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Abstract Aims/hypothesis: The aim of the present study
was to identify whether adolescents with type 1 diabetes
receiving modern multiple insulin injection therapy (MIT)
have abnormal EEGs, and to elucidate possible correlations
with a history of severe hypoglycaemia, poor metabolic
control and nerve conduction defects. Methods: We in-
vestigated 35 patients (age 14–19 years) with disease dura-
tion 7.6±4.6 years, and 45 healthy control subjects. EEG
spectral components were obtained from 15-min recordings
in resting, awake subjects. Nerve conduction was measured
bilaterally in motor and sensory fibres in the median, pe-
roneal and sural nerves. Results: The EEGs of patients
showed an increase in slow activity (delta and theta) and a
reduction in alpha peak frequency, both of which were most
pronounced in the frontal regions (p<0.001). They also
showed a decrease in fast activity, which was most pro-
nounced bilaterally in the posterior temporal regions (alpha
p<0.001, beta p<0.01, gamma p<0.001). A history of se-
vere hypoglycaemia was correlated with a global increase
in theta activity (p<0.01–0.05). Poor metabolic control,
measured as acute and long-term HbA1c levels, was cor-
related with an increase in delta activity and a decrease in
alpha peak frequency. The decrease in fast activity in the
temporal regions was a separate type of abnormality be-

cause it had a different distribution, and was not correlated
with the increase in delta/theta power, poor metabolic con-
trol or with hypoglycaemia. Conclusions/interpretation: Re-
current severe hypoglycaemia and poor metabolic control
are risk factors for EEG abnormalities in adolescents with
type 1 diabetes receiving MIT treatment. In addition, we
found pronounced abnormalities in the temporal regions
that were not related to these risk factors.

Keywords Adolescents . EEG . Glycosylated
haemoglobin . Hypoglycaemia . Metabolic control . Type
1 diabetes

Abbreviations AD: senile dementia of the Alzheimer’s
type . CMAP: compound muscle action potential . EMG:
electromyogram . MCV: motor nerve conduction velocity .
MIT: modern multiple insulin injection therapy . SCV:
sensory nerve conduction velocity . SNAP: sensory nerve
action potential

Introduction

Studies of brain function using different cognitive tests or
EEG have shown an increased incidence of abnormalities
in patients with type 1 diabetes. Poor metabolic control and
repeated episodes of severe hypoglycaemia are recognised
risk factors for cerebral dysfunction [1]. A decline in verbal
and performance IQ has been found in children and adults
with type 1 diabetes, and has been associated with either
poor long-term metabolic control [2] or cumulative severe
hypoglycaemia [3]. Early EEG studies revealed an increase
in frontal slow activity and a decrease in alpha frequency in
both children and adults with type 1 diabetes [4, 5]. Quan-
titative EEG analysis has shown similar results, and pa-
tients with abnormal findings are characterised by either
poor metabolic control [6] or recurrent severe hypogly-
caemia [7, 8]. In a recent EEG study of adults with well-
controlled type 1 diabetes, we found a decrease in the
power of faster frequencies, especially in the temporal re-
gions, and an increase in the power of slower frequencies in
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the frontal regions in subjects without a history of frequent
hypoglycaemic events [9].

It is well established that treatment with modern multiple
insulin injection therapy (MIT) leading to improved meta-
bolic control reduces nephropathy, retinopathy and periph-
eral neuropathy in patients with type 1 diabetes mellitus
[10, 11]. However, there is a risk that the tight control of
blood sugar levels increases the incidence of severe hypo-
glycaemia [12]. Cognitive tests have indicated that recur-
rent hypoglycaemia during childhood may be even more
harmful to the brain [13]. The purpose of the present study
was to identify whether adolescents with type 1 diabetes
using MIT have EEG abnormalities, and to elucidate pos-
sible correlations with various disease parameters, such as
age of diabetes onset, degree of metabolic control, previous
experience of severe hypoglycaemia and peripheral nerve
dysfunction.

Subjects and methods

Subjects All 75 patients with type 1 diabetes aged >14
years attending the Paediatric Clinic at Linköping Uni-
versity Hospital (Linköping, Sweden) were considered for
inclusion in the study. Of these, 36 patients had moved
from the area or did not want to participate in the study. The
EEGs of four patients were discarded due to significant
artefacts during recording. This meant that the final study
population consisted of 35 patients. Those included in the
final study population were not significantly different to the
patients who dropped out of the study in terms of age,
duration of diabetes and level of metabolic control (data not
shown). The study population included 16 females and 19
males with the following characteristics: age 17.1±1.7
years (range 14–19 years), disease duration 7.6±4.6 years
(range 2.0–17 years), age at onset 9.6±4.6 years (range 1.6–
17 years), body length 170±8.5 cm, body weight 70±10 kg
and insulin dose 1.1±0.39 IE·kg−1·day−1. All patients were
receiving intensive therapy, which involved the adminis-
tration of insulin four to seven times daily, either by in-
jection (n=29) or an external subcutaneous infusion pump
(n=6). Each patient attended the clinic on one occasion for a
clinical examination, EEG registration and peripheral nerve
tests. The control group consisted of 45 healthy volunteers
(21 females, 24 males) aged 16.8±1.6 years (range 14–19
years) who were randomly recruited from the Swedish
population register. The healthy control subjects were
matched to the diabetic patients with respect to sex and age
(±9 months), and did not have a history of neurological or
chronic disease or medication. All subjects gave their in-
formed consent prior to participation in the study. The
protocol was approved by the Research Ethics Committee
of the Faculty of Health Sciences, Linköping University
Hospital.

Laboratory examinations Measurements of capillary blood
glucose (Accutrend Mini; Boehringer Mannheim, Mann-
heim, Germany) and HbA1c (DCA 2000; Bayer, Lever-
kusen, Germany) levels, taken within 45 min of EEG

registration, were 11±7.2mmol/l (range 2.0–28mmol/l) and
7.2±1.2% (range 4.0–10%) respectively. Data on HbA1c
were collected retrospectively from the medical records of
each patient and transformed in order to correspond to the
values obtained by the method used in the present study.
The normal range for HbA1c values was 3.2–6.0%. Long-
term metabolic control, defined as the mean of HbA1c for
each year of the disease, was 6.7±0.8%.

EEG recordings and spectral analysis EEGs were re-
corded and analysed using methods similar to those de-
scribed earlier [9]. A digital EEG system (Nervus version
2.3, Taugagreining, Reykjavik, Iceland) was used with 22
Ag electrodes located according to the international 10–20
system (Fp1, Fp2, F7, F3, Fz, F4, F8, A1, T3, C3, Cz, C4,
T4, A2, T5, P3, Pz, P4, T6, O1 and O2, with recording
reference Oz). Electrode impedances were <5 kΩ. The EEG
signal was sampled at 256 Hz, and cutoff frequencies of
<0.5 and >70 Hz were used. Recordings were performed
over 15 min on awake, resting subjects, following a strict
protocol, with an eyes open (10 s)/eyes closed (50 s) cycle
repeated 15 times. Apart from instructions to open and
close the eyes, the subjects were left completely undis-
turbed in order to standardise the conditions. Despite the
repeated eye openings, some subjects became drowsy, and
vertex sharp waves were observed in two of the patients
during 30–40 s and in three control subjects during 20–50 s.
Sleep spindles were not observed. The EEG recordings
were performed between 16.00 and −18.00 hours on 34
patients and 38 control subjects; the remaining subjects
were examined between 12.00 and −16.00 hours. If elec-
trode artefacts became apparent during the beginning of the
recording, the electrodes were adjusted and the recording
session was restarted. Power parameters were calculated
with reference to linkedmastoids (A1+A2). A bipolar trans-
verse montage was applied in order to reduce the contam-
ination of vertical eye movement artefacts in frontal delta
activity. The entire recording was used for the quantitative
analysis in order to avoid bias in the selection of EEG
segments [14]. Segments containing significant artefacts
[movement, electromyogram (EMG) artefacts, eye move-
ment or blinks] were discarded, resulting in an EEG du-
ration of 519±132 s (range 257–763 s) from patients and
515±119 s (range 231–737 s) from control subjects. When a
pulse or EMG artefact appeared during the recording in a
single electrode (which occurred in 16% of the recordings,
most often in frontal electrodes), the power data for that
particular electrode were replaced with the values for the
contralateral electrode. Power spectra were calculated by
fast Fourier transformation (FFT) with a 4-s rectangular
time window, from which an average spectrum for each
channel was obtained in each subject. Comparison of the
entire frequency spectra (1–45 Hz) in patients with those in
control subjects showed the largest differences in power at
6–7, 9–11 and 18–22 Hz. For this reason, narrower seg-
ments of the power spectrum were defined within the
conventional frequency bands as follows: 1–3 Hz (‘delta’),
6–7 Hz (‘theta’), 9–11 Hz (‘alpha’), 18–22 Hz (‘beta’) and
38–42 Hz (‘gamma’). These segments were chosen for
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statistical comparison as described previously [9]. The dom-
inant frequency (‘alpha peak’) was measured in the range
7–13 Hz in order to detect a dominant peak slightly below
the alpha band (8–13 Hz).

Statistical analysis Analysis of the EEG parameters of the
control group showed an effect of both age and sex (data
not shown). In order to compensate for these effects in the
patients, a z score was calculated for each EEG parameter
and electrode position for each individual as (measured
value−expected value)/standard deviation. The expected
value was obtained by linear regression analysis of the ef-
fect of age in the control group, separately for males and
females, and the standard deviation was obtained from the
residual variance. Statistical analyses of differences be-
tween patients and control subjects (z scores) were per-
formed using the Student’s t-test for parameters with a
normal distribution and theMann–WhitneyU-test for param-
eters with a non-normal distribution. The log10 of power
for alpha, beta, gamma and delta was normally distributed
in almost all electrode positions in bipolar and referential
montage for both patients and control subjects (Lilliefors
test). A non-normal distribution was observed in 38% of
electrode positions for the log10 of theta power, and in 67%
of electrode positions for the alpha peak frequency. The
number of patients with z scores >2 SD (number positive)
or <−2 SD (number negative) was calculated for all param-
eters and electrode locations. The abnormality rate was
calculated as (number positive−number negative)/(total
number of patients), in order to obtain the net effect.
Clinical parameters were analysed using a nonparametric
ranking test (Spearman’s rank correlation test), and group
comparisons were made using the Mann–Whitney U-test.
Multiple regression analysis was performed to determine
the effects of sex, acute HbA1c, and number of severe
hypoglycaemic events on delta power. A p value less than
or equal to 0.05 was considered to be significant.

Electroneurography Studies of nerve conduction were
performed using a Medelec Synergy system (Cephalon,
Aarhus, Denmark) and surface electrodes as described
previously [15]. Motor nerve conduction velocity (MCV)
and compound muscle action potential (CMAP) amplitude
were determined bilaterally in the median and peroneal
nerves. The sensory nerve conduction velocity (SCV) and
sensory nerve action potential (SNAP) amplitude were
determined bilaterally in the median and sural nerves. The
legs were warmed with heat pads for 10 min prior to the
nerve conduction measurements. Skin temperature was
measured with an accuracy of 0.1°C by a surface ther-
mometer placed near the recording electrodes immediately
after the nerve conduction measurement in each nerve. Skin
temperature was 34±1.2°C (range 31–37°C) on the dorsum
of the foot (peroneal), 33±1.2°C (range 31–36°C) on the
back of the distal leg (sural), and 33±1.0°C (range 31–
37°C) in the palm of the hand (median). All patients were
examined by the same experienced technician. Complete
nerve conduction studies were performed in all patients and
the results were compared with previously published data

in healthy control subjects [15]. The data were pooled in
order to reduce the number of neurographic parameters.
Abnormalities of the right side were correlated with abnor-
malities of the left side (r=0.45–0.90, p<0.01). Dysfunction
in peroneal MCV was correlated with dysfunction in me-
dian MCV (r=0.72, p<0.0001), and dysfunction in sural
SCV was correlated with dysfunction in median SCV
(r=0.43, p<0.001). After pooling the data, six parameters of
nerve conduction were analysed: MCV, SCV, median
CMAP, peroneal CMAP, median SNAP and sural SNAP. A
z score, corrected for height, was calculated for each con-
duction parameter as follows: (value in the patient−value in
control subjects)/standard deviation. Patients had an aver-
age z score of −1.4 for MCV, −1.5 for SCV, −1.0 for median
CMAP (log10 value), −1.2 for peroneal CMAP (log10
value), −0.55 for median SNAP (log10 value), and −0.70 for
sural SNAP (log10 value).

Clinical evaluation and examination A standard direct
inquiry was made about hereditary neurological disease,
ongoing medication, previous head injuries, presence of
disease known to influence EEG, and peripheral nerve
function or typical symptoms of peripheral neuropathy.
None of the patients had a family history of peripheral neu-
rological disease. Three patients were receiving medication
for allergies, one for epilepsy and one for thyroid disease.
Four patients had experienced commotio cordis, three had a
history of febrile convulsions, and one patient contracted
viral meningitis 10 years previously. Three patients smoked
>10 cigarettes per day. Three patients had sensory symp-
toms (numbness in the lower legs). None of the patients had
motor or autonomic symptoms, retinopathy or nephropa-
thy. Tendon reflexes (bilaterally at the knees and ankles)
and appreciation of vibration (128 Hz) bilaterally in the big
toe were present in all patients. None of the patients had
neuropathic ulcers. Blood pressure was measured using an
inflatable cuff (width 12 cm) with patients in the supine
position after a 10-min rest. None of the patients were
receiving anti-hypertensive medication, and none had a
systolic blood pressure >140 mmHg or a diastolic blood
pressure >85 mmHg in repeated examinations.

Previous history of hypoglycaemia and ketoacidosis Ac-
cording to medical records, 25 of the 35 patients had
experienced severe hypoglycaemia (requiring help from
another person) with or without unconsciousness. The me-
dian number of such episodes was nine (range of 1–49
episodes). On average, each girl had experienced 13 epi-
sodes of severe hypoglycaemia, whereas each boy had
experienced six episodes (p=0.07). Patients with severe
hypoglycaemia had an earlier age of onset (8.1 years) and a
longer duration of diabetes (9.2 years) than patients who
had not experienced this complication (13 and 3.5 years
respectively, p<0.01). A history of severe hypoglycaemia
was also correlated with higher acute and long-term HbA1c
levels (p<0.05), and reduced MCVand SCV (p<0.01). The
frequency of episodes of mild hypoglycaemia was 2–6 days
per week in 12 patients, 1–4 days per month in 22 patients
and <1 day per month in one patient. According the present
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definition, hypoglycaemia in small children is always clas-
sified as severe. Ten patients had experienced hypogly-
caemic events with unconsciousness; the median number of
such events was 1–2 (range 1–12 events).

According to medical records, 11 patients had experi-
enced one or more episodes of ketoacidosis. Ten of these
patients had experienced one such episode, and one patient
had experienced four episodes. Long-term HbA1c levels
were positively correlated with disease duration (p<0.01)
and acute HbA1c levels (p<0.001), and negatively cor-
related with age at onset (p<0.01). Acute HbA1c levels
were slightly higher in girls than in boys (7.4 vs 7.1%, NS).
MCV was negatively correlated with long-term HbA1c
levels (p<0.05) and with disease duration (p<0.001). Acute
blood sugar was positively correlated with HbA1c levels
(p<0.01), and SCV was positively correlated with MCV
(p<0.001).

Results

Different types of EEG abnormalities in adolescents with
type 1 diabetes The spatial distribution of the EEG ab-
normalities induced by diabetes is illustrated in statistical
brain maps that show the p values of the z scores of the
patients (Fig. 1a, b). Slow activity (delta and theta) was
increased bilaterally in the central and frontal regions, and
showed a similar distribution in bipolar montage, with the
largest increase seen in the medial frontal regions (p<0.001;
Fig. 1b). There was a global reduction in fast activity; this
was most pronounced bilaterally in the posterior temporal
regions (p<0.001, p<0.01 and p<0.001 for alpha, beta and
gamma power respectively). Abnormalities in these fre-
quency bands were highly correlated (data not shown). The
alpha peak frequency (defined as the dominant peak within
the range 7–13 Hz) was reduced (p<0.01 or p<0.001) in all
frontal regions. For example, the average alpha peak fre-
quency in the right lateral frontal (F4–F8) region was
7.9 Hz in patients compared with 8.6 Hz in control subjects.

Abnormality rates and correlations between EEG ab-
normalities EEG abnormality rates were calculated in order
to determine the incidence of abnormalities exceeding
±2 SD (see Subjects and methods). Except for those for
theta power, the abnormality rates were highest in refer-
ential montage, where maximum values were 14–23% for
delta power in the lateral frontal regions, 9–14% for theta
power in the frontal and frontopolar regions, 11–17% for
alpha power in the posterior temporal and occipital regions,
and 26–34% for the alpha peak frequency in the frontopolar
regions. Beta and gamma power had lower abnormality
rates. A correlation analysis was performed in order to
elucidate whether the increase in frontal slow activity was
related to the decrease in temporal fast activity (Fig. 2); this
was based on the fact that these regions showed the highest
theta and alpha abnormality rates in bipolar montage. The
analysis revealed that those patients with a pronounced
decrease in alpha power in the posterior temporal region
were different those with a large increase in theta power in

the frontal region, i.e. none of the patients had both alpha
power abnormality in the posterior temporal region and
theta power abnormality in the frontal region.

Effect of hypoglycaemic events on the EEG According to
medical records, 25 patients had experienced one or more
episodes of severe hypoglycaemia with or without uncon-
sciousness. The effect of the number of severe hypogly-
caemic episodes on the spectral parameters was studied
with a ranking test. Theta power had a significant positive
correlation in virtually all electrode positions (r=0.36–0.51,
p<0.01–0.05) except T5 (r=0.23, NS) (Fig. 3). Delta power
had a positive correlation in most of the frontal and central
positions (p<0.05 or p<0.01 in five positions in referential
montage). Alpha power was not correlated with the number

Fig. 1 Effect of diabetes on EEG spectral components in referential
montage (a) and in bipolar montage (b). Brain maps showing the
differences (see Subjects and methods) between patients with
diabetes (n=35) and healthy control subjects (n=45). The different
power bands are indicated. The colours represent the log10 of the p
values of the differences, i.e. 3 or −3 is equal to p=0.001. Red
colours indicate an increase in power, whereas blue colours indicate
a decrease in power. Electrodes were positioned according to the
10–20 system, and are fronto-polar in top, occipital in bottom, left
temporal to the left, right temporal to the right, etc. Transverse
bipolar EEG montage was applied in order to reduce the effect of
eye movement artefacts in frontal leads
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of hypoglycaemic events, whereas beta and gamma power
had a positive correlation (p<0.05) in six and five positions
respectively. The alpha peak frequency was negatively cor-
related with the number of severe hypoglycaemic events in
all electrode positions, and this effect was most pronounced
in the right fronto-polar region (Fp2, p<0.01). In this re-
gion, the alpha peak frequency was 8.1 Hz in those with
severe hypoglycaemic events and 9.4 Hz in those without
(p<0.05). The alpha peak frequency in patients without a
history of hypoglycaemia was not significantly different
to that in healthy control subjects (e.g. 9.6 Hz in Fp2). Ten
of the 25 patients who had experienced severe hypogly-
caemia had also been unconscious on at least one occasion.
In group comparison, these subjects were not different to
those with severe hypoglycaemia without unconsciousness

in terms of any of the EEG parameters (data not shown).
The frequency of mild hypoglycaemic events was not cor-
related with any of the abnormalities in the spectral pa-
rameters in the patients.

Effect of metabolic control Poor metabolic control, as in-
dicated by acute and long-term HbA1c levels, had different
effects on the EEG parameters. Acute HbA1c levels were
correlated with a global increase in delta power, which was
most pronounced in the frontal regions (maximum in F4,
p<0.001). Long-term HbA1c had a significant negative
correlation with the alpha peak frequency in eight out of 19
positions, which was also most pronounced in the frontal
regions (maximum in F3, p<0.01). The other parameters
were not affected, except for beta power, which showed a
significant positive correlation with acute HbA1c levels in
six out of 19 positions (data not shown). Acute blood glu-
cose levels were not correlated with any of the parameters
studied.

Effect of age, sex and other clinical parameters Age, age
at onset of diabetes, duration of disease, BMI, insulin
dose·kg−1·day−1, and number of episodes of ketoacidosis
showed a significant effect on the EEG parameters in <5%
of the electrode positions. Nerve conduction properties
(SCVand MCV) had a significant positive correlation with
slow activity (delta and theta) in 10 and 7% of the electrode
positions respectively. Response amplitudes (sural and
median SNAP, and median and peroneal CMAP) showed a
significant effect on the EEG spectral parameters in <5% of
electrode positions. In spite of the compensation for age
and sex effects by the use of a z score (see Subjects and
methods), girls had higher values for delta power (p<0.05–
0.01 in 13 referential electrode positions). Multiple re-
gression analysis was performed with delta power as a
dependent variable, and sex, acute HbA1c levels and num-
ber of severe hypoglycaemic events as independent var-
iables. When studied in the simple regression models, sex,
acute HbA1c levels and number of hypoglycaemic events
had a significant effect on delta power in 57, 77 and 26% of
the electrode positions respectively. However, in the mul-
tiple regression model, the effect was significant for the
partial correlation in only 29, 49 and 0% of the electrode
positions respectively.

Discussion

EEG abnormalities were found in an unselected group of
adolescents with type 1 diabetes who were receiving mod-
ern MIT treatment. The power of the faster frequencies
(alpha, beta and gamma) was decreased, and this was most
pronounced in the temporal regions. The slower frequen-
cies (theta and delta) had an increased power, and the alpha
peak frequency was reduced; both these abnormalities had
maximum values in the frontal regions. Only the increase in
slow activity and the decrease in alpha peak frequency
could be correlated with disease history or laboratory data.
The increase in theta activity was most strongly correlated

Fig. 3 Influence of the number of severe hypoglycaemic episodes
on EEG power spectral parameters. The figure shows p maps of the
rank correlation test (Spearman rho). The electrode positions and
colour coding are as in Fig. 1
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with a history of severe hypoglycaemia, the increase in
delta activity was most strongly correlated with high acute
HbA1c levels and sex (stronger in girls), and the decrease in
alpha peak frequency was most strongly correlated with
high long-term HbA1c levels. The observed changes in the
frequency spectrum and its regional distribution are in close
agreement with those previously described in adult patients
with type 1 diabetes [9]. Increased theta/delta power and
decreased alpha power have been related to poor metabolic
control and ketoacidosis in adolescents with type 1 diabetes
[6]. Previous experience of severe hypoglycaemia has been
related to increased theta/delta power and decreased alpha
power in children [7], and to a global decrease in beta
power in adult patients [8].

EEG slowing is usually observed in response to drows-
iness. The recording procedure was standardised for all
subjects and was designed to reduce spontaneous fluctua-
tions in vigilance. Typical sleep patterns were infrequent
and were observed to occur to the same extent in patients
and control subjects. For these reasons it is unlikely that the
observed increase in slow activity in the patients is related
to a difference in vigilance between the two groups of
subjects. Eye movements typically produce artefacts that
are most pronounced in the frontal regions. This causes
contamination of power in the delta range that is reduced
with bipolar montage. Accordingly, by using this montage
a more significant increase in frontal delta activity was
observed in the patients, and this was more pronounced in
girls. In order to adjust for the effect of age and sex, a z
score was utilised that was based on the control group. In
spite of this, the multiple regression analysis showed that
girls with diabetes did have an increase in delta power;
however, the effect of acute HbA1c on delta power was
more pronounced than the effect of sex.

The present analysis was performed in adolescents. Ear-
lier studies have reported an increased risk of cognitive
disturbances related to diabetes in this subpopulation of
diabetes patients [13]. In this age group, the EEG shows
maturational changes [16] that may obscure the detection of
specific abnormalities. In young patients with diabetes
EEG changes may be detected at blood glucose levels
<4 mmol/l (increase in slow activity), and an increase in
frontocentral alpha activity has been described <3 mmol/l
[17]. Measurements made at the same time as the EEG
recordings showed that blood glucose levels varied widely
(2.0–28 mmol/l) and that the EEG parameters were not
correlated with blood glucose levels during the recording.
For these reasons it is not likely that the observed decrease
in alpha activity in the present study is a reflection of low
glucose levels during the EEG recording.

In small children all hypoglycaemic events were clas-
sified as severe (requiring assistance from other person).
Using this definition only ten of the 35 patients had not ex-
perienced severe hypoglycaemia. Consequently, the num-
ber of episodes of severe hypoglycaemia may have been
overestimated in patients with early age of onset. In spite of
this ambiguity, hypoglycaemic events showed a strong and
global correlation with theta power, whereas age of onset
and diabetes duration did not. The ten patients who had

experienced hypoglycaemic coma were not different to
those without a history of coma with respect to the amount
of theta activity or other parameters. This does not exclude
the presence of short-lasting EEG effects of hypoglycaemic
coma. However, investigation of this would require a pro-
spective study design. As regards the influence of poor
metabolic control on EEG, acute HbA1c levels were ob-
served to have the strongest effect, showing a strong posi-
tive correlation with delta power. Long-term HbA1c levels
most strongly affected the alpha peak frequency, and were
negatively correlated with this EEG parameter. The in-
crease in slow activity and the decrease in alpha peak
frequency were also correlated with reductions in MCVand
SCV. These observations are not surprising, since poor
metabolic control is known to affect conduction properties
[18]. The present data suggest that the effects of metabolic
control are difficult to separate from those of severe hypo-
glycaemia since: (1) a history of severe hypoglycaemia is
correlated with poor metabolic control; and (2) the EEG
abnormalities correlated with severe hypoglycaemia and
poor metabolic control had similar regional distributions
with frontal maxima.

The findings of the present study indicate that the de-
crease in fast activity is a separate abnormality. In partic-
ular, alpha and beta power were decreased, with maximum
reductions observed in the posterior temporal and occipital
regions. The decrease in fast activity was not correlated
with the increase in delta/theta power, neither was it
correlated with poor metabolic control nor hypoglycaemia.
The decrease in alpha power and faster frequencies in the
posterior temporal region was the most significant abnor-
mality in the present study. This finding is in agreement
with a previous study on young adults with type 1 diabetes
and a minor history of recurrent hypoglycaemia [9]. By
calculating EEG abnormality rates we found that the in-
cidence of decreased alpha peak frequency was highest in
the frontal regions. This result was consistent with the dis-
tribution of the highest p values in the Student’s t-test.
However, it should be noted that the abnormality rate is
affected by small changes in the definition of the normal
limits, and abnormalities that are present in group com-
parisons may be undetected. This may explain why the ab-
normality rates for delta power were highest in the lateral
frontal regions, whereas the p values were highest in the
medial frontal regions.

The pathogenesis of the EEG abnormalities that were not
related to hypoglycaemic events or to any of the other
clinical variables may be linked to a more specific action of
insulin and insulin receptors in the brain. Studies in the rat
have shown that insulin receptors are widely distributed in
the brain, with localisation densest in the olfactory bulbs
and the limbic system, including the hippocampus and
medial temporal cortex [19, for review see 20]. The insulin
receptor guides the growth of retinal axons in Drosophila
during the development of the visual system [21]. Insulin-
deficient rats have learning deficits and show alterations in
the hippocampus at the cellular level in terms of decreased
synaptic plasticity and increased neuronal apoptosis [22,
23]. In rats, an improvement in spatial memory following
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training was found to up-regulate the production of insulin
receptor mRNA and increase the accumulation of the re-
ceptor protein in the hippocampus [24]. There is evidence
that perturbation of insulin regulation contributes to the
symptoms and pathogenesis of senile dementia of the Alz-
heimer’s type (AD) [25]. Furthermore, subjects with type 2
diabetes are at increased risk of AD, especially if they are
treated with insulin [26].

Although cognitive function was not measured in the
present study, there are reasons to believe that the EEG
findings are relevant with regard to possible cortical dys-
function in diabetes. A shift in the EEG power spectrum,
with a decrease in alpha/beta power and an increase in
delta/theta power in the parietal and temporal regions, is
typically observed in AD, and there is a correlation between
EEG abnormality and cognitive impairment [27]. Patients
with type 1 diabetes may have various forms of cognitive
dysfunction, including a decline in both verbal and per-
formance IQ [3, 28]. Whether repeated episodes of severe
hypoglycaemia cause permanent cognitive impairment is
unclear, as some studies have provided evidence for this
[3, 29], whereas other studies have provided evidence to
the contrary [8, 30, 31]. However, an association between
‘psychomotor slowing’ and poor metabolic control with
peripheral neuropathy has been found in adult patients with
type 1 diabetes [1, 32].

In conclusion, the present study demonstrates two kinds
of EEG abnormalities in adolescents with type 1 diabetes
receiving modern MIT treatment. A history of severe hypo-
glycaemia and poor metabolic control both contribute to the
first kind of abnormalities, which have maximum values in
the frontal regions. The second kind of abnormalities have
maximally decreased values in the temporal regions and are
not correlated with a history of severe hypoglycaemia, poor
metabolic control, or the frontal abnormalities.
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