Effects of Diabetes on Learning in Children
Ann Marie McCarthy, PhD, RN, PNP*; Scott Lindgren, PhD‡; Michelle A. Mengeling, MS§;
Eva Tsalikian MD储; and Janet C. Engvall, MSN, RN*
ABSTRACT. Objective. Subtle
neuropsychological
deficits have been found in some children with type 1
diabetes. However, these data have been inconsistent,
and it is not clear what the impact of these deficits might
be on the learning of children with diabetes over time.
The purpose of this study was to determine whether type
1 diabetes significantly interferes with the development
of functional academic skills. It was hypothesized that 1)
children with type 1 diabetes would demonstrate deficits
in academic performance and behavior when compared
with sibling or classmate control subjects and 2) that
academic performance in children with type 1 diabetes
would decline slightly but significantly over time
whereas the performance of siblings or classmates would
not.
Methods. Three groups of children from 5 pediatric
diabetes clinics in a primarily rural Midwestern state
participated in this study: children with type 1 diabetes
(n ⴝ 244), a sibling control group (n ⴝ 110), and an
anonymous matched classmate control group (n ⴝ 209).
The mean age of the children with diabetes was 14.8
years (standard deviation: 3.2) and of the siblings was
14.6 years (3.2); the mean grades were 8.1 (2.9) for the
children with diabetes and 7.9 (3.1) for the siblings. The
Hollingshead 2-factor index revealed that the children
were from primarily middle- to upper-middle-class families. The mean age of onset of diabetes for the children
with diabetes was 8.3 years (3.7) with a mean disease
duration of 7.1 years (3.9). Because the matched classmate
data were obtained anonymously, demographic information was not available on this group. Academic achievement was measured using both standardized tests and
data on classroom performance. The standardized test
data included scores from the Iowa Tests of Basic Skills
(ITBS) for grades 3 through 8 and the Iowa Tests of
Educational Development (ITED) for grades 9 through
12. Scores in 3 broad academic areas that are obtained on
children of all ages were examined: math, reading, and
core total (a composite score of reading, language, and
math). ITBS/ITED data were obtained on all participants.
School data including the number of days absent, school
years repeated, and grade point averages for math and
reading were obtained on the children with diabetes and
their siblings. A short, 50-item screening scale (PBS-50d),
adapted from the longer 165 item Pediatric Behavior
Scale (PBS), was completed by the parents to obtain
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information on the behavioral characteristics of the children with diabetes and their siblings. Diabetes variables
measured included metabolic control (HbA1c), age at
onset, and disease duration. This study looked at both
the current academic performance of children with diabetes and their performance over time in relation to 2
control groups: siblings and matched classmates. A crosssectional approach was used to evaluate current performance. Statistical differences between groups were evaluated using matched t tests or McNemar’s test for
differences between related samples as appropriate. Differences across time were evaluated using hierarchical
linear modeling. Comparisons of ITBS/ITED test scores
across grades used national percentile ranks that were
converted to standard scores (SS) with a mean of 100 and
a standard deviation of 15. Students in this study performed above the national average, which is typical of
students in the state where this study was conducted.
Data from participating clinics were compared, and no
differences in current achievement scores, grade point
averages, or socioeconomic status were noted for either
children with diabetes or their siblings. Therefore, all
subsequent analyses used data combined from all sites.
Results. Current academic performance on the ITBS/
ITED did not show lower performance by children with
diabetes compared with either control group; in fact,
children with diabetes performed better than their siblings on math (mean SS: 115.0 vs 111.1) and core total
scores (mean SS: 113.9 vs 110.5) and better than their
matched classmates on reading (mean SS: 108.9 vs 106.8).
When subgroup comparisons based on diabetes metabolic control were made among children with diabetes,
poorer academic performance tended to occur in children
with poorer diabetic control. However, this pattern was
also noted in sibling scores when the siblings were
grouped on the basis of the level of diabetic control of
their brother or sister with diabetes. Children with diabetes had significantly more school absences (Mean ⴝ 7.3
per year) than their siblings (M ⴝ 5.3) and more behavioral problems. Behaviorally, the 2 groups did not differ
on the 4 general factors of Aggression/Opposition, Hyperactivity/Inattention, Depression/Anxiety, and Physical Complaints. However, children with diabetes did differ significantly from their siblings on items that
reflected compliance, mood variability, and fatigue, but
not learning. These were 4 areas included in the PBS-50d
to reflect potential concerns for children with diabetes.
Academic achievement growth curves for the ITBS/ITED
for each group revealed no statistically significant differences between groups when tested using hierarchical
linear modeling. Individual differences in the growth
trajectories were too small and inconsistent to be detected.
Conclusions. For most children, type 1 diabetes is not
associated with lower academic performance compared
with either siblings or classmates, although increased
behavioral concerns are reported by parents. The results
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of this study suggest that the subtle cognitive deficits
often documented in children with type 1 diabetes may
not significantly limit the functional academic abilities
of these children over time. However, careful monitoring
is still needed to ensure that episodes of hypoglycemia
associated with seizures are not adversely affecting
learning. Pediatrics 2002;109(1). URL: http://www.
pediatrics.org/cgi/content/full/109/1/e9; type 1 diabetes,
academic achievement, children.
ABBREVIATIONS. SES, socioeconomic status; ITBS, Iowa Tests of
Basic Skills; ITED, Iowa Tests of Educational Development; GPA,
grade point average; HbA1c, glycosylated hemoglobin; HLM, hierarchical linear modeling; PR, percentile rank.

T

ype 1 diabetes occurs in approximately 1 in 800
children,1 and there is evidence that the incidence of type 1 diabetes is increasing worldwide.2 Children with type 1 diabetes must deal with
a complicated routine of daily insulin injections
along with monitoring blood glucose levels, dietary
intake, and exercise. All of this must be conducted
while the child still lives a “normal” life. Chronic,
extreme fluctuations in blood sugar levels and the
psychosocial effects of a chronic disease have been
associated with deficits in academic performance.
For children with diabetes, life will not be normal if
their learning and school performance are compromised by cognitive deficits resulting from their disease. Therefore, it is crucial that the impact of diabetes on learning in children be determined.
Early studies of the cognitive abilities of children
with type 1 diabetes focused on the children’s general intellectual abilities. Although the results of
these early studies were somewhat contradictory,
probably as a result of sampling biases,3,4 subsequent
studies reported that children with diabetes typically
perform in the normal range on standardized intelligence tests.5 In a recent study by Northam et al,6
overall IQ of children with diabetes at the time of
diagnosis was the same as a control group of well
children matched on socioeconomic status (SES) and
age. At 2 years postdiagnosis, children with diabetes,
particularly children with early disease onset,
showed less positive changes than the control group.
It is now generally thought that as a group, children
with diabetes function within the same range of intelligence as the general population, but more subtle
cognitive deficits may be present.5,7–10 Also, children
with the onset of diabetes early in life, before 5 to 7
years of age, have been found in some cases to perform lower on overall intelligence.3,7,10
A number of studies have reported differences
between groups of children with diabetes and other
groups on specific neuropsychological tests. Difficulties have been reported with verbal intelligence,9
slow work rate,9 memory skills,5,7 timed motor
tasks,10 visuospatial abilities,6,10 –12 abstract/visual
reasoning,13 speed of processing,6 and attention.5,14
However, these results have been contradictory;
some studies have identified verbal and memory
difficulties, whereas others have failed to find verbal
difficulties and have instead identified visuospatial
deficits. Neuropsychological deficits have been asso2 of 10

ciated with a number of risk factors, most commonly
onset of type 1 diabetes before the age of 75,7,10,11,15
and psychosocial factors such as increased school
absences.12,16 Ryan17 noted that children with earlyonset diabetes tend to have spatial difficulties,
whereas children with later onset have difficulties
with verbal abilities, school achievement, and psychomotor skills. These differences in neuropsychological symptoms may be related to age and associated risk factors, such as hypoglycemic episodes in
children with early disease onset and hyperglycemia
and social burden for children with later onset of
diabetes.
The impact of these contradictory neuropsychological findings on the overall academic functioning
of children with diabetes has resulted in inconsistent
conclusions. An early study that examined academic
achievement, as well as intelligence, in children with
type 1 diabetes and their siblings18 reported that the
2 groups were similar in both areas. More recent
studies have questioned that finding, suggesting that
children with diabetes are at risk for academic difficulties. Children with diabetes have been found to
score lower on a national achievement test than several small comparison groups of children with other
chronic diseases.19 Reading difficulties have been
noted in children with diabetes,20 with more reading
problems occurring in children who were younger at
the time of disease onset compared with children
who had later onset of the disease.7,10,21 Whereas
these studies evaluated word recognition or teacher
report of reading, Hagen et al5 found that children
with late-onset diabetes performed significantly below the age-matched, nondiabetic children in their
control group on reading comprehension. In studies
of academic achievement that have assessed arithmetic abilities, there have been mixed results, with
some finding no significant difficulties in arithmetic5,10 and others reporting slightly but significantly lower arithmetic abilities in children with diabetes compared with control children.12 Gender
differences have been noted within groups of children with diabetes, with some reporting boys with
diabetes performing significantly lower on measures
of attention and learning than girls with diabetes,21
whereas other studies have found no gender differences.10
Kovacs et al,22,23 in a longitudinal study of cognitive and academic abilities in children with type 1
diabetes, reported that at the time of diagnosis, the
children performed within the average range in cognitive abilities and school grades but that over time,
vocabulary and grades tended to decline while nonverbal performance tended to improve. It is interesting that a control group of children who were referred for psychological evaluation showed similar
patterns of change in their verbal and nonverbal
skills but not in their school grades. Kovacs et al
hypothesized that these findings resulted from deficits in short-term memory associated with episodes
of moderate hypoglycemia not reflected in HbA1c
levels23 or from the “psychosocial burden” of type 1
diabetes.22 Other researchers have noted psychosocial concerns in children with diabetes. Holmes et
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al24 reported that children with diabetes have
slightly higher scores than children without diabetes
matched on grade, race, and gender on a behavior
rating scale, although both groups were in the normal range and the between-group differences were
no more than 2 to 3 T-score points, approximately 1⁄4
standard deviation. Grey et al25 found that children
with diabetes were depressed, dependent, and withdrawn at the time of diagnosis; were within the
normal range 1 year postdiagnosis; but again
showed some depressive symptoms 2 years after
diagnosis. Northam et al26 also reported that children with diabetes were mildly distressed at the time
of diagnosis but that this had resolved by 1 year
postdiagnosis.
In summary, there is substantive evidence to suggest that although children with type 1 diabetes perform in the average range as a group on tests of
general intelligence, they may show mild cognitive
and academic difficulties, particularly in reading. Although subtle neuropsychological deficits have been
found in some children with type 1 diabetes, these
data have been inconsistent, and it is not yet clear
what the impact of these deficits might be on the
learning of children with diabetes over time. Unfortunately, previous studies of learning deficits in children with diabetes have often used small, selective
clinical samples, cross-sectional designs, and incompletely matched control groups, which have contributed to the markedly inconsistent results.
The purpose of this study was to determine
whether type 1 diabetes significantly interferes with
the development of functional academic skills. A
large, representative sample of children with type 1
diabetes was compared with 2 control groups: siblings and classmates. The specific hypotheses tested
were 1) that children with type 1 diabetes demonstrate deficits in academic performance and behavior
when compared with sibling or classmate control
subjects and 2) that academic performance in children with type 1 diabetes declines slightly but significantly over time when compared with sibling or
classmate control subjects, as the physiologic effects
and psychological burden of this chronic disease influence long-term achievement.

groups of children were studied: children with type 1 diabetes
(n ⫽ 244), a control group of siblings of the children with diabetes
(n ⫽ 110), and a control group of classmates matched with the
children with diabetes (n ⫽ 209).

Children With Type 1 Diabetes
Children in the type 1 diabetes group had diabetes for at least
1 year, were typically treated with conventional therapy of 2 shots
per day, were ages 8 to 18 years at the time of the first data point,
had taken the Iowa Tests of Basic Skills (ITBS) and the Iowa Tests
of Educational Development (ITED) in the past 2 years, and had
no other chronic health conditions.

Sibling Control Group
For each child with diabetes, efforts were made to identify a
sibling without diabetes, within 4 years of age of the child with
diabetes, who had also taken the ITBS/ITED. As expected, not all
of the 244 children with diabetes had siblings who fit the inclusion
criteria. The use of sibling control subjects allowed for some
control of genetic factors and home environment.

Matched Classmate Control Group
Where possible, an anonymous matched classmate was identified for each child with diabetes using data from the first year that
the child with diabetes took the ITBS. Classmates were matched
on gender, age, and similarity in ITBS scores at that time as well as
being from the same grade and school as the child with diabetes.
Of the children who had a matched classmate, 78% were matched
in grade 3 and all but 5 of the remaining children were matched in
grades 4 through 6. At the time of matching, 60% of the children
with diabetes had already been diagnosed with diabetes. There
were no significant differences in achievement between the 60% of
children whose diabetes was diagnosed before matching and the
40% whose diabetes was diagnosed after matching. Reasons for
not being able to identify a matched classmate for a child with
diabetes included children from a neighboring state who took
tests other than the ITBS/ITED and children who did not take any
standardized tests. The only data available on the matched classmates group were standardized achievement data from the ITBS
or ITED. The use of classmate control subjects allowed for control
of school curriculum and community environment.
The total group of children with diabetes (n ⫽ 244), the children
with diabetes who had no siblings in the study (n ⫽ 134), the
children with diabetes with a sibling (n ⫽ 110), and the sibling
control group (n ⫽ 110) were compared on age, current grade, and
SES (see Table 1). These groups were similar in all areas. Both the
children with diabetes group and the sibling group were 53% boys
and 47% girls. The mean ages of the subgroups ranged from 14.6
(standard deviation: 3.2) to 14.9 (3.5) years, and the mean grades
were 7.9 (3.1) to 8.1 (2.9). The Hollingshead 2-factor index revealed
that all groups were from primarily middle- to upper-middle-class
families.27 The mean age of onset of diabetes for the total group of
children with type 1 diabetes was 8.3 years (3.7) with a mean
disease duration of 7.1 years (3.9). Because the matched classmate
data were obtained anonymously, demographic information was
not available on this group.

METHODS
Setting and Study Groups

Measures

Five pediatric/pediatric endocrinology/diabetes clinics in a
primarily rural Midwestern state participated in this study. Three

Data were obtained on academic performance, behavioral adjustment, and, for the children with diabetes, disease-related vari-

TABLE 1.

Descriptive Information
All Children
With Diabetes
(n ⫽ 244)

Age
Grade
SES*
Onset age
Duration

Children With
Diabetes Without
Sibling (n ⫽ 134)

Children With
Diabetes With a
Sibling (n ⫽ 110)

Siblings
(n ⫽ 110)

Mean

Standard
Deviation

Mean

Standard
Deviation

Mean

Standard
Deviation

Mean

Standard
Deviation

14.8
8.1
2.6
8.3
7.1

3.2
2.9
0.9
3.7
3.9

14.9
8.2
2.6
8.4
7.1

3.5
3.1
0.9
4.0
4.0

14.7
8.0
2.5
8.3
7.1

2.7
2.6
0.8
3.4
3.8

14.6
7.9
2.5
NA
NA

3.2
3.1
0.8
NA
NA

* Hollingshead 2 Factor Index. NA indicates not applicable.
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ables. Data on school performance and diabetes variables were
obtained from school and medical records. This information was
supplemented with a brief demographic questionnaire and a standardized instrument for assessing behavioral concerns in children
with chronic health conditions.

Demographic Questionnaire
The demographic questionnaire was completed by a parent to
provide basic information about the child with diabetes and any
sibling control subjects. This included information on academic
and medical history as well as SES. Academic information included a history of grade retention, educational testing, and use of
special educational services. Medical history included age at onset
of diabetes and number of hospitalizations. Social history included parents’ education and occupation. Obtaining information
from both the child’s record and the parental history provided
verification of information.

Academic Achievement
The primary measures of academic achievement were the objective, standardized achievement test batteries, the ITBS,28 designed for children in grades K to 8, and the ITED,29 administered
to high school students. The ITBS/ITED are test batteries that
consist of up to 13 tests in several subject areas that have been
standardized with the same normative group of students at each
grade. All questions are multiple-choice with 4 or 5 response
options. These tests take up to 6 hours to complete and are
administered in schools to classes of students over several days.
They provide objective, norm-referenced information about the
development of the skills that are the foundation of learning.
Norms allow student achievement levels to be compared with a
nationally representative student group.30 These batteries are nationally recognized as valid and reliable measures of academic
achievement.
For the purposes of this study, not all ITBS/ITED test results
were used. The tests that were used were chosen because they
allowed comparison of children across a wide age range. The
scores in 3 broad academic subject areas that are obtained on
children of all ages were examined: math, reading, and core total
(a composite score of reading, language, and math). For the tests
being used in this study, coefficient alphas range from 0.80 to
0.98.30
Parents were asked to provide permission to obtain school
records on the children with diabetes and their siblings. These
records provided access to ITBS/ITED scores, along with number
of days absent, grade point averages (GPAs) from report cards,
grades repeated, previous educational testing, individualized educational programs, and use of special services such as the resource room. Grades from report cards were converted to a common scale ranging from 0 to 4, with 0 equal to very poor, or F,
grades and 4 equal to excellent, or A, grades.

Behavioral/Emotional Adjustment
The behavioral and emotional adjustment of the children with
diabetes and their siblings was assessed through a standardized
behavior rating scale. A short, 50-item screening scale (PBS-50d),
adapted from the complete Pediatric Behavior Scale (PBS),31 was
used to obtain information on the behavioral characteristics of the
children with diabetes and their siblings. The PBS, consisting of
165 items, is a rating scale completed by parents and developed
specifically to evaluate behavior problems in children with health
problems. Each item is scored on a 0- to 3-point scale, with 0
indicating no problems and 3 indicating that a behavior is very
often or very much a problem. The PBS-50d includes 30 items that
cover 4 major areas of behavioral/emotional adjustment: Aggression/Opposition, Hyperactivity/Inattention, Depression/Anxiety, and Physical Complaints. Internal consistency coefficients for
the four general factors are 0.83, 0.87, 0.80, and 0.73, respectively.
Twenty additional items from the complete PBS that assess problems common in children with diabetes were added to the 30
general items. These additional items assessed 4 areas: mood
variability, fatigue, compliance, and learning.

Diabetes Variables
For children with diabetes, age at onset of diabetes and diabetic
control as measured by glycosylated hemoglobin (HbA1c) were
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obtained from medical records and the parent questionnaire.
HbA1c reflects the average blood glucose level over the preceding
2 to 3 months. In the nondiabetes population, the typical HbA1c
level is between 4.5% and 6.0%. In children with diabetes, lower
percentages, those close to the nondiabetic range, indicate good
metabolic control. Poorer metabolic control is reflected in higher
percentages of HbA1c.32 HbA1c levels are typically obtained on
children during routine clinic visits, every 3 to 4 months. All
HbA1c’s recorded in the medical record were noted, and a mean
HbA1c was calculated for each academic year for each child.
In summary, ITBS/ITED data were obtained on the children
with diabetes and their siblings and matched classmates. School
data, including days absent, grades repeated, GPAs, special educational programming, and behavioral data, were obtained on the
children with diabetes and their siblings. Diabetes data, HbA1c
and age at onset, were obtained on the children with diabetes.

Procedures
After approval from the Institutional Review Board was obtained, the following procedures were followed. Procedures used
in this study required a minimal amount of time from the families
to maximize the number of children included in the study.

Primary Site
At the primary site, a designated clinic doctor or nurse asked
families during a routine visit whether they would be interested in
participating in this study. When a family was interested, the
research nurse provided the family with information on the study
and obtained written consent from a parent and assent from the
child. Parents were asked to complete, for both the child with
diabetes and a sibling, the brief Parent Questionnaire, a PBS-50d,
and permission to obtain the children’s school records, including
ITBS/ITED results. For the child with diabetes, parents also signed
permission to obtain the child’s medical record, including a listing
of HbA1c levels. The entire process took parents approximately 15
to 30 minutes. At the primary site where a research nurse was
present in the clinic to enroll participants, 164 of 213 potential
participants enrolled, resulting in a participation rate of 77%.

Collaborating Sites
At each of the other 4 sites, a list of all potential participants
was obtained. Packets with the research information, forms, and a
stamped return envelope were mailed to families. A reminder was
sent approximately 3 weeks later. At the distant sites, where
enrollment was conducted through mailed packets of information,
the participation rate was 41%, with 80 of 195 potential participants enrolling.

Data Analysis
This study looked at both the current performance of children
with diabetes and their performance over time in relation to 2
control groups: matched siblings and matched classmates. All
available records were collected for each child and their matched
sibling and matched classmate from school records and from Iowa
Testing Programs records for grades 3 through 12. A cross-sectional approach was used to evaluate current performance. Statistical differences between groups were evaluated using matched t
tests or McNemar’s test for differences between related samples33
as appropriate. Differences across time used longitudinal growth
analysis. Growth curve characteristics were evaluated using hierarchical linear modeling (HLM).34,35 This method provides an
opportunity for controlled and uniform measurement of the exposure history of diabetes and achievement. It also provides information on individual patterns of change.36
Differences in achievement were analyzed using GPAs and
ITBS/ITED standardized scores. For the ITBS/ITED scores, national percentile ranks (PRs) were transformed to a standard score
with a mean of 100 and a standard deviation of 15. Students in this
Midwestern state tend to score above the national average. The
median national PR for this state equates to a standard score of 106
across grades 3 to 11 when transformed to a standard score.37
Data from the primary site were compared with data from the
distant sites. There were no differences in current achievement
scores, letter grades, or SES between groups at these sites for either
children with diabetes or their siblings. Therefore, all subsequent
analysis used data combined from all sites.
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RESULTS
Hypothesis 1: Children With Type 1 Diabetes Will
Demonstrate Deficits in Academic Performance and
Behavior When Compared With Siblings or Classmate
Control Subjects

First, current performance on the ITBS/ITED of
children with diabetes who had a sibling in the study
(n ⫽ 110) was compared with the current performance of their matched sibling (see Table 2). Comparisons were made between the total group of children with diabetes and their siblings and between
subgroups of children with diabetes, based on age at
onset, and their siblings. The age at onset dichotomy
was defined as early-onset children with diabetes
who presented before the age of 5 years and lateonset children who presented with diabetes at or
after 5 years of age. The average age of onset for
children in the early-onset group was 3.2 years (1.3)
of age, in the late-onset group was 9.7 (2.9), and in
the combined group was 8.0 (2.6). The mean grade
for current testing of all children with diabetes, both
early- and late-onset, was 8.1 (2.9), and the mean
grade for their siblings was 7.9 (3.1). The mean current grade for children in the early-onset group was
7.1 (3.1) and for children in the late-onset group was
8.4 (2.7). It is interesting that the significant differences between all children with diabetes and their
siblings were that the children with diabetes performed better in math and core total than their siblings. This same pattern was also noted for children
with late-onset diabetes. Children with diabetes in
the early-onset group performed slightly below children with late-onset in all areas, although no differences were statistically significant. Furthermore, this
same pattern was seen in their siblings’ scores.
Second, current performance on the ITBS/ITED of
children with diabetes was compared with the current performance of their matched classmates (see
Table 3). Comparisons were made between the total
group of children with diabetes and their classmates
and between subgroups of children with diabetes,
based on age at onset, and their classmates. Children
with diabetes and their matched classmates were at
least 1 year postmatching, and the average time from
matching was 4.4 years (2.8). Mean grade at current
TABLE 2.

testing was 8.2 (2.8). Again, the children with diabetes performed at least as well as their classmates and
were statistically better in reading than their classmates for the total group. Patterns of performance in
both late- and early-onset groups were similar, unlike the patterns seen in the children with diabetes
and their sibling comparison, in which the earlyonset group tended to have lower mean scores than
the late-onset group.
Third, children with diabetes were divided into 3
subgroups on the basis of metabolic control for the
last year. Good metabolic control was defined as a
mean HbA1c ⬍8%, average metabolic control was
defined as a mean HbA1c between 8% and 10%, and
poor metabolic control was defined as a mean
HbA1c ⬎10%. These subgroupings resulted in
slightly smaller numbers overall because not all children with diabetes had HbA1c data available in the
year of the most recent achievement test. The most
recent HbA1c and ITBS/ITED data, matched by
grade, were used to form subgroups and to make
comparisons between children with diabetes and
their siblings (see Table 4) and their matched classmates (see Table 5). The performance of children
with diabetes did not differ significantly from the
performance of either their siblings or classmates at
each level of control with 1 exception: children with
diabetes who had average control performed better
than their matched classmates in reading. It is interesting that poorer academic performance tended to
occur in association with poor metabolic control and
better performance with good control in all groups.
These patterns were statistically significant in comparisons of good and poor metabolic control in children with diabetes matched with siblings for math
(P ⬍ .01) and core total (P ⬍ .03).
Next, children with diabetes who had a sibling
were compared with those siblings on other areas of
academic performance. The 2 groups did not significantly differ on GPAs, repeated grades, or educational support. Children with diabetes had a mean
GPA of 3.1 (0.8) compared with their matched siblings’ mean GPA of 3.2 (0.7). Only 1 child with diabetes had repeated a grade, whereas 4 siblings had
repeated a grade. Educational support, such as re-

ITBS/ITED Current Performance: Children With Diabetes and Siblings*
Number
of Pairs

Reading
All with diabetes
Early-onset
Late-onset
Math
All with diabetes
Early-onset
Late-onset
Core total
All with diabetes
Early-onset
Late-onset

Children With Diabetes

Siblings

P Value

Mean

Standard
Deviation

Mean

Standard
Deviation

90
16
74

111.2
104.9
112.6

13.4
9.2
13.8

108.8
107.2
109.2

14.3
11.9
14.8

NS
NS
NS

90
16
74

115.0
109.8
116.1

13.7
12.2
13.8

111.1
109.2
111.5

14.5
13.4
14.8

⬍.02
NS
⬍.02

86
16
70

113.9
108.1
115.3

14.0
11.3
14.2

110.5
108.8
110.9

14.9
13.9
15.2

⬍.04
NS
⬍.03

* Comparisons between children with diabetes and siblings using matched t tests. Early-onset is defined as onset of diabetes diagnosed
before 5 years of age; late-onset is defined as onset of diabetes diagnosed at or after 5 years of age. NS indicates not significant.
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TABLE 3.

ITBS/ITED Current Performance: Children With Diabetes and Matched Classmates*
Number
of Pairs

Reading
All with diabetes
Early-onset
Late-onset
Math
All with diabetes
Early-onset
Late-onset
Core total
All with diabetes
Early-onset
Late-onset

Children With Diabetes

Classmates

P Value

Mean

Standard
Deviation

Mean

Standard
Deviation

186
37
149

108.9
109.2
108.9

14.5
13.3
14.9

106.8
106.8
106.9

13.1
12.3
13.3

⬍.04
NS
NS

186
37
149

111.4
110.3
111.6

15.3
12.5
15.9

109.5
110.5
109.2

14.4
10.7
15.2

NS
NS
NS

185
36
149

110.0
109.9
110.5

15.6
13.8
16.0

108.6
110.0
108.2

13.8
12.3
14.2

NS
NS
NS

* Comparisons between children with diabetes and classmates using matched t tests. Early onset is defined as onset of diabetes diagnosed
before 5 years of age; late onset is defined as onset of diabetes diagnosed at or after 5 years of age. NS indicates not significant.

TABLE 4.

ITBS/ITED Current Performance Based on Metabolic Control: Children With Diabetes and Siblings
Number
of Pairs

Reading
HbAlc ⬍8
HbAlc 8–10
HbAlc ⬎10
Math
HbAlc ⬍8
HbAlc 8–10
HbAlc ⬎10
Core total
HbAlc ⬍8
HbAlc 8–10
HbAlc ⬎10

Children With Diabetes

Siblings

P Value

Mean

Standard
Deviation

Mean

Standard
Deviation

15
45
26

115.4
111.5
107.4

14.8
12.8
13.6

109.9
110.0
104.6

13.4
14.3
15.3

NS
NS
NS

16
44
26

121.8
113.7
109.4

10.1
14.0
14.7

116.9
109.7
108.4

11.7
14.3
15.5

NS
NS
NS

15
43
25

119.5
114.1
108.8

12.0
13.1
14.5

112.0
111.7
105.9

13.0
15.1
15.3

NS
NS
NS

Good metabolic control ⫽ mean HbAlc ⬍8 during the last year; average metabolic control ⫽ mean HbAlc 8 to 10 during the past year;
poor metabolic control ⫽ mean HbAlc ⬎10 during the past year. NS indicates not significant.
TABLE 5.

ITBS/ITED Current Performance Based on Metabolic Control: Children With Diabetes and Matched Classmates
Number
of Pairs

Reading
HbAlc ⬍8
HbAlc 8–10
HbAlc ⬎10
Math
HbAlc ⬍8
HbAlc 8–10
HbAlc ⬎10
Core total
HbAlc ⬎8
HbAlc 8–10
HbAlc ⬎10

Children With Diabetes

Classmates

P Value

Mean

Standard
Deviation

Mean

Standard
Deviation

33
91
54

112.1
110.5
105.9

17.6
13.2
13.1

110.0
107.4
104.9

14.3
12.3
14.2

NS
⬍.02
NS

34
91
53

114.4
111.3
109.1

15.1
14.8
16.3

112.3
109.7
106.9

13.9
13.9
15.0

NS
NS
NS

33
92
53

113.4
111.1
106.7

16.7
13.8
15.5

111.4
109.5
105.5

15.0
13.2
14.7

NS
NS
NS

Good metabolic control ⫽ mean HbAlc ⬍8 during the past year; average metabolic control ⫽ mean HbAlc 8 to 10 during the past year;
poor metabolic control ⫽ mean HbAlc ⬎10 during the past year. NS indicates not significant.

source room assistance, was provided to 11 children
with diabetes and 7 siblings. The only area in which
the 2 groups differed significantly (P ⬍ .02) was in
school absences: the children with diabetes missed
more days per year, a mean absence rate of 7.3 (7.9),
than their siblings, who had a mean absence rate of
5.3 (4.7).
Finally, behavior and emotional status, measured
6 of 10

with the PBS-50d, were compared between children
with diabetes and their siblings. The 2 groups did not
differ on the 4 general factors of Aggression/Opposition (P ⫽ .07), Hyperactivity/Inattention (P ⫽ .39),
Depression/Anxiety (P ⫽ .70), and Physical Complaints (P ⫽ .09). However, children with diabetes
did differ significantly from their siblings on items
that reflect compliance (P ⬍ .01), mood variability
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(P ⬍ .01), and fatigue (P ⬍ .01), but not learning (P ⬍
.09). These were the 4 areas included in the PBS-50d
to reflect potential concerns for children with diabetes.
Hypothesis 2: Academic Performance in Children With
Type 1 Diabetes Will Decline Slightly but Significantly
Over Time, as the Physiologic Effects and the
Psychological Burden of This Chronic Disease
Influence Long-Term Achievement

In addition to current achievement analyses,
which used only the most recent achievement data,
an analysis of performance over time was conducted
using all available student achievement data. HLM
was used to estimate growth rates and possible differences between groups in growth trajectories. Two
HLM analyses were conducted, 1 on children with
diabetes and their siblings and 1 on children with
diabetes and their matched classmates.
The initial HLM model is usually referred to as an
unconditional model. It provides a set of baseline
statistics for the mean intercept and growth rate that
are useful in evaluating subsequent models. In this
study, the mean intercept represents the average
standard score of third graders. The growth estimate
indicates the average amount of change in standard
scores from year to year. In this study, if a student
progressed at an average rate, then the “curve” for
the standard scores across grades would be expected
to be a horizontal line because the original achievement data were PRs. Students with consistent
growth would be expected to retain a consistent
ranking among the norm group across grades. The
unconditional model mean intercept estimate for
children with diabetes and their siblings at grade 3
was 108.97 with a standard error of 0.82. The mean
growth rate was 0.40, which indicates that students
gained an average of 0.40 of a standard score per
grade. Both the average standard score and growth
rate had large t statistics (132.55 and 3.23, respectively), indicating that both parameters are necessary to
describe the mean growth trajectory. The unconditional model mean intercept estimate for the second
group, children with diabetes and their matched
classmates, was 108.83 with a standard error of 0.66.
The mean growth rate was 0.23 of a standard score

per grade. Both the average standard score and
growth rate had large t statistics (163.91 and 2.21,
respectively).
The reliability associated with the average standard score was 0.834 for the first group and 0.817 for
the second group. This was evidence that there were
individual differences in initial status, as expected.
The reliability associated with the growth parameter
was 0.403 and 0.385, respectively, which indicated
that individual differences in the growth trajectories
were too small and inconsistent to be detected.
The second HLM model introduced a group identifier to determine whether there were overall differences in growth trajectories between children with
diabetes and their siblings or between children with
diabetes and their matched classmates. When individual growth rates were averaged for each group,
no statistically significant differences were found between groups. The t ratios for all predictors were
between ⫺1 and 1, indicating that initial status and
growth rate were not strongly related to group membership and thus did not provide any additional
explained variance. This is most clearly seen in Figs
1 and 2, which show the average achievement scores
by grade. Only scores of children whose diabetes had
been diagnosed before the time the test was taken
were used in the analyses as seen in the different
numbers of students included at each grade in Figs 1
and 2.
DISCUSSION

On standardized measures of academic achievement, children with type 1 diabetes performed at
least as well as their siblings, who shared similar
genetic backgrounds and home environments. Also,
children who had been coping with diabetes for several years did at least as well in later academic performance as classmates who were matched on early
academic achievement (typically at third grade) and
then followed for an average of more than 4 years.
The only statistically significant differences were in
the direction of the children with diabetes performing slightly higher on some comparisons, but these
differences were small and probably not clinically
significant. The academic performance on the ITBS/
ITED of all of the groups was in the normal range,

Fig 1. ITBS/ITED core total means:
children with diabetes and their siblings.
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Fig 2. ITBS/ITED core total means:
children with diabetes and their
matched classmates.

generally within 1 standard deviation above the
mean, which is typical of the academic performance
of students in the state where the children in the
study live. The absence of any significant differences
between the academic growth curves of children
with diabetes and either siblings or classmates indicates similar patterns of achievement over time.
Although early onset of diabetes was associated
with slightly lower academic performance, children
with early-onset type 1 diabetes did not differ significantly from sibling or classmate control subjects.
Because children with diabetes were typically
matched to classmate controls at third grade in the
present study, early adverse effects of diabetes on
learning in the early-onset group could have occurred before matching. However, if this were true,
children with early-onset diabetes would be expected to perform more poorly overall than their
siblings, which was not the case. There was also a
trend toward higher achievement in children with
better metabolic control, but again these children did
not differ from their matched control subjects, particularly the sibling group. This pattern in children
with diabetes may be more consistent with genetic or
environmental impact on achievement rather than
the effects of the disease. Instead of diabetes affecting
achievement, it may be that brighter children with
diabetes control their diabetes better. Children with
diabetes did show significantly more school absences, as well as greater problems in compliance,
mood variability, and fatigue, than did their siblings.
The differences in both school attendance and behavior seemed to be specific to problems associated with
this chronic disease and small enough to have minimal long-term effects on academic achievement in
terms of either test scores or grades.
The results of this study suggest that the subtle
neuropsychological deficits often documented in
children with type 1 diabetes may not significantly
limit the functional academic abilities of these children over time. There are several critical issues to
consider in relating these findings to previous research. First, many previous studies used crosssectional designs without an attempt to assess
changes in learning over time. The only other study
to report a longitudinal growth curve analysis of
8 of 10

academic achievement22 similarly did not find any
differences in academic test scores between the children with diabetes and a matched control group.
Although the children with diabetes in that study
showed a decline in verbal abilities over time, so did
the control subjects. The 2 groups differed only in
classroom grades, with the diabetes group performing less well, which Kovacs et al22 noted could have
been attributable to the “psychosocial burden” of
managing diabetes for many years rather than the
direct neurocognitive effects of hypo- or hyperglycemia. Our group of children with diabetes did not
differ in terms of grades or the need for special
education services, which may mean that they have
handled the burden of diabetes better than other
groups in previous studies.
A second issue of concern is that ascertainment
bias can influence the subject samples selected for
study. It is difficult to enroll total populations of
children with diabetes, and selecting any smaller
subset introduces some degree of bias. This is certainly true of the current study, despite the fact that
we were able to enroll more than three quarters of
the potential subjects from our University Hospital
diabetes clinic population, and our sample is one of
the largest ever studied longitudinally. Smaller “convenience” samples in many previous studies were
more prone to bias and were not always accurately
matched to a large enough control sample, which can
lead to spurious findings. Also, through the use of
serial school test data in the present study, multiple
hours of academic testing results could be obtained,
in contrast to more limited academic screening typically done in clinic-based testing. This sample was
clearly middle to upper-middle class, which may
protect children from the subtle neuropsychological
impairments that have been noted in some children
with diabetes. However, because our sample is relatively homogeneous, it allows us to assess better the
direct effects of the disease and to minimize confounding by SES factors.
It is important to recognize that the lack of
achievement differences for groups of children with
diabetes does not suggest that all of the individual
children in the sample are free of learning problems.
For example, Rovet and colleagues14,38 reported no
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differences in neuropsychologic abilities, academic
achievement, and socioemotional status when comparing 103 children and adolescents with diabetes to
a control group of 100 healthy children and adolescents. There was also no decline in achievement over
time when a subset of 16 of these children were
followed for 7 years. When the subjects were
grouped by seizure history, however, those with seizures scored significantly lower on tests of memory,
attention, perception, and motor skills. In the current
study, we were not able to assess reliably the seizure
history in the children with diabetes; thus, we cannot
exclude the possibility that a small subset of these
children could be experiencing neurocognitive problems secondary to hypoglycemic seizures. Fortunately, these problems would have to be infrequent
and subtle or they would have been reflected in
larger between-group differences in the data. It is
important to recognize, though, that we did not perform comprehensive neuropsychological assessments in the current study, and global achievement
tests such as the ITBS/ITED may not be sensitive to
subtle neurocognitive effects. If diabetes produces
deficits in attention or executive functioning, then
learning could be affected even if basic academic
skills are intact. However, we found no differences in
either school grades or parent ratings of attention in
this study. It is important to note that the children in
this study were on conventional as opposed to intensive diabetes management. Intensive therapy may
result in more hypoglycemic episodes, with a possible increase in neuropsychological deficits, which in
turn may affect academic skills.39
Finally, the fact that there has been very little
consistency in the type of cognitive deficits associated with type 1 diabetes in previous studies makes
it difficult to hypothesize a precise mechanism for
any presumed neurocognitive effects.17 It could be
argued that varying blood sugar levels accentuate
whatever cognitive weaknesses may already be
present in a particular child, which might lead to
verbal deficits in some children and spatial or motor
deficits in others. It can also be argued that fluctuating blood sugar levels affect attention and speed of
processing to an extent that other types of cognitive
effects may be seen as secondary effects of difficulties
in glycemic control. It is critical to recognize, however, that even if some specific types of neurocognitive effects can be demonstrated in some populations, these effects may be too subtle to produce
significant changes in long-term academic performance. In fact, recent studies38 – 40 implicated hypoglycemic seizures as the primary risk factor associated with diabetes that seems to have consistent
adverse effects on cognition.
CONCLUSION

This study reinforces the conclusion of Ryan17 that
major long-term cognitive deficits in children with
type 1 diabetes, with only a few exceptions (eg, in
association with hypoglycemic seizures), cannot be
attributed to the effects of diabetes. The subtle neurocognitive impairments that have been documented
in some children with diabetes at some ages may not

necessarily produce measurable decrements in academic performance, even over time. These findings
should provide reassurance to children with diabetes
and their families, the educators who teach them,
and the health professionals who care for them.
There is still a need, however, to monitor carefully
children who are receiving intensive treatment to
prevent seizures and to ensure that increased episodes of hypoglycemia (especially if associated with
seizures or coma) are not adversely affecting learning.
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