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Proton magnetic resonance spectroscopy (MRS)
was performed in a group of patients with multi-
ple sclerosis (MS) and matched control subjects to
examine the relationship between frontal lobe pa-
thology and performance on tests of executive
function. The N-acetyl aspartate/creatine ratio
(NAA/Cr) was significantly reduced in frontal le-
sions and/or normal-appearing white matter in
the patient group compared with the control
group, but choline/creatine ratios did not differ.
Although MRS abnormalities and executive defi-
cits were not correlated for MS patients as a
group, a few patients with more severe abnormali-
ties of NAA/Cr ratio performed worse than other
patients on the spatial working memory test, sug-
gesting that subtle frontal neuropathological ab-
normalities detected by MRS may contribute to
executive deficits. Further investigation is war-
ranted to determine the value of MRS as an index
of the pathophysiological processes leading to cog-
nitive deficit.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 1999; 11:45–50)

Studies using proton magnetic resonance spectros-
copy (MRS) in the characterization of plaques in

multiple sclerosis (MS) have reported a reduction in the
N-acetyl aspartate/creatine ratio (NAA/Cr) in both
acute and chronic lesions.1–4 NAA is an abundant amino
acid in the human brain, not only present within the cell
body, but also distributed throughout the axon and
proximal dendrites.5 It is thus considered to be a marker
of neuronal integrity. MRS abnormalities have also been
demonstrated in normal-appearing white matter
(NAWM) of MS patients with a reduction of NAA/Cr
ratios.6 It has been suggested that these MRS abnormal-
ities may be due to microscopic pathology7 and that
MRS is therefore potentially sensitive to the presence of
subtle white matter abnormalities.

Cognitive deficits in the areas of attention, memory,
and executive function, with relative preservation of
language functions,8–10 have been reported in MS. Cor-
relations have also been reported between MRI indices
such as ventricular brain ratios, T2-weighted lesion load,
and size of corpus callosum and neuropsychological
impairment.11,12 Correlations between specific neuro-
psychological deficits and detectable pathology in ap-
propriate regions of the brain12,13 have been more
problematic, and a recent study by our group14 has high-
lighted the difficulty of this approach in the presence of
widespread brain pathology.
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At best, the correlation between lesion load and neu-
ropsychological deficits is only modest, and it may be
argued that conventional MRI is not sensitive enough to
distinguish between different pathological processes
such as edema, gliosis, and axonal and myelin loss,
which are likely to have different functional effects. The
use of other techniques, such as MRS, that are poten-
tially sensitive to neuronal integrity and subclinical de-
myelination is therefore of considerable interest.

To date, only a few studies have used proton MRS to
examine the biochemical correlates of neuropsycholog-
ical performance in patients with various types of brain
disease, and the results have been conflicting. One study
of patients with right temporal lobectomy for epilepsy
reported that those who had impaired verbal memory
had decreased NAA/(choline`creatine) ratios on pro-
ton MRS in the contralateral temporal lobe,15 and an-
other study suggested that temporal creatine levels
correlated with memory deficits in schizophrenia.16

However, others have found no such associations in pa-
tients with systemic lupus erythematosus17 or in cog-
nitively impaired HIV-seropositive patients.18

The aim of our study was to examine the value of
MRS as compared to conventional MRI in examining
neuropathological changes in the frontal lobes and their
relationship to executive function. A battery of executive
tests similar to that used in our previous study14 was
administered to all subjects.

METHODS

Subjects
Twenty-five patients (10 male, 15 female) with clinically
definite MS according to the criteria of Poser et al.19 were
recruited from the outpatient clinics and the neurore-
habilitation unit at the National Hospital of Neurology
and Neurosurgery. Their ages ranged between 24 and
50 years. Patients were excluded from the study if their
visual acuity was less than 6/12 or if they were unable
to use a computer touchscreen. Patients were also ex-
cluded if they were experiencing a relapse (defined as
the development of new signs or worsening of existing
signs within the past month) or if they were significantly
depressed on clinical interview. The same patients par-
ticipated in a parallel study investigating the correlation
between neuropsychological deficits and lesion load.14

Thirty-eight healthy control subjects (18 male, 20 fe-
male) were chosen to match the patient group as closely
as possible with respect to age, gender, and estimated
premorbid IQ. Any subject whose alcohol intake ex-
ceeded the recommended levels (21 units for males and

14 units for females per week) was excluded from the
study. Informed consent was obtained from all subjects.

Assessment of Physical Disability and Psychiatric
Symptoms
Physical disability was assessed on the Kurtzke Ex-
panded Disability Status Scale (EDSS).20

The Hospital Anxiety and Depression Scale (HAD)21

was administered to all subjects. This self-rating scale
has subscales for anxiety and depression (range 0–21 for
each). HAD scores greater than 10 on either scale were
considered indicative of “caseness.”

MRI and MRS
MRI and MRS were performed on a Signa 1.5-tesla GE
scanner using a standard quadrature head coil. The
study commenced with a T2-weighted fast spin-echo se-
quence (TR43,000 ms, TEf480 ms). A series of 36 con-
tiguous, axial slices (3 mm thickness) was selected for
measurement of lesion volume.

After imaging was completed, a volume of interest
(VOI) ranging between 3.5 ml and 6 ml was prescribed
from the left frontal white matter in a position anterior
to the anterior horn of the left lateral ventricle to avoid
any partial volume effects from gray matter and ventri-
cle. In the patient group, the VOI incorporated a high-
signal lesion and an area of normal-appearing white
matter. Large lesions were chosen in order to minimize
partial volume effects. If no lesions could be identified
on imaging, spectra were collected from a VOI of frontal
NAWM. Water-suppressed spectra were obtained by us-
ing a stimulated echo acquisition mode (STEAM) se-
quence.22 Acquisition parameters were TR 2,000 ms, TE
135 ms, and TM 12 ms. A total of 256 averages were
collected by using an 8-step phase cycle in about 9 min-
utes. A total of 1,024 points were collected with a spec-
tral width of 750 Hz. Shimming to a line width of about
1.5 Hz and water suppression were reoptimized for each
new location. In the control group, spectra were ob-
tained exclusively from an area of left frontal white mat-
ter.

The three resonances visible at an echo-time of 135ms
were assigned as follows: N-acetyl groups at 2.02 ppm
and 2.6 ppm, creatine/phosphocreatine at 3.04 ppm,
and choline-containing compounds at 3.2 ppm.23,24 Data
processing included 1.5-Hz line broadening for filtering
and baseline correction (cubic spline). Peak areas were
determined by using a line-fitting program (SA/GE,
G.E., Milwaukee, WI). Peaks were fitted to Gaussian
functions by use of a Marquardt fitting procedure. The
peak area ratios of NAA and choline relative to creatine
were calculated.
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Neuropsychological Assessment
Premorbid IQ was estimated by using the National
Adult Reading Test (NART).25 Current intellectual abil-
ity was assessed with the Advanced Progressive Matri-
ces (APM).26 This was a set of 12 nonverbal abstract rea-
soning problems; the number of problems correctly
completed was converted to an age-adjusted scaled
score, which was used as a measure of current intellec-
tual ability.

The following tests of executive function were admin-
istered:

Verbal Fluency Test. The subject was required to gen-
erate as many words as possible (excluding proper
nouns) beginning with the letter S in 90 seconds and as
many animals as possible in 90 seconds. The two scores
obtained were the total number of acceptable words
generated for each condition.

Cognitive Estimates Test.27 Each subject was required to
make estimates in response to 10 questions such as
“What is the length of the average man’s spine?” or
“What is the largest object normally found in a house?”
Estimates were scored according to normative data
(range 0–3); higher scores reflected worse performance.

Stroop Test.28 A computerized version of this test was
used. In the test condition, names of colors printed in
different colored ink were presented on the screen. The
time taken for the subject to name the color in which
each word was printed was recorded.

Three further tests from the CANTAB29 battery were
administered on a computer with a touch-sensitive
screen:

Spatial Span. This assessed subjects’ ability to remem-
ber a sequence of boxes lighting up on a computer
screen. The spatial span was calculated as the longest
sequence that the subject could recall accurately on at
least one of three trials.

Spatial Working Memory. The subjects were required to
search for blue tokens hidden within a number of boxes
on the screen by touching the boxes in turn until the
token was located. They were instructed that the blue
token would not be hidden in the same box it was lo-
cated in previously. Two types of error were recorded:
returning to a box in which a blue token had previously
been located (between error) and returning to a box pre-
viously shown to be empty during the same search
(within error). The “between errors” is considered to be
a more stringent measure. Four trials were presented at
each level of difficulty (three-, four-, six- and eight-box
problems).

Tower of London. In this planning task, two sets of col-
ored balls in suspended socks were presented on the
computer screen. The subject was instructed to rear-
range the balls in the lower display to copy the pattern

in the upper one. A minimum of two, three, four, and
five moves was required to solve each problem, and sub-
jects were instructed to attempt to solve the problem in
the minimum number of moves. The times taken to
solve each problem were recorded, and the initial and
subsequent thinking (planning) times were calculated
for each level of difficulty.

Statistical Analysis
The data were analyzed by using the Statistical Package
for the Social Sciences (SPSS). Group means were ex-
amined by using independent t-tests and analysis of
variance (ANOVA). Where appropriate, nonparametric
tests (Mann-Whitney, Kruskal-Wallis) were used. Partial
correlation analysis was used to examine the relation-
ship between MRS abnormalities and performance on
executive tests.

RESULTS

There were no significant differences between MS pa-
tients and control subjects with respect to age (mean age
37.52 and 36.16 years, respectively). Sixteen patients had
secondary progressive MS, 6 had relapsing/remitting
MS, and 3 had primary progressive MS. The mean EDSS
score for the patient group was 6.44.

The group mean HAD scores did not reach “caseness”
(scores.10) on the depression or anxiety scale in either
patients or control subjects.

MRS
The NAA/Cr ratio in the volume of interest for the MS
group was significantly reduced compared with the con-
trol group (t4–4.19, P,0.001). The ratio for patients
(mean5SD) was 1.1550.25 for patients and 1.3950.19
for control subjects. Results are illustrated in Figure 1.
There was no significant difference in the choline/cre-
atine ratio between MS patients and control subjects
(mean ratios 1.16 and 1.06, respectively).

In 16 patients, the VOI contained lesions and NAWM.
In 9 patients, the VOI contained NAWM only. We did
not find a significant difference in the NAA/Cr ratios
between the two groups. The group NAA/Cr ratios
(mean5SD) were 1.1650.29 and 1.1850.12, respec-
tively. Furthermore, there were no significant differences
in the NAA/Cr ratios between the subgroups of pri-
mary progressive, secondary progressive, and relaps-
ing/remitting patients.

As previously reported,14 frontal lesion load ranged
from 177 to 65,019 mm3 and correlated highly with total
lesion load (r40.96, P,0.001).
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TABLE 1. Tests of executive function: group means and standard
deviations

Test
MS

(n$25)
Control
(n$38)

Group
Differences

Verbal fluency
“S” words 16.9657.36 24.8257.62 ***
Animals 20.8059.36 33.3457.32 ***

Cognitive estimates 6.1253.79 3.5352.59 **
Stroop times, sec 37.38512.80 23.1756.47 ***
Spatial span 5.0851.22 6.4751.22 ***
Spatial working memory

Between errors
4 boxes 2.6353.28 0.3950.86 ***
6 boxes 14.4258.40 4.2154.74
8 boxes 29.56511.76 11.8058.93

Strategic score 36.8354.78 30.7956.17 ***

**P,0.01; ***P,0.001.

FIGURE 1. N-acetyl aspartate/creatine (NAA/Cr) ratio in multiple
sclerosis (MS) patients and control subjects.

Neuropsychological Performance
There were no significant differences between patients
and control subjects in premorbid IQ (means 110.28 and
113.21, respectively). Performance on the APM, taken to
indicate current intellectual ability, was significantly
worse in the MS group (z4–6.36, P,0.001), suggesting
a significant intellectual decline in the patient group. MS
patients performed significantly worse than control sub-
jects on the verbal fluency, cognitive estimates, Stroop,
spatial span, and spatial working memory tests when
the APM score was used a covariate in the data analysis.
These results indicate that the patients’ poor perfor-
mance on executive tests could not be fully explained as
a result of general intellectual impairment. The results
are summarized in Table 1.

No significant correlations between the NAA/Cr
ratios and executive test scores, after controlling
for current intellectual ability, were found in MS pa-

tients as a group. There were also no significant corre-
lations between the NAA/Cr ratio and frontal or total
lesion load. These results were similar whether the VOI
contained lesions or only NAWM. No significant cor-
relations were present between choline/Cr ratios and
the executive test scores. Correlations were also not sig-
nificant between MRS findings and the executive test
scores in the control group. No significant correlations
were observed between physical disability and MRS
findings.

To examine the contribution of frontal MRS abnor-
malities to executive deficits, we categorized MS pa-
tients into three subgroups based on the mean NAA/Cr
ratio of the control group: Group A (n49), NAA/Cr
ratio within 1 SD of the mean ratio for control subjects;
Group B (n411), NAA/Cr ratio between 1 and 2 SD;
and Group C (n45), NAA/Cr ratio below 2 SD.

The performance in the executive tests was compared
between the three groups. Significant group differences
were found in the spatial working memory test scores,
as shown in Table 2. Further analysis indicated that
Group C performed significantly worse than the other
two groups on this test. There were no significant dif-
ferences in frontal lesion load between the groups. In
Group C, the VOI contained lesions in 4 patients and
only NAWM in 1 patient. Furthermore, the HAD anxi-
ety and depression scores did not reach caseness in any
of the subgroups, indicating that psychiatric symptoms
were unlikely to have contributed to neuropsychologi-
cal performance.

DISCUSSION

In this study we have confirmed that MRS abnormalities
are present in MS patients. Although there was no sig-
nificant correlation between the executive deficits and
frontal NAA/Cr ratio in the MS patients as a group,
there was some evidence that patients with more severe
abnormalities of NAA/Cr ratio performed worse on
particular executive tests.

This study has several limitations that should be con-
sidered in interpreting these findings. First, the VOI may
not accurately reflect the general biochemical profile or
neuropathological abnormalities in other frontal areas.
The use of NAA/Cr ratios may have also underesti-
mated the magnitude of NAA changes; postmortem
studies30 have reported that the absolute concentration
of creatine is decreased within the MS lesions, and it is
possible that absolute quantification of metabolites31

might have yielded more significant results. Further-
more, the number of patients in this study who were
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TABLE 2. Comparison of magnetic resonance spectroscopy subgroups’ performance on tests of executive function

Test
Group A

(n$9)
Group B
(n$11)

Group C
(n$5)

Kruskal-Wallis
ANOVA

Verbal fluency, “S” words 15.0056.18 18.4558.98 15.2058.81 NS
Verbal fluency, category 18.56510.01 23.27510.52 15.2056.06 NS
Cognitive estimates 5.8953.69 6.7354.54 5.0052.35 NS
Stroop 41.44517.67 31.6454.25 46.48511.20 NS
Spatial span 5.2251.56 5.1851.17 4.6050.55 NS
Spatial working memory

Between errors
4 boxes 2.8953.37 1.1051.59 5.2054.38 NS
6 boxes 14.1158.59 9.3057.45 18.4056.95 v246.15, df42, P40.04
8 boxes 29.1159.41 20.50512.81 38.2058.73 v247.34, df42, P40.02

Strategic score 38.5653.28 34.1055.86 38.6051.95 NS

Note: Group A (n$9), NAA/Cr ratio within 1 SD of the mean ratio for control subjects; Group B (n$11), between 1 and 2 SD; Group C
(n45), below 2 SD. ANOVA4analysis of variance; NS4not significant.

found to have severe abnormalities of NAA/Cr ratio
was very small.

For the purpose of our study, we measured MRS ab-
normalities in a VOI of the frontal lobe that included
both lesions and NAWM, since previous studies have
detected abnormalities in both.6 However, given the
variable location and size of the lesions, in some patients
the VOI contained only NAWM. To find no significant
difference in NAA/Cr ratio between the two subgroups
was unexpected, but perhaps this finding may be ex-
plained by the facts that the NAWM surrounding le-
sions is abnormal and the difference between T2 lesions
and NAWM in MRS is not a large one.

An interesting observation in this study was that a
small number of patients who had more severe abnor-
malities in NAA/Cr ratio performed significantly worse
than the other patients on the more difficult levels of the
spatial working memory test. Given that there were no
differences in frontal lesion load among the three

groups, the deficit in working memory performance in
these patients would suggest that MRS may reflect the
presence of more subtle pathological processes that also
contribute to cognitive deficits.

Further investigation in a larger sample to confirm
our findings is warranted. It is also likely that MRS may
be more useful in detecting changes in MS lesions and
normal-appearing white matter over time, and these
may more accurately reflect longitudinal changes in cog-
nition.
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