
Abstract

Aims/hypothesis. Mild cognitive dysfunction is not un-
common in adults with Type 1 diabetes, but its patho-
genesis remains unclear. Previous cross-sectional studies
had suggested that microangiopathy might affect brain
integrity and lead to ‘central neuropathy.’ To assess the
relationship between changes in cognitive performance
and the incidence of new micro- and macrovascular
complications, 103 young and middle-aged adults
(mean age: 40 yrs) with childhood-onset Type 1 diabetes
were followed over a 7-year period, and were compared
to 57 demographically-similar adults without diabetes.
Methods. All subjects completed a comprehensive
battery of neurocognitive tests on two occasions. Dia-
betic subjects also received repeated medical assess-
ments to diagnose the onset of clinically significant
complications.
Results. Relative to control subjects, diabetic adults
showed significant declines on measures of psycho-
motor efficiency; no between-group differences were

evident on learning, memory, or problem-solving
tasks. The development of proliferative retinopathy
and autonomic neuropathy during the follow-up peri-
od predicted decline in psychomotor speed (p<0.01),
as did incident macrovascular complications (p<0.05),
systolic blood pressure at follow-up (p<0.01), and 
duration of diabetes (p<0.01).
Conclusion/interpretation. This study shows that cog-
nitive efficiency may decline over time in diabetic
adults, and that this neurocognitive change may be
linked, at least in part, to the occurrence of complica-
tions like proliferative retinopathy and elevated blood
pressure. Therapeutic interventions that reduce the
risk of vascular complications may have a similarly
beneficial effect on the brain and reduce the risk of
neurocognitive dysfunction in diabetic patients. [Dia-
betologia (2003) 46:940–948]
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Diabetes mellitus is associated with a greatly in-
creased risk of mild brain dysfunction [1]. Adults with
Type 1 diabetes may manifest impairments on neuro-
cognitive tests requiring rapid decision-making and
adaptive problem-solving skills [2], learning and
memory [3], visuospatial analysis [4], and psychomo-
tor efficiency [5]. Compared to their non-diabetic
peers, they may also have increased rates of cortical
atrophy [6] and more subcortical and brainstem le-
sions [7] on magnetic resonance imaging (MRI) scans,
slower neural transmission times on brainstem audito-
ry evoked potential (BAEP) studies [7] and more re-
gional cerebral blood flow (rCBF) perfusion abnor-
malities [8].



The aetiology of this brain dysfunction remains
controversial. Some writers have attributed these ab-
normalities to recurrent episodes of moderately severe
hypoglycaemia [9, 10], but large-scale clinical trials
have not found linkages between neurocognitive im-
pairment and hypoglycaemia in adults [11, 12, 13].
Positron emission tomography [14] and neurophysio-
logical event-related potential (P300) studies [15]
have also failed to show more brain dysfunction in 
diabetic patients who have had repeated and/or severe
episodes of hypoglycaemia. On the other hand, in-
creasing evidence suggests that chronic hyperglycae-
mia may induce a “central neuropathy” that is charac-
terized by mental slowing and by longer BAEP laten-
cies, and is associated with poor metabolic control [5,
7]. Our earlier work examined this issue in a cohort of
middle-aged adults who developed diabetes before 18
years of age and had this disease for more than 26
years, on average. Not only were our diabetic subjects
impaired on tasks requiring psychomotor speed or
spatial information processing, but individuals with
one or more biomedical complication showed more
cognitive impairment than those without complica-
tions. Of the biomedical variables examined, clinically
significant distal symmetrical polyneuropathy (DSP)
and/or elevated glycosylated haemoglobin values
were most strongly associated with psychomotor
slowing [5, 16].

If poor metabolic control leads to both biomedical
and neurocognitive complications, one would predict
that over time, diabetic adults would show increasing-
ly greater cognitive impairment which would be asso-
ciated with the occurrence of more, and/or more 
severe hyperglycaemia-associated complications. We
thus conducted the following study to answer three
broad questions. Do diabetic adults show a progres-
sive decline in cognitive functioning over time? Do
these changes occur in all cognitive domains, or are
some cognitive abilities more likely to decline than
others? If cognitive deterioration occurs, is it related
to the occurrence of new diabetes-associated biomedi-
cal complications? To address those issues, we re-
evaluated the neuropsychological and medical status
of diabetic patients and non-diabetic subjects first
seen by us approximately 7 years earlier, compared
their current performance to their initial assessment
results, and evaluated the relationship between cogni-
tive change and the incidence of clinically significant
complications.

Subjects and Methods

Participants. Diabetic patients were originally selected ran-
domly from the Pittsburgh Epidemiology of Diabetes Compli-
cations (EDC) study population [17]. EDC subjects were
drawn from the Children’s Hospital of Pittsburgh IDDM Reg-
istry which is a childhood onset (<17 year) cohort of Type 1
diabetic individuals diagnosed or seen within 1 year of diagno-

sis at Children’s Hospital of Pittsburgh between 1950 and
1980. Non-diabetic participants were recruited by asking each
diabetic patient to name a spouse, sibling, significant other, or
close friend. In our original study, a total of 181 diabetic adults
and 146 non-diabetic adults were evaluated, all of whom were
between the ages of 18 and 55 years (mean =33.9±6.5 yrs). At
follow-up, 34 diabetic patients could not be located or had
moved out of state. An additional eight diabetic subjects had
died, six were too ill to be tested, two were diagnosed with ma-
jor current psychiatric disorders, and 28 declined to participate,
leaving 103. Of the original 146 control subjects, 44 declined
to participate and 45 could not be located or had moved out of
state, leaving 57. Within each group, those who participated
and those who refused or were lost to follow-up did not differ
on measures of age, education, depressive symptomatology or
Full Scale IQ—with one exception. Control subjects who were
lost to follow-up or relocated were younger than those who
participated (32.1±7.1 vs 34.9±7.0; p<0.05). Also noteworthy
is the fact that a relatively large proportion of diabetic subjects
who had DSP at baseline did not participate in the follow-up
evaluation. Although 41% of the entire original diabetic cohort
met criteria for DSP, nearly half were not assessed by us at fol-
low-up, because they were deceased (n=7), too ill (n=6), had
moved away or were lost to follow-up (n=10), or declined
(n=13).

This study focuses on 103 diabetic patients and 57 non-dia-
betic adults who were evaluated twice. None had a current or
past history of chronic alcohol or drug abuse, a head injury
with a loss of consciousness that exceeded 30 min, or a current
psychiatric disorder. Both the original and follow-up protocols
had been reviewed and approved by the University of Pitts-
burgh Institutional Review Board, and written informed con-
sent was obtained from subjects, all of whom were paid for
their participation.

Medical variables. Diabetic subjects were examined biennially
by EDC staff and received a detailed medical examination
from a trained internist with appropriate laboratory tests to as-
sess the presence of micro- and macrovascular complications
and co-morbid disorders. This methodology is described else-
where [18]. Non-diabetic comparison subjects completed a
similar but abbreviated medical examination at the EDC Re-
search Centre to ensure that none met criteria for diabetes [19].

Stable glycosylated haemoglobin (HbA1) was measured
with automatic high performance liquid chromatography (Dia-
mat, BioRad, Hercules, Calif., USA); the normal range is 4.9
to 7.3%. Blood pressure was measured with a random zero
sphygmomanometer according to the Hypertension Detection
and Follow-up Program protocol, after a 5 min rest [20]; the
mean of the second and third readings was used. Vibratory
thresholds were measured on the plantar surface of the great
toe on the dominant side of the body, using the Vibratron II de-
vice (Physitemp Instruments, Clifton, N.J., USA). A forced-
choice procedure with up to 20 trials was used to assess large
sensory nerve fibres [21]. Visual acuity was assessed at a dis-
tance of 4 metres from the eye charts, with different charts
used for the two eyes, according to procedures adopted by the
DCCT [22].

Retinopathy was assessed in diabetic subjects with stereo-
scopic color fundus photographs in three standardized fields.
Photographs were graded at the Wisconsin Reading Centre us-
ing the Wisconsin Epidemiologic Study of Diabetic Retinopa-
thy Classification and Grading System [23]. Proliferative dia-
betic retinopathy (PDR) was defined as grade 60 or higher in
one eye or a grade less than 60 but with panretinal photocoag-
ulation scars consistent with laser therapy. Overt Nephropathy
(ON) was defined as an albumin excretion rate greater than
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200 µg/min in at least two of three timed urine samples, or
end-stage renal disease (renal dialysis or transplant). Distal
symmetric polyneuropathy (DSP) was based on a clinical neu-
rological evaluation carried out by a trained internist and de-
fined according to the DCCT criteria [24] as the presence of
two or more of the following: symptoms consistent with DSP,
decreased or absent tendon reflexes, or signs of sensory loss,
all in the absence of other known etiologies. Autonomic neu-
ropathy (AN) was determined from the mean value of the
longest RR interval during expiration and the shortest RR in-
terval during inspiration based on a continuous ECG recording
during a 1 min breathing procedure. AN was considered to 
be present if the E/I ratio was less than or equal to 1.1 [25]. 
Peripheral vascular disease (PVD) was defined as an ankle-
to-arm blood pressure ratio less than 0.9 in any one of the four
distal leg arteries (tibial anterior or dorsalis pedis), or by am-
putation for vascular insufficiency. Coronary artery disease
(CAD) was defined as angina diagnosed by a clinic physician;
myocardial infarction confirmed by Q-waves on electrocardio-
gram and/or validated hospital records, or coronary artery ste-
nosis greater than or equal to 50% confirmed by angiography.

Neuropsychological assessment. Detailed descriptions of each
measure can be found elsewhere [26, 27]. Learning and memo-
ry skills were assessed with the Verbal Paired-Associate Learn-
ing Test, the Symbol-Digit Paired-Associate Learning Test, the
Four-Word Short-Term Memory Test, and the Rey Complex
Figure Memory Test. Problem-solving and spatial organization
was assessed with the Tactual Performance Test, the Object
Assembly and Block Design subtests from the Wechsler Adult
Intelligence Scale, Revised (WAIS-R), and the Wisconsin Card
Sorting Test. Psychomotor efficiency was measured with the
completion time score from the Digit Vigilance Test, the
WAIS-R Digit Symbol Substitution Test, the Grooved Peg-
board, and Part B of the Trail Making Test. Intelligence was
assessed at baseline with the WAIS-R. Symptoms of depres-
sion over the previous month were ascertained from the Symp-
tom-Checklist 90-R (SCL-90) [28]. Acute emotional state at
the time of testing was evaluated with the Profile of Mood
States [29]. To ensure that neuropsychological test results were
not influenced by ambient hypoglycaemia, a fingerstick blood
glucose reading was obtained before cognitive assessment;
subjects with values less than 3.9 mmol/l were treated with a
snack and re-tested.

Statistical analyses. Descriptive univariate between-group
comparisons were assessed with Student’s t test, analysis of
variance (ANOVA) with planned comparisons, chi square, or
Wilcoxon, as appropriate. A p value less than or equal to 0.05
was considered to be statistically significant. Factor analysis
techniques (principal components analysis with varimax rota-
tion) were used to cluster the large number of neuropsycholog-
ical variables into a manageable number of broad cognitive do-
mains. For each test, raw scores were converted into standard-
ized z scores (M=0; SD=1), using the mean and standard devi-
ation values from the non-diabetic comparison group at time 1.
Domain z scores were calculated as the mean z value of the
cognitive tests assigned to that specific domain. A two-factor
(Group×Time) repeated measures ANOVA procedure was used
to evaluate change in functioning over time within each do-
main. If statistically significant Group×Time interactions were
found, logistic regression techniques were used with diabetic
subjects to identify salient predictors of significant cognitive
deterioration. All statistical analyses were carried out using
SPSS software (version 11 for Windows; SPSS, Chicago, Ill.,
USA).

Results

Demographic and biomedical characteristics of the two
groups are summarized in Table 1. Both groups were
of average intelligence, moderately well-educated, and
without symptoms of depression. As expected, the dia-
betic group showed elevated glycosylated haemoglo-
bin values, systolic blood pressures, and great toe 
vibratory thresholds.

Biomedical complications. At time 1, this group of di-
abetic patients had high rates of microvascular com-
plications (AN: 23% of sample; DSP: 27%; ON: 29%;
PDR: 44%), but relatively low rates of macrovascular
complications (CAD: 9%; PVD: 5%). Over the ensu-
ing 7 year follow-up period, incidence of new micro-
vascular complications increased appreciably (AN:
30%; DSP: 22%; ON: 9%; PDR: 16%). The incidence

Table 1. Demographic and biomedical characteristics of both samples at follow-up assessment

Diabetic Subjects Control Subjects p

Number 103 57
% Female 58.3% 61.4% 0.70
% African American 2.9% 1.8% 0.66
Age (years) 40.4±6.2 41.8±7.1 0.18
Years of Education 14.5±2.4 14.3±2.3 0.67
Years between assessments 7.4±1.6 6.9±2.2 0.14
WAIS-R Full Scale IQ 99.7±10.0 101.7±11.0 0.24
SCL-90 Depression T Score 54.3±11.9 52.7±9.3 0.34
Any alcohol in past month (%) 49.5% 54.4% 0.55
Drinks per week (in drinkers) 3.2±3.4 3.1±2.8 0.84
Haemoglobin A1 10.0±1.5 6.3±0.6 0.0001
Systolic Blood Pressure (mm Hg) 120.1±18.7 110.9±14.7 0.001
Diastolic Blood Pressure (mm Hg) 70.0±11.6 71.9±10.8 0.33
Great toe vibratory thresholds 6.1±4.5 2.3±1.0 0.0001
Duration of diabetes (years) 31.5±7.0
Age at Diagnosis (years) 8.9±3.9



of microvascular complications was intercorrelated:
incident PDR correlated with the incidence of DSP
(r=.35) and ON (r=.25); incident AN correlated with
incident DSP (r=.21). Occurrence of new macrovascu-
lar complications was also high (CAD: 21%; PVD:
15%). Prevalence data at follow-up indicated high
rates of comorbid conditions: 51.5% of the entire 
sample had three or more micro- and/or macrovascu-
lar complications, whereas only 19% of the sample
were without any complication.

Cognitive performance and complications. Principal
components factor analysis assigned the test scores to
three cognitive domains: Learning and memory, spa-
tial and problem-solving skills, and psychomotor effi-
ciency. Together, these accounted for 63% of the total
variance. Results from the ANOVAs showed that 
statistically significant deterioration was evident only
on the psychomotor efficiency measures. There was a
main effect of Group (F=12.77; p=0.0001), as well as
a main effect of Time (F=5.66; p=0.019) and a Group
x Time interaction (F=8.01; p=0.005). That is, diabet-
ic subjects were consistently slower than control sub-
jects at both assessments, and showed a greater degree
of decline in functioning from time 1 to time 2, as
compared to control subjects (Fig. 1). In contrast, both
groups performed nearly identically on measures of
learning and memory (all Fs<1; ps>0.75) and on mea-
sures of spatial and problem-solving skills (all Fs≤1).

Hierarchical logistic regression techniques were
used with the diabetic sample group to evaluate the
predictors of psychomotor deterioration (dichotomized
as a decline in summary psychomotor z score ≥0.5 SD
unit). Using that operational definition, 39% of the 
diabetic group sample and 9% of the non-diabetic
group sample met criteria for psychomotor decline
(p<0.0001). Psychomotor change was not related to
sensory abilities, medication use, or emotional state
during testing. Compared to those who did not change,
diabetic patients whose psychomotor efficiency de-
clined by at least 0.5 standard deviation units were
similar on measures of acute tension (t=0.69; p>0.40)
and acute depression (t=1.10; p>0.35), visual acuity
(χ2=0.5; p>0.40), and use of hypertensive medication
(χ2=2.57; p>0.10).

The use of a hierarchical regression procedure al-
lows us to systematically examine the independent
contribution of each block of variables, after taking
into account the effects of the previous block of vari-
ables. This analysis examines the effects of three
types of predictor variables on change in psychomotor
speed over a 7 year period: time 1 variables (e.g.,
baseline psychomotor score; prevalence of micro- and
macrovascular complications), time 2 variables (e.g.,
incidence of new micro- and macrovascular complica-
tions), and other diabetes-associated variables (e.g.,
elevated blood pressure, duration of disease, recent
metabolic control). Predictor variables were entered in
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eight separate blocks: (i) time 1 psychomotor summa-
ry score; (ii) time 1 prevalence of microvascular com-
plications (AN, DSP, nephropathy, retinopathy); (iii)
time 1 prevalence of macrovascular complications
(CAD, PVD); (iv) time 2 incidence of microvascular
complications; (v) time 2 incidence of macrovascular
complications; (vi) time 2 systolic blood pressure;
(vii) duration of diabetes; (viii) time 2 metabolic con-
trol (HbA1). Systolic blood pressure was included in
these analyses because prior studies have shown that
elevated blood pressure can affect neuropsychological
test performance in adults with diabetes.

Our analyses showed that pre-existing microvascu-
lar complications at time 1 predicted slowing (Block 2:
χ2=9.2; p=0.057; Nagelkerke R2 change =0.12), but
pre-existing macrovascular complications did not
(Block 3: χ2<1). Both incident microvascular compli-
cations at time 2 (Block 4: χ2=14.2; p=0.007; R2

change =0.17) and incident macrovascular complica-
tions (Block 5: χ2=6.4; p=0.04; R2 change =0.07) were
predictors of psychomotor slowing at time 2, as were
systolic blood pressure at time 2 (Block 7: χ2=9.7;
p=0.002; R2 change =0.09) and duration of diabetes
(Block 7: χ2=9.1; p=0.003; R2 change =0.08). The ad-
dition of HbA1 at time 2 did not contribute (χ2<1) and
was deleted from the final model. Coefficients for 
the final logistic regression model are summarized in
Table 2. This model, which included seven blocks of
variables, correctly classified 83% of subjects and 
explained 53% of the variance . When the analysis was
repeated, but with the substitution of total number of
micro- and macrovascular complications for the pres-
ence or absence of specific complications, a similar
pattern of results was obtained (full model not shown).
Both the number of time 1 prevalent (χ2=8.2; p=0.004;

Fig. 1. Changes in psychomotor efficiency (expressed in 
z-score units; M ± SEM) for participants with (solid line) and
without (dashed line) diabetes who were evaluated at two
points in time, approximately 7 years apart
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R2 change =0.11) and time 2 incident (χ2=6.4; p=0.01;
R2 change=0.08) microvascular complications were 
associated with psychomotor slowing, as was the num-
ber of incident macrovascular complications (χ2=4.3;
p=0.04; R2 change =0.05).

To assess the magnitude of psychomotor slowing
associated with the occurrence of biomedical compli-
cations over time, a subsequent analysis compared in-
dividuals with no complication at both time points, to
those with at least one complication already present
by the time 1 assessment, and to those who first were
diagnosed with the complication between time 1 and
time 2. Individuals who developed retinopathy be-
tween time 1 and time 2 showed greater psychomotor
deterioration than those with no retinopathy at either
assessment (p<0.02), but earned scores that were com-
parable to individuals with pre-existing retinopathy at
time 1 (Table 3). These data show that a diagnosis of
PDR is associated with about a third of a standard de-
viation unit decline in psychomotor efficiency. A sim-
ilar pattern of results is seen when one examines the
relationship between onset of autonomic neuropathy
and changes in psychomotor function. In contrast, the
incidence of either DSP or ON by time 2 does not pre-
dict slowing at time 2 (p>0.05), but the presence of 
either of those complications at time 1 does (p<0.05).

Given the well-established relationship between
glycosylated haemoglobin values and biomedical

complications, the failure of our multivariate analyses
to show any association between current HbA1 and
cognitive change was unexpected. To evaluate the
possibility that subjects with a recent onset of compli-
cations had altered their diabetes management or 
otherwise improved their metabolic control, we con-
ducted a series of exploratory univariate analyses that
compared HbA1 values at baseline and follow-up for
subjects with and without new complications. The
strong relationship between retinopathy and cognitive
dysfunction in this study led us to focus on the devel-
opment of PDR. We compared the three subgroups, as
described above: (i) no PDR at either assessment; (ii)
PDR present at both assessments; (iii) incident PDR—
developing after the first assessment. Glycosylated
haemoglobin values at baseline (assessment 1) were
higher for subjects who subsequently developed PDR
by assessment 2 (11.6±1.9%), as compared to those
with no PDR at either assessment (9.9±1.4; t=2.9;
p<0.007) and those with PDR at the time of study 
entry (10.7±1.8; t=1.77; p=0.08). Measures of HbA1
obtained at follow-up indicated that individuals with
an incidence of PDR between the first and second 
assessment showed a decline in HbA1 values (from
11.6±1.9% to 10.1±1.3%; t=2.42; p=0.03); the other
two groups showed no change over time.

Table 2. Summary of coefficients from hierarchical logistic regression analysis

B S.E. Wald Odds Ratio C.I. p

Time 1 Psychomotor Speed −0.716 0.41 3.11 0.49 0.23, 1.09 0.080
Time 1 AN 1.139 0.86 1.75 3.12 0.58, 16.84 0.185
Time 1 DSP 0.109 1.04 0.01 1.12 0.14, 8.63 0.917
Time 1 ON 0.377 0.83 0.21 1.46 0.29, 7.37 0.649
Time 1 PDR 0.437 0.75 0.39 1.61 0.37, 6.98 0.528
Time 1 CAD −0.904 1.26 0.51 0.41 0.03, 4.82 0.474
Time 1 PVD −1.634 1.40 1.35 0.19 0.01, 3.06 0.244
Time 2 Incident AN 1.734 0.76 5.23 5.66 1.28, 25.02 0.022
Time 2 Incident DSP −1.541 0.89 2.96 0.21 0.04, 1.24 0.085
Time 2 Incident ON 0.135 1.28 0.01 1.14 0.09, 14.10 0.916
Time 2 Incident PDR 2.877 0.99 8.35 17.77 2.53, 125.03 0.004
Time 2 Incident CAD −0.209 0.80 0.68 0.81 0.17, 3.89 0.794
Time 2 Incident PVD 1.027 0.87 1.38 2.79 0.50,15.52 0.240
Follow-up SBP 0.046 0.02 5.29 1.05 1.01, 1.09 0.021
Duration of Diabetes 0.151 0.06 7.24 1.16 1.04, 1.30 0.007

Table 3. Relationship between change in biomedical complica-
tions over time (no complication at either assessment; new
complication at time 2; complication present at time 1) and

psychomotor efficiency (mean; confidence interval) expressed
as a standardized (z) change score between first and second 
assessment

AN DSP ON PDR

No complication at either time −.22 (.09, .34) −.31 (.18, .45) −.31 (.19, .43) −.22 (.09, .36)
Incident complication: Time 2 −.57 (.38, .75) −.39 (.18, .61) −.44 (.04, .85) −.56 (.29, .84)
Complication present: Time 1 −.56 (.30, .81) −.57 (.34, .80) −.58 (.33, .82) −.50 (.33, .66)



Discussion

Our evaluation of adults with Type 1 diabetes, fol-
lowed over a 7-year period, leads us to conclude that
the development of clinically significant biomedical
complications correlates with, and could contribute to,
the psychomotor slowing which is characteristically
seen in this patient population. We and others have
previously shown that mental and motor slowing is a
nearly ubiquitous sequela of both Type 1 and Type 2
diabetes [2, 3, 5, 30, 31]. This prospective assessment
confirms those earlier cross-sectional findings by
showing that over time, 39% of our diabetic sample
showed a marked (more than 0.5 SD units) decline 
on a composite measure of psychomotor efficiency,
whereas only 9% of our non-diabetic comparison
group showed a similar decline. It is noteworthy that
cognitive change in this patient cohort was limited 
to the psychomotor domain. Neither learning and
memory skills, nor visuospatial and problem-solving
skills, were found to deteriorate.

Our data also provide evidence that the occurrence
of new diabetes-associated biomedical complications
was associated with deterioration in psychomotor 
efficiency. Within our sample, the incidence of two 
microvascular complications had the greatest effect
on psychomotor decline: proliferative diabetic reti-
nopathy, and autonomic neuropathy. The magnitude
of this effect was large, with each incident complica-
tion being associated with a decline of more than a
half standard deviation, on average. Additional sa-
lient predictors of decline included longer duration of
diabetes, and elevated blood pressure. Together, these
variables accounted for 40% of the variance. In con-
trast, glycosylated haemoglobin values measured at
time 2 did not contribute further to the explanatory
value of this model. Our failure to find an isomorphic
relationship between HbA1 levels and cognitive de-
cline may reflect the possibility—as supported in our
exploratory analyses—that the development of a clin-
ically significant complication like retinopathy could
be accompanied by improvements in metabolic con-
trol that might be secondary to changes in diabetes
management.

A substantial body of literature has suggested that
chronic hyperglycaemia and/or the occurrence of
complications could directly or indirectly affect brain
function [32, 33]. As virtually all of this work has
been conducted in adults with Type 2 diabetes, it is
unlikely that those cognitive changes can be attributed
to recurrent hypoglycaemia, given the very low rates
of hypoglycaemia in patients with Type 2 diabetes
[34]. In longitudinal studies, performance decrements
over a 3- to 7-year follow-up period have been found
most consistently on psychomotor tasks like the Digit
Symbol Substitution Test (DSST), and these effects
persist, even after controlling statistically for other
cardiovascular risk factors [35, 36, 37, 38].

Aside from our own work, only two studies have
followed Type 1 diabetic patients over time. Unfortu-
nately, because the focus of both the DCCT and the
Stockholm Diabetes Intervention Study was on the
cognitive effects of hypoglycaemia, analyses did not
directly examine the possibility that duration of diabe-
tes, presence of complications, or other markers of
poor metabolic control might adversely affect cogni-
tion. As neither included a group of demographically-
similar non-diabetic subjects, analyses could not take
into account the potentially confounding effects of
normal age-related changes in cognitive performance
or of practice. Nevertheless, comparisons between in-
tensively and conventionally treated participants in the
DCCT indicated that over a 6-year follow-up period,
those treated conventionally with one or two daily in-
jections showed statistically significant (albeit slight)
worsening over time on measures of motor speed, and
this was directly associated with higher glycosylated
haemoglobin values—and by implication, with more,
or more severe, microvascular complications [12].

Previous cross-sectional research has identified two
microvascular complications—retinopathy and periph-
eral neuropathy—as predictors of cognitive dysfunc-
tion in adults with diabetes [5, 39]. For example, a 
recent study of young adults with Type 1 diabetes of
relatively short duration showed that background dia-
betic retinopathy was associated with poorer perfor-
mance on measures of fluid intelligence, information
processing efficiency, and attention, and was also as-
sociated with higher rates of brain structure abnormal-
ities (white matter hyperintensities) on MRI scans
[39]. Others have reported the existence of a similar
relationship between retinopathy and cognitive dys-
function, but in the absence of diabetes. A study of
more than 8500 middle-aged adults without stroke,
found retinal microaneurysms and/or haemorrhages to
be associated with lower scores on measures of mental
efficiency (e.g., DSST) and delayed memory, even 
after controlling for education, diabetes, blood pres-
sure, carotid intima-media thickness and other poten-
tial risk factors [40]. Arguing that examination of the
retinal arterioles provides a non-invasive assessment
of the cerebral microcirculation, those authors con-
cluded that retinopathy-associated cognitive impair-
ment could have a vascular component, and speculat-
ed that this could reflect a disruption of the blood-
brain barrier [40] and/or the development of white
matter lesions [41].

Distal symmetric polyneuropathy has also been
found to predict the degree of cognitive slowing in
adults with Type 1 diabetes [5], and like both retinop-
athy and nephropathy, this neurological complication
is now thought to be largely vascular in origin [42]. If
the effects of these microvascular complications on
the central nervous system (CNS) are additive or syn-
ergistic, one might expect to see a relationship be-
tween the number of complications and the magnitude
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of cognitive change. Results from our study are con-
sistent with that possibility: the greater the number 
of incident complications, the greater the magnitude
of psychomotor slowing. Although it is tempting to 
attribute diabetes-associated cognitive dysfunction
largely to the accretion of microvascular changes in
the CNS, other plausible underlying mechanisms in-
clude alterations in aminergic neurotransmitter path-
ways [43], and/or the accumulation of advanced gly-
cosylation end products in the CNS [44].

Elevated blood pressure is a common comorbid
condition in patients with diabetes, which was also
found by us to be an independent predictor of cogni-
tive decline. Multiple studies have shown that elevat-
ed blood pressure not only predicts later-life changes
on measures of brain morphology [45, 46] and cogni-
tive function [45, 47]—particularly on speeded tests
like the DSST [37, 48], but could act synergistically
with diabetes [49] or insulin resistance [50] to in-
crease the severity of neurocognitive impairment.
Higher blood pressure might adversely affect mental
efficiency via vascular and/or neural pathways. For
example, during the performance of increasingly diffi-
cult cognitive tasks, hypertensive adults show a rela-
tively smaller increase in rCBF, as compared to nor-
motensives [51]. Since cognitive effort normally trig-
gers an increase in cerebral blood supply in response
to increasing metabolic demands, any reduction in
vascular reactivity is likely to induce a decline in
mental efficiency. The greatly increased incidence of
white matter lesions in adults with hypertension [52,
53] could also underlie the decline in mental efficien-
cy, since the presence of white matter lesions is asso-
ciated with slower performance on psychomotor tasks
like the DSST [54, 55]. Whether those declines reflect
neural changes secondary to demyelination [56] or to
the haemodynamic abnormalities associated with
white matter lesions [57] remains to be determined.

In our earlier cross-sectional work, we speculated
that diabetes-associated mental slowing is a conse-
quence of a “central neuropathy” which is character-
ized by diffusely-distributed cerebral white matter
dysfunction and is associated with hyperglycaemia-
induced complications [5]. Results from the current
study are consistent with that hypothesis. We found
that the incidence of complications—particularly reti-
nopathy, predicted poorer performance on measures of
psychomotor efficiency that are known to be adverse-
ly affected by cerebral white matter diseases like mul-
tiple sclerosis, Binswanger’s disease, and alcoholism
[58]. Although we did not use either neurophysiologi-
cal or neuroimaging techniques to assess CNS integri-
ty, others have reported relationships between diabe-
tes-related biomedical complications and both slower
BAEP conduction velocities [59, 60] and increased in-
cidence of white matter hyperintensities on MRI [39].
A more definitive test of the white matter hypothesis
will require the pairing of traditional neuropsychologi-

cal and electrophysiological measures of CNS func-
tion with newer imaging modalities, like diffusion ten-
sor imaging [61], to map the integrity of white matter
tracts in diabetic adults.

In conclusion, our data shows that in young and
middle-aged adults with Type 1 diabetes, cognitive
function declines over time and these changes are
linked to the development of microvascular complica-
tions and to elevations in blood pressure. If, as our
findings suggest, microangiopathy is a leading cause,
or marker, of neurocognitive decline, then any thera-
peutic intervention that reduces the risk of complica-
tions may have a similarly salutary effect on the CNS,
and induce a corresponding reduction in the risk of
developing neurocognitive complications in diabetic
patients.
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