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OBJECTIVE — To describe the incidence of adverse events associated with inten-
sive versus conventional therapy of insulin-dependent diabetes mellitus (IDDM) as
implemented in the Diabetes Control and Complications Trial (DCCT).

RESEARCH DESIGN AND METHODS— The DCCT was a randomized,
controlled clinical trial conducted at 26 centers in the U.S. and 3 centers in Canada. All
data were collected from patient notifications of events and/or standardized, quarterly
interviews that were validated and analyzed at a data coordinating center as events per
100 patient-years. The 1,441 volunteers were between the ages of 13 and 39 with
IDDM for 1-15 years. Average length of follow-up was 6.5 years (range 3-9). Subjects
were randomly assigned to conventional or intensive diabetes treatment.

RESULTS — The two treatment groups did not differ in mortality, major morbidity
secondary to accidents, or ketoacidosis. However, intensive therapy was associated
with a threefold increase in the risk of severe hypoglycemia (for hypoglycemia requir-
ing assistance, the event rate per 100 patient-years was 61.2 in the intensive treatment
group versus 18.7 in the conventional treatment group; for hypoglycemia involving
coma or seizure, the rate was 16.3 vs. 5.4). Intensive therapy was also associated with
a 73% higher risk of becoming overweight. There was a 46% reduction in the incidence
of vaginitis in the intensive treatment group, but there were no significant differences
in the rates of other infections.

CONCLUSIONS— The major adverse effect of intensive therapy of IDDM is a
threefold increase in the risk of severe hypoglycemia with potentially serious sequelae.
An increased incidence of becoming overweight, the long-term significance of which
has yet to be determined, was also observed. Because the results of the DCCT were
attained in highly selected, healthy IDDM patients who received attentive clinical
management and frequent health education, DCCT adverse event rates may not reflect
incidence or prevalence rates that would be expected in nonselected populations or in
other clinical settings.
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Diabetic Retinopathy.

I nsulin-dependent diabetes mellitus
(IDDM) is accompanied by long-term
microvascular, neurological, and mac-

rovascular complications. These compli-
cations, including retinopathy, nephrop-
athy, neuropathy, and cardiac and
peripheral vascular disease, account for
most of the morbidity and mortality asso-
ciated with IDDM (1). Since shortly after
the introduction of insulin therapy, the
role of metabolic control in the pathogen-
esis of these chronic complications has
been a topic of vigorous debate (2).

Recently published results of the
multicenter Diabetes Control and Com-
plications Trial (DCCT) demonstrate con-
clusively that intensive therapy of IDDM
that achieves near-normal glycemic con-
trol both delays the appearance and slows
the progression of its microvascular and
neurological complications (3). The in-
tensive therapy regimen used three or
more daily insulin injections or continu-
ous subcutaneous insulin infusion (CSll)
and frequent blood glucose testing to
achieve blood glucose levels as close as
possible to the normal range (4-6). Con-
ventional therapy was designed to mimic
routine diabetes management and con-
sisted of no more than two insulin injec-
tions per day (7). Volunteers with IDDM
randomly assigned to these two treatment
groups were followed to ascertain out-
comes related to the long-term complica-
tions of diabetes as well as adverse effects
related to treatment or to other aspects of
participation in the trial.

A principal objective of the DCCT
was to protect volunteer safety while al-
lowing an assessment of adverse effects
versus treatment-associated benefits.
Both treatment protocols were intended
to maintain clinical well-being and to
minimize the occurrence of severe hypo-
glycemia (8,9). Although clinic staffs were
routinely masked to the measurements of
study outcomes, thresholds for safety
were established and clinics were alerted
by the coordinating center when a patient
reached a threshold that required action,
such as retinopathy of sufficient severity
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to require more frequent follow-up or la-
ser photocoagulation. In addition, peri-
odic monitoring of accumulating study-
wide data by an independent data, safety,
and quality review group provided assur-
ance that patient safety was not jeopar-
dized, i.e., that the conventional treat-
ment did not result in inadequate care
and that the intensive treatment regimen
did not lead to unacceptable risk through
overzealous pursuit of normoglycemia.

This report summarizes treat-
ment-related adverse events documented
in both treatment groups during the
DCCT and compares these observations
with available natural history data. All
cases of mortality and major morbidity
are reviewed, and the occurrence of hy-
poglycemic events and of overweight is
also described in relation to treatment
group. Other clinical events, such as
symptoms of diabetes and episodes of in-
fection, are also reported.

RESEARCH DESIGN AND
METHODS

Design
The DCCT was a multicenter, random-
ized, controlled clinical trial (4). Twenty-
six clinics across the U.S. and three clinics
in Canada enrolled participants with
IDDM from 1983 to 1989 and followed
them until 1993. Volunteers were ran-
domly assigned to receive either intensive
or conventional therapy. With few and
usually temporary exceptions, all diabetes
care was provided by clinics participating
in the DCCT. Intensive therapy involved
the use of a regimen designed to maintain
near-normal glucose levels while mini-
mizing severe hypoglycemia (4). Conven-
tional treatment was designed to maintain
subjects in good health and free from
symptoms related to hyper- or hypogly-
cemia. Glycemic levels were assessed by
HbAlc and capillary blood glucose pro-
files performed quarterly.

Eligibility and exclusion criteria
The clinical and biochemical selection
criteria for patients participating in the

DCCT have been described in detail
(5,6,9). Major eligibility criteria included
IDDM denned by ascertainment of C-
peptide deficiency, age 13-39 years, and
freedom from serious complications of
diabetes. The primary prevention cohort
was required to have IDDM duration of
1-5 years and no retinopathy at baseline.
The secondary intervention cohort was
required to have IDDM duration of 1-15
years and minimal-to-moderate back-
ground retinopathy at baseline.

Eligibility criteria excluded the
following: patients at high risk for several
adverse events (e.g., a history of frequent
ketoacidosis, hypoglycemic coma, or sei-
zure); patients with a known risk factor
for vascular complications (e.g., hyper-
cholesterolemia or hypertension); pa-
tients who were considered unlikely to
comply with the demands of either the
intensive or conventional treatment pro-
tocol; and patients who could not demon-
strate an adequate understanding of the
trial's purposes (4,9). Patients with drug
addiction, chronic alcoholism, and major
mental illness were also excluded.

During the 1-year feasibility pe-
riod (phase 2, the first 278 patients re-
cruited), volunteers with two or more hy-
poglycemic seizures or coma during the
previous 5 years were eligible if these ep-
isodes were thought to be related to inap-
propriate medical management. After the
feasibility phase, potential volunteers
during the main recruitment were ex-
cluded if they had had, in the previous 2
years, more than two episodes of seizure
or coma regardless of attributed causes or
more than one episode of severe neuro-
logical impairment without warning
symptoms of hypoglycemia.

Patients
Nearly 7,000 individuals made initial
contact with the DCCT, which had re-
cruitment goals of 700 subjects in each of
the primary prevention and secondary in-
tervention cohorts. At their first visit,
2,800 subjects either were ineligible im-
mediately because of age, type of diabe-
tes, IDDM duration, or presence of ad-

vanced complications or chose not to
undergo further eligibility testing after
being more fully informed about the
study. An additional 2,500 individuals
entered the 6- to 8-week period of eligi-
bility testing but failed to pass one or
more major inclusion criteria (e.g., C-
peptide level) or elected not to participate
before completing the entire test se-
quence; 425 subjects passed all formal el-
igibility tests but were not randomly as-
signed, generally because of a final
decision by the volunteer against partici-
pation or a decision by the clinic staff that
the patient was unlikely to adhere to the
study protocol. Of 371 such subjects dur-
ing the main recruitment (phase 3), 7
were excluded because a history of hypo-
glycemia unawareness or of repeated hy-
poglycemic coma was eventually ob-
tained. Additional subjects who had these
characteristics may have already been ex-
cluded because of other characteristics or
earlier eligibility test results. A total of
1,441 subjects, 726 in the primary pre-
vention cohort and 715 in the secondary
intervention cohort, were randomly as-
signed to conventional or intensive ther-
apy. A brief description of subject charac-
teristics at baseline is given in Table 1.
Subjects were followed for an average of
6.5 years (range 3-9).

Definitions of adverse events
The adverse events reported here include
mortality, a major accident, hospitaliza-
tion, hypoglycemia, ketoacidosis, over-
weight, hypertension, insulin pump cath-
eter infections, and other clinical events
such as symptoms of diabetes and other
infections. The major focus of this report
is adverse events associated with therapy
rather than the long-term complications
of disease. To ensure reliable ascertain-
ment of these adverse events, strict defi-
nitions were provided in the DCCT Man-
ual of Operations (9). Patients were asked
to notify the clinic immediately if they
had major adverse events (a major acci-
dent, hospitalization, severe hypoglyce-
mia, or diabetic ketoacidosis managed at
another health care facility). For major
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Table 1—Baseline characteristics

Number of patients
Women (%)
Patient-years of follow-up
Age (years)
Adolescent (%)
Race (% Caucasian)
HbAlc (%)
Blood glucose profile (mean of 7 samples, mg/dl)
Duration of 1DDM (years)

Primary cohort
Secondary cohort

Prior hypoglycemic coma or seizure (%)
Feasibility cohort (n = 278)
Full-scale trial cohort (n = 1,441)

Prior DKA requiring hospitalization (%)
Overweight (% of patients)

Men (BM1 > 27.8 kg/m2)
Women (BM1 > 27.3)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Current smokers (%)

Conventional

730
46

4,775
26.5 ± 7.1

14.1
96.4

9.1 ± 1.6
230.4 ± 79.3

2.6 ± 1.4
8.6 ± 3.7

5.3
5.4
4.5

8.6
7.5

114.7 ± 11.7
72.8 ± 8.9

18.4

Intensive

711
48

4,733
27.1 ± 7.1

12.9
96.6

9.1 ± 1.6
234.0 ± 83.4

2.6 ± 1.4
8.9 ± 3.8

8.9
3.9
5.8

5.5
8.7

113.4 ± 11.5
72.3 ±8.8

18.6
Data are means ± SD.

events, the clinic obtained all relevant in-
formation possible from hospital records,
other physicians, police reports, etc. Data
on other events (such as overweight, hy-
pertension, or infections) were collected
at scheduled quarterly visits. The out-
comes reported in this manuscript are de-
fined and ascertained as follows.
Mortality. Mortality is denned as death
attributable to any cause. Motor vehicle
fatalities included operator and nonop-
erator deaths due to accidents in motor
vehicles.
Major accidents. Major accidents in-
cluded all events that resulted in hospital-
ization or death. These fatal and nonfatal
events were classified further by the type
of accident, whether a motor vehicle was
involved, and whether hypoglycemia
played a role.
Severe hypoglycemia. Severe hypogly-
cemia was defined as an episode of hypo-
glycemia in which the patient required as-
sistance with treatment from another
person to recover; in addition, the blood

glucose level had to be documented as
<50 mg/dl and/or the clinical manifesta-
tions had to be reversed by oral carbohy-
drate, subcutaneous glucagon, or intrave-
nous glucose. Patients were asked to
report severe hypoglycemia immediately
and were asked about the occurrence of
any hypoglycemia at each quarterly visit.
Ketoacidosis. The diagnosis of ketoaci-
dosis required that the following criteria
be satisfied: 1) blood glucose level >250
mg/dl; 2) the presence of large/moderate
ketones in urine or serum; 3) at least one
of the following: arterial blood pH <7.30,
venous blood pH <7.25, or serum bicar-
bonate <15 mEq/1; and 4) treatment
within a health care facility.
Overweight. Weight and height mea-
surements obtained as part of quarterly
clinical examinations were used to calcu-
late body mass index (BMI) (kg/m2). Men
were considered overweight when BMI
was ^27.8 kg/m2, and women were con-
sidered overweight when BMI was ^27.3
kg/m2 (10).

Hypertension. Hypertension was de-
fined as either a sitting systolic pressure
>140 mmHg or a diastolic pressure >90
mmHg on two consecutive measure-
ments 1 month apart.
Catheter infection. An infection at the
site of an insulin infusion catheter was
defined as one that required antibiotic
treatment and/or surgical incision for
drainage.
Other clinical events. Data on other clin-
ical events were obtained at each quar-
terly visit. Patients were questioned as to
the frequency of nocturia and the number
of 8-ounce glasses of liquid drunk daily.
Infections reviewed included urinary
tract infection (documented by a mid-
stream clean-catch urine culture), post-
operative or deep wound infections, re-
spiratory tract infections (lower or
upper), gastroenteritis with fever, and
vaginitis requiring treatment. Quarterly
visits also included foot examination for
infection or ulcer. Although intensive-
treatment patients were seen more often
than conventional-treatment patients for
purposes of blood glucose management,
only the above symptoms and clinical
events ascertained by a standard ques-
tionnaire on the quarterly visits were re-
corded as data. Psychologically adverse
events were recorded quarterly, and psy-
chological status was formally evaluated
periodically. These data are reported else-
where (11).

Classification and monitoring of
adverse events
An independent Mortality and Morbidity
Classification (M&M) Committee (made
up of expert members who did not other-
wise participate in the DCCT) reviewed
and classified deaths and major accidents
according to a set of prespecified proce-
dures to determine whether the event was
related to diabetes and, for accidents,
whether hypoglycemia played a role.
With 95% certainty as a criterion, each
event was classified as to whether hypo-
glycemia played a role at all and, if so,
whether hypoglycemia was a possible,
probable, or principal cause of the event.
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Table 2—Adverse events by treatment group during trial

Death
Major accidents
DKA
Overweight, ever
Hypertension, ever
Catheter infection while on pump
Hospitalization (all causes)
Hospitalization (hypoglycemia)

% with
event

0.55
3.0
8.1

26.9
11.5

—
26.2

3.7

Conventional

Number
of events

4
24
88

180
84

—
347

36

Rate

0.084
0.5
1.8
5.0
1.9

—
7.3
0.8

% with
event

0.98
3.8

10.0
41.5
10.8
23.3
24.2

5.6

Intensive

Number
of events

7
27
93

275
77

162
294

54

Rate

0.148
0.6
2.0
8.7
1.8

10.9
6.21
1.1

Relative
risk

1.74
1.21
1.07
1.73
0.93
—

0.86
1.62

95%
confidence

interval

(0.51-5.95)
(0.55-2.68)
(0.72-1.59)
(1.43-2.09)*
(0.68-1.28)

—
(0.66-1.13)
(0.96-2.76)

Conventional group: n = 730; intensive group: n = 711. Rate indicates rate per 100 patient-years of follow-up. Rates are based on repeated events, except for death,
overweight, and hypertension, in which case rates are based on life-table hazard estimates of first event. Relative risks (intensive/conventional) are adjusted for
baseline retinopathy (primary versus secondary). "Overweight, ever" includes patients who were overweight at baseline (conventional group = 61, intensive
group = 49). Hospitalization refers to inpatient admission. *Significant at P < 0.001.

Classification was performed without
knowledge of treatment group assign-
ment (9). At regular intervals, the DCCT
Data Safety and Quality Review Group,
another independent expert panel (12),
reviewed the accumulating data for treat-
ment group differences with respect to
retinal, renal, neurological, and cardio-
vascular outcomes, as well as for mortal-
ity, major morbidity, and other adverse
events.

Adverse effects of treatment (i.e.,
hypoglycemia, diabetic ketoacidosis
[DKA], and insulin infusion catheter in-
fection) were also monitored by the Clinic
Monitoring Group comprised of DCCT
investigators and staff. Frequent occur-
rences of these treatment-related adverse
events in specific clinics or in individual
subjects prompted a thorough review of
the events and instigated treatment
changes aimed at preventing them.
Study-wide and clinic-specific incidence
rates of severe hypoglycemia were moni-
tored monthly and were presented to and
discussed with the entire DCCT study
group to enhance awareness and generate
strategies to reduce hypoglycemia.

Management of adverse events
To minimize morbidity and mortality as
well as potential confounders of treat-

ment group differences in outcomes, de-
tailed guidelines were provided for the
management of patients with DKA and
hypoglycemia. Although pregnancy itself
is not an adverse event, specific guide-
lines for its management were stipulated.
Additional guidelines were provided for
the diabetes management of patients re-
quiring surgery and for the general man-
agement of patients with infection, myo-
cardial infarction, renal insufficiency,
hypertension, and psychiatric disorders
(9).

Statistical analysis
Wilcoxon's rank-sum test was used to
compare the two groups for ordinal and
numerical variables, and the contingency
X1 test was used for categorical variables
(13). The life-table method was used to
estimate the cumulative incidence of an
event based on the time to first event (14).
The difference between cumulative inci-
dence curves was tested using the Mantel
(log-rank) test (15). For recurrent events,
the crude event rates are presented as
number per 100 patient-years based on
the ratio of the observed number of events
to the total patient-years of exposure. The
relative risk (intensive/conventional) was
computed as the ratio of the crude event
rates. The variance of the crude event rate

and of the log relative risk are based on a
distribution-free estimator that included
an adjustment for overdispersion (16).
All results that are nominally significant at
P < 0.05 are indicated. Analyses were
conducted separately for the primary pre-
vention and the secondary intervention
cohorts. However, because the results for
the two cohorts are similar, the results are
presented for both cohorts combined un-
less otherwise specified. For selected
events, observed numbers in the DCCT
were compared with those expected in a
similarly aged U.S. general population
(17). The reference populations were
chosen from specified sources and were
based on data from the late 1980s to re-
flect the most representative years of ex-
posure during the DCCT. Because the ob-
served and expected numbers were quite
small and sampling errors were relatively
large, no attempt was made to provide
estimation error intervals.

RESULTS

Mortality
The death rate in the conventional group
was 0.084 deaths per 100 person-years,
and the rate in the intensive group was
0.148 (P = 0.38) (Table 2). Relevant facts
about the 11 patients who died during the
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Table 3—Deaths in the DCCT

Treatment
group

Conventional

Intensive

Age at death
(years)

18
25
34
42
22
27
35
36
38
39
39

Sex

M
M
M
M
M
M
M
M
M
M
M

Years in
study

4.5
4.5
0.3
3.8
5.9
2.4
2.6
6.7
1.7
4.7
6.2

Cause of death

Suicide
Acquired immunodeficiency syndrome
Auto accident—driver
Coronary artery disease
Auto accident—driver
Cardiac arrhythmia
Auto accident—passenger
Lung cancer
DKA
Coronary artery disease
Tractor accident—driver

Hypoglycemia
possible cause

No
No
Yes
No
No
No
No
No
No
No
Yes

Role of
diabetes

None
Minor
Minor
Minor
None
None
None
None
Principal
Minor
Minor

Motor vehicle
accident

No
No
Yes
No
Yes
No
Yes
No
No
No
No

Role of diabetes classified by the M&M Committee (see METHODS).

study are listed in Table 3. All deaths oc-
curred in men. Seven clinics each had a
single death, and two clinics had two
deaths each. Hypoglycemia was deter-
mined by the M&M Committee to be a
possible cause of one death in each treat-
ment group. The only death directly due
to diabetes was from DKA in an intensive
group patient treated with multiple daily
injections (MDIs) who lapsed into coma
at home without seeking medical atten-
tion. Three deaths were related to cardio-
vascular conditions. In two of these
deaths, diabetes was determined to have a
minor contributing role. One patient died
of acquired immunodeficiency syn-
drome; the M&M Committee believed
that his diabetic condition might have
further compromised his ability to fight
infection. Three DCCT deaths were at-
tributable to motor vehicle accidents. In
two of these accidents, the patient who
died was the operator; the third accident
was a passenger death. One other acci-
dental death occurred in an intensive
group patient while driving a tractor on a
private farm. There was 1 suicide out of
10 attempts.

Major accidents
The 51 major accidents, including the 4
accidental deaths, are categorized in Ta-
ble 4 by type and treatment group. Of
these events, 27 occurred in convention-

ally treated patients and 27 occurred in
intensively treated patients. The respec-
tive accident rates were 0.5 and 0.6 events
per 100 patient-years (NS). The number
of events of each type was also similar in
the conventional and intensive groups.
The most frequent type of major accident
was that involving a motor vehicle (oper-
ator or nonoperator), with 14 events in
the conventional group and 18 events in
the intensive group.

Table 4 further examines the role
of hypoglycemia in these major accidents
as classified by the M&M Committee. In
the conventional group, 9 accidents were
judged to be related to hypoglycemia
compared with 13 accidents in the inten-
sive group. Hypoglycemia was judged to
be the principal cause of 10 accidents, 4
in the conventional group and 6 in the
intensive group. These treatment group
differences were not statistically signifi-

Table 4—Major accidents and role of hypoglycemia

Total events
Number of subjects

Women
Men

Accident type
Motor vehicle accidents: operator
Motor vehicle accidents: nonoperator
Bicycle accidents
Accidents involving power tools
Other accidents

Role of hypoglycemia
No role
Possible cause
Probable cause
Principal cause

Conventional

24 (9)*
22
10
12

13(9)
1(0)
2(0)
3(0)
5(0)

15
5
0
4

Intensive

27(13)t
27

7
20

15(9)
3(0)
K l )
0(0)
8(3)

14
5
2
6

Numbers in parentheses are events related to hypoglycemia (as possible, probable, or principal cause).
*Includes 1 accidental death, possibly related to hypoglycemia. tlncludes 3 accidental deaths (1 possibly
related to hypoglycemia) and a hypoglycemia-related accident that caused death in a non-DCCT person.
Since the numbers were quite small and sampling errors relatively large, no statistical tests were performed.
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Table 5—Symptoms associated with severe hypoglycemia episodes and associated sequelae

Total of symptoms
Associated sequelae (One per episode)

1. Neurological damage
2. Injury requiring hospital
3. Injury to another person
4. Property damage
5. Traffic violation
No associated events

All
symptoms

2,896:892

4:2
6:3

16:1
50:10

8:4
2,812:872

Coma or
seizure

770:257

2:1
4:2
5:0

17:3
1:1

741:250

Hypoglycemic symptom (one symptom per episode)

Difficulty in
awakening

973:252

1:0
0:0
2:0
2:0
0:0

968:252

Irrationality

489:150

0:1
0:0
7:0

11:2
4:1

467:146

Uncontrollable
behavior

146:63

1:0
0:0
0:0
3:3
1:0

141:60

Confusion

492:164

0:0
1:1
2:1

16:1
2:2

471:159

Transient
amnesia

26:5

0:0
1:0
0:0
1:0
0:0

24:5

Other

0:1

0:0
0:0
0:0
0:1
0:0
0:0

Ratios indicate intensive-to-conventional ratio. The most severe symptom associated with each hypoglycemic episode has been selected. The order of severity of the
symptoms is listed from left to right of the table. The most severe associated sequelae of each episode has been chosen. The sequelae are listed in order of severity
from top to bottom (items 1-5).

cant. One of the motor vehicle accidents
caused by hypoglycemia in an intensive
group patient resulted in the death of a
non-DCCT passenger. Hypoglycemia was
considered to be a probable cause of two
accidents in the intensive group and a
possible cause of five accidents in each
treatment group.

Accidental morbidity not involv-
ing motor vehicles accounted for 10
events in the conventional treatment
group and 9 events in the intensive group.
The events that fall under "Other Acci-
dents" in Table 4 include injuries second-
ary to burns, falls, sports injuries, etc.

Hospitalizations
The rates of hospitalization, excluding
emergency room treatment, for all causes
were 7.3 events per 100 patient-years in
the conventional treatment group and 6.2
in the intensive treatment group (NS).
Hospitalizations for hypoglycemia were
also not significantly different between
the treatment groups (Table 2).

Severe hypoglycemia
Hypoglycemia was the most common ad-
verse event observed. A total of 3,788 hy-
poglycemic events in which the patient
required assistance occurred during the
study; of these events, 1,027 (27%) in-
volved coma or seizure. Severe hypogly-

cemia, whether defined as all events or as
events that involved coma or seizure, was
~ 3 times more frequent in the intensive
than in the conventional group (Table 5;
intensive:conventional = 2,896:892 and
770:257, respectively, P < 0.001). Two
of the eleven deaths among DCCT pa-
tients (one in each treatment group) oc-
curred in accidents of unknown cause.
The lack of witnesses and other circum-
stances made it impossible either to in-
criminate or to exclude hypoglycemia as a
cause; these deaths are not included in
Table 5. Small proportions of the definite
hypoglycemic events had nonlethal but
significant occurrences associated with
them such as neurological insult (0.16%),
injury requiring hospitalization (0.24%),
injury to another person requiring hospi-
talization (0.45%), property damage
(1.58%), and traffic violations (0.32%).
The frequency of these hypoglycemia-
associated significant events within the
intensive treatment group was always
greater than or equal to the frequency in
the conventional treatment group; how-
ever, these differences did not reach sta-
tistical significance. There were no asso-
ciated myocardial infarctions or strokes.

Almost half of the DCCT cohort,
714 patients, had one or more episodes of
hypoglycemia requiring assistance (Fig.
1A). Of these, 71% had multiple events.

Nearly equal numbers in each treatment
group (~14%) had only a single episode
of severe hypoglycemia. However, by the
end of the study, 50% of intensively
treated patients had experienced more
than one episode requiring assistance ver-
sus 21% of conventionally treated pa-
tients. For 10 or more episodes, the re-
spective percentages were 14.2% of the
intensive group and 2.5% of the conven-
tional group. A total of 408 patients had
one or more episodes involving coma or
seizure (Fig. IB). Coma or seizure made
up 27% of all severe hypoglycemic events
(26.6% in intensively treated and 28.8%
in conventionally treated patients [Table
5]). Of the intensively treated patients,
17% had one episode of coma or seizure,
compared with 12% of the convention-
ally treated patients. Of the patients who
specifically experienced episodes of coma
or seizure, 50% had multiple events. Of
intensive treatment patients, 21% had
more than one episode compared with
7% of conventional treatment patients.
For five or more such episodes, the per-
centages were 6.6% vs. 1.4%, respec-
tively.

All neuroglycopenic symptoms
associated with episodes of severe hypo-
glycemia were recorded in standard cate-
gories by the clinics after each event. One
symptom (short of coma or seizure)
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Figure 1—Numbers oj patients with one or more episodes oj hypoglycemia in the conventional (M)

and intensive (D) treatment groups. A: hypoglycemia events requiring assistance. Total number oj

episodes: conventional 892, intensive 2,896; total number of patients: conventional 255, intensive 459.

B: hypoglycemia events with coma/seizure. Total number of episodes: conventional 257, intensive 770;

total number of patients: conventional 137, intensive 271

judged to be the most severe and danger-
ous is tabulated in Table 5 for each event.
The high frequency of difficulty in awak-
ening relates to the preponderance of se-

vere hypoglycemia occurring during
nighttime or during daytime periods of
sleeping (18). The similar frequencies of
confusion and irrationality may reflect

some overlap in the way patients or family
observers interpreted and reported these
major symptoms.

As shown in Table 6, the event
rate of hypoglycemia requiring assistance
was 61.2 episodes per 100 patient-years
of follow-up for the intensive group ver-
sus 18.7 for the conventional group (rel-
ative risk: 3.28, P < 0.001). For events
involving coma or seizure, the event rate
was 16.3 episodes per 100 patient-years
of follow-up for the intensive group ver-
sus 5.4 for the conventional group (rela-
tive risk: 3.02, P < 0.001). The threefold
increase in risk of hypoglycemia was ob-
served throughout the study both for hy-
poglycemic episodes requiring assistance
and for those episodes specifically caus-
ing coma or seizure. There was little, if
any, downward trend in event rates with
time in either category (Fig. 2).

The relative occurrence of severe
hypoglycemia with intensive versus con-
ventional treatment was analyzed in sub-
groups of subjects defined by baseline ret-
inopathy status (primary prevention
versus secondary intervention cohort) or
by recruitment phase (feasibility versus
full-scale trial) patients (Table 6). The rel-
ative risk of hypoglycemia with coma and
seizure within the primary prevention co-
hort (intensive-to-conventional 4.26) was
significantly greater than that within the
secondary intervention cohort (intensive:
conventional 2.47) (P = 0.04). This
greater relative risk was due to a signifi-
cantly lower event rate with conventional
treatment in the primary prevention co-
hort versus conventional therapy in the
secondary intervention cohort (3.4 vs.
7.3/100 patient-years, P = 0.001) (Table
6). We also examined the occurrence of
hypoglycemic events separately for the
feasibility phase patients versus the full-
scale trial patients to evaluate the impact
of the change in the eligibility criteria
with regard to history of previous hypo-
glycemia on the frequency of hypoglyce-
mia during the trial. Although patients in
the feasibility study had higher rates of
hypoglycemia than those in the full-scale
study, the difference was not statistically
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Table 6—Hypoglycemic events in the DCCT by treatment group

Hypoglycemic events

Requiring assistance
Primary
Secondary
Feasibility phase patients
Full-scale trial patients

Coma or seizure
Primary
Secondary
Feasibility
Full-scale

% with
event

34.9
27.8
42.6
44.7
32.8
18.8
13.0
25.0
27.3
16.9

Conventional

Number
of events

892
349
543
259
633
257

77
180
89

168

Rate

18.7
15.2
21.9
20.9
17.9
5.4
3.4
7.3
7.2
4.8

% with
event

64.6
59.5
69.4
80.1
60.5
38.1
35.1
41.1
56.2
33.5

Intensive

Number
of events

2,896
1,173
1,723

955
1,941

770
305
465
272
498

Rate

61.2
55.0
66.3
70.1
57.6
16.3
14.3
17.9
20.0
14.8

Relative
risk

3.28
3.61
3.02
3.36
3.22
3.02
4.26
2.47
2.78
3.11

yjTo

confidence
interval

(2.65-4.05)*
(2.45-5.32)*
(2.38-3.85)*
(2.30-4.89)*
(2.50-4.14)*
(2.36-3.86)*
(2.83-6.40)*
(1.82-3.34)*
(1.79-4.33)*
(2.30-4.20)*

Conventional group: n = 730; intensive group: n — 711. Rate indicates rate per
seizure was significantly different between primary and secondary cohorts at P =
cohort was significantly less than in the secondary intervention cohort P = 0.001.

100 patient-years of followup. Relative risk (intensive/conventional) for coma/
0.04. Rate of coma/seizure with conventional treatment in primary prevention
*Relative risk (intensive/conventional) was significant at P < 0.001.

significant (P = 0.06). Of note, the rela-
tive risk of hypoglycemia, comparing in-
tensively treated patients with conven-
tionally treated patients, was ~3.0 in the
feasibility phase, as it was in the full-scale
trial (Table 6).

pared with 26.9% of the conventionally
treated patients (P < 0.001). The overall
prevalence of overweight at the study
close-out was 33.1% among the inten-
sively treated patients versus 19.1%
among the conventional patients.

Hypertension
Despite the disparity in the development
of being overweight between treatment
groups, the occurrence of hypertension
was not significantly different between
the treatment groups (1.8 cases/100 pa-

DKA
DKA event rates were 2.0 per 100 patient-
years in the intensive group (10.0% of pa-
tients) and 1.8 per 100 patient-years in
the conventional group (8.1% of patients)
(Table 2). Among intensively treated pa-
tients, rates were higher during periods of
use of CS1I pump (3.09/100 patient-
years) than during use of MDI (1.39/100
patient-years, P = 0.003).

Overweight
The proportion of patients in the inten-
sive treatment group who became over-
weight exceeded that in the conventional
treatment group (Fig. 3). The pattern was
uniform among men, women, adults, and
adolescents. The incidence rate of becom-
ing overweight was significantly higher in
the intensively treated group, 8.7 vs. 5.0
cases per 100 patient-years at risk (P =
0.001) (Table 2). By the end of the study,
41.5% of the intensively treated patients
had exceeded the overweight limits at
some point during follow-up as com-
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Figure 2—Crude hypoglycemia event rates per 100 patient-years within 6-month intervals oj study

time with a smoothed spline junction. Numbers on top are sample sizes at different time points. A:

hypoglycemia events requiring assistance. B: hypoglycemia events with coma/seizure.
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significant (tog-rank statistic = 32.67, P < 0.001). The relative risk oj intensivexonventional is 1.73,
95% confidence interval 1A3, 2.09.

tient-years in the intensive group versus
1.9 in the conventional group, P = 0.67)
(Table 2).

Insulin pump catheter infection
Insulin pump catheter infection occurred
in intensive group patients using CSII at
the rate of 10.9 infections per 100 pa-
tient-years of pump use.

Other clinical events
Compared with patients in the conven-
tional group, patients in the intensive
group experienced less frequent nocturia
(35.0 ± 4.9 vs. 52.6 ± 6.2 nights with 1
episode per patient per year and 5.9 ±
2.1 vs. 10.3 ± 2.7 nights with 2 or more
episodes per patient per year, P <
0.0001). Intensively treated patients also
drank fewer 8-ounce glasses of liquid per
day (8.5 ± 2.7 vs. 9.5 ± 3.0 glasses per
person per day, P < 0.0001). The rates of
occurrence of several common infections
were compared between the two treat-
ment groups. Vaginal infections requiring
medical treatment were almost 50%
lower in the intensive than the conven-

tional group (17.9 vs. 33.2 events per 100
female patients per year, P < 0.0001).
However, there was no significant differ-
ence in the frequency of either foot infec-
tions or foot ulcers (3.7 vs. 5.6 and 0.57
vs. 0.96 events per 100 patient-years, re-
spectively, for intensive versus conven-
tional groups) or in the occurrence of uri-
nary, respiratory, or gastrointestinal tract
infections.

CONCLUSIONS— The DCCT dem-
onstrated the effectiveness of intensive
treatment of IDDM in reducing the devel-
opment and progression of diabetic com-
plications when compared with conven-
tional treatment (3). In this study, we
have compared in detail the adverse event
rates in the two randomly assigned treat-
ment groups to assess more completely
the balance between the benefits and risks
of intensive treatment. Where possible,
we have also compared the numbers of
events observed in the DCCT patients
with those expected in a similar sample
from the U.S. general population (Table
7) or in other IDDM populations. As pre-

viously noted, the small numbers of cer-
tain major events made valid statistical
comparisons unfeasible.

Eleven subjects died during the
course of the DCCT, with no significant
difference in mortality rates between the
treatment groups. Using age- and sex-
adjusted mortality rates for the general
population of the U.S., 16 deaths would
have been expected, with 12 in men and 4
in women (17) (Table 7). Therefore, the
observed mortality rate in the DCCT was
not excessive. Also, the death rate was not
attributable to cardiovascular disease (20)
(Table 7). In the general population, the
age-adjusted mortality rate for women is
35% of the death rate for men, and there-
fore, fewer deaths in women would be
expected in the DCCT because the fe-
male-to-male ratio in the study was very
nearly 1. However, we have no explana-
tion for the exclusive occurrence of
deaths in men in the DCCT. Only one
death was directly related to IDDM
(DKA); in two other deaths, hypoglyce-
mia could not be excluded as a contribut-
ing factor. There was one suicide among
DCCT subjects along with nine attempted
suicides. The suicide rate was in the ex-
pected range (20); the completion rate
parallels some national estimates that 1 in
10 suicide attempts succeed (22).

It is difficult to find specific mor-
tality data for a closely comparable IDDM
population. The DCCT patients had a
mean age of 27 years and a mean diabetes
duration of 5.6 years at entry. Because the
mean age of onset of IDDM in the U.S. is
15 years of age (23), a population-based
age-matched random sample of compari-
son patients with IDDM would have had a
longer mean duration of diabetes and,
therefore, potentially would have had
more diabetes-related deaths. The Wis-
consin Epidemiologic Study of Diabetic
Retinopathy (WESDR) (24) is a popula-
tion-based sample of patients with IDDM.
A subpopulation of 150 WESDR patients
has been identified that is matched in age
and duration of diabetes to the DCCT pa-
tients (25). In these 150 WESDR patients,
6 died during 10 years of follow-up. This
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Table 7—Observed versus expected numbers
of events for selected adverse events

Deaths
Men
Women

Motor vehicle deaths
Cardiovascular deaths
Suicides
Hospitalizations for

accidents
Prevalence of over-

weight (%)
Conventional
Intensive

Observed

11
11
0
3
3
1

5HI

19.1
33.1

Expected

15.9*
11.8*
4.1*
2.6T
2.0*
1.5§

78.11

23.4
23.9

"Expected" indicates events expected in the U.S.
general population age-adjusted according to at-
tained age of DCCT patients at the beginning of each
follow-up year for the total length of study time.
Prevalence of overweight is based on prevalence of
overweight according to data of the Second National
Health and Nutritional Examination Survey (1976-
1980) (10). Rates were adjusted for sex and age and
distribution of DCCT patients at close-out. *Based
on data from the life-tables of total U.S. population,
1989, by National Center for Health Statistics (17).
T Based on estimates from the National Traffic Safety
Administration, 1988 (19). Includes operator and
nonoperator fatalities on public roadways. ¥Based
on cause-specific mortality data from the Vital Sta-
tistics ojthe United States, 1986, by the National Cen-
ter for Health Statistics (20) for deaths due to major
cardiovascular diseases (1CD codes 390-448).
§Based on cause-specific mortality data from the Vi-
tal Statistics oj the United States, 1986, by the Na-
tional Center for Health Statistics (20) for deaths
due to suicide (ICD codes E950-E959). ||Major ac-
cidents requiring hospitalization. ^Based on data
from the National Hospital Discharge Survey (21);
includes hospitalizations for injuries and burns
(ICD codes 800-949) adjusted for sex and age. Ob-
served and expected numbers were quite small and
sampling errors relatively large; no attempt was
made to provide estimation error intervals.

mortality rate of ~4 deaths per 1,000 pa-
tient-years is more than 3 times that ob-
served in the DCCT. The death rate in
another 1DDM population that was age-
comparable with the DCCT cohort was
>10 times higher (26). However, these
comparisons must be interpreted with
caution, given that the DCCT patients
were highly selected and had minimal or

no diabetic complications at baseline,
were otherwise healthy, and were willing
to participate in a long-term randomized
intervention study.

Patients in the conventional and
intensive treatment groups demonstrated
no difference in rates of hospitalization,
excluding hospitalizations with the pri-
mary purpose of improving blood glucose
control. Absolute rates of hospitalization
for medical illnesses must be interpreted
in light of the fact that most DCCT centers
had access to a General Clinical Research
Center where study patients could be
hospitalized without cost. Nevertheless,
hospitalizations for accidents did not ex-
ceed what would be expected of an age/
sex-comparable general population (21)
(Table 7).

By far, the most common serious
adverse event was severe hypoglycemia.
The rate of 19 events per 100 patient-
years in the conventional group was
within the wide range of older reports
(27-31) but interestingly was much
lower than that of two more recent pro-
spective studies: 140 and 160 events per
100 patient-years (32,33). These latter
rates exceed even that of the DCCT inten-
sive treatment group (61 events per 100
patient-years). However, the validity of
such comparisons is weakened by differ-
ences in definitions of severe hypoglyce-
mia, methods of ascertainment, time in-
tervals over which events were recorded
or recalled, the populations studied, and
methods of treatment. For similar rea-
sons, the proportion of events manifest by
coma or seizures and the prevalence of
multiple events in DCCT subjects cannot
be compared strictly with other reports.

The major conclusion with regard
to adverse events is that intensive therapy
increases the frequency of severe hypo-
glycemia two- to threefold. In particular,
intensive treatment accentuated the risk
of multiple episodes of hypoglycemia that
required assistance with treatment and
that caused coma or seizure (Fig. 1).
However, the proportion of total episodes
involving coma or seizure was not in-
creased by intensive versus conventional

therapy. Two smaller randomized clinical
trials have also reported similar results
(34,35), whereas others have claimed that
intensive treatment is not associated with
an increased risk of severe hypoglycemia
(31). However, the careful ascertainment
procedures of the DCCT in a large num-
ber of patients and the consistency of ex-
cess risk across numerous DCCT clinics
(4) attests to the reality of this problem.
Despite continuing emphasis on avoiding
risk factors leading to hypoglycemia (18),
the occurrence of severe hypoglycemic
reactions did not diminish in either treat-
ment group with duration of study partic-
ipation (Fig. 2). In contrast with a previ-
ous report (36), in the DCCT, CSII did
not decrease the risk of severe hypoglyce-
mia when compared with MDI therapy;
in fact, coma and convulsions occurred
more frequently with CSII (4). We have
also noted previously that the risk of se-
vere hypoglycemia is inversely related to
HbAlc with intensive treatment (3).

There was a lesser tendency for
coma or seizure to occur more than once
in the subgroup of patients experiencing
any such episodes than for severe hypo-
glycemia of any type requiring assistance
to occur repeatedly (Fig. 1). The inherent
risk of repetitive coma or seizure may
simply be lower than that for less morbid
hypoglycemic events. But it is also possi-
ble that one episode of coma or seizure
particularly sensitizes family and other
caregivers to the risks of hypoglycemia
and leads to earlier intervention when hy-
poglycemia symptoms or signs of low glu-
cose values first appear.

Despite their increased frequency
of severe hypoglycemia accompanied by
central nervous system manifestations,
intensive treatment group subjects
showed no trend toward worsening neu-
ropsychological or cognitive functioning
over time (3,11). Neurocognitive test
scores in the intensive treatment group
were not significantly different from those
of the conventional group at the end of
the study (11). Similar findings have been
previously reported by the Stockholm Di-
abetes Intervention Study (35). No signif-
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icant impairment of cognitive function
occurred in DCCT subjects with as many
as eight severe hypoglycemic episodes
(11). While these observations are reas-
suring, they do not preclude the possibil-
ity that either longer-term exposure to
multiple episodes or more sensitive test-
ing methods will reveal cumulative dele-
terious effects of hypoglycemia.

Because of the possible negative
effect of hypoglycemia on driving skills
(37), fatalities caused by vehicle accidents
are of special concern. Using U.S. na-
tional traffic fatality data (19) and age-
adjusting them to the DCCT population,
a total of 2.6 traffic fatalities would have
been expected during the study. This fig-
ure is close to the three deaths observed in
DCCT-patient accidents (two drivers plus
one passenger).

Despite three times as many se-
vere hypoglycemic reactions in the inten-
sive treatment group, the number of ma-
jor motor vehicle accidents attributable to
hypoglycemia was similar in the two
treatment groups. One possible explana-
tion for this is the particular emphasis
clinic staff placed on avoidance of hypo-
glycemia during driving. Early in the
study, all of the clinics developed individ-
ual educational programs aimed at pre-
venting hypoglycemia while operating a
vehicle. Patients were instructed to check
their blood glucose and/or eat before
driving, to stop driving immediately if
any hypoglycemic symptoms occurred, to
have a carbohydrate available in the car at
all times, and to test blood glucose fre-
quently during long car trips. Neverthe-
less, hypoglycemia was independently
judged to be a principal contributing fac-
tor in 36% and a possible factor in 43% of
all nonfatal vehicle accidents. This com-
pares with a retrospective report by Scot-
tish patients who attributed 25% of their
road accidents (severity not specified) to
hypoglycemia (33).

The overall rate of hypoglycemia
in the primary prevention cohort, inde-
pendent of treatment group, was less than
that in the secondary intervention cohort,
perhaps because residual insulin secre-

tion allowed better glycemic control on
lower insulin doses (38-40). In addition,
other risk factors for severe hypoglyce-
mia may have worsened with prolonged
duration of IDDM, such as impaired
counterregulation to hypoglycemia (41).
However, the relative risk of severe hypo-
glycemia with intensive therapy was actu-
ally greater in the primary prevention co-
hort than in the secondary intervention
cohort. This was due, at least in part, to a
lower event rate in the conventionally
treated subjects of the primary prevention
cohort than in those of the secondary in-
tervention cohort.

Given the greater frequency of se-
vere hypoglycemia with intensive treat-
ment and its inverse relationship to the
HbAlc level achieved (3; DCCT Research
Group, unpublished observations), it
would be clinically useful to identify a pa-
tient risk factor profile that would contra-
indicate or compel greater caution in the
use of such treatment. At present, how-
ever, only a previous history of repeated
severe hypoglycemia, the occurrence of
multiple episodes during intensive ther-
apy, or the presence of hypoglycemia un-
awareness are useful predictors of in-
creased risk (3,18,33,41,42; DCCT
Research Group, unpublished oberva-
tions). It also bears emphasis that at-
tempts to lower HbAlc with only two
daily injections of insulin may produce as
many episodes of hypoglycemic coma as
MDI but at a higher HbAlc level (36).

Intensive therapy was also associ-
ated with both men and women becom-
ing overweight more frequently than with
conventional therapy (3,43,44). This dif-
ference was especially pronounced in the
first 3 years of treatment but was main-
tained thereafter throughout the study.
Similar trends were seen in the Stock-
holm Study (35). In a national population
similar to the age and sex distribution of
DCCT patients, the overall prevalence of
overweight would be —23% (10). At the
end of the study, the prevalence of over-
weight condition for the conventionally
treated patients (19.1%), therefore, was
close to what would be expected, whereas

the prevalence for the intensively treated
patients was higher (33.1%) (Table 7).

This excessive weight gain can be
attributed to accumulation of both fat
(44,45) and lean body mass (44). It oc-
curred despite extensive and repeated di-
etary education that was aimed particu-
larly at limiting the amount of food
ingested and substituting glucose tablets
for more attractive sources of carbohy-
drate in the treatment of mild hypoglyce-
mia. The differences in weight gain (or
even in frequency of hypoglycemia) be-
tween intensive and conventional treat-
ment groups cannot be attributed to ma-
jor differences in their total insulin doses
(0.67 vs. 0.62 U • kg"1 • day"1) (4). On
the other hand, coverage of anticipated
ingestion of extra amounts of mealtime
carbohydrate with additional regular in-
sulin in the premeal bolus could have
been a factor.

Intensively treated patients had a
significant reduction in vaginitis requir-
ing treatment but not in urinary, respira-
tory, gastrointestinal, or foot infections.
While the rate of DKA was not signifi-
cantly different between the treatment
groups, CSII was associated with a higher
frequency than MDI therapy. Catheter in-
fections in patients treated with CSII oc-
curred at a lower rate than in previous
reports (29).

In conclusion, DCCT patients
generally experienced lower rates of
many adverse events than would be ex-
pected in a similar IDDM population.
However, this experience with a highly
selected and otherwise healthy patient
population given rigorously close clinical
monitoring and repeated preventive edu-
cation cannot necessarily be generalized
to other IDDM populations or clinical set-
tings. Although the DCCT has shown that
intensive insulin therapy was unequivo-
cally beneficial, it also entailed sustained
increased risks of severe hypoglycemia
and weight gain. Therefore, efforts must
be focused on established and new inter-
ventions that will minimize these risks
and maximize safety as patients and treat-
ment teams work to prevent the long-
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term microvascular and neurological
complications of IDDM.
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