
Introduction

Type 1 diabetes mellitus (DM) is a complex metabolic
disorder and is often associated with complications
secondary to central nervous system involvement [1, 2].
Other than acute changes that developed during hypo-
glycaemia or hyperglycaemia episodes, there is long-
term impairment of cognitive functions in type 1 DM
patients with poor gylcaemic control [3–5]. These cere-
bral complications may be referred to as ‘‘diabetic
encephalopathy’’, which is diagnosed by clinical, psy-
chological and electrophysiological tests [6]. The

underlying mechanisms causing brain damage in diabe-
tes are not clear. Experimental studies showed that
diabetic rodents develop cerebral deficits similar to those
observed in diabetic patients [7]. Fluctuations in blood
glucose level secondary to exogenous insulin use, and
acute and/or chronic metabolic and vascular impair-
ments, may cause functional and structural changes in
diabetic patients [6, 8].

In vivo proton magnetic resonance spectroscopy
(MRS) is a non-invasive imaging method for monitoring
chemical and metabolic changes in areas of interest
within the brain. MRS can provide information about

K. Sarac

A. Akinci

A. Alkan

M. Aslan

T. Baysal

C. Özcan
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Abstract The metabolite changes in
the brains of children with poorly
controlled type 1 diabetes mellitus
(DM) were investigated by proton
magnetic resonance spectroscopy
(MRS). A total of 30 subjects and 14
age-matched healthy volunteers
underwent single-voxel MRS (TE:
136). The duration of disease, med-
ication, presence of hypoglycaemia
episodes and the level of haemoglo-
bin A1C (HbA1C) in the patients
were noted. Voxels were placed in
the pons, left basal ganglion (LBG)
and left posterior parietal white
matter (PPWM). N-acetylaspartate
(NAA)/creatinine (Cr) and choline
(Cho)/Cr ratios were calculated. The
average HbA1c level was 11.9±3.4
(8.2–19.4). The average number of
keto-acidosis episodes was 1.9±2.2
(0–9) and the average number of
daily insulin injections was 2.8±0.97

(2–4). MRS revealed lower NAA/Cr
and Cho/Cr ratios in the pons and
lower NAA/Cr ratio in the PPWM
of patients with DM than in control
subjects. No significant correlation
was observed between the number of
hypoglycaemia episodes and metab-
olite ratios. Metabolic abnormalities
have been observed by MRS in the
brain of poorly controlled
type 1 DM children. These
metabolic changes, in particular in
the pons region, include a decrease
in NAA, indicating neuronal loss or
functional impairment, and likely
explanations for a decrease in Cho
may be dynamic changes in mem-
brane lipids and/or decreased
membrane turnover.
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the concentration and relative levels of proton-including
metabolites and may assist in discriminating normal and
pathological tissues. Although several articles have ap-
peared on the use of the proton MRS in different brain
disorders recently, brain MRS data for DM is still lim-
ited [9–11]. In the present study, we report our MR
spectroscopic data of the brain to study metabolic dis-
turbances in a childhood population with poorly con-
trolled type 1 DM.

Methods

We performed MR spectroscopic analysis on 30 patients
with type 1 DM. Mean age of the patients was 13.1±3.5
years (range 8–19 years). Mean follow-up period was
58±42.6 months (range 3–186 months). We noted the
duration of disease, medication, presence of hypo-
glycaemia episodes and the level of haemoglobin A1C
(HbA1C). Fourteen patients had diabetes-related reti-
nopathy, whereas the other 16 patients had no compli-
cations except elevated HbA1C blood levels. The control
group included volunteer, healthy subjects who were
admitted to healthy child polyclinics. Fourteen appar-
ently healthy subjects (mean age 12.1±3.3 years, range
8–20 years) without known neurological or biochemical
disease, who were approximately age- and gender-mat-
ched to the group of patients with DM, were selected.
The healthy subjects underwent identical examination
by means of proton MRS. The patients and their fami-
lies gave informed consent to participate in the study.

MRS was carried out on a 1.5-T whole-body imager
(Philips, Gyroscan Intera Master, Best, The Nether-
lands), using a combined magnetic resonance imaging
(MRI) and spectroscopic imaging protocol. We used a
transit/receive quadrature birdcage head coil. The pro-
tocol consisted of axial and sagittal T1-weighted images
(TR: 560, TE: 15), sagittal, coronal and axial
T2-weighted images (TR: 4,530, TE: 100), plus MRS.
The routine images were used to identify anatomical
structures and to confirm the absence of any structural
or signal abnormality. In the same session, the pons, left
basal ganglion (LBG) and left posterior parietal white
matter (PPWM) were studied in patients and control
subjects. Single-voxel spectroscopy was performed on all

patients using a point-resolved spectroscopy sequence
(TR: 2,000/TE: 136 ms) with 128 averages. Voxels were
placed to the locations in the pons, LBG and PPWM.
Voxel sizes were selected as 15·15·15 mm in the LBG
and PPWM, 13·13·13 mm in the pons. Prior to MRS,
shimming was performed to optimize field homogeneity,
and water suppression was optimized with automated
routines provided by the manufacturer. The water signal
was suppressed by a chemical-shift selective saturation
pulse. A spectral sweep width of 1,000 Hz was used, with
a data size of 1,024 points. The magnitude spectra were
processed automatically by baseline correction and
curve-fitting procedures to determine the resonance
areas of N-acetylaspartate (NAA), creatine (Cr) and
choline (Cho). Analysis of the spectra was performed
with the manufacturer’s supplied spectroscopy software
package of the MRI system. Resonances were assigned
as follows: NAA, 2.0 ppm; Cr 3.02 ppm; Cho 3.2 ppm.
Peak area metabolite ratios (NAA/Cr and Cho/Cr,)
were calculated. For each patient, two authors assessed
whether the spectra were diagnostic.

All statistical analyses were performed with a com-
mercially available SPSS release 10.0 software package
(SPSS, Chicago, Ill., USA). That was the rational for
the application of the non-parametric Mann–Whitney
U-test to assess the metabolite differences among these
groups. A P value of <0.05 was considered to be
significant.

Results

No significant differences between the mean ages of the
groups were observed. Neurological examination of the
patients was within normal limits. The patients had a
history of DM for 2–8 years. The average HbA1c level
was 11.9±3.4 (8.2–19.4). The average number of keto-
acidosis episodes was 1.9±2.2 (0–9) and the average
number of daily insulin injections was 2.8±0.97 (2–4).
MRI of the patients dnnot reveal any anatomical or
morphological abnormalities. In the 44 subjects, a total
of 132 spectra were sampled. Nine spectra were rejected
due to insufficient resolution. Cerebral metabolite con-
centration and ratios are given in Table 1. MRS revealed
lower NAA/Cr ratio in the PPWM and lower NAA/Cr

Table 1 The mean values of NAA/Cr and Cho/Cr in the pons, left basal ganglion and posterior parietal white matter in the patient and
control groups (NS not significant.)

Location Ratio Patient group Control group P

Pons NAA/Cr 1.77±0.90 2.54±1.23 0.005
Cho/Cr 1.53±0.77 2.01±0.63 0.006

LBG NAA/Cr 1.23±0.20 1.28±0.13 NS
Cho/Cr 0.89±0.21 0.82±0.15 NS

PPWM NAA/Cr 1.99±0.53 2.42±0.61 0.04
Cho/Cr 1.07±0.36 1.31±0.43 NS
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and Cho/Cr ratio in the pons of DM patients than in
control subjects. No significant correlation was observed
between number of hypoglycaemia episodes and
metabolite ratios.

Discussion

9The pathogenesis of cerebral dysfunction shown by
neuroradiological, electrophysiological and cognitive
tests in DM seems to be a multifactorial process [8]. In
poorly controlled DM, exposure to the extremes of blood
glucose levels, chronic hyperglycaemia and repeated
episodes of severe hypoglycaemia may adversely affect
the brain [6, 12]. While acute hypoglycaemia alters re-
gional cerebral blood flow and leads to microvascular
changes, the mechanisms of hyperglycaemia are likely to
be complex interactions of hyperglycaemia, ketonaemia,
acidosis and hyperosmolality. During hyperglycaemia,
enhanced formation of oxygen free radicals occurs in the
tissues. These oxidant radicals contribute to increased
neuronal death by oxidizing proteins, damaging DNA
and inducing the lipoperoxidation of cellular mem-
branes. Neuronal abnormalities may also occur second-
ary to a possible marginal deficiency of long-chain
polyunsaturated fatty acids [13–15].

Neuroimaging techniques, such as MRI and com-
puted tomography, have provided data on structural
changes in the brain that may be more relevant to the
general population of the diabetic patients [8]. MRS may
demonstrate metabolic changes in normal-appearing
MRI examinations. The prominent resonances detected
on MRS in normal brains include NAA, Cho and Cr. Cr
participates in cerebral energy metabolism and reserves.
Since Cr is relatively constant throughout the normal
brain tissue and in different pathological conditions, it is
often used as a reference resonance for the measurement
of relative changes in NAA or Cho or both. NAA is the
most sensitive central nervous system metabolite. Since
it is a neuro-axonal marker, abnormalities of neuronal
structures, such as reduced neuronal density or viability,
lead to the reduction of NAA [16]. More recently,
reduction of cerebral NAA, however, was shown to be
potentially reversible, indicating that NAA levels not
only reflect neuronal density and viability but can also
be used as a dynamic marker of neuronal metabolic
dysfunction and integrity [17]. Only limited proton MR
spectroscopic data are currently available for DM. Kreis
and Ross [10] showed a significant reduction of N-acetyl
metabolites in the parietal white matter, but no change
in the occipital cortex, in subacute and chronic DM
patients. Lai et al. [18] revealed NAA decreases in the
basal ganglia of hyperglycaemic diabetic patients with
chorea-ballismus. Biessels et al. [9] found a reduction in
NAA/Cr ratios in streptozotocin-diabetic rats. In the
present study, we found a decrease in NAA/Cr in the

PPWM, and particularly in the pons, in the patients with
poorly controlled type I DM. This finding can be
attributed to neuronal loss or neuronal dysfunction in
children with type 1 DM.

Cho/Cr was the other important metabolite ratio that
was analysed. Choline includes metabolites involved in
the composition of myelin, such as phosphorylcholine,
glycerophosphorylcholine and a relatively negligible
amount of free choline [16, 19]. It can be viewed as an
indirect marker of myelination and cell membrane
metabolism. An increase in the Cho peak is associated
with conditions such as brain tumours and demyelinat-
ing disease [20]. Decreased concentration of Cho may be
due to changes in dynamic behaviour of the membrane
lipids and/or decreased membrane turnover [21, 22].
Biessels et al. [9] found no differences of Cho/Cr ratios in
streptozotocin-diabetic rats. Kreis and Ross [10] showed
that Cho was, on average, unchanged, but that there
were large increases in some individuals, especially in
diabetic keto-acidosis and hyperglycaemic coma. They
concluded that there is a correlation between hypero-
smolality and choline, which is an osmolite substance.
Also, they reported that a 10% higher level of Cho in
both white and grey matter characterized the small
group of patients with type 2 DM compared with
patients with type 1 DM [10]. In another study, diabetic
patients with non-ketotic hyperglycaemia and chorea-
ballismus showed increased Cho levels in the basal
ganglia [18]. In our study, Cho/Cr was found to be
normal in other brain regions, while there was a signif-
icant Cho/Cr decrease in the pons region. The discrep-
ancy between previous studies and our study may be
explained by difference in diabetic populations and
blood sugar levels. The likely explanations for a decrease
in Cho may be dynamic changes in membrane lipids
and/or decreased membrane turnover.

Lactate is usually detected only under pathological
condition, when energy metabolism is affected severely
and it could indicate anaerobic metabolism [19, 20].
With 31P and 1H MRS studies, Biessels et al. [9] reported
that diabetes did not cause alterations in cerebral energy
metabolism in streptozotocin-diabetic rats. To the con-
trary, Lai et al. [18] reported a lactate peak in the basal
ganglia of diabetic hyperglycaemic patients with chorea-
ballismus in the acute stage. However, in our study, we
did not detect lactate. The possible explanation for this
may be absence of acute stage of keto-acidosis in our
patients.

To our knowledge, there is no MRS study of the pons
region in DM patients. In type 2 DM, pontine lesions
and cranial nerve involvement have been attributed to
an ischaemic lesion in this region [23]. Electrophysio-
logical studies on type 1 DM patients depict pons
and midbrain involvement [24, 25]. Pontine involve-
ment that we have shown by MRS may explain this
electrophysiologically proven disorder.
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In DM patients, the effect of recurrent severe hypo-
glycaemia episodes on cognitive function was investi-
gated but a correlation could not be found [26, 27].
Perros at al. [11] found no differences in metabolite
ratios in DM patients with and without a history of
recurrent severe hypoglycaemia. Similarly, we did
not find a relationship between hypoglycaemia and
metabolite ratios in DM.

In conclusion, type 1 DM causes metabolic changes
in the brain that can be shown by MRS. These metabolic
disorders, in particular in the pons region, include a
decrease in NAA, indicating neuronal loss or functional
impairment, and a decrease in Cho, indicating dynamic
changes in membrane lipids and/or decreased membrane
turnover. Further studies with follow-up are needed to
determine the value of MRS in DM.
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