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There is increasing interest in the possibility that
diabetes mellitus may be associated with a series of
neurobehavioral, or neuropsychological, changes; i.e.,
learning, memory, problem solving, mental and motor
speed, and eye-hand coordination may sometimes be
disrupted in diabetic children and adults, and this
disruption may be a consequence of certain disease-
related variables. To date, four neurobehavioral risk
factors have been identified. For children and
adolescents, the most potent risk factors appear to be
age at diagnosis and the occurrence of schoolroom-
related problems. Children who develop diabetes early
in life are more likely to show serious cognitive
impairments on virtually all measures. In addition,
diabetic children with school attendance problems tend
to score lower than expected on verbal IQ tests and
school achievement tests. For adults, the most carefully
studied risk factor is degree of metabolic control. Adults
in poor control are far more likely to manifest subtle
changes on measures of mental efficiency. This may be
particularly evident on tasks that require the
development and deployment of sophisticated
information-processing strategies. A fourth variable—
severe episodes of hypoglycemia—is known to disrupt
functioning in diabetic subjects of any age, although it
has not yet been studied systematically in large-scale
studies. Indeed, because virtually all extant studies have
been based on limited neurobehavioral and biomedical
assessments of relatively few volunteer subjects, this list
of risk factors must be considered tentative at best.
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T
he past 10 yr have seen a great deal of research
on cognitive functioning in individuals with type
I (insulin-dependent) diabetes. Two very different
findings have been reported. First, children and

adolescents who develop diabetes within the first 5 yr
of life are more likely to manifest serious deficits on
measures of learning, memory, problem solving, and
visuospatial ability than are those who developed the
disease after that age (1,2). Second, type I diabetic adults
who are in poor metabolic control appear to have more
difficulty on cognitively demanding problem-solving and
information-processing tasks than diabetic adults in rel-
atively good control (3). Both sets of observations sup-
port the view that certain diabetic individuals have an
increased risk of developing measurable disturbances in
mental efficiency, as indexed by standardized neuro-
behavioral tests. The purpose of this review is to collate
the recent neurobehavioral literature with the aim of
identifying specific diabetes-related variables that are
associated with an increased risk of developing signifi-
cant neurobehavioral complications.

EARLY STUDIES OF INTELLIGENCE

Beginning in the 1930s and continuing until about
1965, there was a great deal of interest in determining
the extent to which diabetic children differed intellec-
tually from the general population. These early studies
were motivated, at least in part, by clinical observations
and by results from single case studies (4) suggesting
that the typical diabetic individual may experience dra-
matic changes in mental efficiency over the course of
the day. Because such fluctuations could have a signif-
icant impact on learning and memory processes, a dec-
rement in the intelligence of these individuals might be
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expected, as indexed by IQ scores. However, when in-
vestigators administered standardized intelligence tests
to groups of diabetic children and compared their scores
with either published norms or with data from control
groups, they found little evidence of significant intellec-
tual impairments. More often than not, the diabetic chil-
dren performed as well as nondiabetic children (5-8).
Although several early writers had reported that diabetic
youngsters are more (9) or less (10,11) intelligent than
the general population, those results were probably a
consequence of inadequacies in the sampling proce-
dures employed in those studies (5).

The absence of compelling evidence of serious intel-
lectual impairment in diabetic children and adolescents
led many workers to embrace the null hypothesis and
assume that there is no association between diabetes
and cognitive dysfunction. The conclusion may have
been premature for two reasons. First, it could be argued
that these early studies did not provide an adequate test
of that hypothesis because they used such a limited as-
sessment procedure. Rather than employing a compre-
hensive series of neuropsychological tests known to be
sensitive to specific types of cognitive impairment after
brain damage (e.g., deficits in memory or problem-solv-
ing ability), investigators relied on only a single, global
measure of cognitive competence—the IQ score. Sec-
ond, these early studies were predicated on the belief
that if cognitive impairments were associated with dia-
betes, they should appear in all or the vast majority of
diabetic individuals. Little thought was given to the pos-
sibility that such impairments might be restricted to a
small subset of individuals who have a heightened risk
of manifesting such deficits because of a particular con-
stellation of disease-related variables. The latter possi-
bility is consistent with results from several European
electroencephalographic and neuropathological studies
that identified serious hypoglycemic episodes (12,13)
and poor metabolic control (14,15) as two variables that
increased the likelihood of finding evidence of signifi-
cant functional or structural central nervous system
damage in diabetic children or young adults.

AGE AT ONSET AND DURATION OF DISEASE

The first neurobehavioral study that attempted to identify
risk factors in diabetic youngsters focused on three di-
abetes-related variables: age at onset of diabetes, du-
ration of the disease, and number of clinically significant
metabolic crises (i.e., hypoglycemic seizures and epi-
sodes of ketoacidosis). Ack et al. (16) administered the
Stanford-Binet Intelligence Test to diabetic children and
their siblings and calculated the mean difference in IQ
scores between each of the 38 pairs of sibs. Although
the duration of the disease apparently had little effect
on intelligence, a strong relationship was found between
IQ scores and the age at onset. The 13 children who
developed diabetes before the age of 5 yr earned IQ
scores that were significantly lower than their nondi-

abetic siblings—10 points lower on the average. In con-
trast, the 25 youngsters diagnosed after 5 yr of age per-
formed as well as their siblings. For the diabetic group
as a whole, there was no relationship between meta-
bolic crises and IQ scores. On the other hand, when
this analysis was restricted to a subgroup of early-onset
diabetic children, IQ scores tended to be negatively cor-
related with the number of episodes of hypoglycemic
seizures or ketoacidosis, although this trend did not reach
statistical significance.

Using a much larger sample of subjects and an ex-
tensive battery of neurobehavioral tests, we recently at-
tempted to replicate and extend those findings (1). Di-
abetic youngsters between 10 and 19 yr of age were
randomly selected from the Children's Hospital of Pitts-
burgh Diabetes Registry. Of those who agreed to partic-
ipate, 46 had developed diabetes before the age of 5 yr
(early onset), and 79 had been diagnosed between 5
and 14 yr of age (later onset). All subjects had had di-
abetes for at least 3 yr before testing and had no prior
history of psychiatric or neurologic disorder. Also re-
cruited was a comparable group of nondiabetic sub-
jects, 80% of whom were siblings of the diabetic par-
ticipants. Members of all three groups were Caucasian
and came from similar middle-class backgrounds. How-
ever, the later-onset group was somewhat older (mean
age 15.3 yr) than the early-onset (mean age 14.3 yr) or
nondiabetic control (mean age 14.7 yr) groups. Included
in the test battery were subtests from the Wechsler In-
telligence Scales, the Wechsler Memory Scale, the Wide
Range Achievement Test, and several more specialized
neuropsychological tests. Results from a factor analysis
of the entire data set indicated that five cognitive do-
mains were tapped: general intelligence, visuospatial
processes, learning and memory, attention and school
achievement, and mental and motor speed.

Multivariate analysis of covariance techniques dem-
onstrated that the early-onset group was significantly im-
paired, relative to the other two groups, on each of the
five clusters of tests; adolescents who became diabetic
before 5 yr of age learned new information less effi-
ciently than either later-onset diabetic or nondiabetic
control subjects and remembered less of that informa-
tion over a 30-min retention interval. They also made
more errors on several visuospatial tests, were slower
on tasks that required dexterity and eye-hand coordi-
nation, and earned lower scores on tasks used to esti-
mate general intelligence. Using a clinical rating pro-
cedure, we also found that a significantly larger proportion
of the early-onset subjects (24%) met criteria for clini-
cally serious impairment compared with either the later-
onset diabetic subjects (6%) or the nondiabetic control
subjects (6%). It is tempting to attribute these deficits to
duration of diabetes rather than age at onset, because
children who developed diabetes earlier in life have
usually had the disease longer than those who were
diagnosed at a later age. However, when regression
analyses were used to disentangle the two intercorre-
lated variables, we found that duration predicted per-
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formance on only a small subset of tests—those mea-
suring school achievement and verbal intelligence. In
contrast, age at diagnosis affected scores on many more
tests, particularly on those measuring fluid intelligence,
i.e., the ability to formulate strategies to process unfa-
miliar information efficiently.

Many of these findings have recently been replicated
by Rovet et al. (2), who have demonstrated that neu-
robehavioral deficits are not restricted to adolescents but
may also be found in younger diabetic children. They
evaluated 27 diabetic children who were diagnosed be-
fore 4 yr of age (early onset), 24 children who developed
diabetes after age 4 (later onset), and 30 sibling control
subjects. All were between the ages of 6 and 16 yr (mean
10 yr) at the time of assessment, and there were nearly
equal numbers of girls and boys in each subgroup. The
neuropsychological test battery included subtests from
the Wechsler Intelligence Scale for Children, Revised
(WISC-R), the Verbal Meaning and Spatial Reasoning
subtests from the SRA Primary Mental Abilities (PMA)
Test, the Beery-Buktenica Test of Visual Motor Integra-
tion, and the Wide Range Achievement Test.

Although the three groups of subjects did not differ
on measures of verbal intelligence or school achieve-
ment, a significant interaction between age at onset and
gender was found on visuospatial measures. On the Beery-
Buktenica and the PMA spatial tests, girls with early-
onset diabetes earned significantly lower scores than either
later-onset diabetic or nondiabetic girls, whereas early-
and later-onset diabetic boys earned comparable scores.
A statistically reliable correlation was also found be-
tween age at onset and performance IQ, but again this
was restricted to the female subgroup. The only boys
who performed poorly on these tasks were those who
had a history of hypoglycemic convulsions. Neither
duration of disease nor degree of recent metabolic
control [as determined by glycosylated hemoglobin
(HbA1c) values] were potent predictors of visuospatial
performance for either boys or girls. Rovet and associ-
ates (2) have speculated that the tendency for young
diabetic girls to show more pronounced neuropsycho-
logical deficits than boys may merely be a consequence
of the apparent tendency for females to have an in-
creased sensitivity to cerebral disease (17); spatial skills
may be particularly vulnerable because these cognitive
abilities may be less well represented within the female
brain (18), although this point remains controversial.

Both our work (1) and that of Rovet et al. (2) suggest
that the age at onset of diabetes may increase the risk
of manifesting neurobehavioral deficits in childhood and
adolescence, whereas duration of disease appears to ex-
ert a relatively weak effect on cognitive function. We
suspect that adults who developed diabetes early in life
would also show similar deficits, although the relation-
ship between age at onset and neurobehavioral status
has not yet been studied systematically in the diabetic
adult population.

Although we are strong proponents of the so-called

early-onset effect, the evidence presented should be
considered preliminary; both the magnitude of the effect
(particularly in Rovet's study of younger children) and
the number of subjects evaluated to date have been rel-
atively small. As Lorenz (19) has indicated in his re-
sponse to a discussion of some of these findings (20),
the early-onset effect is not a fact but only a hypothesis,
and it should be regarded as such until additional con-
firmatory evidence is presented from a number of dif-
ferent clinical settings.
Possible mechanisms. The underlying mechanism re-
sponsible for the early-onset effect remains poorly
understood, although it has been hypothesized that mul-
tiple episodes of serious hypoglycemia may disrupt the
normal activity of certain structures or systems within
the brain and in that way adversely affect cognitive
processes. The association between diabetes early in life
and neurobehavioral dysfunction is probably a product
of two different phenomena. First, the young diabetic
child has a greatly increased incidence of hypo-
glycemic seizures or coma (21) perhaps because of a
heightened responsiveness to insulin (22). As studies of
nondiabetic children have demonstrated repeatedly, hy-
poglycemic seizures greatly increase the risk of signifi-
cant brain dysfunction (23,24). Second, the brain of the
young child is unusually sensitive to the effects of vir-
tually any abnormal metabolic or electrophysiological
event. Consequently, episodes of severe hypoglycemia
may be more likely to alter the integrity of the brain
when they occur early in life. Studies of children with
epilepsy or with brain damage secondary to head trauma
have demonstrated that the severity of the neurobehav-
ioral impairment is negatively correlated with the age
when the child first had a seizure or otherwise sustained
brain damage (25,26). Several of the studies have sug-
gested that the first 5 yr of life may be a particularly
critical period for the development of neurobehavioral
impairment, because severe cognitive disturbances were
most frequently found in youngsters whose brain injury
or disease occurred before 5 yr of age (27,28). Of par-
ticular relevance to our discussion of diabetic youngsters
are the results reported by Gilhaus and associates (13)
that indicated children who developed diabetes be-
tween the ages of 2 and 5 yr were far more likely to
show EEC abnormalities than those diagnosed at a
somewhat later age.

DEGREE OF METABOLIC CONTROL

Because diabetic patients with a long history of poor
metabolic control have a greatly increased risk of micro-
and macrovascular diabetic complications, a similar as-
sociation between poor control and the occurrence of
neurobehavioral dysfunction might be found, given the
well-known relationship between cerebrovascular dis-
turbances and cognitive dysfunction in nondiabetic adults
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(29). To date, studies of children and adolescents have
failed to find any correlation between neurobehavioral
test scores and recent metabolic control, as indexed by
HbA1c values (2,30). On the other hand, several studies
of diabetic adults have demonstrated that individuals in
poorer control were relatively more impaired on one or
more neuropsychological tests.

In one of the earliest studies of adults, Rennick et al.
(31) operationally defined poor control in terms of se-
verity of retinopathy and evaluated 30 diabetic adults
(mean age 40 yr) with the Halstead-Reitan neuropsy-
chological battery and the Wechsler Adult Intelli-
gence Scale (WAIS). The 15 patients who had no clinical
evidence of retinopathy performed within normal lim-
its on all tests. On the other hand, patients with mild
to moderate retinopathy showed mild impairment on
tests requiring complex problem-solving and abstract-
reasoning skills, although they performed normally on
vocabulary and general information tests and on basic
sensory and motor-function tests.

Using the same test battery, Skenazy and Bigler (32)
assigned diabetic adults (mean age 32 yr) to less severe
and more severe subgroups, based on the incidence of
various medical complications. They found that patients
with a more severe medical course (presumably the re-
sult of being in poorer metabolic control) manifested a
greater number of neuropsychological deficits. Whereas
abstract-reasoning ability was not affected significantly,
poorly controlled subjects showed marked declines on
measures of grip strength, motor speed, and mental flex-
ibility.

Focusing on intellectual and attention processes,
Holmes (33) examined the relationship between neu-
ropsychological functioning in a group of 27 young (mean
age 22.5 yr) diabetic males. On the basis of HbA1c lev-
els, the group was stratified into "good" (mean HbA1c

8.2%) and "poor" (mean HbA1c 12.4%) subgroups. Al-
though the two groups were demographically compa-
rable and earned similar scores on several school
achievement tests, the subjects in the poor control
subgroup had significantly lower WAIS verbal \Q scores
(108.4 vs. 116.9) and performed more slowly on simple
reaction-time tests. When a stepwise multiple regression
analysis was conducted with verbal IQ as the dependent
variable and four disease-related variables (degree of
control, current glucose level, duration of disease, and
age at onset) as predictors, the best single-variable pre-
dictor was found to be metabolic control, and the best
two-variable predictor was metabolic control plus age
at onset.

In a study of patients with a history of "brittle" dia-
betes, Franceschi et al. (34) evaluated 37 diabetic pa-
tients 18-35 yr of age (mean 26 yr) and 26 normogly-
cemic control subjects and found the most pronounced
deficits on measures of memory, abstract reasoning, and
visuoconstructional ability. No correlation was found
between performance and either duration or severity of
disease, although all of these patients were in relatively

poor control. The authors make the important point that,
although these were statistically significant effects, they
seemed to have little clinical significance because they
did not disrupt or otherwise interfere with patients' daily
functioning.

A similar relationship between learning efficiency and
metabolic control has been reported by Perlmuter et al.
(35) in the only extant study of elderly adults with type
II diabetes. Using a serial learning task, they evaluated
140 diabetic patients, 55-74 yr of age, and 38 age-
matched nondiabetic controls. Like control subjects, the
diabetic subjects increased their learning scores over
successive trials but ultimately learned significantly fewer
concrete and abstract words than the nondiabetic sub-
jects and recalled a smaller proportion of words. More-
over, fewer diabetic patients (42%) than control subjects
(71%) mastered the list, and diabetic patients who did
reach criterion required significantly more study trials.
This pattern of results could not be attributed to be-
tween-group differences in mood, educational level, or
verbal knowledge. Neither duration of disease nor blood
glucose level at the time of testing appeared to affect
performance. In contrast, learning scores were nega-
tively correlated with two disease-related variables: de-
gree of metabolic control, as indexed by HbA1c level,
and extent of peripheral neuropathy, estimated from vi-
bratory thresholds.

In an attempt to delineate the underlying cognitive
process that might be disrupted in poorly controlled di-
abetic adults, Lichty and Klachko (3) administered tasks
that required either "effortful" or "automatic" process-
ing to 32 type I diabetic college students and an equal
number of nondiabetic controls. When diabetic subjects
were assigned to poor-control or good-control subgroups
on the basis of past medical history, no between-group
differences were found on a word-frequency estimation
task (automatic processing). In contrast, subjects in poor
control learned a list of word pairs (effortful task) sig-
nificantly more slowly than either the good-control or
nondiabetic subgroups. These preliminary findings sug-
gest that poorly controlled diabetic adults may have par-
ticular difficulty generating or using the sorts of sophis-
ticated cognitive strategies (e.g., forming meaningful
associations between unrelated words) that are neces-
sary to acquire new information in an optimally efficient
manner.

Of the studies that have examined the relationship
between metabolic control and cognitive dysfunction in
diabetic adults, only one has failed to find evidence of
neuropsychological impairment. In that study, Lawson
et al. (36) compared 48 diabetic adults (mean age 38
yr) with 40 nondiabetic subjects on various standard
neuropsychological tests and concluded that there were
no notable between-group differences. Moreover, they
found no relationship between test scores and age at
onset, duration of disease, or severity (indexed by de-
gree of peripheral and autonomic neuropathy). Al-
though they reported that their diabetic subjects earned
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Wechsler Memory Scale scores that were significantly
lower than those of control subjects, they attributed this
isolated finding to chance, unaware that Franceschi et
al. (34) had made a similar observation.

HYPOGLYCEMIA

Diabetic patients of any age are certainly at risk for de-
veloping neuropsychological impairments after hypo-
glycemic seizure or coma (23,24,38,39). However, rel-
atively few large-scale studies have explicitly examined
the relationship between cognitive dysfunction and se-
rious episodes of hypoglycemia, particularly when the
episodes occur during adulthood and do not necessarily
eventuate in a neurologic crisis (e.g., seizure or coma).

In one early study, Bale (40) administered a word-
learning test to 100 diabetic adults (mean age 47 yr) and
to demographically similar control subjects, and found
that 17% of the diabetic patients, but none of the control
subjects, scored in the "brain-damaged" range. No re-
lationship was found between impairment and either the
patient's age, or the duration of diabetes. In contrast, a
significant correlation was found between low test scores
and the number and severity of past hypoglycemic ep-
isodes. Other workers have sometimes (32) but not in-
variably (31,41) found a similar association between pa-
tients' estimates of number of previous hypoglycemic
episodes and the neuropsychological test performance
of diabetic adults.

There are two reasons the absence of a strong asso-
ciation in adult patients was unexpected. First, transient
episodes of hypoglycemia are known to produce an acute
reduction in mental efficiency, as evidenced by a de-
terioration in performance on tests of attention (42,43),
verbal fluency (44), motor coordination (45), and mem-
ory (45). If the deleterious effects of repeated episodes
of hypoglycemia are cumulative over time, in the same
way that repeated episodes of alcohol intoxication ap-
parently cumulate to produce a chronic intellectual im-
pairment (46), evidence of intellectual dysfunction in
adults who have repeatedly experienced low blood glu-
cose levels would be expected. Second, both neuro-
psychological and electrophysiological investigations have
reported relationships between past history of hypogly-
cemia and cognitive (1,2) or EEG (12,13) anomalies in
children and adolescents. If such relationships can be
demonstrated in younger diabetic patients, similar re-
lationships in older patients should be apparent. It is
possible that such relationships have not been frequently
observed in diabetic adults not because they do not exist
but because diabetic adults may be less likely to keep
detailed records of their illness than would parents of
diabetic youngsters. As a consequence, researchers
studying adults would be less likely to obtain precise
estimates of the number and severity of hypoglycemic
episodes. This is particularly problematic in cross-sec-
tional studies that search for these relationships retro-
spectively over an extensive period. With the imple-

mentation of longitudinal studies that collect such data
prospectively, e.g., the ongoing Diabetes Control and
Complications Trial (47), the chronic effects of both se-
vere and less serious hypoglycemic episodes on cogni-
tive functioning may be determined more accurately.

PSYCHOSOCIAL VARIABLES

Whereas the sensitivity of neuropsychological tests to
brain damage is high, their specificity unfortunately is
not. Performance on many of these tasks can be influ-
enced by several psychosocial variables (e.g., person-
ality style, level of motivation, past academic experi-
ences) that may or may not be affected by brain damage.
The interrelationships between neuropsychological dys-
function and psychosocial factors have not yet been ex-
amined in diabetic adults. Several studies of diabetic
children and adolescents have, however, attempted to
correlate poor test performance with specific life expe-
riences and have had a certain degree of success.

In one study, we compared a group of 40 diabetic
adolescents (mean age 15.5 yr) with a group of 40 healthy
nondiabetic control subjects who were carefully matched
for age, grade, and socioeconomic status (30). All dia-
betic subjects were diagnosed between the ages of 5
and 12 yr and had been diabetic for at least 3 yr before
our assessment. Unlike diabetic subjects evaluated by
other investigators (34), those participating in our study
were in no acute metabolic distress at the time of testing.
Not only did the diabetic subjects perform significantly
more slowly than control subjects on several psychomotor
tasks, but they earned verbal IQ scores that were sig-
nificantly lower.

The lowered verbal IQ scores were completely un-
expected. Because no other neuropsychological indi-
cators of serious brain dysfunction were evident in the
test results, a psychosocial explanation for these results
was sought. Because tests of verbal intelligence often
tap information that is acquired in the school, it is pos-
sible that these diabetic subjects performed relatively
worse because of an increased incidence of school-re-
lated problems. Investigators have previously reported
that diabetic youngsters, like others with childhood
chronic diseases, tend to manifest more motivational
and academic problems in school (48), have more dif-
ficulty forming and maintaining social relationships
with classmates (49,50), and often show evidence of
academic deficiencies on formal measures of school
achievement.

Although an early study by Weil and Ack (51) re-
vealed no statistically reliable differences between dia-
betic children and their siblings on the California Read-
ing and Arithmetic Tests, a recent, more extensive
investigation found that a relatively large number of di-
abetic children were reading below their grade level. In
that study, Gath and associates (52) compared the
"reading readiness" of 70 diabetic and 70 nondiabetic
children (mean age 10.9 yr) and found that 28% of the
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diabetic youngsters were at least 2 yr behind in reading,
compared to only 19% of the nondiabetic children.
Whereas this "backwardness" in reading was unrelated
to major hypoglycemic episodes, it appeared to be as-
sociated with degree of recent metabolic control, as as-
sessed by clinical ratings. Remarkably, Gath et al. at-
tributed this reading backwardness not to a metabolic
disturbance but to psychosocial disruptions within the
family, because the children in poorest metabolic con-
trol were also those who experienced a marked degree
of familial disintegration (e.g., discordant family rela-
tionships, single-parent family).

Taking a somewhat different approach, we attempted
to examine the interrelationships between school at-
tendance and academic achievement, because recent
prospective data suggest that school absences typically
increase markedly in the 1st yr after diagnosis (M. Ko-
vacs, unpublished observations). Randomly selecting
mothers of 62 diabetic and nondiabetic adolescents who
had previously been evaluated by us (30), we conducted
a structured interview designed to provide detailed in-
formation about the child's school attendance patterns
over the previous several years (53). Not only did the
diabetic teenagers miss twice as much school as their
nondiabetic peers, but their scores on the Reading,
Spelling, and Arithmetic subtests from the Wide Range
Achievement Test were found to be correlated with an
estimate of lifetime school absences. In contrast, there
was no relationship between number of school days
missed and performance on several tests assessing psy-
chomotor speed and manual dexterity (as would be pre-
dicted), although the diabetic subjects performed sig-
nificantly worse than control subjects on those tasks.
Several other research groups have similarly commented
on the relationship between performance on higher-or-
der cognitive tests and school problems in diabetic
youngsters (2,54).

Increased school absences may, to a certain extent,
account for the unexpectedly lowered verbal IQ scores
and academic achievement test scores recently reported
by our group, but they do not readily explain why healthy
later-onset diabetic youngsters tend to complete certain
psychomotor tasks more slowly than control subjects.
One possibility is that, as a means of coping with their
disease, these youngsters have adopted a more cautious
response style that emphasizes accuracy rather than
speed. Diabetic patients might develop a personality or
response style characterized by extreme cautiousness
and careful attention to detail, because they are bur-
dened with a disease that requires them to monitor basic
biological functions meticulously and modify insulin
levels in response to changes in food intake and exer-
cise. This possibility was first raised 50 yr ago by Brown
(5). Watching the behavior of diabetic youngsters taking
an IQ test, he noted that "carefulness, meticulousness,
earnestness, and conscientiousness" occurred an unu-
sually large number of times and attributed this to the
"habit-training forced on the diabetic child by the reg-
imen of the disease" (5). Like Brown, we have also ar-

gued that personality style may have a significant influ-
ence on neuropsychological test scores, although
empirical support for such a relationship in either dia-
betic children or adults has not yet been reported (30).

SUMMARY AND CONCLUSIONS

I
t is evident from this review that serious neurobe-
havioral disorders are a very real but relatively rare
complication of diabetes mellitus. On the other
hand, small but detectable reductions in overall

mental efficiency may occur more frequently than is
commonly believed. Several neurobehavioral risk fac-
tors have been identified, although their potency ap-
parently differs depending on whether the subject is a
child or an adult.

In the younger diabetic patient, age at diagnosis is a
variable that greatly increases the likelihood that a
youngster will manifest serious cognitive impairment.
That is not to say that all children with early onset of
diabetes inevitably show evidence of brain dysfunction;
most, in fact, do not. However, youngsters who have
had one or more episodes of profound hypoglycemia
before the age of 5 yr or so seem to be far more likely
to show neuropsychological orelectroencephalographic
abnormalities. We suspect that age at onset serves pri-
marily as a surrogate for serious hypoglycemia early in
life. Support for this assertion comes from reports by
several investigators that indicate that diabetic young-
sters <5 yr of age have significantly more episodes of
serious hypoglycemia than do youngsters who are >5
yr of age (21,22), particularly when the diabetes treat-
ment regimen of these very young children is not inten-
sively monitored (55).

A second variable that apparently influences neuro-
psychological outcome measures during childhood is
psychosocial. The somewhat lower than expected scores
frequently seen on measures of verbal intelligence and
academic achievement seem, not surprisingly, to be re-
lated to problems in school (30,54). The increase in
school absences that often accompanies childhood di-
abetes is the most obvious factor, although children who
are actually present in the classroom may have long
periods of inattentiveness if they are experiencing wide
fluctuations in blood glucose levels, because exces-
sively high or low levels are known to interfere with
concentration (42-44). In either of these instances, the
diabetic child will miss enough school to perform some-
what more poorly on certain cognitive measures, al-
though by no means would their performance be ex-
pected to fall into the brain-damaged range.

In contrast, a variable that does not seem to be as-
sociated with chronic neurobehavioral dysfunction in
youngsters is the degree of recent metabolic control.
Unfortunately, in the two studies that examined those
interrelationships, control was operationally defined in
terms of glycosylated hemoglobin (HbA,) values (1,2).
Although this procedure provides a relatively good es-
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timate of control over the previous 2-3 mo (56), it pro-
vides no data on an individual's long-term control unless
such measurements were begun shortly after diagnosis
and repeated thereafter on a regular basis. Because this
technique was only recently introduced, neither we nor
Rovet et al. (2) have data dating that far back.

A very different set of risk factors has been identified
in diabetic adults. Perhaps the most potent of these
is profound hypoglycemia. After a hypoglycemic epi-
sode, the diabetic patient may develop intellectual im-
pairments that range from merely a slight decrease in
learning efficiency or eye-hand coordination to severe
impairment in virtually all cognitive domains. Our un-
derstanding of this phenomenon is sketchy at best, per-
haps because it is primarily based on clinical experi-
ences that tend to be recorded in a relatively unsystematic
fashion. To my knowledge, there have been no formal
studies that have examined the relationship between hy-
poglycemic episodes and brain dysfunction in large
samples of adults.

The only biomedical variable that has been studied
to any extent in diabetic adults is the degree of meta-
bolic control. Although performance on certain neuro-
psychological measures is adversely affected in patients
with a relatively long history of poor metabolic control,
it is clear this variable is not particularly powerful, be-
cause adults in poor control rarely show clinically ob-
vious neuropsychological deficits. Usually they manifest
only a slight reduction in mental efficiency. No other
variables have been linked to poor neuropsycho-
logical outcomes in adults, but that may only be due to
the failure of investigators to search more comprehen-
sively for other risk factors.

The research reviewed here is a very tentative begin-
ning. Virtually all of the studies are based on limited
neurobehavioral assessments of relatively few volunteer
subjects. The complex interrelationships between neu-
robehavioral functioning and biomedical complications
of diabetes, psychosocial factors, and organismic vari-
ables (e.g., age and gender) have not yet been explored
in sufficient detail to provide a thorough understanding
of why certain diabetic individuals are more likely to
manifest subtle, or not so subtle, cognitive deficits.
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