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ABSTRACT

The hereditary spastic paraplegias (HSPs) are neu-
rodegenerative disorders of the motor system. The
information about the prevalence of the cognitive dys-
function in HSP is inconsistent. The aim of the study
was to describe the prevalence of cognitive dysfunc-
tion and the cognitive profiles of persons with HSP
(pwHSP) compared to healthy controls. Subjects. Par-
ticipating in the cognition study were 48 persons with
HSP from the epidemiological study and 48 healthy
controls. Of those with HSP, 81% (39/48) had pure
and 19% (9/48) had complex forms. Among pwHSP,
20.8% (10/48) had pathogenic and 14.6% (7/48) had
non-pathogenic mutations in the SPAST gene. There
were no mutations detected in 31 persons with the
SPAST gene. Methods: Neuropsychological test bat-
tery, MMSE Results. The results of the neuropsy-
chological tests were significantly lower in persons
with HSP than in the controls (Bonferroni correction,
p < 0.00625). There were statistically significant dif-
ferences in subtests measuring consistent long term
retrieval (p < 0.001), later recall (p = 0.004) in verbal
memory and symbol digit modalities (p = 0.0015).
Five persons with HSP had an MM SE score of 24 or
less. Conclusions: Our results demonstrate that cogni-
tive dysfunction is present in 16.7% to 33.3% of per-
sons with HSP, depending on the criteria applied.
There was cognitive dysfunction in 30% of persons

with a known pathogenic mutation in the SPAST gene.

The most frequently damaged functions in HSP are
consistent long term retrieval and later recall in ver-
bal memory and symbol digit modalities tests that
discriminate between controls and pwHSP with dys
function (1.5 SD) in three or more domains. Dementia
inHSPisrare.
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1. INTRODUCTION

The hereditary spastic paraplegias (HSPs) are neurode-
generative disorders of the motor system characterized by
slowly progressive lower limb spasticity. HSP is classi-
fied into “pure” (pHSP) forms when spastic paraparesis
exists in isolation and “complex” (cHSP) forms when
other clinical symptoms are present, e.g. amyotrophy,
mental retardation, eye symptoms, epilepsy, ataxia, dysto-
nia and peripheral neuropathy [1]. pHSPs are inherited
most frequently in an autosomal dominant pattern (AD-
HSP). cHSP forms are rare and most frequently inherited
in an autosomal recessive pattern (AR-HSP). Limited
information is available about cognitive dysfunction in
persons with HSP.

2. COGNITIVE DYSFUNCTION IN HSP

Single case studies have been published about different
forms of HSP with either mental retardation [2,3] or cog-
nitive dysfunction [4] or both [5]. There is increasing evi-
dence that cognitive dysfunction is present in persons
with HSP [6]. Twelve individuals with “pure” HSP (aged
62 - 70) were described as having a “specific form of
cognitive impairment”. A specific pattern of cognitive
impairment in an individual (age 57) has been described
as the only sign of HSP supporting the hypothesis that
spastic paraparesis and cognitive impairment are the re-
sult of variable expression of a single gene (rather than a
co-incidental occurrence) [7]. It has also been suggested
that cognitive dysfunction and dementia are caused by
the deletion of exon 17 of the SPAST (also known as
SPG4) HSP [8].
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Some specific patterns of the cognitive dysfunction of
persons with HSP, based on families analyzed in genetic
studies, have been described. The scores in tests for ori-
entation, memory, language expression and comprehen-
sion were significantly lower in one study of 19 families
with 41 SPAST-positive carriers. Also, all subjects had
lower total Cambridge Cognitive Examination (CAMCOG)
scores than control subjects. The authors concluded that
mild, age-related cognitive impairment is a common fea-
ture in these families [9]. In another study, carriers of the
pathogenic SPAST mutations were not demented but had
a subclinical cognitive impairment primarily affecting
executive functions [10]. On the other hand, the definition
of cognitive dysfunction is unclear. In different studies,
cognitive dysfunction is defined either as impairment —1
or —2 SD in subtests of neuropsychological battery. The
definition of cognitive impairment is even more compli-
cated, as different groups have defined cognitive dysfunc-
tion as lower scores in one to three or more subtests of the
neuropsychological test batteries [11-13]. Therefore, the
exact definition of cognitive dysfunction is unclear and
the proportion of persons with diagnosed cognitive dys-
function depends on the wide range of definitions used in
different studies.

Age-related cognitive decline in persons with HSP

Cognitive dysfunction was more severe in SPAST gene
mutation carriers older than 50 years and correlated with
the progression of the disease, not with age [10]. In addi-
tion, in family members of persons diagnosed with AD-
pHSP, evidence of late onset cognitive impairment was
detected. The pattern of cognitive dysfunction was iden-
tified as subcortical and was similar for all family mem-
bers. The presence of cognitive impairment appeared to
be related to age and not to the severity of motor symp-
toms [14,15].

Dementia and HSP

Statistically significant differences in Mini-Mental State
Examination (MMSE) scores between affected (mean
27.05) and at-risk (mean 28.46) subjects (p = 0.0086) in
four families with 35 subjects have been identified. The
differences in MMSE scores between affected patients
and controls were still significant (p = 0.018) after two
outliers with an MMSE score under 24 were excluded
from the analysis. The same authors detected cognitive
impairment in family members under the age of 50 years
[16]. Seven of 11 persons with a pathogenic SPAST gene
mutation older than 45 years were considered to have de-
mentia [17]. The association of late onset spastic para-
paresis and dementia, without other pathological findings,
in two families has not been reported elsewhere and
probably represents a distinct entity [18].

In conclusion, according to the literature, it seems that
cognitive dysfunction is common in pwHSP with the rare
patient presenting advanced impairment satisfying the
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criteria of dementia. Also, characteristic cognitive dys-
function has been described in otherwise unaffected fa-
mily members. Therefore, cognitive dysfunction seems
to be part of HSP clinical manifestation and related to
gene expression. However, the exact prevalence, profile
and severity of cognitive dysfunction in the HSP popula-
tion are unclear.

3. OBJECTIVES

The aim of the study was to describe the prevalence of
cognitive dysfunction and the cognitive profiles of pa-
tients with HSP as compared to healthy controls.

4. METHODS

A clinical neuropsychologist screened all participants for
cognitive dysfunction with the Brief Repeatable Neuro-
psychological Test Battery (BRB-N) [19] and MMSE [20].
The BRB-N consists of six subtests: Buschke selective
reminding test (SRT) (measuring verbal memory), 10/36
spatial recall test (measuring visuospatial memory), sym-
bol digit modalities test (measuring information process-
ing speed), delayed recall of SRT, delayed recall of 10/36
spatial recall test, and word list generation (category
“animals”). Cognitive dysfunction was defined using
comparable methods, with a score of 1, 1.5 or 2 SD below
mean in one, two, three or more tests measuring different
neuropsychological domains.

MMSE assesses orientation, attention, immediate and
short-term recall, language, and the ability to follow sim-
ple verbal and written commands [19]. The cut-off score
of 24 or less was used to categorize persons with demen-
tia. The test results of persons with pathogenic, non-
pathogenic and no mutations in the SPAST gene [21] were
analyzed separately.

The study was approved by the Ethics Review Com-
mittee on Human Research of the University of Tartu.

5. PARTICIPANTS

As part of a nationwide epidemiological study, 59 per-
sons with a clinically definite HSP diagnosis were iden-
tified in Estonia [22]. Of these, 48 persons agreed to par-
ticipate in the cognition substudy, with 20.8% (10/48)
having pathogenic and 14.6% (7/48) having
non-pathogenic mutations in the SPAST gene. There
were no mutations detected in the SPAST gene of 64.6%
(31/48) of participants. The detailed description of the
SPAST pathogenic and non-pathogenic gene mutations
found in this cochort is published elsewhere [21]. In ad-
dition, 48 sociodemographically-matched healthy con-
trols participated in the study (Table 1).

6. STATISTICAL ANALYSIS

Mean and standard deviations (SD) were computed for
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continuous variables, and count and percentages were com-
puted for categorical variables. Differences in 8 neuropsy-
chological tests between the HSP patients and the con-
trols were assessed using the unpaired Student’s t-test or
Mann-Whitney U test when the assumption of approxi-
mate normality did not hold (using the Bonferroni cor-
rection, p < 0.00625). Spearman’s rank correlation coef-
ficients were computed. Free software R (version 2.2.0)
was used for statistical analysis. A significance level of
0.05 was used.

7.RESULTS

Baseline demographic characteristics of the HSP and con-
trol groups are described in Table 1. There were no sig-
nificant differences in baseline sociodemographic covari-
ates between HSP subjects and controls.

The prevalence of cognitive dysfunction depended
widely on the definitions applied (Table 2).

Table 1. Baseline demographic characteristics of the HSP and
control group.

HSP (n = 48) fn"fa‘g)s
Age, mean (SD), years 49.1 (15.1) 48.6 (17.7)
Education, mean (SD), years 11.0 (2.9) 13.3 (2.8)
Sex, count (%)
Male 30 (62.5 %) 31 (63.5 %)

Female 18 (37.5 %) 17 (34.7 %)

Table 2. Prevalence of cognitive dysfunction in persons with
HSP and control group using different criteria.

PwHSPand  PwHSP with PwHSP
Numberor TAbOEIC ponpaiogee wihotie
in the SPAST  SPAST gene SPAST gene
gene (n = 10) n=7) (n=31)
-1SD 0 2 1 8
1 1 4 4
2 2 2 3
>3 5 0 16
-1.5SD 0 4 4 12
1 3 2 7
2 0 1 7
>3 3 0 5
-2 8D 0 6 5 14
1 1 2 10
2 2 0 3
>3 1 0 4

Copyright © 2012 SciRes.

Cognitive dysfunction was present in 77.0% (37/48) of
the HSP group when the most conservative limits were
applied (—1 SD in at least one or more subtests) as op-
posed to 10.4% (5/48) if a more liberal definition was ap-
plied (with =2 SD in three or more subtests). In the study
group, 33.3% (16/48) of pwHSP had cognitive dysfunc-
tion scoring 1.5 SD below mean in two or more subtests
and 16.7% (8/48) lower than 1.5 SD in three or more
neuronpsychological domains. Of pwHSP, 10.4% (5/48)
had an MMSE score of 24 or less. The results of the
neuropsychological tests of persons with HSP and the
control group are described in Table 3. The results of the
neuron-psychological tests were significantly lower in
persons with HSP than in the controls (p < 0.001). There
were statistically significant differences in subtests
measuring consistent long term retrieval (p < 0.001),
later recall (p = 0.004) in verbal memory and symbol
digit modalities (p = 0.0015).

The presence of cognitive dysfunction in the group
with pathogenic mutations in the SPAST gene [21] was
similar whether cognitive dysfunction was defined by
deficits in either two or three neuropsychological domains
—in 30.0% (3/10). All three persons were from different
HSP families. Other family members participating in the
study were cognitively intact (1/2, 2/3, 4/5 respectively).
The results of the neuropsychological tests of persons
with HSP with pathogenic mutation in the SPAST gene
are described in Table 3. Cognitive dysfunction was pre-
sent either in long term retrieval, later recall in verbal
memory and/or in symbol digit modalities in all persons
with cognitive dysfunction. The HSP group with patho-
genic mutations in the SPAST gene had statistically sig-
nificantly lower mean scores in the test measuring con-
sistent long term retrieval in verbal memory (p = 0.0018),
but the multiple comparison test of the neuropsychologi-
cal tests revealed that the group profiles of the groups
with and without SPAST mutations and the control group
did not have a significant difference. Among those with
cognitive dysfunction and pathogenic mutations in the
SPAST gene, 1/10 (10%) patients scored less than 24 on
the MMSE. Persons with non-pathogenic mutations in
the SPAST gene as a group did not present cognitive
dysfunction. The results of the neuropsychological tests
of persons with HSP with non-pathogenic mutations in
the SPAST gene and the control group are described in
Table 3. There were no statistically significant differ-
ences detected in comparison with any subtests of the
neuropsychological battery. Cognitive dysfunction (lower
scores in later recall and symbol digit modalities subtests)
was present in one (14.2%, 1/7) HSP person with non-
pathogenic mutations in SPAST, and none scored lower in
three neuropsychological domains. None of the persons
scored below 24 points on the MMSE.
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Table 3. Results of the neuropsychological tests of the persons with HSP as a group, subgroups and controls.

HSP group P-SPASTHSP NP SPASTHSP W SPASTHSP  Control group Differences by groups
(1) 2) (3) (€3] Q) (P value)
N=49 N=12 N=8 N=30 N=48
M  SD M SD M SD M SD M SD  1-5 2-5 3-5 4-5
Verbal memory, 501 13.6 507 144 563 9.1 478 140 544 127 >0 >0  >0.1  0.031
long term storage
Verbal memory,
consistent long term ~ 37.1 168  40.6 172 453 112 330 165 537 13.0 <0.001" 0.018° >0.1 <0.001"
retrieval
Later recall, 84 23 88 23 9.7 10 79 25 98 23 0002 >0 >0. 0.0013"
verbal memory
Visuospatial 187 48 162 47 207 32 194 49 205 45 0053 0007 >0.1  >0.1
memory
Visuospatial memory, o5 50 955 44 257 78 220 56 248 67  >00  >01  >00 >0
later recall
Symbol digit 413 116 410 116 439 136 419 109 496 117 0.002° 0039 >0  0.008
modalities
MMSE 283 22 283 24 296 05 282 22 293 09 0062 >0.1 >0.1  0.036

Note: Multiple comparison procedures are used to determine which means differ (using a Bonferroni correction, p < 0.00625). 1-HSP group; 2-P-SPAST HSP -
pathogenic mutations in the SPAST gene; 3-NP SPAST HSP—Persons with non-pathogenic mutations in the SPAST gene; 4-W SPAST HSP—persons without

the mutations in the SPAST gene; 5-Control group.

Cognitive dysfunction defined in two or more neuron-
psychological domains was present in 38.7% (12/31) and
in three or more cognitive domains in 16.2% (5/31) of
persons without the mutations in the SPAST gene. The
results of the neuropsychological tests of persons of HSP
without the mutations in the SPAST gene and the control
group are described in Table 3.

Persons with HSP without the mutations in the SPAST
gene performed less well than the controls (p < 0.001).
There were statistically significant differences in subtests
measuring consistent long term retrieval (p < 0.001) and
later recall (p = 0.001) in verbal memory. All but one
patient exhibited lower scores in these two tests but not
in the symbol modalities subtest. One patient exception-
ally demonstrated lower scores only in immediate and
later recall in visual-spatial memory subtests. Of this
group, 13.0% (4/31) demonstrated an MMSE score be-
low 24. All five persons with cognitive dysfunction dem-
onstrated lower scores in either consistent long term re-
trieval or the later recall subtest of verbal memory.

The most sensitive tests to detect cognitive impairment
in the HSP group were the consistent long term retrieval
and later recall in verbal memory subtest and symbol
digit modalities subtest. All patients with cognitive dys-
function, defined as failing in at least three cognitive
tests, demonstrated cognitive dysfunction in one of these
three tests. In the group of patients with cognitive dys-
function defined as lower scores in two or more tests,
only one patient scored lower in immediate and later

Copyright © 2012 SciRes.

recall in visuospatial memory.

Comparing the results of the neuropsychological pro-
file of persons with HSP with pathogenic mutation in the
SPAST gene with the groups having non-pathogenic or
no mutations in the SPAST gene, then multiple analysis
did not reveal significant differences (p = 0.53) between
the cognitive profiles.

Age-related cognitive declinein HSP

Results of the neuropsychological tests in different age
groups of the HSP population and control group are de-
scribed in Table 4. The two age subgroups from HSP
and the control group consisted of persons either up to 44
years or 45 years and older people. On the group level
there was a statistically significant difference in the re-
sults of the consistent long term retrieval (verbal memory)
subtest (p < 0.001) in the age group up to 44 years. Two
persons from the group aged up to 44 years had cognitive
decline. Both of them had low scores in subtests meas-
suring verbal memory (long term retrieval and consistent
long term retrieval). Among persons in both groups older
than 45 years, there was a statistically significant differ-
ence in the symbol digit modalities subtest (p = 0.035).
Seven persons aged over 45 years scored lower in verbal
memory subtests. In addition, there was decline detected
in the symbol digit modalities subtest.

8. DISCUSSION
To our knowledge, this is the largest HSP cohort studied
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Table 4. Results of the neuropsychological tests in different age groups of the HSP population and control group.
AGE = ---44 AGE =45---
HSP (n=11) Controls (n = 28) HSP (n=38) Controls (n=21)
M SD M SD P M SD M SD p
Verbal memory, 55.8 14 60.2 8.5 >0.1 484 132 47 133 >0.1
long term storage
_ Verbal memory, 07 201 536 133 <0001 354 156 54 13 0.1
consistent long term retrieval
Later recall, verbal memory 9.7 2.6 10.9 1.2 >0.1 8 2.1 8.2 2.6 >0.1
Visuospatial memory 19.4 6.5 22.4 42 >0.1 18.4 42 18 3.6 >0.1
_ Later recall, 72 24 8 23 >0.1 6.7 18 6.1 1.8 >0.1
visuospatial memory
Visuospatial memory, 239 38 26.8 7.1 >0.1 229 6.4 223 53 >0.1
later recall
Symbol digit modalities 48.6 7.3 55.5 8.3 >0.1 39 11.8 41.7 11.1 0.035"
MMSE 29.6 0.8 29.5 0.6 >0.1 27.9 23 28.9 1.1 >0.1

Note: “statistically significant difference p < 0.05.

for cognitive function with neuropsychological testing.
This cohort is unique as it includes 81% (48/59) of per-
sons with HSP identified in the nation-wide epidemiol-
ogical study [21]. Our study group includes persons with
HSP with pathogenic, nonpathogenic and no mutations
in the SPAST gene.

So far published data on the cognitive function of per-
sons with HSP is limited to descriptions of cognitive func-
tions in a single family or single-case studies identified
through affected family members [4-7]. Therefore we
believe that our study represents the cognitive function
of a broader clinical spectrum of HSP.

The definition of cognitive dysfunction is used widely
as impairment —1 to —2 SD in either two or three cogni-
tive tests of the neuropsychological test batteries [11-13].
We have analyzed our data in several ways, demonstrat-
ing that the number of persons with defined cognitive
dysfunction varies significantly according to different
definitions. Cognitive dysfunction is present in the HSP
cohort if the person fails in two domains by 33.3%, but
16.7% if we define cognitive dysfunction as failing in
tests of three domains.

Cognitive decline was not uniformly divided between
different HSP subgroups. The highest prevalence of cog-
nitive dysfunction was present in patients with HSP with-
out mutations of the SPAST gene. Of this group, 38.7%
scored less than 1.5 SD in at least three cognitive domains,
as opposed to the group with pathogenic mutations of the
SPAST gene in which similarly defined cognitive dys-
function was present in 30%. Interestingly only 14.2% of
participants had cognitive dysfunction if they had non-
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pathogenic SPAST mutations. So, surprisingly, non-
pathogenic SPAST mutations seemed to have a protective
effect—the test results of this group did not differ from
healthy controls.

Previously reported single case studies have described
the profile of cognitive dysfunction in HSP [4,5]. Lower
results in subtests measuring orientation, memory, lan-
guage expression and comprehension [7] and dysfunction
of executive functions [10] have been described. Our
results demonstrate significant differences between per-
sons with HSP as a group and demographically-matched
healthy controls in subtests measuring consistent long
term retrieval (p < 0.001) and later recall (p = 0.002) in
verbal memory and symbol digit modalities (p = 0.0015),
confirming the results of earlier descriptions.

According to our analysis, we would recommend a
battery of tests describing three cognitive domains in
persons with HSP. Subtests measuring consistent long
term retrieval and later recall in verbal memory and
symbol digit modalities would identify all persons with
cognitive dysfunction in three or more domains. However,
using only these tests, one person with cognitive dys-
function in two domains would have been missed from
the group of patients without pathogenic mutations in the
SPAST gene. According to our results, the testing should
start with tests for consistent long term retrieval, later
recall in verbal memory and symbol digit modalities tests
as these tests identify all patients with cognitive dys-
function in at least three domains. However, if these tests
are within normal limits and there is clinical suspicion for
milder impairment, further testing is recommended. Ac-
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cording to our data cognitive dysfunction in familial cases
does not uniformly represent intrafamilial variability of
the disease. It seems that even among different family
members cognitive dysfunction is not always present and
the cognitive profile is different.

Our results demonstrate that dementia, defined as
scoring 24 or less on MMSE, was present in 5/48 (10.4%)
of persons with HSP. Although pwHSP with pathological
mutations in the SPAST gene showed more consistant
cognitive dysfunction as a group, the number of patients
with an MMSE score below 24 was comparable (10% vs.
13%) with persons with or without mutations in the
SPAST gene.

Several studies have demonstrated that cognitive decline
is age-dependent [7,10,14,16]. In our study, age was
correlated with performance in subtests measuring long
term storage and later recall in verbal memory and symbol
digit modalities. Two persons from the group aged less
than 45 years and seven persons aged over 45 years
scored lower in verbal memory subtests. In addition there
was decline detected in the symbol digit modalities subtest
in older age groups. Our studied group was cross-sectional
and too small to identify the importance of age-related
cognitive decline in HSP. However, tests measuring verbal
memory may be suggested as a sensitive marker for
detecting age-related cognitive decline in this population.

The major limitation of our study is the cross-sectional
analysis of cognitive functions.

9. CONCLUSION

Our results demonstrate that cognitive dysfunction is
present in 16.7% to 33.3% of persons with HSP depend-
ing on criteria applied. Of persons with known patho-
genic mutation in the SPAST gene, 30% had cognitive
dysfunction. The most frequently damaged functions in
HSP are consistent long term retrieval and later recall in
verbal memory and symbol digit modalities tests that
discriminate between controls and pwHSP with dysfunc-
tion (1.5 SD) in three or more domains. Dementia in
HSP is rare.
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