures

To ensure accurate measurement of the principal study out-
comes, the CORU, CBL, and CHL established internal qual-

TABLE 1

Exclusion rates for major exclusion criteria

ity-control procedures that were used in conjunction with
day-to-day operations. In addition, a program of external
quality control was established with duplicate masked sam-
ples. For the CBL and CHL, 10% of all samples were ran-
domly selected and duplicate aliquots prepared and submitted
to the central laboratories with all other subject specimens.
For the CHL, a backup laboratory that used identical meth-
ods was established. [t ran the same long-term quality control
performed at the CHL to demonstrate within-assay and be-
tween-assay coefficients of variation across time. Addition-
ally, 10 split duplicates from study subjects were analyzed at
the backup laboratory every 6 mo. The CORU reevaluated
60 masked sets of randomly selected photographs from the
278 randomized subjects. These duplicate results allowed as-
sessment of the overall precision and reliability of the study
data.

Definition and Ascertainment of Adverse Events

Criteria were established at the outset to ensure uniform and
complete reporting of major adverse effects of diabetes or of
the treatment protocols. Subjects were instructed to report
each adverse event to the clinic. These were promptly re-
corded on an intercurrent-event form that was then sent to
the coordinating center. In addition, subjects were routinely
questioned at each quarterly visit about the interval occur-
rence of these adverse events to be certain that all had been
reported. The following definitions were employed.

Ketoacidosis. Symptoms such as polydipsia and polyuria,
nausea, or vomiting; and presence of serum ketones or large
or moderate urinary ketones; and either arterial blood pH
<7.25 or serum bicarbonate <15 meq/L; and treatment
provided within a health-care facility.

Hypoglycemia. An event resulting in seizure, coma, con-
fusion, irrational or uncontrollable behavior, or other symp-
toms consistent with hypoglycemia (e.g., sweating, palpi-
tations, hunger, or blurred vision) in conjunction with 1) a

C-peptide* HbA, 1 Retinopathyt Albuminuria§
IDDM Screened (N)  Excluded (%) Screened (N) Excluded (%) Screened (N)  Excluded (%) Screened (N)  Excluded (%)
duration (rotal 610) (total 12%) (total 561) (total 6%) (total 483) (total 12%) (total 448) (total 5%)
Adolescents
(13-17 yr)
=5 yr 9 15 81 5 71 0 69 9
>5yr 75 0 73 3 67 22 64 5
Adults
(18-39 yr)
=5yr 160 18 143 11 111 1 106 8
>5yr 296 11 264 234 21 209 3

*Basal C-peptide >0.2 pmol/ml. Sustacal-stimulated C-peptide >0.5 pmol/ml for patients with =5 yr duration of IDDM; stimulated C-peptide >0.2

pmol/ml for patients with >5 yr duration of IDDM.

tHbA, =6.55 (mean * 3 SD from the DCCT sampling of non-IDDM individuals).

1Based on the eligibility grading, not on the detailed color grading.

§>200 mg albumin/24 h on 4-h urine collection for secondary intervention patients; >40 mg for primary prevention patients.
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laboratory-determined or fingerstick blood glucose <50 mg/dl,
or 2) amelioration by treatment that raises blood glucose, or
3) prodromal symptoms of hypoglycemia (e.g., sweating, pal-
pitations, hunger, or blurred vision) remembered by the sub-
ject as occurring shortly before the event. A severe hypo-
glycemic reaction was defined as coma or seizure or a reaction
requiring hospitalization or intravenous glucose or glucagon.

Infusion catheter infection. Any infection at the site of the
infusion catheter that required antibiotic treatment or sur-
gical incision and drainage.

Statistical Methods

All statistical analyses were conducted with the Statistical
Analysis System (SAS) with the total cohort. Regardless of
subjects’ compliance, they were counted in the treatment
group to which they were originally assigned. Assessment of
efficacy was based on a least-squares analysis of variance to
compare the means between the randomized groups. Co-
variant analysis was used to adjust values at follow-up for
differences between groups in values at baseline. Linear
regression was employed to compare mean HbA, and re-
spective mean capillary blood glucose results. The incidence
of hypoglycemia, ketoacidosis, and catheter infection was
calculated as events/ 100 patient-yr. The k-statistic was used
to test the departure from chance agreement in the analysis
of the reproducibility of the gradings of the fundus photo-
graphs (23). Coefficients of reliability were used to estimate
the proportion of total variability between subject values that
was not due to measurement error (24). The method of Woolf
(25) was used to estimate the common-odds ratio for stratified
two-by-two tables. Analyses comparing subjects in the pri-
mary prevention with secondary intervention subjects were
based on postrandomization stratification.

RESULTS

Recruitment
A total of 1037 candidates completed an initial visit to 1 of
the 21 clinics. Of these, 656 (63%) signed the first informed
consent agreeing to proceed with prerandomization eligibility
testing. This group of volunteers yielded the 278 subjects
finally admitted to the trial. The median number of patients
recruited per individual center was 13 (range 11-17). The
278 subjects exceeded the target number of 252. The addi-
tional 26 patients had successfully completed almost all el-
igibility tests when the target was reached. Thus they were
permitted to volunteer if they fulfilled the remaining eligi-
bility criteria. Six months were required to recruit the target
number of subjects.
Table 1 summarizes the number of volunteers screened and
the percent excluded by each of the major eligibility criteria.
A higher proportion of candidates was excluded by their own
ot the investigator’s decision that they were unsuited for
the study than by any other single criterion (104 of 656 sub-
jects = 16%). The randomization process assigned 146
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FIG. 1. Mean HbA,. (% 2 SE) for feasibility study. Standard-
group subjects (S) compared with experimental-group subjects (E)
for all subjects (A), adolescents (B), and adults (C). Differences
between treatment groups significant (P < .0001) for all time
points after baseline.
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TABLE 2
Selected baseline characteristics of randomized patients
Adolescents Adules
Experimental Standard Experimental Standard
(N = 45) (N = 42) (N = 101) (N = 90)
Demographic characteristics
Men (%) 47 41 50 51
Age (yr)
Mean 15 15 28 18
SD 1.3 1.3 5.8 5.8
IDDM characteristics
Duration of IDDM (mo)
Mean 66 64 87 89
SD 41 41 51 55
Stimulated C-peptide (pmol/ml)
Mean 0.08 0.08 0.08 0.08
SD 0.11 0.12 0.11 0.09
Insulin dose (U - kg~' - day™")
Mean 0.95 0.94 0.62 0.65
SD 0.31 0.32 0.19 0.20
Subjects performing self-monitoring of glucose (%)
Urine 56 52 48 54
Blood 67 83 67 59
Patients hospitalized in past year for DKA (N) 5 2 5 4
Medical characteristics
Systolic sitting blood pressure (mmHg)
Mean 112 109 114 119°
SD 11 10 11 11
Diastolic sitting blood pressure (mmHg)
Mean 11 71 73 3
SD 10 11 10 12
Ideal body wt (%)
Mean 100.4 96.0 106.2 108.1
SD 12.7 13.4 12.2 12.7
Current smokers (%) 2 0 26 26
Glycemic control
HbA,
Mean 10.14 9.83 9.24 8.98
SD 1.88 1.79 1.43 1.36
Plasma glucose (mg/dl}§
Mean 279 263 237 228
sSD 113 115 80 81
Ocular characteristics
Best corrected visual acuity (20/20 Snellen Equivalent = 85)
Mean 88.3 88.6 89.3 89.4
SD 5.1 4.3 4.0 4.0
No retinopathy (%) 47 57 29 32
Microaneurysms only (%) 47 26 44 37
Mild nonproliferative retinopathy (%) 4 12 13 12
Moderate nonproliferative retinopathy (%) 2 5 15 19
Lipids
Cholesterol (mg/dl)
Mean 170 165 175 180
SD 31 29 37 32
Triglyceride (mg/dl)
Mean 114 82t 81 86
SD 88 31 40 41
HDL cholesterol (mg/dl)
Mean 43 491 50 47
SD 9 11 11 12
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TABLE 2 (Continued)

Adolescents Adults
Experimental Standard Experimental Standard
(N = 45) (N = 42) (N = 101) (N = 90)
Lipids (Continued)
LDL cholesterol (mg/dl)
Mean 105 100 109 116
SD 30 25 31 28
Renal function
Albumin excretion (mg/24 h)|
Primary patients
Mean 21.5 16.6 11.0 15.4
SD 27.9 9.5 1.9 8.6
Secondary patients
Mean 25.4 28.7 26.5 26.1
SD 22.6 37.0 33.0 37.3
Standard creatinine clearance (ml - min™' - 1.73 m~?)
Mean 144 136 126 129
SD 49 28 24 39
Serum creatinine (mg/dl)
Mean 0.70 0.67 ' 0.80 0.81
SD 0.16 0.11 0.15 0.15

DKA, diabetic ketoacidosis.

*Two-sample t test (two-tailed) P = .003.
+Two-sample ¢ test (two-tailed) P = .03.
$Two-sample t test (two-tailed) P = .006.
§Mean of 7 capillary home blood glucose profiles.
|| Calculated from 4-h collection.

subjects (101 adults and 45 adolescents) to the experi-
mental-treatment group and 132 subjects (90 adults and 42
adolescents) to the standard-treatment group. After random-
ization, 14 subjects (6 experimental and 8 standard) were
found to have reasons for exclusion that had gone undetected
before treatment assignment. The major cause of improper
randomization was a discrepancy between the initial evalu-
ation of fundus photographs for eligibility purposes and the
consensus grading of the same photographs later to assign
baseline status. Thus, 11 subjects with duration of diabetes
>5 yr (mean duration 8.3 = 2.74 yr) but no detectable
retinopathy were inappropriately included. These subjects
continued in their assigned treatment groups and were re-
classified as primary prevention subjects.

Table 2 compares selected baseline data in the two treat-
ment groups. A total of 54 baseline characteristics were used
to compare standard and experimental groups for both adults
and adolescents (108 separate tests). There were no signif-
icant differences in demographic characteristics, in IDDM
characteristics including endogenous B-cell function, or in
indices of retinal or renal microvascular disease. Only 3 fac-
tors were significantly different at P < .05. In adolescents,
mean triglyceride was higher (P = .03) and HDL cholesterol
lower (P = .006) in the experimental group. In adults,
systolic blood pressure was higher in the standard group (119
vs. 114 mmHg, P = .003).

Efficacy of Treatment

HbA,. concentrations. The HbA . concentrations at baseline
are shown in Fig. 1 and Table 2. There were no significant
differences in HbA,. between the experimental- and stan-
dard-treatment groups as a whole, between experimental- and
standard-group adults, or between experimental- and stan-
dard-group adolescents. However, within each treatment group,
baseline HbA,, was significantly higher in the adolescent
subjects than in the adults (Table 2, experimental P = .0001,
standard P = .0004).

The HbA, levels in the 1st yr of treatment are shown in
Fig. 1. In the experimental group, as well as in its adult and
adolescent subgroups, HbA,. decreased significantly from
baseline by 3 mo and either reached a nadir or was still falling
slightly by 12 mo. Although only 17% of all experimental-
group subjects achieved a HbA,. in the nondiabetic range,
>95% of them achieved a HbA,  at 1 yr that was less than
the mean HbA . at baseline. In the standard group, a small
but significant early decrease in HbA, also occurred, which
then plateaued at 6 mo. At all time points, HbA . was sig-
nificantly lower in the experimental than in the standard
groups in all subjects and in both age strata. At 12 mo, the
absolute difference in mean HbA . between experimental and
standard subjects was 1.87 for all subjects, 1.86 for the adults,
and 1.87 for the adolescents (Table 3).

The randomization process yielded similar HbA,. values
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FIG. 2. Mean blood glucose profiles per-
formed with Profilset (see METHODS) for
standard- and experimental-group subjects.
Differences between standard- and experi-
mental-group results significant (P < .0001)
at 3, 6, 9, and 12 mo. Shaded area represents
target range for experimental-group subjects.
A, all subjects; B, adults; C, adolescents.
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TABLE 3
Mean glycemic control at 12 mo after entry
Adolescents Adults
All subjects (13-17 yr) (18-39 yr)

Standard Experimentalt Standard Experimentalt Standard Experimentalt

(N = 132) (N = 146) (N = 42) (N = 45) (N = 90) (N = 101)
HbA,. (%) (SEM) 8.88 (.14) 7.03 (.09) 9.60 (.24) 7.73 (.20) 8.56 (.15) 6.70 (.08)
Capillary glucose 232 (7.2) 142 (3.9) 261 (13) 162 (9) 219 (5) 133 (4)

(mg/dl) (SEM)*

*Mean of self-monitored, 7-sample capillary blood glucose profile.

tP value for 2-sample (standard vs. experimental) 2-tailed t test = .00001.

at baseline in the experimental and standard groups at each
center. A decrease in mean experimental HbA . from base-
line to 12 mo (range 1.8-4.4) was achieved at every center.
In contrast, among the standard groups there were only 2
centers in which the mean HbA, decreased by >1.0 at 12
mo. Conversely, the mean HbA,. in the standard group rose
in 7 centers, but the largest increase was only 0.46. A dif-
ference in mean HbA . between experimental and standard
groups was achieved at each center, with a range of 0.8-3.2.
Despite the small sample sizes, this difference was statistically
significant (P < .05) at 15 of the 21 centers.

Blood glucose profiles. The capillary blood glucose profiles
are shown in Fig. 2, A-C. At baseline, the blood glucose
profiles for the experimental and standard groups were not
significantly different (Fig. 2A). Blood glucose in the ex-
perimental-group adult subjects decreased rapidly and was
essentially within the target range by 6 mo (Fig. 2B). Al-
though blood glucose of the experimental-group adolescents
also decreased, it did not reach the target range (Fig. 2C).
These observations agree with the respective HbA . responses
observed in the adult and adolescent experimental subgroups.
In standard-group subjects, the capillary blood glucose pro-
files remained essentially unchanged from baseline to 12 mo.
The means of the blood glucose profile for the total exper-
imental and total standard groups were significantly different
at all time points after baseline. This was also true for the
adult and adolescent subgroups. At 12 mo the mean blood
glucose values (mean of 7-point profile) were significantly
different between experimental- and standard-group subjects
for the study as a whole and for the adult and adolescent
subjects (P < .0001 for all comparisons, Table 3).

The HbA . and blood glucose profiles were further analyzed
to see how well these two measurements actually correlated.
To minimize the time dyssynchrony between blood glucose
levels and their effects on HbA,, the mean of all quarterly
blood glucose profiles obtained over the 12 mo was plotted
against the means of all quarterly HbA,. values for each
individual patient, regardless of treatment group (Fig. 3). A
strong positive correlation was observed with a correlation
coefficient of 0.80.

Clinical Well-Being and Safety
Clinical indices. The frequency of nocturia decreased from
baseline in both standard- and experimental-group subjects.

Nocturia occurred once per evening 1.4 times/wk in both
standard and experimental groups at baseline and decreased
to 1.0/wk in standard and 0.5/wk in experimental during
the Ist yr. The occurrence of urinary frequency and ketonuria
during the Ist yr was significantly greater in the standard
than the experimental group (Table 4). HbA . exceeded the
upper action limit (13.11%) in six standard-group subjects,
and in four of these, this occurred just once. Self-treated
hypoglycemia was more common in the experimental group.

In the experimental-treatment group, adults and adoles-
cents of both sexes gained significant amounts of weight. The
greatest weight gain was in adolescent men (6.8 * 1.1 kg)
and the least in adult women (3.9 = 0.6 kg). In terms of
ideal body weight, the increases ranged from 6.4 to 9.5% of
ideal body weight. However, after 1 yr the mean ideal body
weight exceeded 110% only in adult men. In the standard
group, a significant weight gain was observed in the same
subgroups, but in each instance, the gain was significantly
less than that of corresponding experimental-group subjects.
Height increased significantly in men and women adolescents
without a significant difference between standard and ex-
perimental groups.

Psychologic state of well-being assessed with the SCL-90
questionnaire was not significantly different between treat-
ment groups at baseline or 12 mo (results not shown). The
QOL questionnaire results that measured the subjects’ per-
ception of their quality of life, particularly regarding diabetes
therapy, revealed a small but significant improvement at 12
mo in the adult subgroups of each treatment regimen (data
not shown). No significant differences were noted between
the experimental and standard groups in either adults or
adolescents. Thus, participation in the DCCT did not appear
to have a negative impact on the subjects’ perceived state of
well-being and actually appeared to have a positive impact
in the adult subjects.

Safety of Treatment

Death, ketoacidosis, and catheter infections. There were no deaths
in either treatment group and no significant difference in the
incidence of ketoacidosis between standard- and experimen-
tal-treatment groups. The incidence of ketoacidosis in the
standard group was similar to that reported on the baseline
history by the same patients in the year before entry into the
DCCT (3.0 vs. 4.5 events/100 patient-yr, respectively,
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FIG. 3. Comparison of mean of all quarterly blood glucose profiles (BGP) with mean of all quarterly HbA |, results. Dark lines
represent mean regression line = 2 SD. Dotted line represents 95% confidence interval for individual values. A = 1 point, B = 2

points, and C = 3 or more points. r = .80, P < .0001.

P=NS). In the experimental group, the incidence of ke-
toacidosis was lower, albeit not significantly, than that re-
ported by the same individuals for the year before entry (2.7
vs. 6.8 events/ 100 patient-yr, P=NS). All episodes of ke-
toacidosis in the experimental group occurred in subjects who
used insulin infusion pumps. Catheter infections occurred in
9.9% of experimental subjects, all of whom were on pumps.
Adolescents experienced most of the episodes of ketoacidosis
(3 adolescents vs. 1 adult) and catheter infections (4 ado-

TABLE 4

Indexes of clinical well-being over 12 mo

lescents vs. 2 adults). The incidence of diabetic ketoacidosis
did not differ between experimental and standard groups (2.7
vs. 3.0 events/ 100 patient-yr, respectively, P = NS).
Hypoglycemia. The occurrence of severe hypoglycemia (see
METHODS) and specifically of hypoglycemic coma are pre-
sented in Table 5. The number of subjects experiencing se-
vere hypoglycemia or coma, as well as the respective event
rates, was ~3 times higher in the experimental group than
in the standard group. More experimental-group than stan-

Standard group

P value (standard

Experimental group vs. experimental)

Urinary frequency

Nocturia once/night {mean days/wk) 1.0

Nocturia > once/night (mean days/wk) 0.1
Fluid intake (mean glasses/day) 1.1
Ketonuria (mean days/quarter) 1.6
Self-treated hypoglycemia

(mean events/wk) 0.95°
HbA,. above action limit at least once (% of subjects) 4.55

(0.10) 0.5 (0.08) .0008
(0.02) 0.1 (0.05) NS
(0.24) 7.4 (0.27) NS
(0.26) 0.3 (0.06) .0001
(0.07) 2.02° (1.41) .0001
(1.81) 0 (0) .0001

Values shown are mean (SE) or % (SE).

*Consecutive means at 3, 6, 9, and 12 mo were 1.0, 0.9, 0.9, and 0.9 for standard patients and 1.5, 2.3, 2.1, and 2.3 for experimental subjects,

respectively.
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TABLE 5
Severe hypoglycemia and coma

Subjects Events
Per 100
N % N subject-yr
Total severe reactions®
Experimental 38 26.0% 19 54.1
Standard 13 9.8 23 17.4
Coma
Experimental 29 19.9% 49 33.6
Standard 8 6.1 16 12.1
Single episode of coma
Experimental 17 11.6§ 17 11.6°
Standard 5 3.8 5 3.8
Multiple episodes of coma
Experimental 12 8.2|| 32 21.9
Standard 3 2.3 11 2.3

Total experimental subjects = 146; total standard subjects = 132.
*See METHODS section.
tP = .0009, +P = .0013, §P = .028, |P = .05 (standard vs. experi-

mental x?).

dard-group subjects experienced multiple episodes of coma
(12 vs. 3). Two-thirds of all the episodes of coma in the
experimental group occurred in the 12 subjects with multiple
episodes. No subjects suffered permanent sequelae or injury
from hypoglycemia.

Several baseline characteristics were examined in the group
of subjects that experienced hypoglycemic coma versus the
group that did not, regardless of subsequent DCCT treatment
assignment. There were no differences in mean age, gender,
percentage of adolescents, or mean baseline HbA . or fasting
glucose levels. However, the duration of diabetes (101 + 8
vs. 80 = 3 mo, P < .02) and the occurrence of hypoglycemic
coma in the year before entry (19 vs. 5%, P < .005) were
significantly greater in the group experiencing coma during
phase Il of the DCCT.

Table 6 presents a more detailed examination of the re-
lationship, within each treatment group, between the oc-
currence of prior hypoglycemic coma and the occurrence of
hypoglycemia during the feasibility study. Ten percent of
patients assigned to experimental treatment and 5 percent
assigned to standard treatment had a history of coma before
entry in the study (P = NS). Among those assigned to
experimental treatment, 6 of the 13 (46%) patients who had
a prior history of coma also had recurrent coma (13 total
episodes), compared with 23 (17%) of the 133 patients with
no prior history of coma (P = .02). Among those assigned
to standard treatment, 1 of the 7 (14%) patients who had a
prior history of coma also had recurrent coma compared to
7 of the 132 (5%) patients with no prior history of coma
(P = .36). From the two two-by-two tables in Table 6, the
combined odds ratio for prior coma versus no prior coma is
3.96, P < 0.05 (95% confidence interval 1.46~10.56), sug-

gesting that the occurrrence of hypoglycemic coma before
the study was a risk factor for this event in the study: In the
experimental group, associations between the susceptibility
to hypoglycemic coma and the HbA | level or hypoglycemic
coma and the insulin dose (U/kg) could not be established.
There was no significant difference in the occurrence of hy-
poglycemia between CSII- and MDI-treated groups.

Acceptability of Assigned Regimens

Follow-up and adherence. None of the subjects refused treat-
ment assignment, and all initiated the prescribed regimen.
Ninety-seven percent of the 1112 scheduled visits were ac-
complished as scheduled, and only 0.4% were never held.
This high level of follow-up was uniform in both treatment
groups and across all 21 centers. The 12-mo HbA,. value
was obtained in 100% of the subjects and the final blood
glucose profile in 99%. Ninety-nine percent of all fundus
photographs and at least 96% of all end-point examinations
(12 mo) were obtained. The subjects’ adherence to self-mon-
itoring schedules was high throughout the year; the results
of 81% of requested urine tests and 91% of requested blood
tests were reported. Three standard-group subjects who be-
came pregnant were promptly changed to intensive regimens,
as per protocol, and returned to standard treatment post-
partum. Only two unmandated deviations from assigned
treatment occurred. One standard subject changed to a mul-
tiple-dose insulin regimen, and one experimental subject
changed to twice-daily mixed insulins.

Before signing the informed consent form, all volunteers'
knowledge of the key elements of the trial was tested by
questionnaire. The same test was administered again at 12
mo to evaluate retention (26). The initial average test score
was 97%, and the 1-yr score was 91%. The data were similar
when analyzed separately for adults and adolescents.

Precision and Accuracy of Measurements
Table 7 summarizes the external quality-control assessments
of the CHL and the CBL. With one exception, the coeffi-

cient of variation and the coefficient of reliability for all listed

TABLE 6
Relationship between hypoglycemic coma during DCCT and prior history
of hypoglycemic coma

Previous year

Odds
Coma Nocoma ratio® P valuet
Experimental group
DCCT Coma 6 23 4.1 .02
Experience No coma 1 110
Total 13 133
Standard group
DCCT Coma 1 1 3.7 .36
Experience No coma 6 118
Total 1 125

*Qdds ratios were calculated with Woolf's method (ref. 25).

1P values were from Fisher'’s exact test.
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TABLE 7

External quality assessment of DCCT central laboratories

Mean within-  Coefficient of

Measurement Period N  specimen C.V. reliability
Hemoglobin A, 1 23 1.2 0.987
2 115 2.2 0.981
3 110 1.7 0.989
4 126 2.1 0.981
Capillary blood glucose 1 0
2 34 8.8 0.954
3 11 6.7 0.978
4 46 9.4 0.955
Serum cholesterol 5 16 1.7 0.984
6 22 2.3 0.976
Serum triglyceride 5 16 2.8 0.994
6 22 3.9 0.995
Serum HDL cholesterol 5 16 4.6 0.959
6 22 3.1 0.975
Serum LDL cholesterol 5 16 2.5 0.982
6 22 3.4 0.967
Serum albumin 5 57 4.4 0.645
6 23 3.1 0.850
Serum creatinine 5 57 6.6 0.855
6 23 5.1 0.800
Urine albumin 5 57 16.4 0.760
6 23 19.2 0.837
Albumin excretion 5 57 21.2 0.629
6 23 14.6 0917
Urine creatinine 5 57 4.3 0.995
6 23 5.1 0.882
Creatinine clearance 5 57 8.4 0.851
6 23 7.4 0.692

C. V., coefficient of variation.

The mean within-specimen C.V. is the average of the C.V.s for N split-
duplicate specimen.

The coefficient of reliability is an estimate of the proportion of the total
variability between patient values that is due to differences between actual
patient values (and thus not due to measurement error).

Periods: 1 = 04/15/83 to 10/14/83; 2 = 10/15/83 to 04/14/84; 3 = 04/
15/84 to 10/14/84; 4 = 10/15/84 to 05/24/85; 5 = 04/15/83 to 04/14/
84; 6 = 04/15/84 to 05/24/85.

determinations were satisfactory. Measurement of albumin
excretion at baseline yielded a coefficient of variation of 21%
and a coefficient of reliability of .63. However, reevaluation
and subsequent improvement of the albumin measurement
led to improvement in the 12-mo samples to a coefficient of
variation of 15% and a coefficient of reliability of .92.

Fundus photographs. The distribution of grades for quality
of fundus photographs for phase Il improved over the st yr
of the study. At baseline, 1.3% of the photographs were
judged to be excellent, 28.1% good, 35.3% fair, 35.4% ac-
ceptable, and 0% inadequate compared with 6.0, 38.6, 34.3,
21.1, and 0%, respectively, at 1 yr.

The reliability of the grading system was assessed by com-
paring classifications of the right and left eye and the overall
retinopathy classification for each subject. In addition, the
reproducibility of finding no retinopathy was evaluated as an

important long-term outcome (Table 8). In classifying in-
dividual eyes, with only a four-level scale, perfect agreement
was obtained at least 68% of the time, and agreement within
one step virtually all the time. In classifying whole patients
(two eyes), where a nine-level scale was used, perfect agree-
ment was obtained only 55% of the time. If agreement within
two steps on the scale was used as a criterion, reproducibility
was 98%.

DISCUSSION

Recruitment and randomization. One of the major goals of the
feasibility phase was to determine whether a suitable popu-
lation of IDDM subjects, conforming to stringent eligibility
criteria, could be recruited into a randomized trial. The se-
lection process was intended to define a group of patients in
whom differences in the effects of experimental and standard
therapy on the rates of complications might be determined
if such differences do in fact exist. Subjects with coexistent
conditions that might confound the putative relationship
between treatments and outcome were systematically ex-
cluded. In addition, the DCCT was designed to exclude
patients who might be placed at increased risk. Finally, the
selection of a group of volunteers who would likely comply
with the demands of a long-term clinical trial was empha-
sized.

Phase Il was effective in recruiting such a population, as
judged by the adherence and results achieved. A few in-
appropriate subjects were included because of discrepancy
between the grading of fundus photographs for the purposes
of eligibility testing and for establishing baseline character-
istics. This will be prevented in phase Il by simultaneous
assessments of eligibility and baseline characteristics. Only
3 of 108 comparisons of baseline characteristics were signif-
icantly different, a frequency that would be expected by chance
alone. It is conceivable that when more subjects enter the
study, the minor differences will disappear. Overall, the ran-
domization procedure was effective in providing two com-
parable groups at baseline.

Efficacy of the treatment regimens. The ability to produce
meaningful differences in metabolic control between the
standard- and experimental-treatment groups was a central

TABLE 8
Analyses of repeat gradings of baseline fundus photographs
Eye
Left Right Patient
(N = 60) (N = 60) (N = 60)

Perfect agreement (%) 80 68 55
Agreement *1 step (%) 100 91 92
Agreement *2 steps (%) 100 100 98
Agreement on presence/

absence of retinopathy (%) 90° 87* 85°

*P value = .05 for test of agreement; significant from chance by k.
« (SE): left eye = .78 (.13), right eye = .72 (.13), patient = .66 (.13).
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issue of the DCCT feasibility phase. Our data indicate that
the two treatment regimens did result in substantial differ-
ences in metabolic control. At 12 mo, mean capillary blood
glucose was 88 mg/dl (38%) lower in experimental- than
standard-group subjects. Furthermore, these differences had
been maintained steadily from 6 mo onward, an extremely
important consideration for a long-term trial. Although the
adolescent patients exhibited higher blood glucose and HbA,,
values than did the adult patients at all time points, the
differences produced by the treatment regimens were similar
in the two age strata. This suggests that adolescent subjects
can be expected to contribute meaningfully to a long-term
trial.

Given the multicenter nature of the DCCT, some varia-
bility in efficacy from clinic to clinic was to be expected,
particularly because individual treatment groups were small
(5-9 subjects). Therefore, the substantial fall in the mean
HbA, levels of the experimental groups that occurred in all
21 clinics was gratifying. Furthermore, in 15 clinics, the
difference between the means of the experimental and stan-
dard groups was statistically significant despite the small sam-
ple sizes in each clinic.

Unlike most other previous studies, experimental-group
subjects in the DCCT could choose either CSII or MDI.
The study was not designed to compare the efficacy of these
two treatment modalities, and several subjects changed from
one to the other during the course of the study. Therefore,
no rigorous comparison can be made between the efficacy of
these two methods of insulin delivery. However, there were
two observations of interest. Fifty-one percent of the exper-
imental-group subjects, started on CSII at baseline, and by
12 mo this figure had dropped to 37%. At that time, there
were no substantial differences in mean HbA,. or capillary
blood glucose levels between the subjects on CSII and those
on MDL

In evaluating effficacy, the DCCT results may also be
compared with previous randomized clinical trials (12-14)
and cohort studies (27-29) employing intensive treatment
similar to that of the experimental-group regimen. Because
various methods for measuring glycosylated hemoglobin were
used in these studies, such comparisons are facilitated by
normalizing both the DCCT data and the literature data to
the nondiabetic reference ranges for the respective labora-
tories. This method was chosen rather than the Z-transfor-
mation because means and standard deviations were not
available for all studies. In the DCCT experimental group,
the adult subjects’ baseline HbA . was 1.83 times that of the
mean value for nondiabetic individuals (9.24 + 5.05). At
12 mo this normalized value had decreased to 1.33 times the
nondiabetic value (6.70 + 5.05). In the standard group, by
contrast, the normalized HbA . of the adult subjects changed
very little, 1.70 at 12 mo vs. 1.78 at baseline. The difference
between the DCCT experimental-group and standard-group
adults at 12 mo was 1.70 — 1.33 or 0.37 in normalized
terms. As shown by a similar analysis, the difference between
the normalized glycosylated hemoglobin levels of intensively
treated and conventionally treated subjects in three previous

randomized clinical trials ranged from 0.25 to 0.37 (12-14).
In four previous nonrandomized cohort studies, differences
in normalized glycosylated hemoglobin levels ranged from
0.23 t0 0.77 (27-29). Thus, when expressed in comparable
terms, the DCCT experience in creating two groups of IDDM
subjects with substantially different levels of glycosylated
hemoglobin has mirrored that of most other reports. Also
note that the differences in HbA,. levels achieved in the
DCCT resulted only from a decrease in the intensively treated
experimental group and not from an increase in the con-
ventionally treated standard group.

Another important indicator of efficacy of the two treat-
ment regimens was the degree of subject adherence to the
trial. The absence of dropouts and the occurrence of only
two unmandated crossovers attest to the acceptability of the
two regimens, as well as to the quality of the recruitment
process. This is further supported by the steadfastness with
which subjects adhered to their visit schedules and the
completeness of data collection. Thus, by all key indicators—
acceptance of assigned treatment, faithful attendance, avail-
ability for outcome measurements, and maintenance of
treatment regimens—adherence to the trial was considered
excellent.

Safety of the treatment regimens. The low level of glycosuric
symptoms and the paucity of ketonuria assures achievement
of the principal goals of clinical well-being. Assessments of
psychological status and of quality of life indicated no de-
terioration but modest improvement in both treatment groups.
The gain in height of the adolescents appears reasonable,
given the broad normal range of pubertal status and of growth
rates in a group of subjects age 13-17 yr. Growth rates did
not differ significantly in standard- and experimental-group
subjects. The modest weight gain of standard-group subjects
may be attributed to improved metabolic control accompa-
nying the small decline in HbA,.. The weight gain of ex-
perimental-group subjects was considerably greater. This has
been noted previously with intensive insulin regimens (30)
and may reflect a general difficulty, despite intensive dietary
education, in controlling caloric intake as well as specific
overeating in response to hypoglycemia.

The incidence of ketoacidosis in both treatment groups
was below most published results (31,32). The CSll-treated
subjects also had substantially lower rates of ketoacidosis and
catheter infections than previously reported (33,34). None-
theless, continued attempts to lower these event rates further,
especially in adolescents, are necessary.

The other major risk of treating IDDM with insulin is
hypoglycemia. Because the potential benefits of the two treat-
ment regimens will ultimately be weighed against the risks
of treatment, stringent ascertainment procedures were estab-
lished before starting the study to ensure complete reporting
of hypoglycemic events in both treatment groups. The fre-
quency of severe hypoglycemic episodes in DCCT patients
thus ascertained tended to be greater than previously reported
for either standard or experimental treatment. In literature
reports, the occurrence of severe hypoglycemia (variously
defined) in intensively treated patients ranged from 5 to
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30%, with event rates of 9.8-43.3 episodes/100 patient-yr
(12,13,29,35-40). This compares with DCCT figures of 26%
and 54 events/100 patient-yr. Similarly, an event rate of
17.4/100 patient-yr in standard-group patients is higher than
that usually reported with conventional treatment (3.6-20/100
patient-yr) (12,13,29,33,41-43). The ascertainment pro-
cedures and the large sample sizes of the DCCT have provided
the means to define more accurately the relative risks of
hypoglycemia of the two treatment regimens, as well as to
explore factors that might contribute to this risk.

At the inception of phase I, we correctly anticipated that
hypoglycemia would be the primary adverse effect of the
experimental regimen. In the standard group, the rate of
occurrence of hypoglycemic coma was not significantly dif-
ferent than that reported by the same patients in the year
before entry (6.1 vs. 5.3%). In contrast, experimental pa-
tients experienced more than twice the increase in incidence
of severe hypoglycemia and coma (19.9 vs. 8.7%). The clus-
tering of two-thirds of the total episodes of coma in 12 of
146 subjects suggests that a small subset of subjects may be
at increased risk of hypoglycemia with intensive therapy.

Although no single patient characteristic reliably predicted
the occurrence of an initial hypoglycemic event, a history of
repeated hypoglycemic coma in the year before entry strongly
predicted coma in the DCCT if experimental treatment was
assigned. This observation is consistent with previous reports
that a subset of [IDDM patients with defective glucose coun-
terregulation on standard treatment may be at greater risk
for the development of severe hypoglycemia during inten-
sified therapy (44). Exclusion of patients at greatest risk for
severe hypoglycemia on the basis of a recent history of re-
current episodes should produce a reduction in the incidence
of this complication without significantly diminishing the
pool of volunteers for the study because this group only ac-
counted for 4.5% of the total study population.

Experimental treatment increased the risk of hypoglycemic
coma even in patients with no history of coma before entry
in the DCCT. This may be due either to the stringent treat-
ment goals or to an adverse effect of intensive treatment, per
se, on counterregulatory hormone responses to hypoglycemia
(45) or to other factors. Regardless of the mechanism, the
greater incidence of severe hypoglycemia in the experimental
group than in the standard group mandates continued efforts
to identify prospectively vulnerable patients as well as to
modify treatment goals for individuals in whom hypoglycemia
occurs. It also reinforces the need to determine whether the
potential benefits of intensive treatment (i.e., delaying or
preventing early vascular complications) will outweigh the
increased risk of hypoglycemia with which it is associated.

Relationship of metabolic control to microvascular dis-
ease. Although the standard and experimental regimens yielded
statistically significant as well as substantial differences in
the level of metabolic control, the critical question is whether
such differences can be expected to affect the rate of devel-
opment or progression of early microvascular disease in the
long term. Currently there is insufficient data to assess any
putative quantitative relationship between mean blood glu-

cose levels and the risk of microvascular disease in humans.
However, assuming such a relationship exists, there clearly
is a high risk for the development of retinopathy at the
prevailing mean blood glucose and HbA,, levels of IDDM
patients who are treated conventionally. If one hypothesizes
that there is little risk of diabetic retinopathy when blood
glucose and HbA | are within the normal range, then the
risk must appear in IDDM patients somewhere above the
upper limit of normal. Conversely, the risk may be signifi-
cantly reduced somewhere below the usual level observed in
conventionally treated IDDM patients. Without an under-
standing of these presumptive levels, we cannot assess the
efficacy of the DCCT feasibility phase against absolute stan-
dards.

However, placing the 12-mo results in the perspective of
three hypothetical models is interesting (Fig. 4). In the sim-
plest case, a linear relationship is assumed to exist between
mean blood glucose and the risk of retinopathy (Fig. 4, line
A). For conventionally treated patients, e.g., the DCCT
standard group, the mean blood glucose is 234 mg/dl. Epi-
demiologic studies suggest that the associated risk of devel-
oping retinopathy after 7 yr of diabetes is ~50% (46—48).
If chis risk of retinopathy were to fall linearly to near zero at
the upper limit of normal for mean biood glucose (115 mg/dl),
then the mean experimental-group values of the adults (133
mg/dl), of all the patients combined {146 mg/dl), and even
of the adolescents (162 mg/dl) would be associated with a
reduction in that risk to <35%. For the long-term (>5 yr)
trial in phase III, a cohort size of ~700 has been calculated
as sufficient to detect a change in prevalence of retinopathy
from 50% to 35% with a power of at least 92%. If a threshold
model is assumed (Fig. 4, line B), then blood glucose would
have to rise to some level above normal limits before any
risk of retinopathy appeared. In this case, the 12-mo mean

- Adolescents Total Adults
& 50 ' |
- ‘ ¢ |
0 —~. | |
5 —~. l
:_) 1\\ [ |
g ' N
o \ ' | - |
2] N | ' \
- N [
o 25 | .
£ ! l
2 [ [
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& [N I
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0 1 1
234 200 174 146 134 H5

Mean Blood Glucose (mg/dl)

FIG. 4. Three possible models for relationship of retinopathy and
mean blood glucose. Line A represents a linear model, line B a
threshold model, and line C a nonlinear model (see text).
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blood glucose results of the entire experimental group would
be even more likely to be associated with a detectable risk
reduction in phase III of the trial. Finally, as a worst-case
scenario, a nonlinear model may be hypothesized (Fig. 4, line
C) in which the risk of retinopathy rises steeply to 25% in
7 yr as blood glucose increases from upper-normal to the
mean 12-mo level of the adult experimental-group patients
(133 mg/dl). Even in such a situation, the mean blood glu-
cose of the total experimental group (146 mg/dl) might be
associated with reduced risk of retinopathy to 37.5%, a change
detectable with a power of 80% in the projected cohort of
700. In this last model, adolescents in the experimental group
could still be expected to contribute to testing the hypothesis
of the trial, although to a lesser extent than the adults. These
models and the power calculations for phase Il were derived
principally from a consideration of the primary prevention
stratum of the DCCT. However, the limited longitudinal
data available on the progression of nonproliferative reti-
nopathy (20) suggest that they may also be reasonably applied
to the secondary intervention stratum. The total cohort (pri-
mary prevention + secondary intervention) will be 1400.

CONCLUSIONS

The major feasibility objectives of phase Il have been ac-
complished by the DCCT Research Group. 1) Numerical
recruitment targets have been met in a timely fashion, and
patients of high-research quality have been enrolled. 2) In
both adults and adolescents, the two treatment regimens have
yielded differences in mean blood glucose profiles and mean
HbA,, that are statistically significant and are maintained
over time. These differences resulted from decreases in mean
blood glucose profiles and HbA | levels with intensive treat-
ment and not from increases with conventional treatment.
Mean blood glucose and HbA,. have been lowered by in-
tensive treatment to levels that can reasonably be expected
to reduce significantly the risk of microvascular disease, if
that risk is in fact related to the degree of hyperglycemia. 3)
The clinical and psychologic well-being of all subjects has
been either maintained or improved. With regard to safety,
contemporary experience with ketoacidosis and infections
has been duplicated or improved. With conventional treat-
ment, the occurrence of severe hypoglycemia did not increase
significantly and paralleled most contemporary reports. With
intensive treatment, the occurrence of severe hypoglycemia
did increase and was significantly greater than with conven-
tional treatment. This observation has generated appropriate
concern and protocol modifications. It also underscores the
importance of determining the true risk-benefit ratio for in-
tensive treatment regimens. 4) Subject adherence to treat-
ment assignments and follow-up procedures and the overall
performance in both treatment groups were excellent. 5) The
methods used for biochemical measurements have proven to
be reliable, reproducible, and precise. The methodology for
assessing retinopathy, the major outcome variable of phase
I1l, also appears very satisfactory regarding the quality of
photography and grading.

With the satisfactory fulfillment of its objectives for phase
I1, the full-scale, long-term trial, phase III, has been initiated

by the NIDDK and the DCCT Research Group.

A full list of investigators and members of the DCCT Research
Group appears in the Appendix.

Address correspondence and reprint requests to The DCCT
Research Group, Box NDIC/DCCT, Bethesda, MD 20892.

APPENDIX

DCCT Study Group

Steering Committee. Chairman: Oscar B. Crofford, MD, Vice
Chairman. Saul Genuth, MD; Lester Baker, MD; Jose ].
Barbosa, MD; John A. Colwell, MD, PhD; Matthew D.
Davis, MD; Douglas A. Greene, MD; John Dupre, MD;
Donnell D. Etzwiler, MD; David E. Goldstein, MD; Lois
Jovanovic, MD; Abbas E. Kitabchi, PhD, MD; John M.
Lachin, ScD; Patricia A. Cleary, MS; Rodney A. Lorenz,
MD; David M. Nathan, MD; Jerry P. Palmer, MD; Lawrence
[. Rand, MD; Philip Raskin, MD; Julio V. Santiago, MD;
Helmut G. Schrott, MD; E John Service, MD; Carolyn
Siebert, MPH; Stephen P. Heyse, MD, MPH; William V.
Tamborlane, MD; Fred W. Whitehouse, MD; and Bernard
Zinman, MD (Former members: Allan L. Drash, MD; and
Roger Sherwin, MD).

Coordinating Center. The Biostatistics Center, George
Washington University. Director: John M. Lachin, ScD; Co-
Director; Patricia A. Cleary, MS; Senior Statistical Advisor:
Max Halperin, PhD; Biostatistician: Peter R. Gilbert, ScM;
Research Assistants: Anne Johnson, Walter W. Owen, and
Frances Eliopoulos; Behavioral Scientist: Jacqueline Dunbar,
RN, PhD; and Medical Consultant: Robert J. Tanenberg,
MD.

National Institute of Diabetes and Digestive and Kidney Dis-
eases Program Office. Administrative Coordinator: Carolyn
Siebert, MPH; and Senior Staff Physician: Stephen Heyse,
MD, MPH (Former Scientific Officer: Roger Sherwin, MD).

Central Biochemistry Laboratory. Department of Laboratory
Medicine—Pathology, University of Minnesota. Director:
Michael W. Steffes, MD, PhD; and Technologist/Coordi-
nator: Jean Bucksa, CLS(NCA).

Central Ophthalmologic Reading Unit. Department of Oph-
thalmology, University of Wisconsin-Madison. Director:
Matthew D. Davis, MD; Associate Director: Larry Hubbard;
Assistant Director: Yvonne L. Magli; Coordinator: Suzanne
Thomas; Project Associate: Paul Segal, MD; Systems Ana-
lyst: Anik Ganguly; and Graders: Sarah Ansay, Gloria Boone,
Marilyn Bownds, Rose Brothers, Magnus Harding, Cheryl
Hiner, Stacy Meuer, James Reimers, and Anita Temple.

Central HbA,. Laboratory. E. P. Joslin Research Labora-
tory, Joslin Diabetes Center, Inc. Director: J. Stuart Soeld-
ner, MD; Senior Technician: Marilyn Wacks; Junior Tech-
nician: Linda Morris; and Technician: Michelle Przckop.

Central Autonomic Coding Unit. Division of Endocrinology
and Metabolism, Veterans Administration Medical Center.
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Director: Michael Pfeifer, MD; Systems Analyst: Gary Bur-
ton; and Data Technician: Carrie Burton.

Central Neurobehavioral Coding Unit. Western Psychiatric
Institute and Clinic, Pittsburgh. Director: Christopher Ryan,
PhD; Neurobehavioral Technicians: David Stein, Carol Dorr,
and Cheryl Longstreet; and Neuropsychologists: Kenneth
Adams, PhD (Henry Ford Hospital, Detroit); Robert K. Hea-
ton, PhD (University of Colorado).

Central ECG Reading Unit. Laboratory of Physical Hy-
giene, University of Minnesota. Director: Ronald J. Prineas,
MB, PhD; and Coordinator: Marsha McDonald.

Central Nutrition Coding Unit. Nutrition Coding Center,
University of Minnesota. Director: Marilyn Buzzard, PhD;
and Coding Supervisor: Mary Stevens.

Clinics

Case Western Reserve University, Cleveland, Ohio. Principal
Investigator: Saul Genuth, MD; Trial Coordinator: Nancy
Koliha; Co-Investigators and other clinic personnel: Peggy
Crawford, RN, MSN; William Dahms, MD; Dennis Drotar,
PhD; Samuel Horwitz, MD, ChB; Douglas Kerr, MD, PhD;
Bernard Landau, MD, PhD; Marilyn M. Levy; Barbara Bac-
chus McBee, RD; Kristen Puess, CRA; Harvey Rodman,
MD; James Rosenzweig, MD; Lawrence Singerman, MD;
Sheila Smith, CRA, COT; and Denise Woods, MA.

University of Pennsylvania, Children’s Hospital of Philadel-
phia, Philadelphia, Pennsylvania. Principal Investigator: Lester
Baker, MD; Trial Coordinator: Patricia Ilves-Corressel, RN;
Co-Principal Investigator: Stanley S. Schwartz, MD; Co-
Investigators: Seth Braunstein, MD; Mark Brown, MD;
Alexander T. Brucker, MD; Joseph McBride, MSW; William
Nyberg; Lynn Rendle; Karen Schlichter, RD; John Sladky,
MD; Charles Stanley, MD; and Laurel Weeney.

Cornell University, New York, New York. Principal Inves-
tigator: Lois Jovanovic, MD; Trial Coordinator: Joan Chop-
pin; Co-Investigators and other clinic personnel: Leona Bren-
ner-Gati, MD; Stanley Chang, MD; Jacqueline M. Doyle,
BSN; Andrew J. Drexler, MD; Andre Dupuis, MD; Patrice
Farley, BSN; Ken Fong; Fran Luckom-Nurnberg, PhD; and
Peter Tsairis, MD (Former Investigator: Charles M. Peterson,
MD).

Henry Ford Hospital, Detroit, Michigan. Principal Investi-
gators: Fred W. Whitehouse, MD; Trial Coordinator: Davida
Kruger, RN, C, MSN; Co-Investigators and other clinic per-
sonnel: Kenneth Adams, PhD; B. K. Ahmad, MD; J. David
Carey, MD; Ken Christopherson, CRA; Mary Sue Cox, RD,
MA,; J. David Faichney, MD; Jose Goldman, MD, PhD;
Dorothy Kahkonen, MD; Jeffrey Lakier, MD; and David
Leach, MD.

Joslin Diabetes Center, Inc., Boston, Massachusetts. Princi-
pal Investigator: Lawrence 1. Rand, MD; Trial Coordinators:
Kathy Finn, RN; Nancy Fredholm, RN; and Jan Lambert,
RN; Co-Investigators and other clinic personnel: Andrew
Bell; Geraldine Cassens, PhD; Jerry Cavallerano, ODj; Robert
Cavicchi; Fredrick Dunn, MD; Beverly Halford, RD; Alan
Jacobson, MD; Ann Kopple; Martha Lorantos; Robert Poole,

OD; Daniel Tarsy, MD; Elizabeth Reilly; and Louis Vignati,
MD.

Massachusetts General Hospital, Boston, Massachusetts.
Principal Investigator: David M. Nathan, MD; Trial coor-
dinator: Chris Gauthier-Kelley, BSN; Co-Investigators and
other clinic personnel: Hans Bode, MD; Stuart Brink, MD;
Linda Delahanty, RD; Kathy Folino; John E. Godine, MD,
PhD; Debra Kawahara, RD; Peter L. Lou, MD; Dennis Nor-
man, PhD; Lawrence Selter, MD; and Bhagwan Shahani,
MD.

Mayo Clinic, Rochester, Minnesota. Principal Investigator:
E John Service, MD; Trial Coordinator: A. LeVuo Schmidt,
RN; Co-Investigators and other clinic personnel: Robert C.
Colligan, PhD; Jasper R. Daube, MD; Peter J. Dyck, MD;
Morey W. Haymond, MD; Deanna Jensen; Joan King; Kath-
leen LeBarron; Margaret Lien; Thomas P. Link; Martha Man-
derino; Jean Mortensen, RD; Robert A. Rizza, MD; Jay A.
Rostvold; James C. Trautmann, MDj; Georgia Ziegler, RD;
and Bruce R. Zimmerman, MD.

Medical University of South Carolina, Charleston, South Car-
olina. Principal Investigator: John A. Colwell, MD, PhD;
Trial Coordinator: Denise Turner, RN, MSN; Co-Investi-
gators and other clinic personnel: George M. Bright, MD;
Molly Hughes, COT; John Buse, MD; Jerre Chambers, MD;
Margaret Jenkinson, MAT, MS, RD; Ronald K. Mayfield,
MD; Mary Joan Oexmann, MS, RD; Jackson Pickett, MD;
C. Barton Saylor, PhD; and Hulda Wohltmann, MD (Former
Trial Coordinator: Jane Parker, RN, MN).

International Diabetes Center, Minneapolis, Minnesota.
Principal Investigator: Donnell D. Etzwiler, MD; Trial Co-
ordinators: JoAnn Gott, RN, MS and Dorothy Ellis; Co-
Investigators and other clinic personnel: Richard Bergenstal,
MD; Randi Birk, MA; Gay Castle, RD; Mary Lucas Corzine;
Daniel Freking, MD; Lee Anderson-Gill; Priscilla Hollander,
MD; William Mestrezat, MD; Nancy McNamee; Joe Nelson,
MA; Nancy Rude, RN, MS; Martha Spencer, MD; Anne
Towey, MD; and Cindy Ulrich.

University of lowa, lowa City, lowa. Principal Investigator:
Helmut G. Schrott, MD; Co-Principal Investigators: Barry
H. Ginsberg, PhD, MD and Robert Thompson, MDj; Trial
Coordinator: Meg Bayless, BSN; Co-Investigators and other
clinic personnel: Peter Bosch, MD; Richard Dreyer, MD;
Barry Ekdam, MA; Trudy Grout; John Kramer, PhD; Nancy
Olson, RN; Linda Snetselaar, PhD, MS, RD; Carolyn Vogel;
and Rod Zeitler, MD. Former Investigators: Jun Kimura, MD,
Andrew Packer, MD).

University of Minnesota, Minneapolis, Minnesota. Principal
Investigator: Jose J. Barbosa, MD; Trial Coordinator: Trudy
Bensfield, RN; Co-Investigators and other clinic personnel:
Caryl Boehnert, PhD; Frederick Goetz, MD; Harry Hober-
man, PhD; Byron Hoogwerf, MD; William Kennedy, MD;
David Klein, MD, PhD; Sharon Mason; Michael Popkin,
MD; Robert Ramsey, MD; Rick Sahinen; and Lois Schmid,
RD, MPH.

University of Missouri, Columbia, Missouri. Principal In-
vestigator: David E. Goldstein, MD; Trial Coordinator: Melba
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Hoeper, RN, MS; Co-Investigators and other clinic person-
nel: Larry Aston, MD; Thomas Burns, MD; Jack D. England;
Carl Ide, MD; Ronald James, MD; David Klachko, MD;
Sharon S. Rawlings, RD; John E Simonds, MD; Karen Smarr;
Richard Wertheimer, MD; Hsiao-Mei Wiedmeyer; and Roy
Wilson.

University of Pittsburgh, Pittsburgh, Pennsylvania. Principal
Investigator: Douglas A. Greene, MD; Trial Coordinator:
Maryellen Bratkowski, RN, BSN; Co-Investigators and other
clinic personnel: Judith Arch, RD; Dorothy J. Becker, MBBCh;
Patricia Carroll, MD; Bernard H. Doft, MD; Allan L. Drash,
MD; David N. Finegold, MD; Norman Fisher; David Jarrett,
PhD, MD; Viggo Kamp-Nielsen, MD; Louis A. Lobes, MD;
Lisa Morrow, MS; Susan Nathan, PhD; Christopher M. Ryan,
PhD; Linda Steranchak, RD; Jan Ulbrecht, MD; Joseph War-
nicki; Jacqueline Wesche, RN, BSN; and Rena Wing, PhD
(Former Principal Investigator: Allan L. Drash, MD).

University of Tennessee, Memphis, Tennessee. Principal In-
vestigator: Abbas E. Kitabchi, PhD, MD; Trial Coordinator:
Mary Beth Murphy, RN, MS; Co-Investigators and other
clinic personnel: Tulio E. Bertorini, MD, Joyce B. Bittle,
PhD, RD; George A. Burghen, MD; Joseph N. Fisher, MD;
Virginia Lawson Grant, MS, RD; David Meyer, MD; Wil-
liam D. Murphy, PhD; and John Simpson.

University of Texas Health Science Center at Dallas, Dallas,
Texas. Principal Investigator: Philip Raskin, MDj; Trial Co-
ordinator: Suzanne Strowig, RN; Co-Investigators and other
clinic personnel: Bill Anderson; Susan Cercone, RD; John
Chipman, MD; Thomas R. Friberg, MD; Donna Giles, PhD;
Ralph Greenlee, MD, James Marks, MD; Bette Newton;
Laura Pels, OD; and Julio Rosenstock, MD.

University of Toronto, Toronto, Ontario, Canada. Principal
Investigator: Bernard Zinman, MD; Trial Coordinator: An-
nette Barnie, RN; Co-Investigators and other clinic person-
nel: Kathy Camelon, RPDt; Emily Chew, MD; Denis Dane-
man, MD; Patricia DeFeudis, PhD; Robert Ehtlich, MD;
Allan Gordon, MD; Liane Johnson; Clement McCulloch,
MD; Cindy Miller, RPDt; Sandra Mendlowitz; Kusiel Perl-
man, MD; Michael Pickard; and Gary Rodin, MD.

University of Washington, Seattle, Washington. Principal In-
vestigator: Jerry P. Palmer, MD; Trial Coordinator: Jan Gins-
berg, RN, BSN; Co-Investigators and other clinic personnel:
Susan Dirks; Hans Doerr, PhD; Michael Gordon, PhD; Hi-
roko Hayashi, RD; James Kinyoun, MD; Leslie Klaff, MD;
and Richard Mauseth, MD.

University of Western Ontario, London, Ontario, Can-
ada. Principal Investigator: John Dupre, FRCP; Co-Prin-
cipal Investigator: N. Wilson Rodger, MD, FRCP; Trial Co-
ordinator: Pamela Colby, RPDt; Co-Investigators and other
clinic personnel: William Brown, MD; Christopher Canny,
MD; Joan Galbraith, RN; Paul Heidenheim, MA; Irene Hra-
miak, MD; Morris Jenner, MD; Sue Jung; and Francois Mai,
MD, FRCP (Ed.).

Vanderbilt University, Nashwille, Tennessee. Principal In-
vestigator: Rodney A. Lorenz, MD; Trial Coordinator: Janie
Lipps, FnP, MS; Co-Investigators and other clinic personnel:

Tony Adkins; lan M. Burr, MD; Nedra K. Christensen, RD,
MS; Stephan S. Feman, MD; Robert Jamison, PhD; Anthony
Kilroy, MD; and John R. McRae, MD.

Washington University, St. Louis, Missouri. Co-Principal
Investigators: Julio V. Santiago, MD and Neil H. White,
MD; Trial Coordinator: Lucy A. Levandoski, PA-C; Co-
Investigators and other clinic personnel: Isaac Boniuk, MD;
Jeanne Bubb, MSW; Richard Escoffery, MD; M. Gilbert
Grand, MD; Norma J. Janes, RD; Ron Kacizak; Michael
Noetzel, MD; R. Joseph Olk, MD; Ella Ort; Helen Palkes,
MA; Ginny Spencer; and Barbara Talent, PhD.

Yale University, New Haven, Connecticut. Principal Inves-
tigator: William V. Tamborlane, MD; Trial Coordinator: Jo
Ann Ahern, RN; Co-Investigators and other clinic person-
nel: David Bilodeau; Carol Dorr; John Ebersole, MD; Jason
Horowitz, MDj; James Puklin, MD; Robert S. Sherwin, MD;
and Nina Tiglio, MPH, RD.

Groups Advisory to NIIDK

Data, Safety, and Quality Review Group. Chairman: Charles
Clark, MD; Rex Clements, MD; Gary Cutter, PhD; David
DeMets, PhD; Frederick Ferris, MD; Curt D. Furberg, MD;
Igor Grant, MD; John W. Griffin, MD; The Rev. Michael
P. Hamilton; Argye Hillis, PhD; Harold Lebovitz, MD; Paul
Palmberg, MD; Christopher Saudek, MD; Alicia Schiffrin,
MD; and Carolyn Siebert, MPH, Executive Secretary.

Ex-officio. Oscar B. Crofford, MD, Chairman, DCCT
Steering Committee; John M. Lachin, ScD, Director, DCCT
Coordinating Center; and Robert 1. Levy, MD, Chairman,
DCCT Policy Advisory Group.

Policy Advisory Group Chairman: Robert 1. Levy, MD;
Robert Frank, MD; Larry Frohman, MD; James Grizzle, PhD;
Richard Verville; Harry Keen, MD; Thomas King, PhD; Errol
B. Marliss, MD; Curtis L. Meinert, PhD; Jerrold Olefsky,
MD; Arthur H. Rubenstein, MD; Jean Schneider; Robert
Schwartz, MD; Jay Skyler, MD; Luther Travis, MD; and
Stephen P. Heyse, MD, MPH, Executive Secretary. (Former
members Harlan Hanson and John Robertson. )

Ex-officio. Edwin Bierman, MD, National Advisory Coun-
cil, NIADDK; J. Floyd Brinley, Jr., MD, PhD, NINCDS;
Charles Clark, MD, Chairman, Data, Safety, and Quality
Review Group; Oscar B. Crofford, MD, Chairman, DCCT
Steering Committee; and Curt D. Furberg, MD, NHLBI.

Industrial Support

Listed below are organizations providing goods, services, and/
or discounts to the DCCT. This listing does not reflect en-
dorsement of these companies; it simply recognizes their gen-
erous support of the trial.

Abbott Laboratories; Acme United Corporation; Alladin
Industries; Ames Division, Miles Laboratories, Inc.; Auto-
Syringe and Flint Divisions, Travenol Laboratories, Inc.,
and Travenol Canada; Beckman Instruments, Inc.; Becton-
Dickinson; Belmont Springs; Bio Dynamics Division, Boeh-
ringer-Mannheim Diagnostics; Bio-Rad Laboratories; Car-
diac Pacemaker, Inc.; Costar; Derata Corporation; Eli Lilly
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and Company; Federal Express; General Foods Corporation;
Hewlett-Packard; Laboratory Data Control Division, Milton
Roy Company; Lifescan, Inc.; Markwell Medical Institute,
Inc.; Medprobe Laboratories, Inc.; Med-Tec Gases, Inc.;
Micromeritics; Monroe Stationers; Nordisk USA; Polyfoam
Packers Corporation; The Purdue Frederick Company; Rainin
Instrument Company, Inc.; Smith, Kline and French Lab-
oratories; Squibb-Novo, Inc.; Teledyne Avionics; Terumo
Medical Corporation; 3M; Thermo-Serv, Inc.; Ulster Sci-
entific, Inc.; Union Carbide Corporation; Vangard Inter-
national, Inc.; and Welders Supply Company.
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