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Objectives: To seek cerebral metabolite abnormalities
in patients with myotonic dystrophy and to determine
whether the degree of cerebral abnormalities (measured
by proton magnetic resonance spectroscopy) correlates
with severity of the genetic defect (measured by tri-
nucleotide repeats).

Design: Fourteen patients with myotonic dystrophy were
compared with 24 healthy control subjects.

Setting: A university-affiliated medical center.

Results: Compared with healthy subjects, patients with
myotonic dystrophy had elevated levels of myoinositol
(+19% in the occipital region and +12.9% in the tempo-
roparietal region), total creatine (+7.6% and +6.8%), and
choline-containing compounds (+21% and +7.7%). Fur-
thermore, the creatine and myoinositol peak areas cor-

related with the number of trinucleotide cytosine-thymine-
guanine, (CTG), repeats from leukocytes, especially in
the temporoparietal brain region (r=0.76; P=.004).

Conclusions: Neurochemical alterations observed
with proton magnetic resonance spectroscopy are pro-
portional to the cytosine-thymine-guanine repeat size.
Increases in myoinositol and creatine concentrations
may be caused by increased glial content, while
elevated levels of choline-containing compounds are
most likely caused by increased glial content and cell
membrane abnormalities. Proton magnetic resonance
spectroscopy is a powerful noninvasive tool to study
brain biochemistry, which may reflect the extent of
neuropathological involvement in patients with myo-
tonic dystrophy.
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YOTONIC dystrophy is
a progressive multisys-
tem genetic disorder
with an abnormality
on the long arm of
chromosome 19.!? The genetic defect con-
sists of an excessive trinucleotide repeat—
cytosine-thymine-guanine (CTG),, which
renders the defective production of myo-
tonin, an inferred substrate of the myo-
tonic dystrophy protein kinase.*” A gain
of function by the myotonic dystrophy pro-
tein kinase RNA and effects of the CTG
expansion on a candidate flanking gene,
myotonic dystrophy locus—associated ho-
meodomain protein, may also contribute
to the pathophysiology of myotonic dys-
trophy.®’ The disease is characterized by
myotonia, distal muscular weakness, and
a variety of systemic disorders including
cataracts, cardiac conduction defects, sleep
apnea, endocrine abnormalities, and cog-
nitive impairment.® However, the clini-
cal expression of the disease and the age
at onset of the illness are highly variable.
Between 25% and 70% of these patients are
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intellectually impaired,’'* but the cause of
the cognitive deficits is unexplained.

For editorial comment
see page 291

A variety of cerebral abnormalities, in-
cluding cognitive impairment, abnormal
neuroimaging findings on computed to-
mography, magnetic resonance (MR) im-
aging, single photon emission computed
tomography, positron emission tomogra-
phy, and neuropathological findings, have
been reported in patients with myotonic
dystrophy. Neuropsychological tests have
shown lowered global intelligence (IQ) and
personality changes''* and, in particu-
lar, difficulties with visuospatial func-
tion and “frontal lobe” tasks."'” The more
severe cases demonstrated alterations of
language and memory.'*'® Neuroimag-
ing studies have shown abnormalities such
as a higher prevalence of periventricular
hyperintensities on MR imaging,'*'*' ce-
rebral hypoperfusion on single photon
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SUBJECTS AND METHODS

SUBJECT SELECTION AND EVALUATION

Fourteen patients with a clinical diagnosis of myotonic
dystrophy (8 men and 6 women, aged 37.8+2.7 years;
Table 1) and 24 healthy control subjects (14 men and
10 women, aged 39.6+2.4 years) were consecutively
recruited and studied with MR imaging and localized 'H
MRS. Each patient underwent a screening evaluation that
included medical and family histories; physical and neu-
rologic examination (including a Folstein Mini-Mental
State Examination®”); electromyography; and an extensive
laboratory battery, including complete blood cell count,
routine chemistry studies, measurement of serum creatine
(CR) and creatinine, thyroid panel, and measurement of
fasting glucose and insulin, estrogen or testosterone, and
serum and urine cortisol. Each patient with myotonic dys-
trophy also had DNA analysis for the CTG trinucleotide
repeats by methods previously reported with polymerase
chain reaction amplification and Southern blot analysis of
restriction endonuclease digested genomic DNA.?** The
myotonic dystrophy analysis, as performed in this study,
is greater than 99% accurate and identifies greater than
99% of all myotonic dystrophy mutations. Before the
study, each subject and his or her guardian received a ver-
bal description of the study procedures and signed an
informed consent approved by the Human Subjects Insti-
tutional Review Board at Harbor-UCLA Research and
Education Institute, Torrance, Calif.

MR IMAGING AND LOCALIZED 'H MRS

Each patient and subject underwent MR imaging to
assess possible structural brain abnormalities. Both MR
imaging and 'H MRS were performed on a clinical 1.5-T
scanner (Signa 5.4, General Electric Co, Milwaukee,
Wis) with the use of a quadrature head resonator. The
examination began with the acquisition of a sagittal T;-
weighted localizer (echo time [TE], 11 milliseconds;
repetition time [TR], 500 milliseconds; 4-mm slice
thickness; 1-mm gap; 24-cm field of view), followed by a
coronal fast double spin-echo sequence (TE1, 17 milli-
seconds; TE2, 102 milliseconds; TR, 4000 milliseconds;
5-mm slice thickness; no gap; 24-cm field of view).
Finally, an axial fast inversion recovery scan (TE, 32
milliseconds; inversion time, 120 milliseconds; TR, 4000
milliseconds; 3.5-mm slice thickness; no gap; 24-cm
field of view) was performed.

The 'H MRS was performed in 2 cortical regions: the
midoccipital gray matter and the left temporoparietal gray

matter regions (Figure 1). Voxel sizes ranged between 3
and 5 cm’, depending on the individual anatomy of the sub-
ject; voxel sizes and location were carefully chosen by one
of us (L.C.) to ensure consistent placement and to ascer-
tain that each voxel contained primarily gray matter. After
shimming and optimizing the water suppression, data were
acquired by means of a double spin-echo sequence, point
resolved spectroscopy (PRESS),* with TE of 30 millisec-
onds, TR of 3 seconds, 128 averages, 2048 time points, and
2.5-kHz band width. The PRESS sequence was optimized
for the chosen echo times and locations.* To avoid the am-
biguities caused by the use of metabolite ratios, metabo-
lite concentrations were determined.>>** Briefly, the T, de-
cay of the unsuppressed water signal from the PRESS
experiment was measured at 10 different echo times (from
30 milliseconds to 1.5 seconds; TR, 20 seconds). The sig-
nal from an external standard consisting of pure water also
was acquired. This made it possible to determine the com-
partmentation within the selected volume (partial vol-
umes of cerebrospinal fluid, visible brain water, and an MR-
invisible compartment) and to calculate absolute metabolite
concentrations corrected for the partial volume of cere-
brospinal fluid. This approach yielded interindividual varia-
tions of about 10% for the major peaks. Furthermore, this
procedure showed an intrasubject variability of 3% for mea-
surements of CR and 8% for the measurements of choline-
containing compounds (CHO).

The data were transferred to a SPARC 2 workstation
and processed by means of the GE spectroscopy analysis
platform (General Electric Medical Systems, Milwaukee and
a semiautomatic program.’>* All data were processed by
one of us (T.E.), who was blinded to the diagnosis of the
subjects. These measurements yielded metabolite concen-
trations in “institutional units,” which were converted into
millimoles per kilogram concentrations by means of the pub-
lished normal values in occipital cortex.*® To compare our
data with those previously reported, we also determined
metabolite ratios with CR used as an internal standard.

Statistical analyses were performed with Statview (Aba-
cus Inc, Berkeley, Calif). Descriptive analyses were per-
formed on each metabolite. Comparisons between pa-
tients with myotonic dystrophy (excluding patient 3) and
healthy subjects for each brain metabolite in each brain re-
gion were performed by Student ¢ tests. Patient 3 was ex-
cluded in the comparison test because of a lack of an ap-
propriate age-matched control. Regression analyses of
metabolite concentrations on the trinucleotide repeats, and
between different metabolites, were performed by means
of alinear regression model. All values in the text and tables
are reported as mean+SE; P values less than .05 are con-
sidered significant, while P values between .05 and .10 are
considered a trend for significance.

emission computed tomography,'® and cerebral hypo-
metabolism on positron emission tomography* in these
patients. Neuropathological examination of brains of pa-
tients with myotonic dystrophy found neurofibrillary
tangles,”*** with abnormally phosphorylated 7 protein®
and intracytoplasmic inclusions.?® Taken together, these
findings clearly demonstrate that brain abnormalities oc-
cur in addition to the neuromuscular involvement in myo-
tonic dystrophy.

Magnetic resonance spectroscopy (MRS) can mea-
sure in vivo cerebral biochemistry and may help to fur-
ther elucidate the cerebral pathophysiological charac-
teristics of the disease. This study aimed to evaluate
possible cerebral metabolite abnormalities in patients with
myotonic dystrophy by means of proton (*H) MRS. We
also determined whether the genetic abnormalities, as
measured by trinucleotide repeats, correlated with me-
tabolite levels in the brain.
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Table 1. Age, Sex, and Clinical and MR Imaging Characteristics of Patients With Myotonic Dystrophy*
Patient No./ Inheritance No. of CTG Age at Duration of MMSE
Family Sex/Age, y Pattern Repeats Onset, y lliness, y Scoret MR Imaging Findings

| 1/F/34 Paternal 1140 32 2 18 Minimal PVWNIL at posterior horns

| 2/F/29 Paternal 1081 26 3 19 Normal

| 3/F/2.5 Maternal 1434 0 2.5 . Mild generalized atrophy

| 4/M/33 Paternal 788 20 13 21 Minimal PVWML at posterior horns

| 5/M/39 Paternal 893 15 24 28 Mild PVWML at anterior horns

| 6/F/36 Paternal 802 18 18 29 Normal

Il 7/M/42 Paternal 826 14 28 30 Normal

| 8/M/37 Paternal 1061 35 2 26 Mild PVWML at posterior horns

| 9/F/31 Paternal 816 25 6 30 Normal

1l 10/M/48 Maternal 690 38 10 28 Mild bilateral parietal atrophy; mild
PVWML at posterior horns

IV 11/M/62 Paternal 861 40 22 28 Mild parietal atrophy; moderate
PVWNML at posterior horns

\Y 12/M/32 Paternal 444 27 5 27 Normal

V 13/F/30 Paternal 173 25 5 28 Moderate bilateral subscortical WIVL;
moderate PVWML at posterior horns

VI 14/M/50 Paternal 31 19 27 Normal

*MR indicates magnetic resonance; MMSE, Mini-Mental State Examination; WML, white matter lesions; PYWML, periventricular white matter lesions; and

ellipses, not available.
tMaximum score, 30.

Figure 1. Left, Axial inversion-recovery magnetic resonance image showing the typical location of the midoccipital gray matter voxel; note a discrete hyperintense
white matter lesion adjacent to the right posterior horn of the lateral ventricle (white arrow). Right, Coronal T,-weighted magnetic resonance image showing the
left temporoparietal gray matter voxel; note also a discrete hyperintense white matter lesion in the subcortical parietal brain region (white arrow).

— T

PATIENT CHARACTERISTICS

The patients with myotonic dystrophy had a duration of
illness of 13.8+3.5 years, with a mean age at onset of the
illness of 24.1+3.2 years. Twelve of 14 patients had pa-
ternal inheritance of the disease. Neither age at onset nor

duration of illness correlated with CTG repeats. How-
ever, Mini-Mental State Examination scores showed a
trend for correlation with CTG repeats (r=0.48; P=.10).
In addition, serum creatinine level correlated with age
at onset of illness (r=0.69; P=.006) but not with dura-
tion of illness or any of the brain metabolites. Table 1
shows some clinical findings of the patients with myo-
tonic dystrophy. Seven patients had cataracts and, ex-
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Table 2. Metabolite Concentrations From Proton MRS
in Patients With Myotonic Dystrophy and
Healthy Control Subjects*
Healthy
Myotonic Dystrophy Control
(n=13) Subjects (n=24) Pt
Midoccipital Gray Matter

NA 9.29:0.33 (-2.0%) 9.48+0.20 .54
CR 9.25+0.30 (+7.6%) 8.60+0.18 (.08)
CHO 1.83+0.09 (+21.2%) 1.51+0.09 .01
Ml 9.48+0.30 (+19.1%) 7.96+0.36 .005
NA/CR 1.35+0.04 1.61+0.03 <.0001
CHO/CR 0.58+0.02 0.53+0.01 (.06)
MI/CR 0.69+0.02 0.66+0.02 19
GLX/CR 0.48+0.02 0.48+0.01 .96
% CSF 10.5+1.3 (+28%) 8.2+0.5 (.06)

Temporoparietal Gray Matter
NA 9.29+0.13 (0%) 9.29+0.33 .98
CR 9.37£0.18 (+6.7%) 8.78+0.24 .05
CHO 2.22+0.06 (+7.8%) 2.06+0.06 (.08)
MI 9.6120.24 (+12.9%) 8.51+0.30 .01
NA/CR 1.29:0.02 1.48+0.03 <.0001
CHO/CR 0.73+0.02 0.70+0.02 .20
MI/CR 0.70+0.02 0.67+0.01 (1)
GLX/CR 0.50+0.01 0.50+0.02 .98
% CSF 12.241.7 (+27%) 9.6+0.8 18

*MRS indicates magnetic resonance spectroscopy, NA, N-acety!
compounds; CR, creatine; CHO, choline-containing compounds;
MI, myoinositol; GLX, glutamate/glutamine, and % CSF, percentage of
cerebrospinal fluid. Values are mean=SE (percentage of change in the
metabolites in patients with myotonic dystrophy relative to the metabolites in
healthy control subjects). Metabolite concentrations are in millimoles per
kilogram.

TP values in parentheses indicate trends for significance.

cept for 1 patient (patient 11), all had percussion or grip
myotonia in their hypothenar muscles. All patients had
facial diparesis, variable severity of muscle weakness with
atrophy in the distal extremities, and hyporeflexia. The
electromyogram showed characteristic myotonia in all
patients except for patient 3. All of the male patients
showed frontal balding except for patient 14. Low estro-
gen level of 136 pmol/L (normal, 224-1285 pmol/L) was
detected in patient 1. Three of the 7 male patients (pa-
tients 7, 10, and 12) showed reduced testosterone levels
0f 7.3 t0 8.0 pmol/L (2.1-2.3 ng/mL) (normal, 10.4-34.7
pmol/L [3.0-10.0 ng/mL]). Overnight urine cortisol lev-
els were found to be low in 2 patients (patients 5 and 8),
while PM cortisol level was elevated in 2 other patients (pa-
tients 4 and 10). Insulin resistance was found in 4 sub-
jects (patients 4, 7,9, and 12), as reflected by elevated in-
sulin levels of 189 to 458 pmol/L (normal, 29-158 pmol/L)
with normal serum glucose levels. No thyroid hormone
abnormalities were noted except in patient 7, who was re-
ceiving thyroid hormone replacement. Patient 2 gave birth
to patient 3, who was a floppy infant at birth.

MR IMAGING AND 'H MRS RESULTS

Magnetic resonance images of all the healthy subjects ex-
hibited no abnormalities, while MR images of only 7 of
the patients with myotonic dystrophy exhibited as com-
pletely normal. The other 7 patients showed minimal to
mild amounts of confluent periventricular white matter

NA

Healthy Control

Myotonic Dystrophy
CTG=173

Myotonic Dystrophy
CTG=1140

T T T T T
4 3 2 1 0
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Figure 2. Proton magnetic resonance spectroscopy from the temporoparietal
gray matter voxels of a healthy control subject (upper spectrum), a patient
with myotonic dystrophy with 173 cytosine-thymine-guanine (CTG) repeats
(middle spectrum), and a patient with myotonic dystrophy with 1140 CTG
repeats (lower spectrum). Significantly increased levels of creatine (CR),
choline-containing compounds (CHO), and myoinositol (M) are observed in
the subject with a higher number of CTG repeats. GLX indicates
glutamate/glutamine; NA, N-acetyl compounds.

lesions (Table 1 and Figure 1). These lesions were lo-
cated primarily adjacent to the posterior horn of the lat-
eral ventricles and appeared minimally to mildly hyper-
intense on both the T,-weighted and the inversion-
recovery MR images. No significant atrophy, infarcts, or
other focal lesions were noted.

Table 2 shows the cerebral metabolite concentra-
tions in patients with myotonic dystrophy and in healthy
subjects (Figure 2). N-acetyl compounds (NA) and glu-
tamate/glutamine were normal in both the midoccipital and
the temporoparietal cortical brain regions of the patients
with myotonic dystrophy. However, NA showed a trend
for anegative correlation with duration of illness (r=-0.45;
P=.1). Myoinositol (MI) concentration was significantly in-
creased in both cortical regions (19% and 12.9%). The MI
level in the temporoparietal brain region also showed a trend
for correlation with duration of illness (r=0.37; P=.1). In
addition, CR and CHO levels were elevated in both brain
regions, but no correlation with duration of illness was ob-
served. To confirm the quantitative values, we also ana-
lyzed the data by means of metabolite ratios with CR as the
internal reference. We found a lower NA/CR ratio in both
brain regions; these lower values resulted from the rela-
tively normal NA and elevated CR levels. The ratios of
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Figure 3. Regression analysis between the metabolite concentrations and
the trinucleotide (cytosine-thymine-guanine [CTG]) repeats. CR indicates
creatine; GM, gray matter; and MI, myoinositol.

CHO/CR were relatively normal in both brain regions, since
both CHO and CR levels were elevated. However, the MI/CR
ratio was higher, although not significantly, in both brain
regions, which agrees with the finding that the increase in
MI level is greater than the increase in CR level. None of
the metabolite ratios (NA/CR, CHO/CR, and MI/CR) in ei-
ther brain region correlated with age, age at onset, or du-
ration of illness, except for MI/CR in the temporoparietal
brain region, which correlated with age at onset (r=0.57;
P=.03).

In patient 3, the only patient with the congenital form
of myotonic dystrophy, we found mildly elevated CHO
and lower NA levels but no elevation of MI or CR level
in either brain region when compared with the adult con-
trols. Patients with hormonal abnormalities did not show
significantly different metabolite abnormalities com-
pared with those without hormonal alterations.

To further evaluate the relationship between the me-
tabolite abnormalities and the genetic defects, we per-
formed regression analyses of the metabolites on the CTG
repeats. We found significant correlations between CTG
repeats and CR in both the occipital cortex (r=0.71;
P=.009) and the temporoparietal cortex (r=0.76; P=.004;
Figure 3). We also found a significant correlation be-
tween CTG repeats and MI level in the temporoparietal
cortex (r=0.77; P=.004) but not in the occipital cortex
(Figure 3). Although CHO level was elevated in the pa-
tients with myotonic dystrophy, no significant relation-
ship was found with the number of the CTG repeats. The
NA level did not correlate with the number of CTG re-
peats. The Mini-Mental State Examination score showed
a trend for correlation with CTG repeats but no corre-
lation with any of the brain metabolites.

We also observed a relationship between MI and CR
levels in the temporoparietal brain region (r=0.77; P=.002)
and a trend in the occipital cortex (r=0.49; P=.09) of the

patients with myotonic dystrophy. The MI level did not
correlate with CHO level in either brain region in these
patients.

B COMMENT

This study found mild and nonspecific abnormalities on
MR imaging and abnormal cerebral metabolite concen-
trations on 'H MRS in a group of patients with myotonic
dystrophy. The MR imaging abnormalities are in agree-
ment with previous reports of patients with myotonic dys-
trophy,** except that our patients showed primarily peri-
ventricular white matter hyperintensities adjacent to the
posterior horns of the lateral ventricles (temporoparietal
white matter). This finding is consistent with neuropatho-
logical and other neuroimaging reports that the tempo-
roparietal or temporal lobe regions are the most severely
affected in myotonic dystrophy.'8%

For the MRS study, the 2 voxel locations, temporo-
parietal gray matter and midoccipital gray matter, were cho-
sen because previous single photon emission computed to-
mographic studies showed primarily temporoparietal
hypoperfusion in patients with paternally inherited myo-
tonic dystrophy, ' and because neuropathology studies also
documented temporal lobe and occipital cortex abnormali-
ties.?* In both the occipital and temporoparietal brain re-
gions, we found increased levels of MI, CR, and CHO and
normal NA levels. The NA/CR ratio, however, was signifi-
cantly lower because of the elevated CR level. Our finding
of a decreased NA/CR ratio is consistent with the only pre-
vious MRS study in myotonic dystrophy.* In that study,
Hashimoto et al®® examined 5 pediatric patients with con-
genital myotonic dystrophy and found decreased NA/
CHO and NA/CR ratios in various brain regions (occipi-
tal, frontal, and parietal regions containing both gray and
white matter in each voxel). They concluded that NA level
was decreased in their patients, possibly as a result of a de-
velopmental disorder of neurons in myotonic dystrophy.
There are 2 possible reasons for the different conclusions
from their study: (1) The patients studied by Hashimoto
et al had congenital myotonic dystrophy, while all of our
patients (except for patient 3, who was excluded from the
comparison studies) had adult-onset, and primarily pater-
nally inherited, myotonic dystrophy. (2) Hashimoto et al
used only metabolite ratios rather than the individual me-
tabolite concentrations; it is also difficult to compare their
study with ours since they used a different method than
we did, long echo time measurements (TE, 270 millisec-
onds) vs our short echo time study (TE, 30 milliseconds).
However, our measurements demonstrate no significant de-
creases in NA levels; the decreased NA/CR and NA/CHO
ratios primarily result from increased CR and CHO levels.
The relatively normal NA level reflects minimal neuronal
loss or dysfunction in our patients. We observed a trend for
NA to decrease with duration of illness, which indicates pos-
sible neuronal loss with the progression of the disease.

Furthermore, levels of CR and MI, but not NA or
CHO, positively correlated with the number of trinucleo-
tide repeats. There are several possible explanations for
these correlations. First, because M1 has been identified
as a glial-specific marker,* elevated MI level suggests in-
creased glial content. In addition, recent studies showed
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that CTG repeats correlate with clinical disease severity
on neurologic examination.””*® Consequently, the posi-
tive correlation of MI level with CTG repeats suggests
that an increase in glial content is related to the severity
of the disease. Elevated MI level has also been observed
in numerous diseases, such as multiple sclerosis,” de-
mentia associated with human immunodeficiency virus
type 1,*% progressive multifocal leukoencephalopa-
thy,* Alzheimer disease,” and frontotemporal demen-
tia.* All of these diseases show increased glial activity
because of either glial hypertrophy associated with re-
pair processes or gliosis in regions with neuronal loss.
Furthermore, MI also is known to be an osmolyte®; its
role in the brain may be for the maintenance of cell vol-
ume in reactive astrocytes.*

Glial proliferation associated with neuronal degen-
eration has been shown throughout the cerebral cortex of
myotonic dystrophy.” In some brain regions, such as the
hypothalamus and brainstem, marked gliosis was associ-
ated with well-preserved neurons.” Others observed in-
tracytoplasmic inclusion bodies in the thalami***" as well
as in the cortex, putamen, and caudate; these were thought
to be specific for the pathogenesis of myotonic dystro-
phy, since they were found in much higher numbers than
in the controls.* Recent studies also reported neurofibril-
lary changes similar to those of Alzheimer disease in the
limbic and insular cortical regions in brains of patients with
myotonic dystrophy.? The presence of abnormally phos-
phorylated T protein, most prominently in the temporal
lobes and different from those found in Alzheimer dis-
ease, also has been reported.” Our findings of metabolite
abnormalities in the temporoparietal region are consis-
tent with neuropathological and immunohistochemical ob-
servations that the temporal lobes are affected in myo-
tonic dystrophy. However, we find additionally that the
midoccipital gray matter regions are abnormal.

The mechanisms underlying the increased CR level
and the correlation of CR level with CTG repeats are less
clear. There are 2 possibilities for the increased CR peak.
First, there might be a relationship between the severity
of the trinucleotide repeats and CR uptake into the brain,
since CR is synthesized only in the liver. This increased
uptake may in turn result from an abnormality in the CR
transporter, which is in the same family of sodium- and
chloride-dependent transporters for the uptake of cho-
line.*® In nondystrophic myotonic diseases, both chlo-
ride and sodium channel defects have been shown in
muscle*!; whether these abnormalities also occur in myo-
tonic dystrophy is unknown. In parallel with elevated MI
level, elevated CR level has been observed in the adjacent
white matter of lesions in multiple sclerosis®® or progres-
sive multifocal leukoencephalopathy* and in the white mat-
ter of cocaine users.” While the pathologic findings in
brains of cocaine users have not been well studied, both
multiple sclerosis and progressive multifocal leukoen-
cephalopathy are associated with marked gliosis.

A second possibility for the increased CR peak may
be increased glial content, as discussed above in associa-
tion with increased levels of MI. The concomitant in-
crease in CR along with MI levels is supported by a sig-
nificant correlation of CR and MI (r=0.77; P=.002) in the
temporoparietal cortex. The same study that showed MI

to be a glial-specific marker also demonstrated that phos-
phocreatine/adenosine triphosphate is 3 times higher in glial
cells than in neurons.*® Another study showed that MRS
of cell cultures of astrocytes have 2 times higher CR and 3
times higher taurine concentrations than neurons.>* Be-
cause of the proximity of taurine (at 3.08 ppm) to CR
(at 3.04 ppm), the elevated CR peak in our study may, in
fact, be caused partly by elevated taurine levels. However,
whether the elevated CR peak results from actual eleva-
tion of CR compounds or of taurine, both explanations
support the increase in glial content. Therefore, increase
in glial cells would elevate the total brain CR or taurine level,
while a concomitant decrease in neuronal cells, and hence
a decrease in NA and CR compounds, would lower the ef-
fect of the elevated CR level. However, because our pa-
tients with myotonic dystrophy had only minimal
decreases in NA level, the changes in CR concentration ap-
pear to be related primarily to the increased glial content.
The increased CHO level observed in gray matter
of the patients with myotonic dystrophy also supports
possible increased glial content. Urenjak et al** showed
in their cell culture studies that astrocytes and oligoden-
drocytes both have 2 to 3 times higher CHO levels than
do neurons. In addition, elevated CHO level may be seen
in conditions with cell membrane abnormalities or white
matter diseases, such as multiple sclerosis, progressive
multifocal leukoencephalopathy, and human immuno-
deficiency virus.*#32%% All of these diseases are associ-
ated with demyelination, gliosis, and increased oligo-
dendrocyte activities in association with the repair
processes. Our patients with myotonic dystrophy showed
minimal to mild periventricular white matter hyperin-
tensities. Although we did not examine the white mat-
ter directly in our localized MRS, we would expect an
even higher elevation of CHO levels in these brain re-
gions. Future MRS studies of myotonic dystrophy should
include these white matter brain regions. Finally, pa-
tients with myotonic dystrophy show marked somatic mo-
saicism of the CTG repeat length®; therefore, the lack
of correlations between CHO levels and CTG repeats from
the blood cells might not reflect the actual contribution
of CTG repeats to CHO metabolism in the brain tissue.
In summary, we found significant abnormalities of
cerebral metabolites with 'H MRS in patients with myo-
tonic dystrophy. The abnormalities were more pro-
nounced in the midoccipital gray matter than in the tem-
poroparietal region. The most significant abnormalities
were increased concentrations of MI and CR, which were
associated with the longer CTG repeats. We attribute these
abnormalities to increased glial content in the 2 brain re-
gions studied. This study shows that '"H MRS is a power-
ful tool to evaluate brain biochemistry, which may reflect
the extent of the pathological involvement in the brains
of patients with myotonic dystrophy. Future studies cor-
relating MRS, CTG repeats, and neuropathological find-
ings will be necessary to confirm these relationships.
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