
SPECIAL COMMUNICATION

Effect of Intensive Therapy
on the Microvascular Complications
of Type 1 Diabetes Mellitus
The Writing Team
for the Diabetes Control and
Complications Trial/Epidemiology
of Diabetes Interventions and
Complications Research Group

THE MICROVASCULAR COMPLICA-
tions of type 1 diabetes melli-
tus were rarely noted prior to
the discovery of insulin.1 The

introduction of insulin therapy al-
lowed patients to live long enough to
develop diabetic retinopathy and dia-
betic nephropathy.2 A long-standing de-
bate ensued as to whether these com-
plications were caused by the metabolic
abnormalities of diabetes, in particu-
lar hyperglycemia, and whether they
could therefore be prevented or at least
significantly moderated by improved
blood glucose control.3-6 Although a
body of observational evidence and ex-
perimental animal evidence incrimi-
nated hyperglycemia,7 small random-
ized controlled trials conducted in the
1970s and early 1980s failed to con-
clusively prove the validity of the so-
called glucose hypothesis.7

In 1975, the National Commission
on Diabetes recommended to Con-
gress that a randomized controlled trial
be conducted with the power to test the
glucose hypothesis definitively. Once
the ability was achieved to maintain
near normal glycemia with multiple
daily injections of insulin or continu-
ous subcutaneous insulin infusion, to
monitor chronic integrated glucose
levels with glycosylated hemoglobin

(HbA1c), and to assess quantitatively
retinopathy and nephropathy nonin-
vasively, the National Institute of Dia-
betes and Digestive and Kidney Dis-
eases (NIDDK) initiated a trial in 1982.
After 1 year of protocol development
by the study investigators,8 the Diabe-
tes Control and Complications Trial
(DCCT) began recruiting subjects in
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The purpose of this report is to summarize and integrate the findings of the
Diabetes Control and Complications Trial (DCCT), a randomized controlled
clinical trial, and the succeeding observational follow-up of the DCCT cohort
in the Epidemiology of Diabetes Interventions and Complications (EDIC) study,
regarding the effects of intensive treatment on the microvascular complica-
tions of type 1 diabetes mellitus. The DCCT proved that intensive treatment
reduced the risks of retinopathy, nephropathy, and neuropathy by 35% to 90%
compared with conventional treatment. The absolute risks of retinopathy and
nephropathy were proportional to the mean glycosylated hemoglobin (HbA1c)
level over the follow-up period preceding each event. Intensive treatment was
most effective when begun early, before complications were detectable. These
risk reductions, achieved at a median HbA1c level difference of 9.1% for con-
ventional treatment vs 7.3% for intensive treatment have been maintained
through 7 years of EDIC, even though the difference in mean HbA1c levels of
the 2 former randomized treatment groups was only 0.4% at 1 year (P�.001)
(8.3% in the former conventional treatment group vs 7.9% in the former in-
tensive treatment group), continued to narrow, and became statistically non-
significant by 5 years (8.1% vs 8.2%, P=.09). The further rate of progression
of complications from their levels at the end of the DCCT remains less in the
former intensive treatment group. Thus, the benefits of 6.5 years of intensive
treatment extend well beyond the period of its most intensive implementa-
tion. Intensive treatment should be started as soon as is safely possible after
the onset of type 1 diabetes mellitus and maintained thereafter, aiming for a
practicable target HbA1c level of 7.0% or less.
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1983. By the close of enrollment in
1989, 1441 participants ages 13 to 39
years, including adolescents ages 13 to
18 years, with baseline characteristics
detailed in TABLE 1 were enrolled.9 The

participants included 726 patients with
no evidence of retinopathy and a urine
albumin excretion rate (AER) of less
than 40 mg/d in a primary prevention
cohort and 715 patients with mild to
moderate retinopathy (no more than a
grade of 47/47 on the Early Treatment
Diabetic Retinopathy Study [ETDRS] fi-
nal scale) and AER of less than 200
mg/d in a secondary intervention co-
hort. Only 10% of the latter had AER
of 40 to 199 mg/d. The primary and sec-
ondary cohorts were each random-
ized to either intensive treatment (3-4
injections of insulin or continuous sub-
cutaneous insulin infusion and 4 self-
monitored blood glucose tests daily) or
conventional treatment (1-2 injec-
tions of insulin and either home urine
glucose testing several times per day,
or later in the study, self blood glu-
cose testing once per day).

Summary of Salient DCCT Results
The DCCT ended in 1993, after a mean
duration of follow-up of 6.5 years.9 The
salient results for the secondary inter-
vention cohort are shown in FIGURE 1.
Intensive treatment (median HbA1c,
7.3%) compared with conventional
treatment (median HbA1c, 9.1%) re-
duced the progression of retinopathy
(3-step increase on the ETDRS scale)
by 76% in the primary prevention co-
hort and by 54% in the secondary in-
tervention cohort.9,10 Patients in the pri-
mary prevention cohort with duration
of diabetes of less than 2.5 years at en-
try into the trial had 89% reduction in

the risk of retinopathy compared with
70% in patients with duration of more
than 2.5 years (P�.001).11

Epidemiological analysis of the
DCCT data demonstrated a strong ex-
ponential relationship between the risk
of retinopathy and the mean HbA1c mea-
sured quarterly in the trial.12 For each
10% decrease in HbA1c, such as from
9.0% to 8.1% or from 8.0% to 7.2%,
there was a 39% decrease in risk over
the range of HbA1c values.12 The over-
all risk gradients were very similar in
the 2 treatment groups and statisti-
cally indistinguishable.12 This pro-
vided strong supporting evidence that
intensive treatment decreased the risk
of retinopathy by lowering blood glu-
cose. Additional analyses also re-
vealed no glycemic threshold at which
the risk of retinopathy was eliminated
above the nondiabetic range of HbA1c

(4.0%-6.05%).13 Although the abso-
lute risk of retinopathy was relatively
low in the lower end of the diabetic
HbA1c range, reduction of HbA1c at all
diabetic levels further decreased the
risk. The risk of retinopathy at any
mean HbA1c level also increased with
the duration of follow-up during the
DCCT (FIGURE 2).12 For example, the
same risk of retinopathy was reached
within 2.5 years at an HbA1c level of 11%
as was reached in 9 years at an HbA1c

level of 8% (Figure 2). Both degree and
duration of glycemic exposure are im-
portant determinants of the risk of reti-
nopathy.

The appearance and progression of
diabetic nephropathy was assessed by
yearly measurement of AER and cre-
atinine clearance. Intensive treatment
had a similar beneficial effect on dia-
betic nephropathy as it had on reti-
nopathy (Figure 1B).9,14 In the com-
bined cohorts, intensive treatment
decreased the development of micro-
albuminuria (defined in 1982 by the
DCCT as 40–299 mg/d) by 39% and the
development of clinical albuminuria
(�300 mg/d) by 56%. As was the case
for retinopathy, the risk of developing
nephropathy was exponentially re-
lated to the mean HbA1c.13 For each 10%
decrease in HbA1c, there was a 25% de-

Figure 1. Comparison of Conventional and
Intensive Therapy in Cumulative Incidence
of Retinopathy Progression and
Microalbuminuria Secondary Intervention
Cohorts
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Modified from The DCCT Research Group.9 Cumu-
lative incidence of sustained 3-step progression of 2
cohorts of the Diabetes Control and Complications Trial
(DCCT). A, The Early Treatment Diabetic Retinopa-
thy Study scale cohort (conventional vs intensive,
P�.001). B, The development of microalbuminuria co-
hort (conventional vs intensive, P=.001).

Table 1. Baseline Characteristics of DCCT/EDIC Cohort of Type 1 Diabetic Patients*

Characteristic

Primary Prevention Secondary Intervention

Conventional
(n = 378)

Intensive
(n = 348)

Conventional
(n = 352)

Intensive
(n = 363)

Age, mean (SD), y 26 (8) 27 (7) 27 (7) 27 (7)

Female 172 (46) 176 (51) 163 (46) 169 (47)

Diabetes duration, mean (SD), y 2.6 (1.4) 2.6 (1.4) 8.6 (3.7) 8.9 (3.8)

HbA1c, mean (SD), % 8.8 (1.7) 8.8 (1.6) 8.9 (1.5) 9.0 (1.5)

Microaneurysms only 0 0 204 (58) 243 (67)

Mild NPDR 0 0 81 (23) 65 (18)

Moderate NPDR 0 0 67 (19) 55 (15)

Urinary AER, mean (SD), mg/d 12 (8) 12 (9) 19 (24) 21 (25)

*Data are No. (%) unless otherwise indicated. DCCT indicates Diabetes Control and Complications Trial; EDIC, Epi-
demiology of Diabetes Interventions and Complications; HbA1c, glycosylated hemoglobin; NPDR, nonproliferative
diabetic retinopathy; and AER, albumin excretion rate. Data from The DCCT Research Group.9
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crease in the risk of microalbumin-
uria.13 No glycemic threshold for ne-
phropathy was detected above the
nondiabetic range of HbA1c by any form
of modeling of the data.13 The DCCT
found no influence of intensive treat-
ment on glomerular filtration rate,
as measured by iodine 125 (125I)-
iothalamate clearance, or creatinine
clearance.14 However, these values re-
mained within the normal range for
most subjects during the DCCT.

Neuropathy, whether assessed by a
neurologist’s standardized clinical ex-
amination, nerve conduction studies,
or autonomic nerve function testing,
was also benefited by intensive treat-
ment.15-17 At 5 years of DCCT follow-
up, the prevalence of confirmed clini-
cal neuropathy in those without this
complication at study baseline was re-
duced by 69% and 57% in the primary
and secondary cohorts, respectively.9

In addition to these direct effects, in-
tensive therapy had other effects that in-
directly benefited complications. Inten-
sive treatment preserved endogenous
insulin secretion, assessed by stimu-
lated plasma C-peptide levels, com-
pared with conventional treatment; the
risk of losing C-peptide responses to
stimulation was reduced 57% by inten-
sive treatment.18 Intensively treated pa-
tients with preserved insulin secretion
had 35% and 23% reductions in risk of
retinopathy and nephropathy, respec-
tively, and 65% reduction in risk of se-
vere hypoglycemia, compared with those
devoid of detectable endogenous insu-
lin secretion.18

Transition From the DCCT
to the Epidemiology of Diabetes
Interventions and Complications
The randomized controlled clinical
trial phase of the DCCT was stopped
prematurely after a mean follow-up
time of 6.5 years, when the benefits of
intensive treatment were deemed
incontrovertible by the data safety and
quality committee and highly unlikely
to be reversed with time. Participants
who had been assigned to intensive
treatment were encouraged to con-
tinue, and participants originally

assigned to conventional treatment
were advised to change to intensive
treatment. They were provided the
opportunity to implement intensive
treatment with NIDDK resources and
DCCT staff during a closeout period.
Within a year, the observational phase
of the DCCT/Epidemiology of Diabe-
tes Interventions and Complications
(EDIC) study commenced.19 A total of
1375 of the DCCT subjects (95%)
(half from each treatment group) vol-
unteered to participate in EDIC. A
total of 1294 to 1335 patients have
been examined annually in the EDIC
clinics with structured interviews to
determine diabetes treatment regi-
mens and HbA1c has been measured
centrally using the DCCT assay. One
fourth of the cohort has fundus photo-
graphs annually and one half has mea-
surement of albumin excretion rate,
serum creatinine, and creatinine clear-
ance annually. At the end of EDIC
year 1, 95% of the former intensive
treatment group and 75% of the
former conventional treatment group
reported that they were using inten-
sive treatment (as defined above) and
had mean HbA1c levels of 7.9% and

8.3%, respectively (FIGURE 3). The
HbA1c levels converged further and
have remained similar during the
ensuing 7 years. The overall mean
HbA1c levels for the entire EDIC
follow-up thus far are 8.3% for the
former conventional treatment group
and 8.1% for the former intensive
treatment group. The percentage of

Figure 2. Risk of Retinopathy Progression vs
Mean Glycosylated Hemoglobin (HbA1c) and
Time in Study Conventional Treatment
Group
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Reprinted with permission from The American Dia-
betes Association.12 Absolute risk of retinopathy pro-
gression as a function of the updated mean HbA1c dur-
ing the study and the follow-up time estimated from
a Poisson model in the conventional treatment group
of the Diabetes Control and Complications Trial
(DCCT).

Figure 3. Distribution of Glycosylated Hemoglobin (HbA1c) According to Original Diabetes
Control and Complications Trial (DCCT) Treatment Assignment at DCCT Closeout and
in Each Epidemiology of Diabetes Interventions and Complications (EDIC)
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coxon rank sum test.
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former conventional treatment
patients using intensive treatment has
risen to 83% at 7 years. At the seventh
annual examination, 27% of former
conventional treatment group and
41% of former intensive treatment
group participants are using continu-
ous subcutaneous insulin infusion,
while 44% and 49% of these respective
treatment groups report that they are
self-monitoring blood glucose at least
4 times per day.

Summary of EDIC Results
During EDIC, similar application of
therapy and similar HbA1c levels in the
2 originally randomized treatment
groups has permitted study of the long-
term impact of the significant glyce-
mic differences that did exist during the
DCCT. The results of such intention-
to-treat analyses after 4 years of EDIC
have been reported20 and are intrigu-
ing. With regard to retinopathy, the re-
duction in risk observed with inten-

sive treatment at the DCCT closeout
examination was the same or greater af-
ter 4 years of EDIC; the benefit de-
rived from intensive therapy did not
wane.20 In analyses using the DCCT
closeout examination as a new base-
line state for EDIC, further progres-
sion of retinopathy during the first 4
years of EDIC was 66% to 77% less in
the former intensive group than in the
former conventional group by all mea-
surements used (TABLE 2).20 The ben-
efit is particularly significant because
it included an effect on severe degrees
of retinopathy. Significantly fewer
former intensive group patients than
former conventional group patients
have required photocoagulation therapy
during EDIC to preserve vision. The de-
crease in HbA1c from about 9% to ap-
proximately 8% has not dramatically re-
duced the progression of retinopathy
in the former conventional treatment
group; nor has the increase in HbA1c

from about 7% to approximately 8%

dramatically accelerated retinopathy in
the former intensive treatment group.
Even after 7 years of EDIC follow-up,
the cumulative incidence of further
3-step progression on the ETDRS scale
from the level at the end of the DCCT
is still significantly less in the former
intensive treatment group than in the
former conventional treatment group
(FIGURE 4).

The course of nephropathy in the 2
former DCCT treatment groups has
mimicked that of retinopathy in the ini-
tial 4 years of EDIC (Table 2).20 The de-
velopment of microalbuminuria and al-
buminuria in those without these
nephropathic outcomes at DCCT close-
out were 53% and 86% reduced, re-
spectively. Moreover, at the fifth- and
sixth-year examination of 1298 EDIC
participants, the prevalence of micro-
albuminuria in those without it at
DCCT closeout remains less in the
former intensive treatment group than
conventional treatment group (4.5% vs
12.3% for a risk decrease of 67%;
P�.001). In subjects with either nor-
mal albuminuria or microalbumin-
uria at DCCT closeout, the risk reduc-
tion in subsequent development of
clinical albuminuria (�300 mg/d) in
the former intensive treatment group
was 84% (P�.001). Furthermore, us-
ing an aggregate end point of serum
creatinine (2.0 mg/dL [176.8 µmol/
L]), chronic dialysis therapy, or renal
transplantation, only 6 of the original
intensive treatment group vs 17 of the
original conventional group have
reached that outcome. Hypertension is
an almost invariable important conse-
quence of diabetic nephropathy. While
there was no treatment group differ-
ence in the prevalence of hyperten-
sion observed at the end of the DCCT
(12% in the conventional group vs 11%
in the intensive group), by 6 years in
EDIC the prevalence of hypertension
in the conventional group has become
significantly greater than in the inten-
sive group (33% vs 25%, P�.001).

Comment
The overall DCCT/EDIC results con-
sistently demonstrate that the delete-

Table 2. Incidence of Worsening of Retinopathy Between the End of the DCCT and
After 4 Years of the EDIC Study*

No. of
Patients

No. (%) of
Patients Who
Progressed

Adjusted Odds
Reduction, %

(95% CI)
P

Value

Retinal Change

3-Step progression from no retinopathy
Conventional therapy 109 18 (16)

66 (26-84) .006
Intensive therapy 173 11 (6)

Severe nonproliferative retinopathy or worse
Conventional therapy 556 53 (10)

76 (52-88) �.001
Intensive therapy 589 11 (2)

Proliferative retinopathy
Conventional therapy 564 48 (9)

74 (46-87) �.001
Intensive therapy 590 10 (2)

Clinically significant macular edema
Conventional therapy 564 45 (8)

77 (52-89) �.001
Intensive therapy 582 9 (2)

Laser therapy (focal or scatter)
Conventional therapy 544 35 (6)

77 (45-91) .002
Intensive therapy 575 6 (1)

Renal Change

Microalbuminuria†
Conventional therapy 573 63 (11)

53 (26-70) .002
Intensive therapy 601 31 (5)

Albuminuria‡
Conventional therapy 637 33 (5)

86 (60-95) �.001
Intensive therapy 639 4 (1)

*DCCT indicates Diabetes Control and Complications Trial; EDIC, Epidemiology of Diabetes Interventions and Com-
plications; and CI, confidence interval. Data from The DCCT/EDIC Research Group.20

†Albumin excretion rate (AER) was 40 to 299 mg/d in participants with AER of less than 40 mg/d at DCCT closeout
examination.

‡The AER was 300 mg/d or more in participants with AER of less than 300 mg/d at DCCT closeout examination.
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rious microvascular effects of hyper-
glycemia, as evidenced by retinopathy
and nephropathy, persist for a consid-
erable period after glucose levels have
decreased. Moreover, the benefits of in-
tensive therapy may persist beyond the
period of strictest intervention. Taken
together, the long-term benefits of
DCCT intensive therapy when com-
pared with conventional therapy have
persisted and increased further dur-
ing EDIC follow-up. The EDIC obser-
vations are also consistent with earlier
observations made during the DCCT
period of study. The entry level of HbA1c

at DCCT baseline was identified as a
risk factor for the subsequent develop-
ment of retinopathy during the DCCT.12

Moreover, although the mean HbA1c

levels of the 2 DCCT treatment groups
reached their maximum separation by
6 months postrandomization, it took 3
to 4 years of different treatment regi-
mens with separation of HbA1c levels by
2.0%, before the cumulative incidence
curves of retinopathy and nephropa-
thy in the intensive treatment and con-
ventional treatment groups began to di-
verge distinctly (Figure 1).9 In the case
of retinopathy, this delay may partly be
accounted for by the phenomenon of
early worsening that occurred during
the first 6 to 12 months of intensive
therapy in 13% of the DCCT pa-
tients.21 These findings indicate that hy-
perglycemia has long-term chronic ef-
fects on the underlying pathophysiolgy
of microvascular complications, not
acute effects. It takes time for improve-
ments in control to negate the long-
lasting effects of prior prolonged hy-
perglycemia, and once the biological
effects of prolonged improved control
are manifest, the benefits are long-
lasting.

What is the overall biological signifi-
cance of the continued beneficial effect
of DCCT intensive treatment during the
subsequent 6 years of EDIC? Assum-
ing that the predictive association of risk
of retinopathy with the preceding mean
HbA1c level over time (Figure 2) re-
flects a causal relationship, then the
total glycemic exposure of a diabetic pa-
tient will determine the degree of reti-

nopathy observed at any one time,12,22

and better than the most recent glyce-
mic exposure. Our observations sug-
gest a mechanism whereby damage
from hyperglycemia may compound it-
self over time (ie, that the absolute rate
of progression will be proportional at
any time to the amount of retinopathy
already present at that time). If so, the
difference in the degree of compound-
ing and the net retinopathic damage
produced in the groups previously
maintained for 6.5 years during the
DCCT at 2 very different HbA1c levels
would not be expected to dissipate
quickly after the glycemic exposure lev-
els came much closer together during
EDIC. If this interpretation is correct,
then the DCCT intensive treatment for
6.5 years will only delay the natural pro-
gression of microvascular complica-
tions associated with conventional
therapy and a mean HbA1c level of 9%.
The cumulative incidence of retino-
pathic and nephropathic events in the

2 former treatment groups will ulti-
mately begin to converge though never
completely equalize, if their mean HbA1c

levels remain similar. It is also pos-
sible that introduction of DCCT inten-
sive treatment early in the course of type
1 diabetes mellitus (average duration
of diabetes at DCCT baseline was 5.5
years [Table 1]) disrupted the patho-
genic process at a critical time. Specifi-
cally, maintenance of a mean HbA1c

level of 7.0% during the early years may
have disrupted the pathogenic pro-
cess for enough time to slow the rate
of progression indefinitely, compared
with that of individuals in whom a
greater momentum of microvascular
complications was maintained by a
mean HbA1c level of 9.0% over the same
DCCT time period. Clearly, further
long-term follow-up will be needed to
shed more light on the meaning of these
combined DCCT/EDIC observations.

In any case, these observations should
stimulate even greater efforts to under-

Figure 4. Estimated Cumulative Incidence of Progression of Retinopathy 3 Steps on the
ETDRS Scale From the Level at DCCT Closeout Over 7 Years of EDIC
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stand the pathogenesis of microvascu-
lar complications. There is no doubt
that hyperglycemia is critically in-
volved, but the exact mechanisms
remain uncertain. Numerous good can-
didate mechanisms have been un-
earthed.23 These include the forma-
tion of advanced glycation end products
(AGEs); increases in reactive oxygen
species; increased activation of pro-
tein kinase C with its multiple pos-
sible consequences; excess formation of
polyols, such as sorbitol; local excess
or deficiency of nitric oxide; overpro-
duction of various growth factors; and
interactions among all of these. It is still
unclear whether the same pathophysi-
ology underlies all the long-term com-
plications.

The DCCT provided some support
for a pathophysiologic mechanism in-
volving AGEs. In a DCCT ancillary
cross-sectional study, the risk of reti-
nopathy and nephropathy complica-
tions was associated with the level of
AGEs in skin collagen.24 The level of
AGEs was lower in participants who
had been assigned to intensive treat-
ment than in those assigned to conven-
tional treatment. Furthermore, the as-
sociation between complications and
AGEs was independent of HbA1c lev-
els and AGEs explained at least as much
of the variance in the risk of complica-
tions as did HbA1c levels.24 The spe-
cific AGEs measured, pentosidine and
carboxymethyllysine, have relatively
long half-lives and the collagen had al-
tered physicochemical properties.24

Structural and functional conse-
quences of AGEs that may underlie vari-
ous complications, and their persis-
tent or even compounding effects, could
explain how the damage produced by
a given degree of hyperglycemia might
outlast the presence of that degree of
hyperglycemia.

Regardless of the mechanism, the
combined DCCT/EDIC results pro-
vide a firm basis for clinical guidelines
in the treatment of type 1 diabetes melli-
tus. The greater benefit of intensive
treatment in patients of the primary pre-
vention cohort, with shorter duration
of disease and the potential to pre-

serve endogenous insulin secretion,
support early implementation and con-
tinuation of intensive therapy aimed at
maintaining near normal glycemia. The
persistent benefit afforded by inten-
sive treatment, even into a period of less
intensive treatment, should not be in-
terpreted to mean that intensive treat-
ment need only be given for a limited
period of time because, as noted above,
the effect may be only one of delay
rather than elimination of the risk of
complications.

The more time patients are exposed
to chronically elevated plasma glu-
cose levels, reflected in elevated HbA1c,
the greater their risk of microvascular
complications (Figure 2). Conversely,
the longer patients can maintain a tar-
get HbA1c level of 7.0% or less, which
is achievable with current methods, the
greater their protection from those com-
plications. However, using intensive
treatment regimens25 that are still cur-
rent led to a 3-fold increase in severe
hypoglycemic events9,26,27 and to ex-
cess weight gain in the DCCT.28 Clearly,
improvements in methods for achiev-
ing glycemic control are still needed.
In the interim, every effort must be
made to eliminate preventable severe
hypoglycemic episodes that result from
unsafe patient behavior and decisions,
and to avoid inordinate weight gain. Ir-
regular food intake, failure to check
blood glucose before planned or un-
planned vigorous exercise or before op-
erating a motor vehicle, and excess al-
cohol ingestion have been identified as
risk factors for hypoglycemia29 and se-
rious sequelae and must be scrupu-
lously avoided. Mealtime bolus doses
of rapid acting insulin must be based
on the preinjection blood glucose level
and the anticipated amount of carbo-
hydrate intake and upcoming exer-
cise. Thorough diabetes education and
its regular reinforcement should be pro-
vided by diabetes nurse and dietitian
educators. These professionals can ne-
gotiate individualized care plans with
patients, give them training in self-
management, and provide stimula-
tion, motivation, and positive reinforce-
ment for good self-care behavior, such

as frequent self blood glucose moni-
toring and regular eating habits. While
these measures can interfere with pa-
tients’ lifestyles, they are the current
price that must be paid to delay or re-
duce the risk of microvascular compli-
cations until truly physiologic insulin
delivery becomes available.

The Writing Team includes: Saul Genuth, MD, Di-
vision of Clinical and Molecular Endocrinology, Case
Western Reserve University School of Medicine, Cleve-
land, Ohio; Janie Lipps, RNC, MSN, study coordina-
tor, Vanderbilt University, Nashville, Tenn; Gayle
Lorenzi, RN, BSN, study coordinator, Department of
Medicine, Veterans Affairs Medical Center, Univer-
sity of California, San Diego; David M. Nathan, MD,
Diabetes Center, Massachusetts General Hospital, Har-
vard Medical School, Boston, Mass; Matthew D. Davis,
MD, Department of Ophthalmology and Visual Sci-
ences, University of Wisconsin–Madison; and John M.
Lachin, ScD, Patricia A. Cleary, MS, Biostatistics Cen-
ter, George Washington University, Rockville, Md.
Author Contributions: Study concept and design:
Genuth, Nathan, Lachin, Cleary.
Acquisition of data: Genuth, Lipps, Lorenzi, Nathan,
Lachin, Cleary.
Analysis and interpretation of data: Genuth, Nathan,
Davis, Lachin, Cleary.
Drafting of the manuscript: Genuth, Lachin.
Critical revision of the manuscript for important in-
tellectual content: Lipps, Lorenzi, Nathan, Davis,
Lachin, Cleary.
Statistical expertise: Lachin, Cleary.
Obtained funding: Genuth, Nathan, Cleary.
Administrative, technical, or material support: Lipps,
Lorenzi, Davis, Cleary.
Study supervision: Genuth, Nathan, Cleary.
Funding/Support: This work was supported under co-
operative agreements and a research contract with the
Division of Diabetes, Endocrinology, and Metabolic Dis-
eases of the National Institute of Diabetes and Diges-
tive and Kidney Diseases and by the National Heart,
Lung, and Blood Institute, the National Eye Institute,
the National Center for Research Resources, the Gen-
eral Research Center Program, and various corporate
sponsors (listed in Diabetes Care. 1987;10:17-18).

REFERENCES

1. White P. Diabetes in Childhood and Adoles-
cence. Philadelphia, Pa: Lea & Febiger; 1932;192-
193.
2. Nathan DM. Long-term complications of diabe-
tes mellitus. N Engl J Med. 1993;328:1676-1685.
3. Cahill GF Jr, Etzwiler DD, Freinkel N. Control and
diabetes [editorial]. N Engl J Med. 1976;294:1004-
1005.
4. Siperstein MD, Foster DW, Knowles HC Jr, et al.
Control of blood glucose and diabetic vascular dis-
ease [editorial]. N Engl J Med. 1977;296:1060-
1063.
5. Ingelfinger FJ. Debatees on diabetes. N Engl J Med.
1977;296:1228-1230.
6. Siperstein MD. Diabetic microangiopathy and the
control of blood glucose. N Engl J Med. 1983;309:
1577-1579.
7. Genuth SM. The case for blood glucose control.
Adv Intern Med. 1995;40:573-623.
8. The DCCT Research Group. The Diabetes Control
and Complications Trial (DCCT): design and meth-
odologic considerations for the feasibility phase. Dia-
betes. 1986;35:530-545.
9. The DCCT Research Group. The effect of inten-
sive treatment of diabetes on the development and

EFFECT OF THERAPY FOR TYPE 1 DIABETES MELLITUS

2568 JAMA, May 15, 2002—Vol 287, No. 19 (Reprinted) ©2002 American Medical Association. All rights reserved.



progression of long-term complications in insulin-
dependent diabetes mellitus. N Engl J Med. 1993;
329:977-986.
10. The DCCT Research Group. The effect of inten-
sive diabetes treatment on the progression of dia-
betic retinopathy in insulin-dependent diabetes melli-
tus. Arch Ophthalmol. 1995;113:36-51.
11. The DCCT Research Group. Progression of reti-
nopathy with intensive versus conventional treat-
ment in the Diabetes Control and Complications Trial.
Ophthalmology. 1995;102:647-661.
12. The DCCT Research Group. The relationship of
glycemic exposure (HbA1c) to the risk of develop-
ment and progression of retinopathy in the Diabetes
Control and Complications Trial. Diabetes. 1995;44:
968-983.
13. The DCCT Research Group. The absence of a gly-
cemic threshold for the development of long-term com-
plications: the perspective of the Diabetes Control and
Complications Trial. Diabetes. 1996;45:1289-1298.
14. The DCCT Research Group. Effect of intensive
therapy on the development and progression of dia-
betic nephropathy in the Diabetes Control and Com-
plications Trial. Kidney Int. 1995;47:1703-1720.
15. The DCCT Research Group. The effect of intensive
diabetes therapy on the development and progression
of neuropathy. Ann Intern Med. 1995;113:49-51.
16. The DCCT Research Group. Effect of intensive dia-

betes treatment on nerve conduction in the Diabetes
Control and Complications Trial. Ann Neurol. 1995;
38:869-880.
17. The DCCT Research Group. The effect of inten-
sive diabetes therapy on measures of autonomic ner-
vous system function in the Diabetes Control and Com-
plications Trial (DCCT). Diabetologia. 1998;41:416-
423.
18. The DCCT Research Group. Effect of intensive
therapy on residual �-cell function in patients with type
1 diabetes in the Diabetes Control and Complica-
tions Trial: a randomized, controlled trial. Ann Intern
Med. 1998;128:517-523.
19. EDIC Research Group. Epidemiology of Diabetes
Interventions and Complications (EDIC): design, imple-
mentation, and preliminary results of a long-term fol-
low-up of the Diabetes Control and Complications Trial
cohort. Diabetes Care. 2000;22:99-111.
20. The DCCT/EDIC Research Group. Retinopathy and
nephropathy in patients with type 1 diabetes four years
after a trial of intensive therapy. N Engl J Med. 2000;
342:381-389.
21. The DCCT Research Group. Early worsening of
diabetic retinopathy in the Diabetes Control and Com-
plications Trial. Arch Ophthalmol. 1998;116:874-
886.
22. Orchard RJ, Forrest K Y, Ellis D, Becker DJ. Cu-
mulative glycemic exposure and microvascular com-

plications in insulin-dependent diabetes mellitus. Arch
Intern Med. 1997;157:1851-1856.
23. King GL, Brownlee M. The cellular and molecu-
lar mechanisms of diabetic complications. Endocrinol
Metab Clin North Am. 1996;25:255-270.
24. Monnier VM, Bautista O, Kenny D, et al. Skin
collagen glycation, glycoxidation, and crosslinking
are lower in subjects with long-term intensive versus
conventional therapy of type 1 diabetes: relevance
of glycated collagen products versus HbA1c as mark-
ers of diabetic complications. Diabetes. 1999;48:
870-880.
25. The DCCT Research Group. Implementation of
treatment protocols in the Diabetes Control and Com-
plications Trial. Diabetes Care. 1995;18:361-376.
26. The DCCT Research Group. Adverse events and
their association with treatment regimens in the Dia-
betes Control and Complications Trial. Diabetes Care.
1995;18:1415-1427.
27. The DCCT Research Group. Hypoglycemia in the
Diabetes Control and Complications Trial. Diabetes.
1997;46:271-286.
28. The DCCT Research Group. Weight gain associ-
ated with intensive therapy in the Diabetes Control and
Complications Trial. Diabetes Care. 1988;11:567-573.
29. The DCCT Research Group. Epidemiology of se-
vere hypoglycemia in the Diabetes Control and Com-
plications Trial. Am J Med. 1991;90:450-459.

Books are not absolutely dead things, but do contain
a potency of life in them to be as active as that soul
was whose progency they are; nay they do preserve
as in a vial the purest efficacy and extraction of that
living intellect that bred them.

—John Milton (1608-1674)
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