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Abstract. Cognitive and emotional capabilities were evaluated in 73 female patients with stable relapsing-remitting definite,
and/or laboratory-supported multiple sclerosis (MS) and were compared with 32 matched healthy controls. Patients were
categorized according to their score in the expanded disability status scale (EDSS) to either no (EDSS 0,n = 33) or few clinical
signs (EDSS 1–2,n = 40) of MS without physical disability.
Patients with EDSS> 0 were characterized by significantly (p < 0.001) higher scores on “von Zerssen’s” depression scale,
compared to controls. Patients with higher EDSS scores (1–2) showed significantly decreased performance with respect to the
total score of Kimura’s Recurring-Figures-Test (p < 0.001), in addition. Regarding visuo-constructive functioning, patients with
EDSS= 0 performed to a significantly lower level (p < 0.001), compared to controls.
These results indicate that depression may present as an early sign in MS followed by cognitive impairment, in particular visuo-
spatial short-term memory, before physical disability appears. Neuropsychological tests as mentioned here could serve as early
diagnostic tools to detect subtle disease progression and to initiate and monitor disease modifying therapies.
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1. Introduction

Demyelinating inflammatory central nervous dis-
eases, like multiple sclerosis (MS), are associated with
impairment of neuropsychological functions, including
memory and mood [21,29,31]. However assessment
of cognitive decline in MS is often limited due to high
variability of its degree and different aspects of test-
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systems used as well as to the high variability of in-
dividual course, grade of impairment and relapse fre-
quency [14]. While most studies have been performed
in physically disabled patients (EDSS> 2, according to
Kurtzke’s Expanded Disability Status Scale [18]) with
long-standing disease, which revealed a wide range of
cognitive and affective disturbances, no psychometric
studies in MS patients without disabilities (EDSS< 2)
were carried out, so far. In the affective realm of MS
e.g., depressive states were found to be more frequent
than manic symptoms [10,19,20,22,24–26,29–32,38].
With regard to memory performance, already disease
duration of less than 2 years was found to result in mem-
ory dysfunction including visual, verbal and short term
memory [14,23,29]. In particular short-term memory
dysfunction has been described to affect visuo-spatial
more severely than verbal capabilities [13,21,23,26,
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31]. Kimura’s Recurring Figures Test [15,17] has pre-
viously been proven to measure very sensitively visual
memor deficits in MS patients [12].

The present study supplements prior published re-
sults and examines whether cognitive and affective dis-
turbances, like depression, can already be found in early
MS patients who are not yet physically disabled [9].

2. Methods

2.1. Subjects

In order to certify a homogeneous study population
only women have been included into the study. Not
only are women more frequently affected by MS (2–
3:1) and represent a higher proportion of patients with
relasping-remitting MS, but for technical reasons fe-
male patients have a stronger attitude to participate
early and continuously in ambulatory health care than
men. Therefore men show higher EDSS scores than fe-
male patients on average and at first contact, which was
an exclusion criterion for participation in this study, a
low EDSS.

Seventy-three female patients (mean age: 31 years,
range: 17–40 years) who were diagnosed a relapsing re-
mitting clinically definite or laboratory-supported defi-
nite MS [28] were included into the study. All patients
had a stable long-standing MS (duration:63 + / − 51
months) without physical disability (EDSS 0–2, me-
dian 1, mean 1.14). In order to evaluate the dynamic
relation between physical, cognitive and emotional im-
pairment, we formed two groups of patients: MS group
1, EDSS= 0 (n = 33) and MS group 2, EDSS= 1−2
(n = 40), and compared them with thirty-two matched
healthy women as normal controls (NC).

No subject had a history of psychiatric or neurologic
disorder or was on medication at the time of testing.
All subjects had normal or corrected-to-normal visual
acuity, and had been free of medication affecting the
central nervous system, including corticosteroids for
at least 4 weeks prior to the examination, in order to
minimize pharmacological influences on test results.
All persons had at least secondary school education
and gave informed consent to participate in this study.
Demographic variables are summarized in Table 1.

For intelligence assessment all subjects completed
a short version of the German Wechsler Adult Intel-
ligence Scales [5]. This version is based on perfor-
mance on the subtests: General knowledge, similari-
ties, picture completion and block design. The block

design (DS) subtest was excluded for determining the
general intellectual functioning, since it puts MS pa-
tients at a disadvantage because of the motor speed de-
mands [27,29]. IQ-scoring was computed as the mean
of the IQs based on general knowledge, similarities and
picture completion, revealing no differences between
patients and healthy controls with regard to age and IQ
(p > 0.23) (Table 1).

2.2. Affective measurements

Von Zerssen’s deppression scales are self-rating
scales with two parallel forms to calculate the mean
value [33–36]. We preferred the Zerssen-scales over
Beck’s-Depression-Inventory (BDI) [2], in order to
cover three different aspects of depression by scaling:
depression (DS), somatic/physical complaints (BL) and
the actual mood (BFS) at time of testing.

Self reported depression was assessed by the von
Zerssen’s parallel depression scales: D-S and D-S’.
These scales evaluate psychological manifestation of
depression and/or anxiety as a mental aspect of persist-
ing depression and delivers information on the extent
of a depressive, anxious or short-tempered (dyspho-
ric) mood which goes beyond the more strictly used
term of depression measured by the BDI [2]. To assess
physical and general discomfort at time of examination
the physical complaint scale (B-L/B-L’, parallel forms)
was used to quantify subjective impairments resulting
from actual somatic or general complaints. The sum
value, BL, illustrates the patient’s somatic complaints
regardless their causes. Self reported actual mood was
assessed by von Zerssen’s parallel scales Bf-S and Bf-
S’, a unidimensional self-rating mood scale.

2.3. Cognitive measurements

To assess the visuospatial/visuoconstructive func-
tioning, the block design test was used, as part of
the standardized Wechsler Intelligence Scale (WIP).
The sum of points achieved were transformed into IQ-
values, afterwards the variable MT was the extracted
and analyzed.

The visuospatial short-term memory was assessed
by nonverbal Kimura’s Recurring-Figures Test (RFT),
(Kimura [17], validated as a German version by
Hartje [15]) with two sorts of abstract drawings: ge-
ometric and nonsense (“spaghetti”) drawings. Every
card is shown to the patient for a maximum of three
seconds and should be stored in memory. Some of
the drawings are shown repeatedly. These are the
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Table 1
Subject group characteristics (means and SDs)

NC controls MS(1) EDSS= 0 MS(2) EDSS= 1 − 2 Total

n 32 33 40 105
Age (mean, SD) 31.03 30.73 31.35 31.06

(6.03) (5.71) (4.95) (5.49)
IQ (mean, SD) 104.40 101.27 101.86 102.46

(5.41) (9.68) (9.10) (8.38)

Table 2
Results for DS, BL and BFS (means and SDs)

NC MS(1) MS(2)

DS 4.95 (4.30) 7.49 (8.17) 10.21 (6.66)
BL 11.30 (7.16) 18.85 (13.04) 23.03 (13.21)
BFS 9.5 (7.40) 13.50 (13.77) 15.10 (11,35)

“recurrent figures”. In case of remembering such a
drawing, the person should react verbally. Three vari-
ables have been extracted: NETGEOM, NETNONS
and NET. NETGEOM is the difference of the correctly
and misleadingly remembered geometric recurrent fig-
ures, NETNONS is the difference of the correct and
the misleadingly remembered nonsense recurrent fig-
ures. The performance of the visuo-spatial short-term
memory, NET, was determined as Kimura’s ,,total net-
score“. NET is the sum of NETGEOM and NETNONS,
therefore the difference of all correct and misleadingly
remembered recurrent figures.

3. Statistics

Statistical analyses were performed using SPSS ver-
sion 10. Group differences were evaluated by analysis
of variance (ANOVA, F). If there were significant group
differences in variances, nonparametric tests (Kruskal-
Wallis ANOVA, H) were used. Post-hoc paired group
comparisons were carried out using the strict Bonfer-
roni’s alpha correction or, in case of nonparametric an-
alyzing, Mann-Whitney U-tests, respectively. Signifi-
cance was considered, ifp < 0.05.

4. Results

4.1. Affective variables

The means and standard deviations (SD) for depres-
sion (DS), somatic/physical complaints (BL) and mood
(BFS) are presented in Table 2.

26% of all MS patients had a clinical significant level
of depression (>= 90. percentile), i.e. 15% in MS(1)
and 35% in MS(2).

Analyses of variances revealed significant differ-
ences for DS between all three groups (F (2, 102) =
5.688,p = 0.005). Post-hoc Bonferroni‘s comparisons
showed that the more “disabled” patient group MS(2)
scored significantly higher on depression than the con-
trol group NC (p = 0.003). With regard to physical
complaints (BL) 26% of the whole MS sample had
a clinical significant quantity of physical complaints
(>= 90. percentile), 18% in MS(1) and 33% in MS(2).
The three groups differed significantly (H = 15.86,
df = 2, p < 0.001). The MS group 1 and MS group
2 reported to have significantly more physical com-
plaints in comparison to the control group (U = −2.38,
p = 0.017 andU = −3.96, p < 0.001, respectively).
Actual mood did not reveal differences in the BFS
scores (H = 3.76, df = 2, p = 0.15). Performance is
depicted in Fig. 1.

4.2. Cognitive variables

In the visuo-constructive functions (block design)
test control subjects scored an average IQ of 120.69
(SD = 12.02); the MS(1) and MS(2) groups reached
IQ-scores of 108.97 (SD = 13.98) and 109.0 (SD =
16.05), respectively (see Fig. 2). The statistical anal-
ysis of the block design IQ scores yielded a signifi-
cant difference between groups (H = 16.08, df = 2,
p < 0.001). This significant difference was due to a de-
creased level of visuo-constructive functions ability rel-
ative to the NC group for both the MS(1) (U = −3.55,
p < 0.001) and the MS(2) group (U = −3, 46,
p < 0.001) (Fig. 2).

Visuospatial memory assessment tested by the num-
ber of items remembered in Kimura’s RFT are pre-
sented in Table 3.

Analyses of variance revealed significant differences
for the RFT scores in the recognition of nonsense fig-
ures (NETNONS:F = 6.18, df = 2, p = 0.003). The
three groups did not differ significantly on the num-
ber of remembered (R-F) geometric recurring figures
(NETGEOM:H = 2.85, df = 2, p = 0.24).

Analysis of the number of remembered nonsense
figures yielded significant group differences (NET-
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Fig. 1. Mean number (+/− SEM) of depression (DS), somatic/physical complaints (BL) and actual mood (BFS).
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NONS:F (2, 101) = 6.14, p = 0, 003). In the paired-
group comparisons, the MS(1) and MS(2) groups per-
formed worse relative to the control group NC (MS(1):
p = 0.04 and MS(2)p = 0.003, respectively, see
Fig. 3).

In addition, depression (DS) was significantly cor-
related with other variables of depression (BL, BFS)
(r > 0.659, p < 0.001) in both MS patient groups, but
not with cognitive variables.

5. Discussion

In the present study, we found several differences be-
tween both groups of MS patients (EDSS 0 and EDSS
1–2) and the control group. With regard to cognitive
functioning, both MS-groups performed significantly
worse at visuo-constructive functions as well as short-
term recognition memory of nonsense figures than did
healthy women. This deficit was present in patients
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Fig. 3. Mean number (+/− SEM) of (correct minus misleadingly) remembered recurring figures of Kimura’s recurring figures test (NETGEOM:
geometrical figures, NETNONS: nonsense figures).

with no physical disability (EDSS 0), but it was more
pronounced in patients with EDSS of 1–2, indicating a
relation to physical disease progression. This is consis-
tent with other studies on cognition, particularly those
of memory, which have found impaired recall after one
study trial to be a reliable and robust phenomenonwhen
MS patients were still only mildly disabled [6,7,14,20,
21]. This disturbance, however, could be due to optic
neuritis (ON), a frequent, often transient visual symp-
tom in MS, which is reported as an initial and early
symptom in a majority of patients with MS. In our
patients, visual acuity was normal, although 58% had
experienced at least one episode of ON. This suggests
that our patients’ deficit on Kimura’s test cannot be re-
lated to ON, but must have a different explanation, e.g.
MS lesions in the temporal lobes of the patients. This
is supported by evidence that the right temporal lobe
supports visual memory performance whereas the left
temporal lobe supports verbal memory performance.
Damage to the temporal lobes caused by MS lesions
could, therefore, cause the specific kind of memory
deficit we have examined in the current study [16,17].

With respect to emotional disturbances following the
diagnosis of MS and the need to cope with the illness,
MS seems to put a high burden of emotional distress on
the usually young female patients. Depression can ei-

Table 3
Results for netgeom, netnons and net (means and SDs)

NC MS(1) MS(2)

NETGEOM 20.25 (6.07) 17.85 (6.21) 19.95 (7.27)
NETNONS 9.28 (6.58) 5.70 (5.18) 4.62 (5.42)
NET 29.50 (11.76) 23.84 (9.49) 25.43 (9.46)

ther be due to a reactive depression or to depressive cop-
ing [37]. However, our study was designed to exclude
somatic symptoms of MS or side effects of steroid ther-
apy (such as influences on cognition, sleep disturbances
or loss of body weight) as possible causes of depres-
sion of MS patients, because only patients with EDSS
0–2 without current therapies were included. The re-
sults obtained by our study corroborated the findings
regarding depression of an earlier study [8]. Although
the precise pathomechanism of depression has not yet
been determined, e.g. the total load of lesioned areas
visible in magnetic resonance imaging do not correlate
with the extent of the depression [1,31]. Berg et al. [3]
have shown that in patients with higher EDSS scores
a higher level of depression correlated with extent of
lesioning to areas of the temporal lobe.

In our study, no correlation was found between de-
pression and recurrent figure disturbances. Our results
suggested comparable deficits even in patients without
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disability. These findings therefore point to a rather
slow development of increasing disabilities and impair-
ments which begin very early and can only be identified
when they become more severe at a later time point [4]
or with even more sensitive tests.

In MS patients, depression should already be specif-
ically assessed in the early phase of the disease, in or-
der to integrate depression into therapeutic approaches
at this stage. From a psychoneuroimmunological per-
spective it needs to be tested how depression and mem-
ory impairment in the early phase of MS have an impact
on the further course of the disease as well as on neu-
roendocrine homeostasis [11]. Our study introduced
easy-to-use tests, which gave supportive data for early
neuropsychological impairment being part of a contin-
uum from the very beginning of the chronic demyeli-
nating disease process in MS. As those changes can
have a substantial effect on the activities of daily living,
their recognition and treatment needs early considera-
tion [1].
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