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A BS TR AC T

Background

Long-standing concern about the effects of type 1 diabetes on cognitive ability has 
increased with the use of therapies designed to bring glucose levels close to the non-
diabetic range and the attendant increased risk of severe hypoglycemia. 

Methods

A total of 1144 patients with type 1 diabetes enrolled in the Diabetes Control and Com-
plications Trial (DCCT) and its follow-up Epidemiology of Diabetes Interventions and 
Complications (EDIC) study were examined on entry to the DCCT (at mean age 27 
years) and a mean of 18 years later with the same comprehensive battery of cogni-
tive tests. Glycated hemoglobin levels were measured and the frequency of severe hypo-
glycemic events leading to coma or seizures was recorded during the follow-up peri-
od. We assessed the effects of original DCCT treatment-group assignment, mean 
glycated hemoglobin values, and frequency of hypoglycemic events on measures of 
cognitive ability, with adjustment for age at baseline, sex, years of education, length 
of follow-up, visual acuity, self-reported sensory loss due to peripheral neuropathy, 
and (to control for the effects of practice) the number of cognitive tests taken in the 
interval since the start of the DCCT.

Results

Forty percent of the cohort reported having had at least one hypoglycemic coma or 
seizure. Neither frequency of severe hypoglycemia nor previous treatment-group as-
signment was associated with decline in any cognitive domain. Higher glycated hemo-
globin values were associated with moderate declines in motor speed (P = 0.001) and 
psychomotor efficiency (P<0.001), but no other cognitive domain was affected.

Conclusions

No evidence of substantial long-term declines in cognitive function was found in a 
large group of patients with type 1 diabetes who were carefully followed for an 
average of 18 years, despite relatively high rates of recurrent severe hypoglycemia. 
(ClinicalTrials.gov number, NCT00360893.)

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on December 2, 2008 . For personal use only. No other uses without permission. 



Long-Term Effect of Diabetes and Its Treatment on Cognitive Function

n engl j med 356;18  www.nejm.org  may 3, 2007 1843

Over time, improving glycemic con-
trol decreases the risk of microvascular, 
peripheral neuropathic, and macrovascu-

lar complications of type 1 diabetes.1-4 However, 
it is unclear whether type 1 diabetes and its treat-
ment have substantial effects on the structure and 
function of the central nervous system.5-8 The wide-
spread use of intensive therapies designed to achieve 
glycemic control near the nondiabetic range and 
the attendant increased risk of severe hypoglyce-
mia9 have elevated concern about the effects of hy-
poglycemia on the central nervous system.

The Diabetes Control and Complications Trial 
(DCCT) incorporated a comprehensive battery of 
cognitive tests to evaluate the effect of diabetes 
treatment and recurrent hypoglycemic events on 
cognitive ability. At an average of 6.5 years of fol-
low-up, no untoward effects were associated with 
either treatment type (conventional or intensive) 
or with the number of severe hypoglycemic epi-
sodes during the DCCT.5,10 However, the DCCT 
involved a short follow-up of adolescent and young 
adult patients (mean age, 27 years) who had had 
relatively few hypoglycemic events. Although these 
initial findings were promising, longer-term fol-
low-up was needed to determine whether the in-
crease by a factor of three in the frequency of 
severe hypoglycemia among patients receiving in-
tensive therapy during the DCCT adversely affected 
cognitive ability over time. Moreover, a longer-term 
study would allow for an investigation of the po-
tential effects on cognition of recurrent, severe 
hypoglycemia during the post-DCCT follow-up 
period; of persistent differences in glycemic con-
trol, as indicated by the glycated hemoglobin value; 
and of the increased age of the cohort members 
and the increased duration of their diabetes. 

To address these questions, we repeated the 
cognitive evaluation 12 years after the end of the 
DCCT as part of the follow-up Epidemiology of 
Diabetes Interventions and Complications (EDIC) 
study. Thus, the average total follow-up time was 
18 years. The longitudinal follow-up of this care-
fully characterized cohort with type 1 diabetes 
addressed three specific questions: Was assign-
ment to intensive versus conventional therapy dur-
ing the DCCT associated with differences in cogni-
tive decline over the 18-year follow-up period? Is 
a history of severe hypoglycemic events leading to 
coma and seizures associated with cognitive de-
cline? Is the level of long-term glycemic control, as 

measured by glycated hemoglobin values, associ-
ated with cognitive decline?

Me thods

patients

Between 1983 and 1989, a total of 1441 patients 
from 13 through 39 years of age with type 1 dia-
betes were enrolled in the DCCT. The DCCT study 
population consisted of two cohorts. Patients in the 
primary-prevention cohort had received a diagno-
sis of diabetes 1 to 5 years previously, had no reti-
nopathy, and had a urinary albumin excretion rate 
of less than 40 mg per 24 hours. The secondary-
intervention cohort consisted of patients who had 
had diabetes for 1 to 15 years, had nonprolifera-
tive retinopathy ranging from very mild to mod-
erate, and had a urinary albumin excretion rate of 
200 mg per 24 hours or less at baseline. 

A total of 711 patients were randomly assigned 
to intensive therapy. Intensive therapy consisted of 
three or more insulin injections daily or subcuta-
neous infusion of insulin with an external pump, 
guided by frequent self-monitoring of blood glu-
cose levels. The target preprandial blood glucose 
level was between 3.9 and 6.7 mmol per liter (70 
and 120 mg per deciliter), the target glycated he-
moglobin value (measured monthly) was within 
the nondiabetic range (<6.0%), and a goal of 
therapy was to prevent severe hypoglycemia. The 
remaining 730 patients were assigned to conven-
tional therapy. These patients received one or two 
insulin injections daily; there were no target blood 
glucose levels, and the therapeutic goal was free-
dom from symptoms of hyperglycemia and from 
frequent or severe hypoglycemia. 

During the 6.5-year DCCT follow-up, the me-
dian glycated hemoglobin values of the two treat-
ment groups were maintained at a separation of 
1.9 percentage points (7.1% in the intensive-treat-
ment group and 9.0% in the conventional-treat-
ment group). At the end of the DCCT, in 1993, in-
tensive therapy was recommended for all patients, 
since it had been shown to be highly effective in 
reducing long-term complications of diabetes.1 
Patients in the conventional-treatment group were 
given training in aspects of intensive therapy and 
were then returned to their own health care pro-
viders for diabetes care. In 1994, a total of 1375 
(96%) of the 1428 surviving members volunteered 
to participate in the EDIC observational follow-up 
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study.11 As previously reported, between-group dif-
ferences in the median glycated hemoglobin values 
narrowed during the 12 years of the EDIC fol-
low-up study to 0.2 percentage point (8.0% in the 
group that had previously received intensive treat-
ment vs. 8.2% in the group previously receiving 
conventional treatment, P = 0.03). In 2004, of the 
surviving eligible participants, 1144 (85%) were 
reevaluated with the cognitive-test battery.

Cognitive-Test Protocol

Cognitive testing, as originally described for the 
DCCT,5 was conducted at each site by personnel 
who were trained and certified by the DCCT/
EDIC Central Neuropsychological Coding Unit. 
The test protocol, which required 4 to 5 hours to 
complete, included the following widely used, well-
validated tests that were administered initially 
during the DCCT: five subtests (Similarities, Digit 
Span, Digit Symbol, Block Design, and Object As-
sembly) from the Wechsler Adult Intelligence 
Scale,12 four subtests (Category, Tactual Perfor-
mance, Trail Making, and Finger Tapping) from 
the Halstead–Reitan Neuropsychological Test Bat-
tery,13 the Logical Memory and Visual Reproduc-
tion subtests from the Wechsler Memory Scale,14 
the Digit Vigilance Test,15 the Grooved Pegboard 
Test,16 the Verbal Fluency Test,17 the Four-Word 
Short-Term Memory Test,18 the Symbol-Digit Learn-
ing Test,19 and the Embedded Figures Test.19 The 
tests were administered in a fixed order. Capillary 
blood glucose levels were routinely monitored im-
mediately before the testing and at its midpoint 
to rule out the presence of hypoglycemia during 
testing. If a patient was found to have a blood glu-
cose level at or below 3.9 mmol per liter (70 mg 
per deciliter), testing was stopped, the patient was 
given a snack, and after a wait of at least 15 min-
utes, testing was resumed when the reading re-
turned to at least 5.0 mmol per liter (90 mg per 
deciliter).

The tests were scored by technicians at the Cen-
tral Neuropsychological Coding Unit who were 
unaware of treatment assignment and other bio-
medical variables. The results were sent to the Data 
Coordinating Center, where the data were entered, 
verified, and edited for out-of-range values and 
other errors.

The compliance and performance of the pa-
tients during the testing session were rated sys-
tematically by the personnel administering the 
cognitive assessment. Information obtained from 

the patients was rated as “mostly accurate” to 
“completely accurate” for 97% of the patients. The 
testing staff also reported that 99% of the pa-
tients were “somewhat willing” to “very willing” 
to try their best throughout the testing session 
and that 94% of the patients had a “clear under-
standing” of the test instructions.

Cognitive Domains

During the DCCT, 24 test variables had been cho-
sen a priori to be of particular diagnostic value 
when applied to patients with type 1 diabetes. For 
each of these 24 test variables, a standardized  
z score was calculated, with the mean and stan-
dard deviation from the baseline assessment of 
the DCCT cohort used as references.5 These stan-
dardized scores provided a unit-free measurement 
of the relative improvement (positive sign) or de-
terioration (negative sign) in performance as com-
pared with the total group at baseline. To reduce 
the number of comparisons, the 24 standardized 
scores were grouped into eight cognitive domains 
consistent with standard neuropsychological as-
sessment strategies.20 For each domain, the sim-
ple average of the standardized scores was used 
to represent the change from baseline, with equal 
weight assigned to each test.

Biomedical Evaluations 

During the EDIC study, each patient underwent an 
annual examination that involved history taking, 
physical examination, an electrocardiogram, and 
laboratory tests, including tests for serum creati-
nine and glycated hemoglobin levels; the exami-
nation was conducted by the same methods used 
during the DCCT.21 As part of the history, the pa-
tients reported the presence of sensory symptoms 
of peripheral neuropathy. At entry to the DCCT, po-
tential subjects were excluded if they had symp-
tomatic sensory neuropathy. Data from the year 
in which cognitive testing was performed were 
used to characterize the level of symptomatic neu-
ropathy at the time of the reevaluation. A criteri-
on for inclusion in the DCCT was a best corrected 
visual acuity of 20/25 or better for the primary-
prevention cohort and 20/32 or better for the sec-
ondary-intervention cohort. Best corrected visual 
acuity was measured at 4-year intervals during the 
EDIC study. The results of the visual acuity ex-
amination closest to the date of cognitive reeval-
uation were used to characterize the level of visual 
acuity at the time of cognitive reevaluation. Fast-
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ing lipid profiles were determined and 4-hour urine 
collections for measurement of albumin excretion 
and creatinine clearance rates were performed in 
alternate years during the EDIC study.11 Hyperten-
sion was defined as a systolic blood pressure of at 
least 140 mm Hg, a diastolic blood pressure of at 
least 90 mm Hg, previously documented hyperten-
sion, or the use of antihypertensive agents. Hyper-
cholesterolemia was defined as a serum level of 
low-density lipoprotein (LDL) cholesterol of at least 
130 mg per deciliter (3.4 mmol per liter) or the use 
of lipid-lowering agents. Renal insufficiency was 
defined as a centrally measured serum creatinine 
level of at least 2.0 mg per deciliter (177 μmol per 
liter), treatment with dialysis, or renal transplan-
tation.

Glycated hemoglobin values were measured in 
a central laboratory by high-performance liquid 
chromatography21 quarterly during the DCCT and 
annually during the EDIC study. The time-weight-
ed mean glycated hemoglobin value during the 
period of the DCCT and the 12 years of the EDIC 
study was computed, with each DCCT value 
weighted by one quarter of a year and each EDIC 
study value weighted by 1 year.

Psychiatric symptoms

Psychiatric symptoms were assessed with the 
Symptom Checklist-90-Revised, which was admin-
istered annually during the DCCT and once dur-
ing the EDIC study in the same year that the cog-
nitive testing was performed.22,23 For this report, 
the depression scale was used to assess the effects 
of mood state on cognitive function.

Definition of Severe Hypoglycemia

During the DCCT, severe hypoglycemia was de-
fined as any event, including seizure or coma, 
that required the assistance of another person and 
in which the blood glucose level was less than 
2.8 mmol per liter (50 mg per deciliter) or the 
symptoms were subsequently reversed by oral car-
bohydrate, injected glucagon, or intravenous glu-
cose.1 At quarterly visits, study coordinators asked 
about the occurrence of hypoglycemia since the 
last visit, and all such events were reported to the 
Data Coordinating Center as soon as possible af-
ter their occurrence. Twenty-seven percent of se-
vere hypoglycemic episodes involved coma or sei-
zure.9 During the EDIC study, severe hypoglycemic 
events that occurred in the 3 months before the 
annual visit were documented on the annual his-

tory form, and further details surrounding these 
events were recorded. For the purposes of this ar-
ticle, severe hypoglycemic events are limited to 
those leading to coma, seizure, or both.

Statistical Analysis

Demographic and clinical characteristics were com-
pared with the use of the Wilcoxon rank-sum test 
to evaluate the differences between the treatment 
groups in ordinal and numeric variables.24 The 
contingency chi-square test was used for categor-
ical variables; when the sample size was small, 
Fisher’s exact test was used.24

Separate analysis-of-covariance models were 
used to assess the effects of treatment group (in-
tensive vs. conventional), mean glycated hemoglo-
bin values stratified according to thirds (<7.4%, 
7.4 to 8.8%, or >8.8%), and frequency of severe 
hypoglycemia (zero, one to five, or more than five 
reported events) on the standardized quantitative 
score for each of the eight cognitive domains. Each 
model was adjusted for age at baseline, sex, years 
of education, length of follow-up, visual acuity, 
self-reported sensory loss due to peripheral neu-
ropathy, and (to control for the effects of practice) 
the number of cognitive tests taken during the 
interval since the start of the DCCT. The results 
are presented as the average increase or decrease 
in the standardized score from the DCCT baseline 
within or between groups or the change per unit 
in a quantitative covariate. Nominally significant 
results (P<0.01) are reported.

R esult s

Table 1 presents the characteristics of the cohort 
at baseline and at the 18-year follow-up. There were 
no statistically significant differences between the 
two treatment groups at baseline. At EDIC study 
year 12, the age of the patients ranged from 29 to 
62 years, with a mean (±SD) of 45.7±6.8 years. The 
only statistically significant difference between 
the treatment groups was in the percentage of 
patients with retinopathy (89% in the intensive-
treatment group and 97% in the conventional-
treatment group, P<0.001), reflecting the effects 
of previous DCCT interventions. By year 12 of the 
EDIC study, 3 patients (1 in the intensive-treatment 
group and 2 in the conventional-treatment group) 
had a history of stroke, a decrease in vision had 
occurred in 5 patients (1 in the intensive-treatment 
group and 4 in the conventional-treatment group) 
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Table 1. Characteristics of the Patients.*

Characteristic At Entry into DCCT (1983–1989) At Year 12 of EDIC Study (2005)

Intensive Treatment
(N = 588)

Conventional Treatment 
(N = 556)

Intensive Treatment 
(N = 588)

Conventional Treatment 
(N = 556)

Female sex (%) 49 45 49 45

White race (%)† 97 96 97 96

Mean age (yr) 27±7 27±7 46±7 45±7

Adult (%)‡ 89 88 100 100

College graduate (%) 30 27 39 37

Marital status (%)

Never married 43 44 10 10

Married 50 52 74 74

Formerly married 7 4 16 16

Occupation (%)

Professional or technical 32 33 53 51

Unemployed or retired 1 <1 6 7

Retinopathy (%) 52 50 89 97§

Duration of diabetes (yr) 6±4 6±4 24±5 24±5

Glycated hemoglobin (%)¶ 9.0±1.6 9.0±1.6 7.8±1.2 7.6±1.2

Visual acuity ≥20/40 (%)‖ 0 0 4 5

Peripheral neuropathy (%)** 9 14 30 30

Blood pressure (mm Hg)

Systolic 113±12 115±12 121±14 120±14

Diastolic 72±9 73±9 74±9 74±9

Treated hypertension (%) ND ND 40 40

Lipids (mg/dl)††

Total cholesterol 177±33 174±33 182±34 177±34

LDL cholesterol 110±29 108±29 109±29 106±28

Lipid-lowering medication (%) ND ND 45 43

Current cigarette smoker (%) 23 22 14 12

Symptom Checklist-90-Revised 
Depression score‡‡

51±10 51±10 49±12 49±11

Verbal IQ§§ 112±11 112±10 ND ND

Full-scale IQ§§ 114±10 114±10 ND ND

*	 Plus–minus values are means ±SD. ND denotes no data, and LDL low-density lipoprotein.
†	 Race was self-assigned. “White” denotes white, non-Hispanic.
‡	 Adults are defined as persons 18 years of age or older.
§	 P<0.01 by the Wilcoxon rank-sum test or the chi-square test comparing conventional and intensive treatment.
¶	 The DCCT baseline value is the eligibility value.
‖	 Visual acuity was measured with a Snellen chart. At baseline in the DCCT, all patients had visual acuity of 20/32 or better. In the EDIC 

study, visual acuity of 20/40 or worse in at least one eye was recorded in 44 patients.
**	The DCCT baseline definition of peripheral neuropathy is pain or numbness in the hands only, taken from the Neurological History and 

Examination form. The EDIC study definition is pain or numbness in the hands or feet, taken from the Annual Medical History and 
Examination form.

††	To convert values for cholesterol to millimoles per liter, multiply by 0.02586.
‡‡	Scores range from 30 to 80, with higher scores indicating worse performance.
§§	 The normative mean IQ score is 100±15.
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