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Abstract

Hereditary spastic paraplegias (HSP) share as cardinal feature progressive spastic gait disorder. SPG4 accounts for about
25% of cases and is caused by mutations in the SPAST gene. Although HSP is an upper motor neuron disease, the relevance
of non-motor symptoms is increasingly recognized because of the potential response to treatment. Our study sets out to
evaluate non-motor symptoms and their relevance with regard to health-related quality of life. In 118 genetically confirmed
SPG4 cases and age- and gender-matched controls, validated questionnaires were used to evaluate fatigue, depression,
pain, and restless legs syndrome. In addition, self-reported medical information was collected concerning comorbidities
and bladder, bowel, and sexual dysfunction. In a sub-study, cognition was evaluated using the CANTAB® test-battery and
the Montreal Cognitive Assessment in 26 SPG4 patients. We found depression and pain to be significantly increased. The
frequency of restless legs syndrome varied largely depending on defining criteria. There were no significant deficits in
cognition as examined by CANTAB® despite a significant increase in self-reported memory impairment in SPG4 patients.
Bladder, sexual, and defecation problems were frequent and seemed to be underrecognized in current treatment strategies.
All identified non-motor symptoms correlated with health-related quality of life, which was reduced in SPG4 compared to
controls. We recommend that clinicians regularly screen for depression, pain, and fatigue and ask for bladder, sexual, and
defecation problems to recognize and treat non-motor symptoms accordingly to improve quality of life in patients with SPG4.

Keywords Non-motor symptoms - SPG4 - Hereditary spastic paraplegia (HSP) - Depression - Pain - Quality of life -
Fatigue

Introduction in the SPAST gene cause hereditary spastic paraplegia type 4
(SPG4) which accounts for more than 25% of all HSP cases

The hallmark feature of hereditary spastic paraplegia (HSP)  and more than 50% of autosomal dominant HSP families

is progressive spastic gait disorder with lower limb spasticity
and weakness. There is considerable genetic heterogeneity
with more than 80 HSP genes described so far [1]. Mutations
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[2]. Being an upper motor neuron disease, most therapeutic
approaches target the improvement of motor features [3].
Non-motor symptoms, however, are becoming increas-
ingly recognized because of their therapeutic implications.
In genetically non-stratified HSP cohorts, depression [4]
and restless legs syndrome (RLS) [5] have been previously
described. In 30 genetically confirmed SPG4 cases, fatigue,
pain, and depression were increased [6]. Frequent psychiat-
ric comorbidity was also shown in SPG4 [7]. With regard to
higher cognitive functions, there is some controversy con-
cerning dementia [8, 9] vs. subtle cognitive impairment [10].
A single study found abnormalities in social cognition in
SPG4 [11] matching MRI findings of volumetric changes in
the parietal region [12].
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As pain, restless legs syndrome, depression, neurogenic
bladder impairment, and disturbed sexual function are symp-
tomatically treatable, we set out to determine the frequency,
the burden of disease, and the health-related quality of life in
a large cohort of patients with genetically confirmed SPG4.

Material and methods
Study population and inclusion criteria

The NMS (non-motor symptoms) in HSP study (Clinical-
Trials.gov identifier: NCT03204773) was conducted as a
web-based questionnaire using LamaPoll (LamaPoll Berlin,
Germany). Patients were recruited via the HSP outpatient
clinic in Tiibingen, Germany, and via two German patient
support groups (HSP Hilfe e.V. and HSP Selbsthilfegruppe
Deutschland e.V.). Controls were recruited among spouses,
family members or friends of patients and medical staff.
Inclusion criteria for SPG4 patients required (1) age of
18-70 years, and (2) clinical diagnosis of hereditary spastic
paraplegia. Controls inclusion criteria required (1) age of
18-70 years, and (2) lack of neurological diseases except for
RLS or depression. Only HSP patients with genetically con-
firmed SPG4 (n=118) were included. An identical number
of age and gender-matched controls were recruited. Written
informed consent was obtained from all study participants.
The study was approved by the local institutional review
board (vote 568/2017B02) as well as the sub-study regard-
ing cognition (vote 210/2017B02) and, therefore, performed
in accordance with Declaration of Helsinki.

Demographic data and disease-specific
characteristics

Demographic data were collected from all participants via
the online questionnaire including age, height, weight, high-
est school degree, highest professional qualification, sum
of all educational years (school, professional training, and
college/university), as well as further self-reported medi-
cal information including concomitant diseases and current
medications. Also, the inventory of complicating signs and
symptoms [13] was assessed in combination with some addi-
tional questions to systematically gather information about
cataract, retinal abnormalities, occurrence of epilepsy, psy-
chiatric comorbidities, hearing impairment, memory impair-
ment, dysphagia, speech abnormalities, sensory impairment,
“trembling”, bladder disturbances, and problems with
defecation.

From HSP patients, additional questions targeted age
at onset, maximum walking distance, use of walking aids,
and current as well as any previous HSP-specific medica-
tions such as anti-spastic drugs, urological spasmolytics,
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analgesics, and others such as antidepressants, anticonvul-
sants, 4-Aminopyridine [14], levodopa, dopamine agonists,
and magnesium.

Non-motor symptom scales

Five categories of non-motor symptoms were investigated
using standardized questionnaires in German. Quality of life
was examined by the EQ-5D [15], an instrument developed
by the EuroQol Group [16] as a measure of health-related
quality of life. Frequency of restless legs symptoms was
evaluated using the 2014 Revised IRLSSG Diagnostic Cri-
teria for RLS [17]. The severity and frequency of depressive
symptoms were determined by Becks Depression Inventory
(BDI-V) [18]. Fatigue was investigated with the help of the
Modified Fatigue Impact Scale (MFI) [19]. Pain was meas-
ured using the Brief Pain Inventory (BPI) [20].

Exploring cognitive functions using MoCA
and CANTAB®

In a subgroup of 26 SPG4 patients (ClinicalTrials.gov Iden-
tifier: NCT03104088), we assessed cognitive function in
comparison to age- and gender-matched controls using the
Montreal Cognitive Assessment (MoCA) [21] as a screen-
ing tool for mild cognitive impairment and the CANTAB®
Cognitive assessment software (Cambridge Cognition, 2019,
Cambridge, United Kingdom. All rights reserved. https://
www.cantab.com), a tablet-based neurocognitive test bat-
tery. The following tests were used in standard configura-
tion if not otherwise specified: paired association learning
(PAL) high functioning, verbal recognition memory (VRM),
one touch stockings of Cambridge (OTS), multitasking test
(MTT), emotion recognition task (ERT) long version, spatial
working memory (SWM) high functioning version, rapid
visual processing (RVP) of three targets, and delayed match
to sampling (DMS). The test battery aims to evaluate the fol-
lowing cognitive domains: visual memory (including short-
term visual recognition), verbal memory, new learning,
executive functions (strategy, spatial planning, and work-
ing memory), multitasking, emotion recognition, sustained
attention, and visual matching ability. Detailed information
on all tests including neurophysiological correlates and out-
come measures can be found online.!

Statistics

For descriptive statistics, we used IBM SPSS Statistics,
version 25 (IBM, Armonk, NY). Only fully completed

! Information retrieved from the CANTAB® website on 03.07.2019.
https://www.cambridgecognition.com/cantab/cognitive-tests
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Table 1 Biographic parameters: non-motor symptoms in SPG4 study

Age in years  Sex BMI [kg/m?] Age at onset Disease Duration from disease Max. walking
D u— [years] duration onset to diagnosis distance [m]
d ? [years] [years]
Total: mean 46.1 (10.7) 118 118 26.02 (4.9)
(SD) [range] [20-69] [15.7-26.0]
(n=236)
SPG4 patients 50.4 (9.4) 59 59 259(.1) 29.1 (15.7) 21.3(14.1) 8.8 (11.3) 1184.5 (2068.2)
(n=118) [20-64] [15.7-50.8] [0-57] [1-61] [0-54] [0 m—12 km]
Controls (n=118) 47.8 (11.7) 59 59 26.2(4.8)
[31-69] [17.7-40.6]
Gaussian variable No No No No No No No
p value <0.017 0.110 1.000 0.513

Data are presented as mean (standard deviation) [range with lowest and highest value]. Gaussian distribution of data was tested using the Sha-
piro—Wilk test as 3 <n<3000. For the baseline statistics, Gaussian distributed variables were tested by a two-sided ¢ test, non-Gaussian distrib-
uted variables by the Mann—Whitney U test and nominal variables by Chi-square test. p values after Bonferroni correction below 0.017 were

considered to be statistically significant
BMI body mass index, SD standard deviation

questionnaires were included in the analysis. Gaussian dis-
tribution of the data was tested using the Shapiro—Wilk test
as 3 <n<3000. For baseline statistics, Gaussian distributed
variables were tested by a two-sided ¢ test, non-Gaussian dis-
tributed variables by the Mann—Whitney U test and nominal
variables by Chi-square test. The primary endpoints were
significant changes in the sum scores of the five question-
naires/scales to identify relevant non-motor symptoms in
SPG4. A p value <0.05 was considered statistically signifi-
cant which was adjusted accordingly by Bonferroni cor-
rection for multiple testing. Correlations were calculated
according to Pearson. All non-motor symptoms as evalu-
ated by standardized scores/scales were correlated to qual-
ity of life and to biographic (age) and disease-specific (age
of onset, disease duration, and maximum walking distance)
parameters.

Results
Biometric data

No significant difference was found between the SPG4
group and the control group concerning age (50.4 vs.
47.8 years; p=0.110), gender (both groups equal 59 males
vs. 59 females, p=1.0), or body-mass index (BMI; 25.9 vs.
26.2 kg/m?; p=0.513) when correcting the p value threshold
according to Bonferroni. The SPG4 cohort had a mean age
of onset at 29.1 years (defined as onset of gait disturbance),
with a mean disease duration of 21.3 years. The time from
onset of gait disturbance until clinical diagnosis of HSP
took on average 8.8 years. The maximum walking distance
(based on interview) was on average 1184.5 m with a range
of 0 m up to 12 km. Details are given in Table 1. 36.4%

of SPG4 patients and 100% of controls were able to walk
without a walking aid. Walking sticks were regularly used
by 49.2%, walkers by 25.4%, and wheelchair by 39.8% of
SPG4 patients (multiple answers possible).

Self-reported medical information

Self-reported medical information showed significantly
higher rates of comorbidities in SPG4 compared to controls
(60.2% vs. 32.2%; p <0.001). Especially trembling (40.7%
vs. 3.4%; p<0.001), memory impairment (28% vs. 11%;
p<0.001), RLS (18.6% vs. 0.8%; p <0.001), impairment
of upper extremity (8.5% vs. 1.7%; p<0.001), and cataract
(7.6% vs. 2.5%; p<0.001) were reported more frequently
in SPG4 patients than in controls (Table 2). Psychiatric
disorders excluding depression (5.1% vs. 1.7%; p=10.150),
speech abnormalities (5.9% vs. 0.8%; p=0.031), and dys-
phagia (6.8% vs. 0%; p=0.004) were more frequent in SPG4
patients, but did not differ significantly.

Bladder symptoms occurred more often in SPG4 com-
pared to controls (78.0% vs. 8.5%; p <0.001) including urge
in 55.1%, incontinence in 38.1%, and/or voiding in 33.1%.
Incontinence pads were required by more than one-third of
patients (37.3%); 22.9% used them daily, 4.2% used them
only when leaving the house, and 10.2% used them occa-
sionally. Problems of defecation were more frequent in SPG4
(31.4% vs. 3.4%; p <0.001); 4.2% of patients reported urge,
13.6% incontinence, 11.9% obstipation, and/or 1.7% others
defecation problems. Disturbed sexual function was more
common in SPG4 (23.7% vs. 4.2%; p <0.001) and occurred
in females (n=12/48) as well as in males (n=16/54). The
questionnaire did not allow for the distinction of problems
with erection or ejaculation in men. Female patients (n=11)
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turbed
sexual

Defecation disturbance  Dis-

(urge/incontinence/
obstipation/other)

(urge/incontinence/void-

Bladder disturbance
ing /use of pads)

Speech
abnor-

Dyspha-

abnormality gia

Epilepsy Psychiatric Hearing
arms or abnormali- disorder
ties / AOO<

hands

memory
impair-

Depression Dementia/ Trembling Impairment Retinal
ment

Diabetes Polyneuropathy / RLS

Arterial
comorbid- hyperten- mellitus Dysesthesia

Any

Table 2 Self-reported medical history
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malities

without

sion /

ity

function

depression 40 years

cataract

coronary
angiopa-

thy

43.2(29.2/21.2/16.9/21.2) 17.4 (2.1/6.8/7.2/1.3) 14.0

14.0 1.7/19.5 22.0 16.9 0.8/5.1 0.8 34 38 34 34

9.7

5.1 4.2/16.9

26.3/2.1

46.2

Present in % of
cases (n

=236)

23.7

78.0 (55.1/38.1/33.1/36.3) 31.4 (4.2/13.6/11.9/1.7)

4.2 6.8 59

5.1

24.6 3.4/28.0 40.7 29.7 0.8/7.6 1.7

18.6

5.1 7.6/32.2

27.1/0.8

60.2

SPG4 patients

118)

(n

3.4 (-/-/2.5/0.8)

8.5(3.4/4.2/0.8/5.1)

<0.0001

0.8

34

1.7
0.150

0

4.2/11.0 34 4.2 0.8/2.5

34

0.8

0.8/1.7

25.4/34 5.1

322
<0.0001

118)

p value <0.00227

Controls (n

<0.0001

<0.0001

0.031

0.004

0.319

0.04/<00001 .131

<0.0001

<0.0001

0.1/<0.0001

0.03/<0.0001 <0.0001 <0.0001

0.96/0.30 0.93

For all nominal values, the two-sided p value was evaluated using cross-tables and Chi-square testing. Bonferroni correction for all tested baseline values was performed (22 items) and signifi-

cant findings (p values < 0.00227) are highlighted in bold

AOO age of onset, SD standard deviation, RLS restless legs syndrome, SPRS spastic paraplegia rating scale

chose not to answer this question more than twice as often
as males (n=5).

Bladder modifying medication (mostly antimuscarinic
medication) was taken in 19.5% of cases, antidepressants
by 16.9%, analgesics in 16.1%, dopa-agonists in 4.2%, levo-
dopa by 2.5%, anticonvulsants by 3.4% (including use as
pain modifier), and anti-dementia drugs by 1.7% of SPG4
patients. No patient received medication addressing dis-
turbed sexual function such as PDES5 inhibitors.

Motor symptoms were addressed rather frequently with
23.7% of SPG4 patients taking baclofen (61.0% had taken
this medication previously), 4.2% tizanidine (previous:
22%), 12.8% tolperisone (previous: 28%), 10.2% botulinum
toxin (previous: 21.2%), 1.7% benzodiazepines (previous:
7.6%), and 6.8% cannabis (including cannabis flowers,
dronabinole, and nabiximols (Sativex®) (previous: 5.9%).
Additionally, magnesium was taken by 5.1% of cases and
4-aminopyridine in 2.5% (Table 3).

Non-motor symptoms

Frequencies of non-motor symptoms including self-reported
symptoms in SPG4 patients are provided in Fig. 1 and
Table 4. When calculating a bivariate correlation after Pear-
son with the two variables age and number of symptoms,
there was a negative but non-significant correlation —0.032;
p=0.730. The same applies for age at onset of the hereditary
spastic paraplegia and the number of non-motor symptoms:
—0.073, p=0.431.

Health-related quality of life was reduced in SPG4
patients compared to controls (EQ-5D index: 0.70 vs. 0.96;
p<0.001). The EQ-5D index in SPG4 correlated with the
maximum gait distance (Pearson 0.311; p=0.001) and
inversely with the MFI (Pearson —0.502; p <0.001), pain
severity (Pearson —0.517; p <0.001), pain interference with
function (Pearson —0.459; p <0.001), and the BDI-V (Pear-
son —0.418; p<0.001) but not with the RLS IRLSSG 2014
Diagnostic Criteria Score (Pearson —0.128; p=0.168).

Fatigue was increased in SPG4 patients compared to
controls (MFI total score: 33.2 vs. 17.4; p<0.001) with 37
patients being positively diagnosed with fatigue (> 38 points
in the MFI) compared to 9 controls. In SPG4 patients, MFI
total score correlated inversely with maximum walking dis-
tance (Pearson —0.288; p=0.002). There was no correlation
with age (Pearson 0.064; p=0.491), age at onset (Pearson
0.054; p=0.559), or disease duration (Pearson —0.018;
p=0.848).

Pain severity (2.0 vs. 0.62; p<0.001), as well as pain
interference with daily living (2.5 vs. —0.02 p <0.001), was
increased in SPG4 patients compared to controls. In SPG4
patients, pain severity correlated with pain medication (Pear-
son 0.456; p <0.001) and pain interference with daily activi-
ties (Pearson 0.814; p <0.001) and inversely with disease
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Table 3 Self-reported medication

Tizanidine Tolperisone Botulinum toxin Benzodiazepine Cannabis medication

Spasticity related medica- Baclofen

tion

23.7%/61.0% 4.2%/22.0 12.7%/28.0% 10.2%/21.2% 1.7%/7.6% 6.8%/5.9%

Current/previous

% of SPG4 patients

118)

(n

Further sympto-

Anti-dementiva

4-Aminopyridine Magnesium

Anticonvulsant

Antidepressant

dopamine
agonist

Levodopa

Pain medication

Bladder medica-

matic medication tion (antimus-

carinic)

2.5%/n.a 5.1%/n.a 1.7%/m.a

3.4%/n.a

16.9%/n.a

n.a

2.5%
4.2%

all: 16.1%/16.9%
NSAID: 13.6%;

19.5%/13.6%

Current/previous
% of SPG4

n.a

Metamizole:

2.5%
Opioid: low:

patients

(n=118)

3.4%/high 1.7%

potent

Tetrazepam marketing authorization was suspended on April 24th 2013 across the EU and was taken previously by 4.2% of patients

n.a. not available

Frequency of additional symptoms in SPG4
Bladder disturbance*
Pain

Trembling*
Dysesthesia*
Defecation disturbance*
Fatigue

Impairment arms/hands*

Depressive episode

controls

Disturbed sexual function* B SPGA4 patients

Cataract®

0 20 40 60%

Fig. 1 Frequency of additional symptoms in SPG4. The frequency of
additional symptoms including non-motor symptoms in 118 SPG4
patients (dark grey) and 118 age- and gender-matched controls (light
grey) is shown. The Becks Depression Inventory (BDI-V) was used to
diagnose an episode of depression if >35 points were achieved. Pain
levels were evaluated using the Brief Pain Inventory (BPI). The ques-
tion asking for pain occurrence associated with the underlying disease
[in this case hereditary spastic paraplegia type 4 (SPG4) or any other
disease] in controls was used to compare pain occurrence between
SPG4 patients and controls. Fatigue was diagnosed using the Modi-
fied Fatigue Impact Scale (MFI) with scores> 38 points. All further
symptoms marked with an * are self-reported, and the others as previ-
ously described were objectively evaluated using established scores,
scales, or questionnaires

duration (Pearson —0.211; p=0.022) and maximum walking
distance (Pearson —0.270; p=0.003). No correlation was
found for age (Pearson —0.045; p=0.628) or age at onset
(Pearson 0.163; p=0.078).

Depression is more present in SPG4 patients (n=37,
31.3%) than in controls (n="7, 5.9%), as recognized by the
BDI-V (> 35 points) with a mean BDI-V score of 26.6 in
SPG4 patients vs. 14.3 in controls (p <0.001). In the self-
reported medical information, depression had a higher fre-
quency as a comorbidity in SPG4 than in controls (24.6 vs.
3.4%; p<0.001), as well. Twenty patients were taking anti-
depressants including eight patients with a BDI < 34 points.
Twenty-nine SPG4 patients reported depression as diagnosis
of which only 15 took an antidepressant and a total of 17
patients received psychotherapy. Twenty-four of twenty-
nine self-reported depressive patients had a BDI score > 35
points fulfilling the criteria of an episode of depression. Of
all 37 SPG4 patients with a BDI score > 35 points (manifest
depressive episode), only 54% received a form of therapy:
antidepressant treatment (n=6), psychotherapy (n=8), and a
combination of both (n=6). No correlations were found for
BDI-V total score with maximum walking distance (Pear-
son —0.138; p=0.138), age (Pearson —0.120; p=0.195),
age at onset (Pearson —0.045; p=0.629), disease duration
(Pearson —0.030; p=0.746), or gender (Pearson —0.174,
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Table 4 Objectively evaluated non-motor symptoms

Fatigue Quality of life Pain Depression Restless legs
Severity Interference
with daily living
Total: mean (SD) 25.3(16.1) 0.83 (0.21) 1.3 (2.0 1.2 (2.8) 20.4 (17.4) 1.14 (0.73)
[range] (n=118) [2-76] [0.016-1.00] [0-8] [—2-9.3] [0-96] [0-4]
> 38 points n=46 >35 points n=44 5 points n=4
SPG4 patients (n=118) 33.2 (15.8) 0.70 (0.21) 2.0(2.3) 2.5@3.1) 26.6 (18.9) 1.05 (1.63)
[2-76] [0.016-1.00] [0-8] [—2-9.3] [2-82] [0-4]
> 38 points n=37 >35 points n=37 4 points n=20
Controls (n=118) 17.4 (12.0) 0.96 (0.10) 0.62 (1.3) —0.02 (1-7) 14.3 (13.1) 1.14 (0.73)
[4-67] [0.069-1.00] [0-6.25] [—2-5.3] [0-96] [0-5]
> 38 points n=9 >35 points n=7 5 points n=4
4 points n=0
Gaussian variable No No No No No No
p value < 0.00833 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
Test/scale/criteria used MFI (modified EQ-5D index [15] BPI (brief pain inventory) [20] BDI-V (becks depres-  Revised IRLSSG
fatigue impact sion inventory) [18] diagnostic criteria for
scale) [19] RLS [17]

Data are presented as mean (standard deviation) and [range: lowest and highest values]. Gaussian distribution was tested by Shapiro—Wilk test
due to n>3<3000. Non-Gaussian variables were tested by Mann—Whitney U test. Bonferroni correction for all tested values considered all p
values below an alpha of 0.833% (six items) to be statistically significant and are highlighted in bold

SD standard deviation

p=0.060). Gender and BDI-V > 35 points were not signifi-
cantly associated.

When using the 2014 Revised IRLSSG Diagnostic Criteria
for RLS, there is a significant difference in the presence of
RLS with no SPG4 patients fulfilling the diagnostic criteria
(=5 points) compared to four individuals in the control group.
SPG4 patients had a significantly lower total score than con-
trols (1.05 vs 1.14 points; p <0.001). To be able to differenti-
ate a spastic clonus as “passively moving legs” from RLS, a
number of additional questions were asked. In SPG4, 45.8%
of patients reported to know what a “spastic clonus” is. In con-
trast, only 34.7% were confident to be able to differentiate RLS
from spastic clonus as determined with a separate question.
When asking the remaining 65.3% (which were not confident
to differentiate RLS from spastic clonus) for the concrete defi-
nition of a spastic clonus, only 10.2% of SPG4 patients replied
that the definition of a spastic clonus was known to them. In
the questionnaire, specific definitions of spastic clonus and
RLS were presented to the participants. Even after introduc-
ing the spastic clonus and RLS definitions with specifically
naming the differences between both, still more than a fourth
(26.3%) were not able to differentiate RLS from a spastic clo-
nus. Spastic clonus occurred in 33 SPG4 patients (=28%) and
had a clear time-related accumulation (n=30) in the second
half of the daytime when asking for time of occurrence: 6.8%
mentioned clonus before getting out of bed in the morning and
3.4% in the morning, 4.2% around noon, 11.9% in the evening,
6.8% before going to bed, 11% when trying to go to sleep, and
6.8% while sleeping (multiple replies were possible).

@ Springer

Disease burden of additional symptoms
including non-motor symptoms in SPG4

To estimate disease burden, including non-motor symptoms,
the following objectifiable measurements (7 =3) used in this
study (Fig. 1—all results presented without*) to evaluate
fatigue, depressive episodes, and occurrence of pain were
combined with self-reported symptoms occurrence (n=238)
(bladder dysfunction, “trembling”, dysesthesia, defecation
dysfunction, impairment of arms and/or hands, disturbed
sexual function, and cataract). The evaluated RLS occur-
rence was not used due to difficulties with the recent diag-
nostic criteria. This is discussed in great detail below. The
result of this burden of disease analysis is presented in
Fig. 2. There was a significant difference of disease burden
between SPG4 patients and controls (U= 1497, p <0.001).
Symptom burden (including eight non-motor symptoms and
additionally impairment of arms and/or hands and “trem-
bling”) correlated inversely with quality of life as measured
by the EQ-5D index (Pearson —0.643; p <0.001). There was
a significant correlation of gender and number of non-motor
symptoms, in favor of females 0.195, p=0.034.

Cognition in SPG4

Cognitive assessment has been restricted to a subgroup of
26 SPG4 patients. Biographic characteristics of patients and
controls are given in supplementary Table 1. There were no
significant differences in the eight CANTAB® tests (PAL,
VRM, OTS, MTT, ERT, SWM, RVP, and DMS) between
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Diseases burden - frequency of additional symptoms

100%

91.5 93.2

89.8
86.4

80

cumulative

60

40

20

Fig.2 Disease burden—cumulative frequency of all additional symp-
toms. The diagram shows the burden of additional symptoms and
non-motor symptoms in 118 SPG4 patients (dark grey) and 118 age-
and gender-matched controls (light grey). The colored areas under-
neath the curve are representing the cumulative occurrence of simul-
taneously present additional symptoms starting from zero up to ten
additional symptoms. The frequency of the simultaneous occurrence
in 118 SPG4 and 118 controls is shown in bar graphs (slightly darker
colored) on the bottom of the diagram. The spectrum reaches from

SPG4 patients and the matched control group. Details are
provided in supplementary Table 2. In the MoCA, patients
reached an average of 25.2 out of 30 points, whereas the
control group reached 27.0 points (p =0.042); this differ-
ence was no longer significant after correction for multiple
testing according to Bonferroni. MoCA scores did not corre-
late with SPRS total score (Pearson: —0.048, p=0.814) as a
measure for disease severity, age (Pearson 0.149, p=0.467),
disease duration (Pearson —0.125, p=0.544), or total edu-
cational years as measure for educational level.

Discussion

This study set out to assess the frequency of non-motor
symptoms in SPG4, a rare disease of the primary motor neu-
ron. SPG4 is usually recognized as a purely hereditary spas-
tic paraplegia according to Harding [22], which was recently
confirmed in a large cohort of 842 SPG4 patients [23]. We
found non-motor symptoms to be present in the majority of
patients (62.9%), with more than 15% of patients reporting
problems in more than two of the four categories assessed
by scores (RLS, depressive episodes, pain, and fatigue).
With a looser definition compared to Harding’s definition
of pure hereditary spastic paraplegia using the ten identified
relevant symptoms (including urinary urge for example as

96.6 97.5

cumulative

/2 controls
/M SPG4 patients

5 6 7 8 9 10
number of symptoms

zero up to ten additional symptoms. All ten in this study as relevant
identified symptoms were used for burden analysis. Three objectively
evaluated symptoms (without the fourth objective rated symptom:
restless legs syndrome) using established questionnaires like the BDI-
V, BPI (here only pain occurrence associated with the underlying dis-
ease was used), and MFI. Further seven self-reported symptoms (and
therefore subjective measurements) were included into this burden
analysis which were identified in this study (compare Table 2) as rel-
evant non-motor symptoms

mentioned by Anita Harding previously), our burden analy-
sis found additional symptoms in 94.9% of SPG4 patients
compared to 33.1% in controls (Fig. 2—cumulative data are
presented as the curve in the background). It also showed
that approximately 90% of patients suffer from at least seven
additional symptoms (main symptom: the progressive spas-
tic paraparesis with gait disturbance) and about 60% from
four additional symptoms.

Using systematic self-reporting of patients, we found a
substantial number of non-motor symptoms to be signifi-
cantly more frequent in SPG4 patients compared to controls.
SPG4 patients reported speech abnormalities at a preva-
lence of ~6% and dysphagia in almost 13% which might
be addressed by speech therapists to improve. In 65% of
SPG4 patients, increased reflexes in the upper limb were
reported in Parodi’s cohort [23]. In SPG4, 8.5% of patients
report impairment in their upper extremity (defined as inter-
fering with daily activities) in this study which could be
addressed by occupational therapy. This finding might be at
least partially explained by a lower motor neuron rather than
upper motor neuron involvement, since about 9% of ulnar
nerve abnormalities were found in SPG4 by Karle and col-
leagues [24] who did not find any central motor conduction
abnormalities in the upper extremity in 35 SPG4 patients.
Also cataract may be more prevalent in SPG4 and not only
in SPGY9 or other complicated forms of HSP [25]. This
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self-reported information of SPG4 patients is not substanti-
ated by two contradicting studies. A small study did not find
ophthalmological abnormalities in 10 SPG4 patients [26]
and an optic coherence tomography (OCT) study revealed
normal retinal nerve fiber layer thickness [27] in 13 SPG4
patients. We suggest to further investigate ophthalmological
affection in a representative cohort of SPG4 patients.

As expected, health-related quality of life is reduced [6,
28, 29] in SPG4 which is currently an incurable neurode-
generative disease. We found quality of life in SPG4 to be
directly related to the maximum walking distance, therefore,
closely related to disease severity. This was shown in non-
genetically stratified HSP with categorized walking ability
(unaided > 500 m, with aid > 500 m, with aid <500 m, not
able to walk) by Klimpe and colleagues [28] previously.
Our calculated burden of disease [sum of positive identified
addition symptoms including non-motor symptoms (up to
n=10)] strongly correlates with quality of life. Therefore,
optimal treatment of symptoms such as pain, depression,
and bladder symptoms is likely to improve quality of life
and should be in the focus of physicians dealing with this
rare disease.

Although bladder disturbances are frequent in SPG4
patients (78%) and require incontinence pads in 37.3% of
cases, only 19.5% of patients receive any medication to
modify bladder emptying. In contrast, motor symptoms are
frequently treated by anti-spastic agents (> 60% of patients).
The same applies to defecation disturbances which occur in
about one-third of SPG4 patients. Therapeutic options for
fecal incontinence are limited, but there is positive evidence
for biofeedback which is a recommended treatment accord-
ing to the guideline of the American College of Gastroen-
terologists [30]. To the best of our knowledge, the effect
of biofeedback has not yet been studied in SPG4. Fecal
incontinence may be iatrogenic in some HSP patients due to
anticholinergics prescribed to treat urinary incontinence [31]
or muscle relaxants and anti-spastic drugs prescribed to treat
spasticity, e.g., baclofen [31]. Baclofen-induced fecal incon-
tinence has been described in patients with multiple scle-
rosis [32]. For clinicians, it will be important to observe if
fecal incontinence occurs after introduction of anti-spastic or
spasmolytic medication and to identify contributing agents.
Disturbed sexual function occurred in about every fourth
patient and seems to affect males as well as females. Since
not a single patient of our series received any medication
like PDES inhibitors, this topic seems to be insufficiently
addressed in patient visits at least in Germany. Addressing
sexual health and function and offering treatment to SPG4
patients may well help to reduce constraints caused by HSP,
although disturbed sexual function did not correlate with
quality of life in SPG4 patients (Pearson: 0.006; p=0.945)
in contrast to controls of our series (Pearson: —0.356;
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p=0.000078). This may reflect the fact that other symptoms
might be more severe and debilitating.

Fatigue is common in chronic diseases. It is hard to treat
due to a lack of effective therapeutics and it has been shown
to be increased in SPG4 patients [6]. We were able to repro-
duce this finding with 31% of patients (n=37) fulfilling the
diagnostic criteria (> 38 points) when applying the MFI.
In a recently published meta-analysis, Menting and col-
leagues [33] showed that only 11% of the variance noted
in fatigue severity was explained by the underlying disease
(here common chronic diseases were used), but 55% when
transdiagnostic factors like female sex, motivational and
concentration problems, pain, sleep disturbance, physical
functioning, reduced activity, and lower self-efficacy con-
cerning fatigue were added. Thus, Menting et al. suggested
that severely fatigued patients would benefit from a transdi-
agnostic approach targeting individual patient’s needs rather
than the underlying specific disease. In future therapeutic
studies or interventional trials, fatigue may be used as a sec-
ondary endpoint to explore if improvements in the specific
target on study also lead to an improvement in fatigue.

Pain is also frequent in SPG4 patients and is relevant in
its interference with daily activities. 43.2% of SPG4 patients
report pain related to HSP, but only 16.1% of patients receive
analgesics. In our study, pain severity was positively corre-
lated with age and had a negative impact on maximum walk-
ing distance (function) (). This may indicate that adequate
treatment of pain may help to improve function in SPG4.

RLS is probably the most controversial topic addressed
in this study. Even though RLS has important motor aspects
we included it to non-motor symptoms due to its dominat-
ing sensory proportion. Sperfeld [5] described an increased
frequency of RLS in a series of not genetically stratified
HSP cases. This earlier published paper used the 2003 RLS
diagnostic criteria [34] with four essential features which all
needed to be fulfilled for a diagnosis of RLS. In the mean-
time, the updated 2014 IRLSSG Diagnostic Criteria were
published [17] and were used in our study. There, an addi-
tional criterion was introduced and requires that the occur-
rences of restless legs suspicious features are not solely
accounted for as symptoms primary to another medical or
behavioral condition. The new criteria include conditions
which are differential diagnosis of RLS like leg cramps,
peripheral neuropathy, and myelopathy. Patients with heredi-
tary spastic paraplegia have, per definition, a progressive
inherited myelopathy and, therefore, cannot be diagnosed
with a restless legs syndrome using the previously men-
tioned criteria due to the underlying disease. When apply-
ing the 2003 diagnostic criteria, we were able to reproduce
Sperfeld’s [5] findings in a genetically stratified SPG4 cohort
(total score in SPG4 1.1 vs 0.25 in controls; p <0.001). If
the fifth criterion of the 2014 IRLSSG Diagnostic Criteria
is applied, RLS can no longer be diagnosed in HSP patients
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due to the underlying myelopathy. This matches the clini-
cal observation that levodopa-sensitive symptoms like in
common RLS are rarely seen in SPG4, although no formal
studies have proven this observation to be true. A previ-
ously published article [35] identified problems of patients
in differentiating clonus and spasticity using the word spasm
for both entities. Additionally, there is a problem with the
misperception in non-medical personnel, since “restless” is
frequently misperceived in Germany as “passively moving”
rather than “without rest”. In this study, we addressed this
misperception by asking questions about a specific defini-
tion of “restless legs” versus spastic clonus. Many patients
(> 65%) cannot differentiate both and refer to spastic clonus
as “restless legs”. Even after getting both definitions pre-
sented, 25% of patients self-reported were still not able to
differentiate a spastic clonus from RLS. Like in RLS, there
is a time-related accumulation for spastic clonus during the
evening or at night rather than during other times of the day
hampering the selectivity of the RLS diagnostic criteria. For
practical aspects, dopaminergic medication may be used as a
probative treatment to differentiate between RLS and spastic
symptoms.

Self-reported memory impairment and a positive fam-
ily history of cognitive impairment was increased in SPG4
patients than control individuals (supplementary Table 1).
Since the BDI-V score significantly positively correlated
with the self-reported memory impairment (in SPG4,
Pearson 0.219, p=0.017, and in controls, Pearson 0.528,
p <0.001), this may be influenced by a more pessimistic per-
spective view in patients. MoCA testing revealed minimal
differences between SPG4 patients and controls (p =0.042;
not significant after correcting for multiple testing). This
may be influenced by slightly lower education levels and
increased depression in the patient group. In addition
to the MOCA test, we used the CANTAB test battery to
reevaluate previous findings from other studies [8-10] and
to address hypotheses based on imaging results demonstrat-
ing parieto-temporal volume reduction in SPG4 [12], but
did not find evidence for cognitive impairment in the SPG4
group (see supplementary Table 2). Single parameters as
tested by CANTAB® (supplementary Table 2) were below
an alpha of 5% including the MoCA with p=0.042. Due
to multiple testing and Bonferroni correction, these results
were not interpreted as significant changes. Therefore, nega-
tive results for cognitive testing may result from the study
design with multiple cognitive testing with the CANTAB®
approach. In a large cohort, Parodi and colleagues [23]
have recently found missense mutations to be more prone
for intellectual disability than null mutations in SPAST. In
contrast, two smaller studies [8, 10] did not find this effect.
Further non-automated neuropsychological examinations
by trained psychologists are probably needed to clarify the
inconsistent findings of previous studies regarding higher

cognitive functions in SPG4 and should be done considering
the type of mutation. In contrast, there are other HSP sub-
types like SPG35 with mutations in FA2H which manifest
with a high prevalence of progressive cognitive deficits [36]

It is well known that depression is a major comorbidity
for chronic diseases. In World Health Surveys of > 245,000
participants [37], depression was present between 9.3 and
23.0% of participants with at least one chronic physical dis-
ease. Depression appears to be underdiagnosed and incom-
pletely recognized and treated in SPG4 patients. Some
patients with BDI scores < 34 points (below the positive
cut-off for depression) receive antidepressants (n=8) or
psychotherapy (n=3), which may point to successful inter-
ventions, but longitudinal data for those cases are missing.
When analyzing patients positively tested for depression by
the BDI and gender, there was no significant difference in
Chi-square testing (x=1) p =0.840 when testing for the gen-
der. Given the huge impact of depression on quality of life, a
more detailed longitudinal study is needed to generate data
for more concise recommendations. For the time being, we
suggest to include screening and therapy of depression in the
daily assessment of SPG4 patients.

Conclusion

Non-motor symptoms such as bladder disturbances, dis-
turbed sexual function, defecation disturbance, fatigue, pain,
and depression are frequent and underrecognized in SPG4
patients. These conditions substantially affect quality of life
and are often accessible for treatment. As a consequence,
clinicians should regularly screen for depression, pain, and
fatigue using validated scales to recognize, diagnose, and
treat them accordingly. Especially when a cure for this pro-
gressive neurodegenerative disease still does not exist, opti-
mizing current treatment strategies is likely to have direct
impact on quality of life of SPG4 patients.
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