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Background and Purpose  Hereditary spastic paraplegia (HSP) progresses over time and is 
associated with locomotive dysfunction. Understanding the factors affecting disease severity 
and locomotive function is important in HSP. This study investigated the factors influencing 
disease severity and ambulation status of HSP.
Methods  We consecutively enrolled 109 Korean patients (64 males, and 45 females)from 84 
families with a clinical diagnosis of HSP. HSP was primarily diagnosed based on clinical cri-
teria including clinical findings, family history, and supported by genetic studies. Epidemio-
logical and clinical features of the patients were analyzed, and the Spastic Paraplegia Rating 
Scale (SPRS) score and ambulatory status were used to evaluate disease severity.
Results  Ninety-two (84.4%) patients had pure HSP, and 55 (50.4%) had a dominant family 
history. Thirty-one (28.4%) patients required a mobility aid for locomotion. A Kaplan-Meier 
analysis showed that HSP patients lost their independent gait ability after a median disease 
duration of 34 years. Those with an age at onset of ≤18 years had a longer median indepen-
dent walking time. Pure HSP is characterized by predominant bilateral lower extremity 
weakness and spasticity, whereas complicated HSP presents more complex neurological find-
ings such as ocular and bulbar symptoms, ataxia, and cognitive impairment. Complicated 
HSP was significantly correlated with the SPRS mobility score (β=3.70, 95% confidence in-
terval=0.45–6.94). The age at onset and disease duration were significantly correlated with 
disease severity, and they were significant predictors of the use of a mobility aid (p<0.05).
Conclusions  These findings suggest that a later age at onset and longer disease duration are 
significant factors affecting the disease severity and ambulatory function in patients with 
HSP. These findings can help clinicians to identify subjects at risk of locomotive impairment.
Keywords  ‌�hereditary spastic paraplegia; spastic paraplegia; locomotion; Korea.

Hereditary Spastic Paraplegia in Koreans: Clinical  
Characteristics and Factors Influencing the Disease Severity

INTRODUCTION

Hereditary spastic paraplegia (HSP) is a genetic disorder characterized by lower extremi-
ty spasticity and gait disturbance, and has a reported incidence rate of 1.27–9.6/100,000 
births.1 HSP is genetically heterogeneous, being associated with at least different 79 genes.2-4 
HSP-related symptoms are due to degeneration of the corticospinal tract axons and dorsal 
column.5 The common pathological features are bilateral lower leg spasticity, hyperreflexia, 
and extensor plantar responses.4,6 HSP is classified into pure HSP and complicated HSP.7 
Pure HPS is characterized by progressive spasticity and weakness of the lower limbs, with 
or without impaired vibration sense and urinary incontinence.8 Complicated HSP is char-
acterized by the presence of additional clinical features such as ataxia, intellectual disabil-
ity, seizures, peripheral neuropathy, and optic defects.9,10 

HSP is not life-threatening, but it is associated with functional disability and decreased 
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quality of life,11 and represents a significant burden on the 
affected families. Although the disease progresses over 
time, such as worsening of the gait, the rate of severity pro-
gression varies among affected individuals.12 However, little 
is known regarding the demographic and clinical factors that 
affect the severity of HSP. Since there are no curative treat-
ments for HSP, a better understanding of the factors affect-
ing disease severity and locomotive function is an impor-
tant concern of patients and their families. 

The Spastic Paraplegia Rating Scale (SPRS) has been devel-
oped to quantify the functional severity and progression of 
HSP using 13 items.13 The SPRS subscales are not used rou-
tinely to evaluate clinical impairment, but could be useful for 
understanding the characteristics of disease severity and mea-
suring locomotive function.

This cross-sectional, multicenter study investigated the clini-
cal characteristics of HSP and assessed the factors influencing 
the disease severity and ambulation status of HSP patients in 
a Korean population using the SPRS.

METHODS

Subjects and clinical assessment 
One hundred and nine patients (64 males and 45 females) 
from 84 families with a clinical diagnosis of HSP were recruit-
ed from 4 medical centers in Korea between April 2011 and 
February 2017. HSP was clinically diagnosed based on the 
following published criteria: 1) pure spastic paraplegia, 2) 
spastic tetraparesis with earlier and greater severity in the 
lower limbs, or 3) spastic paraplegia as an early prominent 
sign (within the first 3 years of the disease) of a degenerative 
disease affecting several parts of the nervous system.13,14 

Genetic assessments were performed to support the clin-
ical diagnoses. Direct nucleotide sequence analysis of SPG4 
and/or SPG3 was performed in pure-HSP patients. Next-gen-
eration sequencing was applied to patients in whom muta-
tions were not detected by direct nucleotide sequence anal-
ysis. Variants were classified according to American College 
of Medical Genetics and Genomics criteria.15 Diagnosis was 
primarily based on clinical criteria, and HSP was included ir-
respective of their genetic identification. The exclusion cri-
teria were a family history of another neurological disease, 
psychiatric illness, focal or diffuse brain damage, inflamma-
tory lesion in the central nervous system, life-threatening dis-
ease, orthopedic problem, or cardiovascular disease that af-
fects the locomotive function. 

Data on demographics features (sex, age at onset, and age 
at examination), family history, and clinical features (leg weak-
ness, bladder dysfunction, and ankle clonus) were collected 
after written consent was obtained from all participants, as 

were blood samples for use in genetic analysis. Other clinical 
conditions were also assessed, such as sensory impairment, 
cognitive impairment, ataxia, and ocular motor deficits. Ad-
ditional investigations were performed were possible, such as 
magnetic resonance imaging (MRI) of the brain/spinal cord, 
electrophysiological studies, and metabolic studies. Periph-
eral neuropathy was identified in an physical examination by 
abnormal pinprick or soft-touch discrimination, and by nerve 
conduction studies when available. Complicated HSP was 
defined in the present study as ocular or auditory problems, 
bulbar symptoms, ataxia, symptoms or signs of peripheral 
nerve involvement, and cognitive impairment. The mode of 
inheritance was classified as autosomal dominant (AD) when 
HSP was reported in more than one generation. Families with 
several affected members in one generation only were clas-
sified as having autosomal recessive (AR) HSP. Cases with 
no known family history were classified as having sporadic 
HSP.12,16 

Spastic Paraplegia Rating Scale
We assessed disease severity using the SPRS, which is a reliable 
and valid measure for evaluating functional impairment.17 
Each 13 item of the SPRS is scored from 0 to 4, giving a max-
imum total score of 52. The SPRS is a composite measure for 
assessing gait, spasticity, weakness and contractures, pain, and 
bladder dysfunction.13 We divided the 13 items into 6 sub-
scales. The mobility subscale measured mobility function and 
comprised items 1–6 of the SPRS: walking distance without 
pause, gait quality, maximum gait speed, climbing stairs, speed 
of stair climbing, and rising from a chair. The spasticity sub-
scale comprised items 7 and 8: hip adductor spasticity and 
knee flexion spasticity. The weakness subscale comprised 
items 9 and 10: hip abduction weakness and foot dorsiflex-
ion weakness. The contracture subscale was represented by 
item 11: contracture of the lower limbs. The pain subscale was 
represented by item 12: pain due to spastic paraplegia-related 
symptoms. The bowel and bladder subscale was represented 
by item 13: bladder and bowel function.  

Statistical analysis
Descriptive statistics were used to characterize the demograph-
ic and clinical variables. Continuous variables are reported as 
mean and standard deviation (SD) values. Frequency counts 
and percentages are provided for categorical variables. Groups 
were compared using the independent t-test or Mann-Whit-
ney U test for continuous variables, and Fisher’s exact test or 
the chi-square test for categorical variables. Pearson’s correla-
tion analysis was used to investigate the relationships of the 
SPRS score with age at onset, age at examination, and disease 
duration. We used linear regression analysis to assess the as-
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sociations of the SPRS score with sex, age at onset, disease 
duration, and complicated HSP. Multivariable logistic regres-
sion was used to evaluate the associations of the ambulato-
ry status with sex, age at onset, disease duration, and com-
plicated HSP. 

Ambulatory status was divided into independent gait and 
use of a mobility aid. The independent-gait group comprised 
patients who walked without an assistive device, while the 
mobility-aid group comprised patients who needed a cane, 
walker, or wheelchair for locomotion. Kaplan-Meier analysis 
was used to evaluate the curve of the disease duration be-
fore needing to use of a mobility aid for locomotion. The pa-
tients were divided into subgroups according to their age-at-
onset quartiles: Q1, ≤18 years; Q2, >18 and ≤31 years; Q3, 
>31 and ≤40 years; and Q4, >40 years. We also compared 
between patients with ages at onset of <20 and ≥20 years.18

Data were analyzed using SPSS Statistics (version 24.0; IBM 
Corp., Armonk, NY, USA). A p value less than 0.05 was con-
sidered statistically significant. The study protocol was ap-
proved by the Institutional Review Board of Samsung Medical 
Center (approval number 2014-09-052-018). All procedures 
involving human participants were performed in accordance 
with the ethical standards of the institutional and/or national 
research committee, and with the 1964 Helsinki Declaration 
and its later amendments or comparable ethical standards. 
All patients were informed about the aim and experimental 
procedures before enrollment, after which written informed 
consent was obtained from all of them.

RESULTS

Demographic and clinical features
The 109 enrolled patients had an age at onset of 29.8±16.5 

years (mean±SD, range=1–64 years) and a disease duration 
of 15.3±11.8 years (range=1–62 years). Ninety-two (84.4%) 
patients had pure HSP. AD HSP was present in 51 (55.4%) of 
the 92 patients with pure HSP; their age at onset was 30.8± 
16.4 years (range=1–64 years), their disease duration was 
15.9±12.4 years (range=1–62 years), and their SPRS total 
score was 17.0±11.0 points (range=2–42 points). AD HSP 
was present in 4 (23.5%) of the 17 patients with complicat-
ed HSP; their age at onset was 24.1±16.8 years (range=1–52 
years), their disease duration was 11.8±7.1 years (range=2–23 
years), and their SPRS total score was 16.9±9.0 points (range= 
6–36 points). 

In addition to the core feature of spasticity, the most com-
mon clinical complaints were lower extremity weakness (68.8%), 
ankle clonus (60.6%), and bladder dysfunction (44.0%). The 
age at examination and inheritance type differed significantly 
between complicated-HSP and pure-HSP patients (p<0.05) 
(Table 1). The 17 patients with complicated HSP included 6 
(35.3%) with peripheral neuropathy, 6 (35.3%) with bulbar 
symptoms, 4 (23.5%) with ataxia, 4 (23.5%) with cognitive 
impairment, and 3 (17.6%) with ocular problems. The family 
history showed that 55 (50.4%) patients had AD inheritance, 
4 (3.7%) had AR inheritance, and 50 (45.9%) had sporadic in-
heritance. Fifty-eight (53.2%) patients were genetically diag-
nosed, and the most frequent genes were SPG4 (n=37, 33.9%) 
and SPG3A (n=5, 4.6%), with other genes in n=16 (14.7%) 
patients. All of the SPG4 patients had the pure-HSP pheno-
type. The SPG4 patients had an age at onset of 30.4±14.9 years 
(range=1–54 years) and a disease duration of 15.2±12.4 years 
(range=1–55 years). Patients with SPG4 was more likely to 
develop symptoms later compared with other HSP subtypes 
(20.2±14.9, p<0.05). Nine SPG4 patients required a mobility 
aid (e.g., a cane or walker) for bipedal locomotion, and one 

Table 1. Demographic and clinical characteristics of the included HSP patients

Characteristic Total (n=109) Patients with p-HSP (n=92) Patients with c-HSP (n=17) p
Age at examination (yr) 45.3±16.0 (3–83) 46.9±15.7 (3–83) 36.4±15.3 (17–59) 0.014*

Age at onset (yr) 29.8±16.5 (1–64) 30.8±16.4 (1–64) 24.1±16.8 (1–52) 0.150

Disease duration (yr) 15.3±11.8 (1–62) 15.9±12.4 (1–62) 11.8±7.1 (2–23) 0.400

Sex, male 64 (58.7) 52 (56.5) 12 (70.6) 0.279

Inheritance type 0.015*

AD 55 (50.4) 51 (55.4) 4 (23.5)

AR 4 (3.7) 2 (2.2) 2 (11.8)

Sporadic 50 (45.9) 39 (42.4) 11 (64.7)

Genetically diagnosed 58 (53.2) 52 (56.5) 6 (35.3) 0.107

Leg weakness 75 (68.8) 61 (66.3) 14 (82.4) 0.190

Ankle clonus 66 (60.6) 56 (60.9) 10 (58.8) 0.525

Bladder dysfunction 48 (44.0) 42 (45.7) 6 (35.3) 0.429

Data are mean±SD (range) or n (%) values.
*p<0.05.
AD, autosomal dominant; AR, autosomal recessive; c-HSP, complicated HSP; HSP, hereditary spastic paraplegia; p-HSP, pure HSP; SD, standard deviation.
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patient required a wheelchair.

Functional outcomes
The SPRS total score was 17.0±10.7 points (range=2–42 points). 
The SPRS total and mobility scores did not differ significantly 
between the pure-HSP and complicated-HSP phenotypes. 
Locomotive dysfunction did not differ significantly with the 
phenotype (Table 2). In univariable analyses, the SPRS total 
and mobility scores were significantly correlated with the age 
at onset, age at examination, and disease duration (p<0.05) 
(Table 3). The age at onset and disease duration were signif-
icantly correlated with the SPRS total and mobility scores in 
linear regression analysis (Table 4). Complicated HSP was sig-

nificantly correlated with the SPRS mobility score (β=3.70, 
95% confidence interval [CI]=0.45–6.94). 

Considering locomotive function, 27 (24.8%) patients re-
quired a cane or walker for bipedal locomotion and 4 (3.7%) 
patients were unable to walk. The Kaplan-Meier analysis re-
vealed that, 6%, 27%, 39%, and 79% of patients required a 
mobility aid for locomotion after disease durations of 10, 20, 
30, and 40 years, respectively. Half of the patients had lost 
their ability to walk independently after a disease duration 
of 34 years. The group with an age at onset of ≤18 years had 
a longer median independent walking time compared with 
other groups in a post-hoc analysis (Fig. 1). The SPRS total 
score and the scores on the SPRS subscales were significantly 

Table 2. SPRS scores and ambulatory status in HSP patients

Parameter Total (n=109) Patients with p-HSP (n=92) Patients with c-HSP (n=17) p
SPRS total score 17.0±10.7 (2–42) 17.0±11.0 (2–42) 16.9±9.0 (6–36) 0.831

SPRS mobility score 9.4±6.3 (1–24) 9.2±6.2 (1–24) 10.7±6.6 (2–23) 0.332

SPRS spasticity score 2.9±2.0 (0–8) 3.1±2.1 (0–8) 2.4±1.5 (0–6) 0.292

SPRS weakness score 2.1±2.2 (0–8) 2.1±2.2 (0–8) 2.0±2.0 (0–6) 0.972

SPRS contracture score 1.1±1.2 (0–5) 1.1±1.3 (0–5) 1.0±1.0 (0–3) >0.999

SPRS pain score 0.7±1.1 (0–4) 0.7±1.2 (0–4) 0.5±0.9 (0–3) 0.691

SPRS bowel and bladder score 0.7±1.0 (0–3) 0.7±1.0 (0–3) 0.4±0.8 (0–3) 0.113

Use of cane or walker 27 (24.8) 23 (25.0) 4 (23.5) >0.999

Unable to walk* 4 (3.7) 3 (3.3) 1 (5.9) >0.999

Use of mobility aid† 31 (28.4) 26 (28.3) 5 (29.4) >0.999

Data are mean±SD (range) or n (%) values. 
*Patients who needed a wheel chair for locomotion; †Patients who needed a cane, walker, or wheelchair for locomotion. 
c-HSP, complicated HSP; HSP, hereditary spastic paraplegia; p-HSP, pure HSP; SPRS, Spastic Paraplegia Rating Scale.

Table 3. Correlations between clinical factors and disease severity

Factor

SPRS 
total 
score

SPRS 
mobility 
score

SPRS 
spasticity 

score

SPRS 
weakness 

score

SPRS 
contracture 

score

SPRS 
pain
score

SPRS bowel 
and 

bladder score
r p r p r p r p r p r p r p

Age at onset 0.202 0.042* 0.216 0.029* 0.188 0.059 -0.047 0.637 -0.029 0.770 0.140 0.162 0.307 0.002*

Age at examination 0.392 <0.001† 0.403 <0.001† 0.325 <0.001† 0.107 0.277 0.103 0.294 0.148 0.131 0.371 <0.001†

Disease duration 0.386 <0.001† 0.350 <0.001† 0.254 0.010* 0.357 <0.001† 0.225 0.023* 0.086 0.388 0.183 0.066

*p<0.05; †p<0.001.
r, correlation coefficient; SPRS, Spastic Paraplegia Rating Scale.

Table 4. Results from the linear regression analysis of clinical factors and disease severity

Factor
SPRS total score SPRS mobility score

Univariable crude model Model 1 Univariable crude model Model 1
Age at onset (yr) 0.11 (-0.02 to 0.24) 0.24 (0.11 to 0.37)† 0.09 (0.01 to 0.16)* 0.17 (0.09 to 0.24)†

Age at examination (yr) 0.27 (0.15 to 0.39)† 0.17 (0.10 to 0.24)†

Disease duration (yr) 0.28 (0.11 to 0.45)* 0.43 (0.24 to 0.61)† 0.14 (0.04 to 0.24)* 0.25 (0.15 to 0.35)†

Sex, male -0.34 (-4.69 to 4.01) -1.22 (-5.20 to 2.76) -0.35 (-2.89 to 2.19) -1.03 (-3.30 to 1.24)

c-HSP phenotype -0.51 (-6.56 to 5.53) 3.09 (-2.61 to 8.78) 1.36 (-2.16 to 4.88) 3.70 (0.45 to 6.94)*

Data are β (95% CI) values. Model 1: age at onset, disease duration, male, and c-HSP. 
*p<0.05; †p<0.001.
c-HSP, complicated hereditary spastic paraplegia; CI, confidence interval; SPRS, Spastic Paraplegia Rating Scale.
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higher in the mobility-aid group than in the independent-gait 
group (Table 5). In multivariable logistic regression analysis 
of the need to use a mobility aid, later age at onset (adjusted 
odds ratio [OR]=1.05, 95% CI=1.01–1.09) and longer disease 
duration (adjusted OR=1.09, 95% CI=1.04–1.15) were sig-
nificant factors affecting locomotive dysfunction (Table 6). 

DISCUSSION

This cross-sectional, multicenter study analyzed the demo-

graphic and clinical characteristics of HSP, and evaluated the 
factors affecting the severity of HSP in a population of Ko-
rean patients using standardized and validated severity-rating 
scales, with a specific focus on ambulation status. The family 
history was revealed as AD inheritance, AR inheritance, and 
sporadic inheritance of the disease in 50.4%, 3.7%, and 45.9% 
of our Korean population, respectively. Thirty-one (28.4%) 
of the 109 included HSP patients required a mobility aid for 
locomotion.

Little is known about the factors associated with disease 
severity in patients with HSP. HSP is generally a progressive 
disease with high clinical heterogeneity, since the clinical course 
varies from mild gait disturbance in old age to severe gait dis-
turbance at a young age. Moreover, HSP is a disease with a di-
verse symptom progression rates and levels of disability even 
for the same genetic type.8 While HSP impairs the gait and 
affects the quality of life, it does not shorten the life expec-
tancy.11 There is no effective treatment to prevent gait distur-
bance in HSP, which makes it important to identify the fac-
tors influencing disease severity and ambulation status. 

Few studies have focused on the functional outcome and 
associated epidemiological and clinical factors in HSP pa-
tients. We found that complicated HSP was significantly cor-

Table 6. Results from the multivariable logistic regression analysis 
of predictors of the use of a mobility aid

Predictor
Univariable crude 

model
Model 1 

Age at onset (yr) 1.02 (0.99 to 1.05) 1.05 [1.01 to 1.09]*

Age at examination (yr) 1.06 (1.02 to 1.09)*

Disease duration (yr) 1.05 (1.01 to 1.09)* 1.09 [1.04 to 1.15]†

Sex, male 0.74 (0.31 to 1.79) 0.65 [0.25 to 1.69]

c-HSP phenotype 0.96 (0.28 to 3.29) 2.15 [0.53 to 8.70]

Data are β (95% CI) or adjusted odds ratio [95% CI] values.
*p<0.05; †p<0.001.
c-HSP, complicated hereditary spastic paraplegia.

Table 5. Comparison of characteristics according to ambulatory status

Characteristic 
Independent 

gait
(n=75)

Use of a 
mobility aid

(n=31)
p

Sex, male 45 (60.0) 17 (54.8) 0.68

Age at examination (yr) 41.7±16.4 53.8±12.3 <0.001

Age at onset (yr) 28.0±17.4 33.6±14.3 0.118

Disease duration (yr) 13.3±11.2 20.2±12.6 0.007

p-HSP phenotype 63 (84.0) 26 (83.9) >0.999

Genetically diagnosed 41 (54.7) 16 (51.6) 0.832

Inheritance type 0.534

AD 41 (54.7) 13 (41.9)

AR 3 (4.0) 1 (3.2)

Sporadic 31 (41.3) 17 (54.8)

SPRS total score 11.5±6.4 30.2±6.7 <0.001*

SPRS mobility score 6.2±3.6 17.3±3.8 <0.001*

SPRS spasticity score 2.3±1.7 4.5±1.9 <0.001*

SPRS weakness score 1.3±1.7 4.0±2.0 <0.001*

SPRS contracture score 0.7±0.9 2.0±1.4 <0.001*

SPRS pain score 0.6±0.9 1.1±1.5 0.095

SPRS bowel and bladder score 0.5±0.9 1.2±1.0 <0.001*

Data are mean±SD or n (%) values. Three patients were excluded from 
this analysis due to insufficient information about their ambulatory 
status. 
*p<0.001.
AD, autosomal dominant; AR, autosomal recessive; p-HSP, pure he-
reditary spastic paraplegia; SPRS, Spastic Paraplegia Rating Scale.
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related with the SPRS mobility score. A previous Canadian 
study found that the mean SPRS score was higher in compli-
cated-HSP patients (as indicated by abnormal brain MRI) 
than in those with normal brain imaging findings.19 Our re-
sults are consistent with this: complicated HSP significantly 
affected the disease severity. Several studies have found com-
plicating symptoms to be important in the severity of HSP. 
Abnormal brain MRI was positively correlated with disabil-
ity severity, and cortical thickness was negatively correlated 
with SPRS scores.19,20 In a large German HSP cohort, the pres-
ence of complicating features was associated with greater 
disease severity.12 Furthermore, the health-related quality of 
life was reduced in patients with complicated HSP.11 The cor-
relation between complicated HSP and higher disease sever-
ity in our study supports the notion that this form of HSP is 
an important factor affecting the clinical disease severity. Be-
cause complicated HSP is important in the clinical diagno-
sis and prognosis, comprehensive assessments that include 
brain imaging are necessary in patients with HSP. 

Locomotive function is essential to humans, since impair-
ment therein affects many aspects of daily living and can be 
a burden for both the affected patients and their caregivers. 
The ambulatory status is also important when designing in-
dividual treatment plans and setting rehabilitation goals. 
Medications and physiotherapy can reduce the gait impair-
ment and spasticity associated with HSP, but no current treat-
ment is able to attenuate disease progression.21-23 It is there-
fore important to identify the clinical factors that influence 
ambulatory function. Multiple factors are related to locomo-
tive function, including the degrees of spasticity, muscle weak-
ness, and contractures. A study of 46 HSP patients found that 
limitation in the active range of motion and increased spas-
ticity were correlated with a reduced walking speed, and that 
the walking speed was negatively correlated with disease du-
ration.24 Furthermore, muscle paresis and passive stiffness 
were found to be associated with walking ability in HSP.25 
However, few studies have investigated locomotive function 
and its associated factors in patients with HSP. 

We found that the disease duration was positively correlat-
ed with disease severity, which was a significant factor affect-
ing the ambulatory function. A study of HSP in SPG4 patients 
found that the disease duration was negatively correlated with 
cortical thickness and the Montreal Cognitive Assessment 
score.20 An Italian pilot study similarly found a significant 
correlation between the SPRS score and disease duration (β= 
0.408, p<0.01).26 In contrast to the general conception that 
neurodegenerative disease are more progressed when symp-
toms begin to appear earlier, our results showed that a later 
age at onset significantly affected the disease severity and am-
bulatory dysfunction. This is in line with a study of 608 Ger-

man patients finding that earlier disease onset was associated 
with less-severe disease, with the early-onset patients being 
able to maintain independent walking for longer.12 When HSP 
begins in early childhood, symptoms may show a relatively 
nonprogressive course even over several decades. It is known 
that patients with SPG3A are typically younger at onset and 
have a slower average rate of disease progression,4,8 and this 
can also be seen in SPG4 patients.5 Comparing only patients 
with early disease onset (age <20 years), the disease progres-
sion rate did not differ significantly between patients with 
SPG4 and those with SPG3.18 The Kaplan-Meier analysis per-
formed in our study demonstrated that the median indepen-
dent walking time was longer in those with an age at onset of 
≤18 years, and longer in those with an age at onset of <20 years 
than in those with an age at onset of ≥20 years. Our study also 
suggests that for patients with HSP, an earlier onset results in 
less-severe disease.

HSP is a group of heterogeneous genetic disorders with a 
diversity of ages at onset and clinical features. This diversity 
of HSP makes molecular analysis essential, but achieving a 
genetic diagnosis can be difficult.27 Genetic assessment is im-
portant for diagnosing the type of HSP. The overall diagnos-
tic yield of HSP using next-generation sequencing with whole-
exome sequencing and a targeted panel test has reportedly 
ranged from 25.0% to 52.5%.19,28 We obtained a higher diag-
nostic yield of 53.2% using a comprehensive stepwise variant 
analysis protocol based on direct nucleotide sequence anal-
ysis, next-generation sequencing, and multiplex ligation-de-
pendent probe amplification analysis of SPG4. Our high-yield 
molecular approach represents a major strength of our study 
that achieved the clear identification of factors associated with 
disease severity and predictors of ambulation.

This study was subject to several limitations. First, it had a 
cross-sectional, observational design, and epidemiological, 
clinical, and functional data were obtained at a single time 
point, which prevented speculating about causality. There-
fore, a prospective longitudinal follow-up study is needed. 
Nevertheless, the strength of this study of its relatively large 
sample provided a better understanding of the clinical char-
acteristics of HSP. Second, the lower extremity weakness was 
measured using a manual muscle test. Evaluating lower ex-
tremity weakness in HSP patients is sometimes difficult be-
cause of lower limb spasticity and heel cord tightness. Third, 
we did not perform brain MRI routinely. Brain MRI is im-
portant for diagnosing HSP to identify structural, demyelin-
ating, and degenerative lesions of the central nervous system. 
We performed brain MRI in patients with cognitive impair-
ment, language problems, dysphagia, or ataxia, but not in 
some of the pure-HSP patients or family members. Howev-
er, brain MRI was not performed in only six patients whose 
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genotype was not confirmed. Also, we did not apply routine 
screening tests for cognitive function, including the Mini Men-
tal State Examination or the Montreal Cognitive Assessment. 
A large longitudinal study that comprehensively assesses com-
plicating symptoms, including brain imaging, is needed in 
the future.

In conclusion, this study has revealed the epidemiological 
and clinical features of HSP in a Korean population. Compli-
cated HSP, later age at onset, and longer disease duration are 
factors that significantly affect disease severity. These find-
ings should enable clinicians to identify subjects at risk of lo-
comotive impairment. Prospective longitudinal cohort stud-
ies are needed to assess the rate of disease progression.
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