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Introduction

Clinical evidence suggests that patients with diabetes have
impaired cognitive functions but evidence from controlled

studies is not clear. Several previous studies investigated mixed
patient groups with Type 1 and Type 2 diabetes. In a survey of
20 studies which included only Type 1 diabetic patients, at
least one aspect of cognitive function was impaired in each
study, but the effect sizes were relatively small [1]. Suggested
potential mechanisms include direct effects of hypo- or hyper-
glycaemia and hypo- or hyperinsulima, but also indirect effects
via cerebrovascular alterations [1]. A review of longitudinal

Correspondence to: Oliver T. Wolf PhD, Department of Experimental Psychol-
ogy, University of Duesseldorf, Universitaetsstrasse 1, D-40225 Duesseldorf, 
Germany. E-mail: oliver.wolf@uni-duesseldorf.de

Abstract

Aims Hippocampal atrophy and memory deficits have been reported in Type 2
diabetes. Whether similar alterations occur in Type 1 diabetes is currently unknown.

Methods In a case-control design, 13 Type 1 diabetic patients with at least 10 years’
duration of disease, but free from clinical signs of macrovascular disease, were
compared with age- and gender-matched control subjects. Hippocampal volume and
measures of global cerebral cerebrospinal fluid (CSF) were determined from magnetic
resonance imaging (MRI) scans. Cognitive functions were assessed using four
neuropsychological tests. Mood and depression were measured by questionnaires.

Results Hippocampal volume and memory did not differ between Type 1 dia-
betic patients and control subjects. However, a significantly increased amount
of cerebral CSF suggestive of mild cerebral atrophy was observed in the patients.
In addition, deficits in psychomotor speed and selective attention were appar-
ent. Eleven of 13 patients had retinopathy and/or nephropathy. Findings were
unrelated to cerebrovascular disease, white matter disease or silent strokes.

Conclusions Results from our small study in Type 1 diabetic patients do not
support findings from previous studies of Type 2 diabetic patients demonstrating
reductions in hippocampal volume and impaired memory. On the contrary, we
observed evidence for mild cerebral atrophy and impaired psychomotor speed
and selective attention. This is in line with some previous studies in Type 1 diabetes.
If replicated in larger studies, our findings would support the idea that the
effects on brain function and structure differ between Type 1 and Type 2 diabetes.
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studies in patients with Type 2 diabetes mellitus concluded
that they are at increased risk of cognitive decline, even though
interpretation was somewhat compromised by confounding
factors such as age, smoking history, hypertension and cardi-
ovascular disease [2].

The hippocampus is crucial for declarative (explicit) mem-
ory in animals as well as humans [3]. It is also a region with
high insulin receptor density as well as insulin sensitive glucose
transporters [4,5]. Insulin receptors in the brain have been
linked to cognitive function and neurodegenerative diseases
[4]. Because of its involvement in memory and its high sensi-
tivity to metabolic disturbances, the hippocampus is a region
of interest in diabetes [6].

Global cerebral atrophy is present in a variety of disorders,
in particular in cerebral macrovascular disease [7]. Studies in
Type 2 diabetes or mixed cohorts predominantly of Type 2
diabetes also reported enhanced global cerebral atrophy [8–
10]. In Type 1 diabetes, cerebral atrophy has been demon-
strated in a few studies only [11,12]. Reduced hippocampal
volumes, as determined from structural MRI, have recently
been reported in Type 2 diabetes [13], which is in line with an
older CT study [10]. Moreover, in old-age non-diabetic sub-
jects, impaired glucose tolerance was associated with smaller
hippocampal volumes [14]. To the best of our knowledge, no
previous study has measured hippocampal volumes in adults
with diabetes Type 1.

Hypertension is an independent predictor of impaired cog-
nitive function [15] and is present in most patients with long-
standing diabetes. To minimize the influence of pre-existing
macrovascular disease, we intended to study a homogeneous
cohort of middle-aged Type 1 diabetic patients with long-standing
disease free from clinical evidence of macrovascular disease
and hypertension. Unexpectedly, in an outpatient clinic with
800 diabetic patients, we were not able to ascertain a sufficient
number of patients free from hypertension. Therefore, we recruited
patients with well-controlled hypertension. In order to measure
the impact of Type 1 diabetes on hippocampus structure and
function, measurements of hippocampal volumes, global
cerebral volumes and cognitive functions were undertaken.

Patients and methods

Setting

The study was designed as a case-control study. Outpatients of
the Department of Endocrinology, Diabetes and Rheumatology
of Düsseldorf University Medical School who met the inclusion
criteria were recruited consecutively during 2003. Patients attended
the outpatient clinic at least four times per year (mean 4.7 con-
sultations per year, not counting consultations by phone).
At each visit, they were routinely asked about the number
hypoglycaemic events and level of hypoglycaemia awareness. The
number or frequency of hypoglycaemia events was noted in the
records. When hypoglycaemic events had occurred, we deter-
mined whether they had been mild or severe and, if severe,
whether treated with intravenous glucose infusion or glucagon

injection. The patients’ blood glucose protocol and the blood
pressure protocol were looked at and discussed at every visit.

Blood samples for HbA1c were drawn in the outpatient clinic.
Neuropsychological tests were performed in a quiet testing
room at 18.00 h by a researcher from the Department of
Psychology. MRIs were performed in the radiology department
located in the same building.

Study population

For the study group, patients with Type 1 diabetes mellitus
as defined by WHO criteria were recruited. Students and em-
ployees of comparable educational background were recruited
as age- and sex-matched control subjects.

Inclusion criteria

Patients 30–50 years of age were included if Type 1 diabetes
was present for at least 10 years. Patients with and without
microvascular complications were included. Patients without
hypertension or with well-controlled hypertension were in-
cluded if blood pressure was below 140/90 mmHg in the clinic.
All patients with hypertension had participated in a structured
teaching programme for hypertensive patients designed and
evaluated by Sawicki [16]. Patients were trained to measure
their home blood pressures and brought their blood pressure
documentation every 3 months to the outpatient clinic. All aimed
to have home blood pressure values below 135/75 mmHg.

Exclusion criteria

Any history or clinical finding of macrovascular complication
such as coronary artery disease, peripheral artery disease, cerebral
infarction or ischaemia, history of foot ulcers. Data were obtained
from the patient records and clinical investigation including
ECG. Macrovascular disease was excluded by standard clinical
procedures; angiography was not indicated for any patient.

Further exclusion criteria were metal implantation, previous or
current psychiatric disorders (e.g. depression) diagnosed accord-
ing to ICD 10, excessive alcohol consumption, use of medications
that interact with GABA receptors and antihistaminic drugs,
history of uncontrolled blood pressure > 200/95 mmHg for
more than 6 months, office blood pressures > 140/90 mmHg,
therapy with glucocorticosteroids, infectious diseases, severe
hypoglycaemia during the week prior to the investigations and
also blood glucose levels below 5 mmol/ l at the time of the tests.

Definition of hypoglycaemia

Mild hypoglycaemia was defined as blood glucose levels below
3 mmol/ l with or without symptoms or below 3.5 mmol/ l with
symptoms of hypoglycaemia. Severe hypoglycaemia was
definded as requiring help from a third party by either intravenous
glucose infusion or glucagon injection.

Laboratory methods

HbA1c was measured by HPLC. Glucose was measured photo-
metrically by commercially available devices to ensure that
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blood glucose levels were not below 5.0 mmol/ l during the
tests.

Magnetic resonance imaging data acquisition

Subjects were scanned with a 1 Tesla Philips Gyroscan. After an
initial scout image a 3-D T 1 weighted (TR 28 ms, TE 6.9 ms)
sagittal image was obtained (200 slices, slice thickness 0.8 mm;
FOV 240 mm, matrix 256*256, flip angle 30°). This image was
used for volumetric analysis. Then an axial FLAIR Image (TR
5000 ms, TE 100 ms) was obtained (20 slices, slice thickness
5 mm, gap 1 mm, FOV 230 mm, 386*512 matrix, flip angle
90°). This image was clinically assessed by a neuroradiologist
(OK) to exclude potential white matter diseases or ‘silent
strokes’. In one patient initially recruited for the study, a ‘silent
stroke’ was detected. This patient and her matched control
were excluded from the study.

Volumetric analysis of the MRI data

Analysis was performed using MIDAS software (Multimodal
Image Data Analysis System, WH Tsui, New York University,
unpublished). The sagittal scans were used to create coronal
images reformatted orthogonal to the plane through the most
inferior portion of the frontal and occipital lobes on the mid-
sagittal plane. These 1.5-mm-thick coronal images were used
for the hippocampus measurements. All measurements were
done blind to the clinical diagnosis. Reliable and validated
protocols were applied [17,18] by a person (OTW) trained by
Professor Convit in those methods. The hippocampus (cornu
ammonis, dentate gyrus, and subiculum) was manually
outlined in its entire anterior–posterior extension. In order to
separate the hippocampus from the adjacent amygdala, multiple
image orientations were used [17].

To correct for head size variations, cerebral vault volume was
obtained by measuring the volume of the compartment bound-
ed by the dura and the tentorium cerebri on every tenth slice. A
measure of global CSF was determined using a threshold proce-
dure to segment the CSF within the cerebral vault volume [17].
The threshold was defined as 50% of the white matter intensity
sampled in a standardized fashion. In addition, a measure of
cerebral volume was created by subtracting global CSF from
the intracranial vault volume. For hippocampal volumes, the
right and left hemisphere values of each subject were averaged.
In addition, hippocampal, global CSF and cerebral volumes
were adjusted for differences in cerebral vault using an analysis
of covariance with cerebral vault as covariate.

In order to establish the reproducibility of the volumetric
method, nine randomly selected scans were measured again
after several months. The coefficient of variation was low for all
measures (below 5%) and reliability was high (intraclass corre-
lation coefficient of 0.92 and higher).

Questionnaires

Depression

The German short version of the Center for Epidemiological
Studies Depression Scale was used [19]. It contains 15 items
and subjects have to rate the presence of specific depressive

symptoms during the last week. The scale for each item ranges
from 0 (rarely) to 3 (most of the time).

Mood

An adjective checklist [20] was used to assess the current mood
of the subjects. The questionnaire contains three scales, namely:
elevated vs. depressed mood, wakefulness vs. sleepiness, and
calmness vs. restlessness. Each of the three scales contains eight
items. The scale ranges from 1 (not at all) to 5 (very much).

Neuropsychological tests

Four neuropsychological tests were employed based on previ-
ous reported impairments in Type 1 (mostly attention and
psychomotor speed; see Brands et al. [1] and Type 2 diabetes
(mostly memory deficits; see Allen et al. [2]).

Paired associates (verbal declarative memory)

Seven word pairs of unrelated words were read to the subject.
Immediate (three trials) as well as delayed recall (1 trial), about
30 min later, were tested by reading the first word of each pair
as a cue. Subjects received 1 point for each correct pair [21].

Stroop Color–Word Interference Test

The task includes three conditions, in which reading time was
recorded. The first condition (word reading) required the sub-
ject to read 36 colour words (red, green, blue, yellow), presented
in rows on a card. The second condition (colour naming)
required the naming of colours. The third condition (colour–
word interference), consisted of colour names that were printed
in discordant colours. The subject had to name the colour of the
ink, and was thus required to inhibit the impulse of reading the
words themselves. The difference between card 3 and card 2
was used as the interference score [21].

Digit span (verbal short-term memory)

Forwards: series of digits with increasing length were read to
the subjects, which they had to repeat. One point was given for
each correct sequence.

Backwards: this time the subject had to repeat each sequence
backwards [21].

Modified trail-making A (psychomotor speed)

A German version of the trail-making test A was used. This
modified version contains 90 instead of 25 numbers. In this test,
subjects have to connect encircled numbers on a piece of paper
presented in a pseudo random fashion as quickly as possible [22].

Statistical evaluation

Student’s t-tests were used to compare the two groups. Results
of P < 0.05 were considered significant while values of P < 0.10
were considered to represent a trend. In addition, MRI results
were analysed with an analysis of covariance (ANCOVA) in order
to control for the influence of intracranial vault on the obtained
hippocampal, CSF and cerebral volume measures. Similarly,
ANCOVA was used in order to control for a possible influence of
wakefulness (measured with a questionnaire; see above) on
cognitive test performance. Finally, possible associations
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between cognition, HbA1c and the brain measures were investi-
gated for each group separately using partial correlations con-
trolling for intracranial vault.

Ethical considerations

The protocol was approved by the ethics committee of the
University of Duesseldorf and all participants provided written
informed consent.

Results

Study population

Thirteen subjects could be recruited (nine men and four women).
Duration of diabetes was mean 27.7 years, range 14–36 years.
Three patients were free from hypertension, 10 patients had
arterial hypertension for a mean of 12 years, range 6–19 years.
Patients with hypertension had been followed up in our centre
for a mean of 12.5 years; the three patients without hypertension
have been followed up for a mean of 7.6 years. With the exception
of one patient, all patients had been treated for hypertension
since diagnosed in our outpatient clinic. The blood pressure
was well controlled during follow-up in the outpatient clinic
by an average of three anti-hypertensive medications and lifestyle
changes. Microvascular complications were present in 11 patients.
Ten patients had stable diabetic retinopathy, five had mild
peripheral polyneuropathy, nine had diabetic nephropathy
and, of these, four patients had stable renal insufficiency. Only
two patients were free from any microvascular complication,
and one of them was also free from hypertension after 14 years
of disease duration. All patients were first seen in our out-
patient clinic between 1988 and 1996. As expected, HbA1c was
elevated in diabetic patients at 8.2%, corresponding to 24-h
average blood glucose values of 10.7 mmol/ l.

All patients had experienced mild hypoglycaemia with the
exception of one. The one patient was on continuous subcuta-
neous insulin infusion therapy with high HbA1c around 9.0%
for years. Three out of 13 patients had recurrent mild hypogly-
caemia at a frequency of more than two times per week. Two

of these also had severe hypoglycaemia in 2002 and 2003
treated with glucagon injection. One of those two patients
with a current HbA1c of 6.9% had three episodes of severe
hypoglycaemia in 2002 and one in 2003. The other patient,
with a current HbA1c of 10.4% had two episodes of severe
hypoglycaemia in 2002 and one in 2003. A third patient had a
history of two severe episodes of hypoglycaemia in 1988. In no
case was professional help or hospital admission necessary.

Control group

Thirteen healthy subjects were recruited. To confirm the
absence of arterial hypertension, office blood pressure was
measured and ranged from 106/68 to 136/84 mmHg, average
124/78 mmHg. To confirm the absence of diabetes, HbA1c

was measured (see Table 1).
Demographic characteristics as well as HbA1c are presented

in Table 1. The two groups did not differ in age, years of for-
mal education, and personal income, while a trend (P < 0.10)
was observed for the diabetic patients to have a higher BMI.
Blood glucose levels before cognitive testing were not below
6.2 mmol/ l in the diabetic patients.

Mood and depression

Results are presented in Table 2. Diabetic patients did not
report more depressive symptoms (P > 0.10). They did, how-
ever, report significantly less wakefulness (P < 0.05) and
tended (P < 0.10) to report less calmness. No difference was
apparent in mood (P > 0.10).

Cognitive tests

Results are also presented in Table 2. Diabetic patients tended
to be slower in the trail-making test (P < 0.10) and showed
significantly more interference in the Stroop test (P < 0.05).

Because the two groups differed significantly in self-
reported wakefulness (see above), we performed an additional
analysis in order to exclude the possibility that the cognitive

Diabetes mellitus 
n = 13†

Controls 
n = 13 t-value P-level

Age (years) 41.3 ± 1.3 38.5 ± 1.5 1.39  0.18
(35–48) (31–48)

BMI (kg/m2) 25.1 ± 1.2 22.4 ± 0.8 1.81  0.08
(17.7–34.2) (19.1–28.0)

Formal education (years) 14.5 ± 0.7 15.7 ± 0.6 −1.32  0.20
(11.0–18.0) (11.0–18.0)

Income (Euro) 1500.0 ± 160.1 1181.8 ± 272.0 1.05  0.31
(500–2000) (500–3000)

HbA1c* 8.2 ± 0.3 5.3 ± 0.1 8.88 < 0.001
(6.6–10.4) (4.8–6.0)

*Significant (P < 0.05) differences.
 †Each group consisted of four female and nine male subjects.

Table 1 Demographic and endocrine 
characteristics of the patient and control 
groups; mean ± SE (range)



© 2005 Diabetes UK. Diabetic Medicine, 23, 32–39

36 Hippocampal volumes in Type 1 diabetes • Brigitte M. Lobnig et al.

findings were secondary to differences in wakefulness. We
used an analysis of covariance (ANCOVA) with wakefulness as
covariate. The inclusion of the covariate did not change the
findings. Differences in trail making remained borderline
(P < 0.10), while differences in the Stroop test remained signifi-
cant (P < 0.05). No differences were observed in the paired
associates (verbal declarative memory) or in digit span (short-
term/working memory).

MRI findings

Results are depicted in Table 3. Diabetic subjects tended to have
a larger amount of global CSF (P < 0.10) and had a significantly
smaller cerebral volume (P < 0.05). When adjusted for intracranial

vault in an ANCOVA, both measures were significantly different
between patients and control subjects (P < 0.01). This indicates
mild cerebral atrophy in the patients. In contrast, hippocampal
volumes (unadjusted and adjusted) did not differ between
patients and control subjects. All MRI derived volumetric values
were within the range of previous studies using this method.

None of the study participants had any signs of clinically
relevant white matter disease and/or ‘silent strokes’ as confirmed
by analysis of the FLAIR image.

Correlational analysis

Partial correlations (controlling for intracranial vault) revealed
that within the patient group (n = 13) the amount of cerebral

Diabetes mellitus 
n = 13

Controls 
n = 13 t-value P-level

Depression 10.2 ± 1.9 6.5 ± 1.3 1.66 0.11
(1–20) (1–15)

Mood 15.4 ± 0.9 16.2 ± 0.6 −0.72 0.48
(10–20) (13–19)

Wakefulness* 12.2 ± 0.9 15.2 ± 0.9 −2.40 0.03
(7–19) (8–20)

Calmness 14.0 ± 0.8 16.2 ± 0.9 −1.80 0.09
(7–17) (12–20)

Verbal paired associates immediate 11.0 ± 1.1 12.7 ± 0.9 −1.22 0.23
(5–18) (8–20)

Verbal paired associates delayed 5.0 ± 0.4 5.1 ± 0.4 −0.14 0.89
(3–7) (3–7)

Modified trail making A 93.3 ± 8.7 73.5 ± 4.1 2.05 0.05
(time in s) (61–174) (53–96)
Digit span forwards 7.3 ± 0.6 7.5 ± 0.6 −0.27 0.79

(3–10) (5–12)
Digit span backwards 6.5 ± 0.5 7.5 ± 0.5 −1.33 0.20

(4–10) (5–12)
Stroop Interference Score* 15.0 ± 1.5 10.3 ± 1.1 2.53 0.02

(7–24) (4–16)

*Significant (P < 0.05) effects.

Table 2 Results of the questionnaires and 
cognitive tests; mean ± SE (range)

Table 3 Results of the volumetric MRI measurements; mean ± SE (range)

Diabetes mellitus 
n = 13

Controls 
n = 13 t- or F-value P-level

Intracranial vault (ICV; cm3) 1218.4 ± 29.6 1282.2 ± 29.6 t = −1.52  0.14
(1016.6–1415.8) (1107.5–1493.5)

CSF (cm3) 122.7 ± 11.1 97.3 ± 5.5 t = 2.05  0.05
(84.2–222.1) (68.9–127.8)

Cerebral volume (cm3)* 1095.71 ± 26.2 1184.86 ± 25.2 t = −2.45  0.02
(925.9–1256.8) (1038.6–1370.8)

Hippocampus (cm3) 2.57 ± 0.1 2.65 ± 0.1 t = −0.95  0.35
(average of right and left side) (2.08–2.87) (2.18–2.88)
CSF adjusted for ICV (cm3)* 128.02 ± 7.6 92.01 ± 7.6 F = 10.86 < 0.001
Cerebral volumes adjusted for ICV (cm3)* 1122.28 ± 7.6 1158.29 ± 7.6 F = 10.86 < 0.001
Hippocampus adjusted for ICV (cm3) 2.59 ± 0.06 2.63 ± 0.06 F = 0.17  0.69

t-values are from t-test for independent samples.
F-values are from ANCOVAs with intracranial vault as covariate.
*Significant (P < 0.005) effects.
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CSF was significantly associated with poorer performance in
the Stroop test (r = 0.76; P < 0.01) and in the trail-making test
(r = 0.77; P < 0.01). After removal of one outlier, these corre-
lations were no longer significant (CSF and Stroop tests;
r = 0.55; P = 0.08; CSF and trail making; r = 0.29; P = 0.39).
No associations with hippocampal volumes or with HbA1c

values were detected. On a descriptive level, the three patients
with a history of severe hypoglycaemic episodes did not differ
in any of the MRI measures or the cognitive measures from the
rest of the patient group. No significant associations between
brain measures and cognition were detected in the control
group.

Discussion

Volumetric analysis of the structural MRI scans revealed
a larger amount of CSF associated with smaller cerebral
volumes in the patient group, while no differences were observed
for hippocampal volumes. To the best of our knowledge, this
is one of the first studies to measure hippocampal volumes
in adult patients with Type 1 diabetes. The non-significant
findings of the present study are limited by the relatively small
sample size and its associated lack of statistical power, and
therefore await replication. Absence of hippocampal atrophy
has also been described recently in a preliminary report in
children with Type 1 diabetes (published in abstract [23]). A
second preliminary report in adults with Type 1 diabetes
observed a decrease in grey matter density in frontal as well as
temporal regions (published in abstract [24]). The latter study
suggests that future studies in patients with diabetes should
investigate additional regions outside the hippocampus.

The neuropsychological findings of our study are in line
with the morphological observations. Patients with Type 1
diabetes showed deficits in psychomotor speed (trail-making
test) and selective attention (Stroop), while not showing any
evidence for memory deficits (paired associates). The differ-
ences in psychomotor speed and selective attention were not
secondary to differences in wakefulness as shown using ana-
lysis of covariance. The current neuropsychological findings are
in agreement with previous results from other groups [1]. For
example, young Type 1 diabetic patients demonstrated
reduced psychomotor speed, but no difference in memory
[25]. Our small study used only four neuropsychological tests;
a more detailed neuropsychological evaluation would be desir-
able in future studies.

Multiple mechanisms have been proposed which could
explain the mild cerebral atrophy observed in the patients. In
1965, Reske-Nielsen described the concept of ‘diabetic ence-
phalopathy’ as a complication of long-term diabetes mellitus
[26]. Principally, deviations from normoglycaemia, macrovas-
cular and microvascular disease, and hormonal and cytokine
changes are possible mechanisms for cerebral atrophy.

Hyperglycaemia is the most common pathophysiological
finding in diabetes. The Diabetes Control and Complications
Trial (DCCT) study [27] and further studies have given evidence

that elevated blood glucose levels are associated with higher
rates of microangiopathy and consequently possible cognitive
impairment, although the opposite has also been found [28].
Tight metabolic control is often achieved at the expense of
hypoglycaemic episodes. After mild hypoglycaemia, cognitive
function is temporarily impaired [29].

There is also evidence that hypoglycaemic episodes are asso-
ciated with cerebral atrophy or white matter lesions in Type 1
diabetic patients [1]. In the MRI study by Perros, cerebral atro-
phy was only observed in patients with a history of hypogly-
caemia [30]. Repeated hypoglycaemic episodes have also been
associated with persistent cognitive impairment [31–33]. In
our cohort, all but a single patient had experienced mild
hypoglycaemia. Three patients had reported severe hypogly-
caemia. This prevalence is not very different from the results of
the DCCT study [34].

Severe hypoglycaemia may trigger the release of excitatory
amino acids such as glutamate and aspartate, which trigger
calcium influx, activation of proteases and structural cerebral
damage. In addition, counter-regulatory hormones may be
elevated for hours after a hypoglycaemic episode. In our study,
severe hypoglycaemia appeared not to be associated with espe-
cially pronounced findings in the MRI scan or in the neuropsy-
chological tests. However, the study sample was too small to
conduct a formal statistical evaluation.

Large vessel disease was excluded clinically in our patients,
without invasive methods such as angiography because these
were not indicated by standard clinical protocols. Screening
for clinically silent macrovascular lesions was not performed.
Therefore, proof of complete absence of macroangiopathy
including aortic plaques or asymptomatic coronary lesions is
missing. Hypertension was well controlled in our cohort of
patients, but an influence of hypertensive episodes can, of
course, not be fully excluded.

In the FLAIR MRI, the absence of small dense lesions con-
firms the absence of clinically relevant cerebral macroangiop-
athy. The FLAIR MRI sequence used here has recently been
shown to be very sensitive in detecting macrovascular lesions
[35]. In addition, one patient initially recruited was excluded
because of lesions detected with this sequence. Nevertheless,
we cannot exclude the possibility that a stronger magnet might
have revealed more macrovascular lesions in the patient
group. Moreover previous research has suggested that even
microvascular alterations (retinopathy, as also present in most
of our patients) might be associated with cerebral atrophy [36].

The metabolic alterations in diabetes mellitus also include
down-regulation of insulin-like growth factor-1 in humans
(IGF-1) [37]. In rat models, down-regulation of IGF-1 occurs
in the early stages of the disease [38]. IGF-1 deficiency leads to
neuroaxonal dystrophy [39] and direct neuronal delivery of
IGF-1 in streptozotocin induced diabetic rats reversed atrophy
of myelinated axons in the sural nerve [40]. In the Laron syn-
drome associated with inability to generate IGF-1 in humans,
global cerebral atrophy has been observed in some patients
[41]. Thus, the mild global cerebral atrophy observed in the
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present study may also be attributed to changes in the IGF-1
system.

In summary, neither memory function nor hippocampal
volume were reduced in Type 1 diabetic patients free from
clinically apparent macrovascular complications, which is in
contrast to studies with older Type 2 diabetic patients. How-
ever, some aspects of cognitive function, namely psychomotor
speed and selective attention, were impaired. In addition,
an increased amount of CSF, consistent with mild cerebral
atrophy, was detected in the patient group. The findings of the
current small study support the emerging notion that Type 1
diabetes differs in its impact on brain function and structure
from Type 2 diabetes. More research is needed to elucidate the
pathophysiological mechanisms involved.
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