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Abstract 

Background  Spinal muscular atrophy (SMA) is a progressive degenerative neuromuscular disease. Nusinersen, with 
its quick onset of action, can benefit patients early in the treatment course. However, there are currently no clinical 
studies regarding the improvement in motor function and nutritional status of patients after loading period treatment 
with nusinersen. Here, we aimed to determine the efficacy of nusinersen in improving motor function and nutritional 
status in children with SMA treated with nusinersen after loading period in Western China.

Methods  In this retrospective study, data for all pediatric patients (aged < 18 years), with genetically confirmed diag-
nosis of SMA who were treated with nusinersen, were collected before initiation of treatment and after 2 months of 
treatment. We assessed motor function using standardized scales and nutritional status of patients with SMA as well 
as side effects of nusinersen.

Results  Forty-six pediatric patients aged < 18 years were enrolled in this study. After 2 months of treatment, the 
motor function of patients with SMA type 1, 2, and 3 improved. The difference in Revised Upper Limb Module scores 
from M0 to M2 was significant in patients with SMA type 2 and 3 (P = 0.004, P = 0.042, respectively). The difference in 
Hammersmith Functional Motor Scale Expanded scores from M0 to M2 in patients with SMA type 2 was also signifi-
cant (P = 0.000). No significant differences were found for Children’s Hospital of Philadelphia Infant Test of Neuromus-
cular Disorder (CHOP-INTEND), Hammersmith Infant Neurologic Examination-Part 2 (HINE-2), and 6-Minute Walking 
Test (6MWT) scores between M0 and M2, but the scores of CHOP-INTEND, HINE-2, and 6MWT were all increased after 
loading period treatment. The overall improvement in nutritional status was not statistically significant. No serious 
adverse effects were observed.

Conclusions  Our study provides evidence for the efficacy and safety of nusinersen and the nutritional status of pedi-
atric patients with SMA after the loading period treatment. Motor function of all patients improved after 2 months of 
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loading period nusinersen treatment. Patients with a shorter disease duration showed better response to treatment. 
Careful surveillance of nutritional status is needed in patients with SMA.

Keywords  Spinal muscular atrophy, Nusinersen, Motor function measure, Nutritional status, Children

Background
Spinal muscular atrophy (SMA) is the most common 
neuromuscular disorder in children, and the leading 
cause of death among children under 2 years. The inci-
dence rate in the surviving European and American 
populations is approximately 1/10,000, and the carrier 
frequency is 1/40–1/50 [1]. While there are no clear data 
on the incidence rate in China, the frequency of carriers 
in the Chinese population is approximately 1/42 [2].

SMA is an inherited neuromuscular disorder, mainly 
caused by homozygous mutations in the survival of 
motor neuron 1 (SMN1) gene on chromosome 5q. The 
resulting lack of SMN protein leads to degeneration of 
α⁃ motor neurons in the spinal cord and brain stem. The 
main clinical features of SMA include muscle weakness 
and muscular atrophy due to degeneration of α⁃ motor 
neurons. The SMN2 gene, which differs in only five base 
pairs from SMN1, results in expression of a truncated 
SMN protein. SMN2 is a key disease modifier of SMA 
phenotype and the copy number of SMN2 inversely cor-
relates with disease severity [3]. SMA is divided into five 
subtypes according to the age of onset and maximum 
motor function; with type 1, 2, and 3 being common dur-
ing childhood.

Nusinersen was the first antisense oligonucleotide 
(ASO) to be approved by the United States Food and 
Drug Administration (FDA) for the treatment of SMA in 
children and adults on December 23, 2016. Nusinersen 
was subsequently approved in China in 2019. Nusinersen 
is designated as a rare disease drug that is administered 
intrathecally. It acts by promoting the inclusion of exon 
7 in the SMN2 copies and increases the production of 
SMN protein [4].

As SMA is a progressive degenerative neuromuscular 
disease, the rapid onset of action of nusinersen provides 
benefit to patients early in the course of treatment. There 
have been few clinical studies on nusinersen and data 
on efficacy and safety were limited. Particularly, clinical 
studies on the improvement of motor function and nutri-
tional status of patients after loading period treatment 
with nusinersen have not been reported. Therefore, we 
aimed to determine the efficacy of nusinersen in improv-
ing motor function and nutritional status and to docu-
ment adverse events seen in pediatric patients with SMA. 
These data would provide valuable information to guide 
clinical decision making when considering nusinersen in 
this patient cohort.

Methods
We collected data retrospectively for all pediatric 
patients with SMA who had received four doses of nusin-
ersen within the ‘loading phase’ in the first 2 months of 
treatment at the Department of Pediatrics, West China 
Second University Hospital, Sichuan University, and The 
Second Affiliated Hospital of Xi’an Jiaotong University 
between October 2019 and March 2022.

The inclusion criteria were: (i) genetically confirmed 
diagnosis of SMA with a homozygous deletion of exon 
7 or other mutations in SMN1 gene on chromosome 
5q13, (ii) clinically confirmed diagnosis of SMA, (iii) 
age < 18 years, and (iv) patients had received four loading 
doses of nusinersen according to the dosing schedule of 
days 0, 14, 28, and 63.

The patients received intrathecal injections of nusin-
ersen and was discharged after 24 hours of hospital 
observation. Adverse events (AEs) were documented 
based on medical interviews after lumbar puncture and 
nusinersen treatment. After discharge, reports of adverse 
reactions were followed up through telephone interviews 
and parental report.

Clinical assessments
We retrospectively collected the following data: gender, 
family history of SMA, SMA subtypes, SMN2 copy num-
ber, age at symptom onset, age at genetic diagnosis, age at 
baseline functional assessment before treatment, disease 
duration, time from diagnosis to treatment, total lumbar 
punctures, evaluation of nutritional status, and adverse 
events. Motor development milestones were evaluated 
using different scales depending on the patient’s age 
and SMA subtypes at baseline and post treatment. The 
World Health Organization (WHO) motor milestones 
were used to assess gross motor development in chil-
dren with SMA type 1 and SMA type 2 [5]. The modi-
fied Hammersmith Infant Neurologic Examination-Part 
2 (HINE-2) was designed to evaluate different aspects of 
neurologic function in infants from 2 months to 2 years 
[6]. The Children’s Hospital of Philadelphia Infant Test of 
Neuromuscular Disorders (CHOP-INTEND) was used in 
all patients younger than 2 years and in all non-sitters [7]. 
For sitters, the Hammersmith Functional Motor Scales 
Expanded (HFMSE) protocol was used with the addition 
of the Revised Upper Limb Module (RULM) for those 
who could sit at a table [8, 9]. The 6-Minute Walking Test 
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(6MWT) was used to evaluate the activity endurance of 
walkers [10]. Each of our patients received two to four 
motor function assessments mentioned above.

As scoliosis in patients with SMA could interfere with 
accurate measurement of body length, nutritional status 
of these patients was determined by Weight/age Z-scores 
(WAZ). WAZ were calculated using the WHO Anthro 
(Plus) software [11]. WAZ < –3 standard deviation 
(SD) was defined as severe underweight. WAZ < –2SD 
was considered as underweight. WAZ between –2SD 
and + 2SD was considered normal. WAZ > +2SD was 
considered overweight, and WAZ > +3SD was classified 
as severely overweight.

Statistical analysis
Data with normal distribution were expressed as 
mean ± SD. Data with non-normal distribution were 
expressed as median (interquartile range [IQR]). Com-
parison between WAZ at M0 and M2 was performed 
using paired t-test. Comparison between disease dura-
tion and treatment response was performed using inde-
pendent sample t-test. Comparison between motor 
results at M0 and M2 was performed using Wilcoxon 
Signed Rank Test. SPSS software version 23 was used for 
all statistical analyses, with significance set at P < 0.05.

Results
Patient demographics
Between October 2019 and March 2022, 46 patients (20 
boys and 26 girls) with genetically confirmed 5q-SMA 
were treated. Of these, eight were SMA type 1 (three 
boys, five girls), 31 were SMA type 2 (14 boys, 17 girls), 
and seven were SMA type 3 (three boys, four girls). 
SMN2 copy number was examined in 45/46 patients; 
the remaining patient was not examined for SMN2 copy 
number due to refusal of parents. None of the patient’s 
parents had consanguineous relatives. Four patients had 
positive family history of SMA, all of whom were female 
with SMA type 2. Two patients were twins and their elder 
sister was healthy. Another patient had an elder brother 
with SMA type 2, and her elder sister was healthy. The 
remaining patient had a younger sister with SMA type 
2. Age at baseline functional assessment was different 
in SMA 1, 2, and 3. Mean age were 3.25 ± 2.19 years, 
5.36 ± 4.09 years, and 5.87 ± 3.19 years, respectively. The 
age of genetic diagnosis was the youngest and the dura-
tion of disease was the shortest in patients with SMA 
type 1. The age of genetic diagnosis was the oldest and 
the disease duration was longest for SMA type 3. The age 
of genetic diagnosis and disease duration of SMA type 2 
was between those for SMA type 1 and 3. In an explora-
tory analysis to identify potential predictors of gain in 
motor function after 2 months of treatment (defined as an 

increase of two or more points on the HFMSE), disease 
duration showed a significant difference as a predictor of 
increased HFMSE scores after 2 months of treatment, as 
shown in Fig. 1. Clinical characteristics are summarized 
in Table 1.

The age at initiation of treatment varied between 0.7 
and 15.3 years. Only two of 46 patients (4.3%) had dys-
phagia but did not require a feeding tube. A total of four 
patients (8.7%) needed non-invasive ventilation (two with 
SMA type 1 and 2 with SMA type 2). All patients with 
SMA type 1 and 2 had tongue fasciculations, which was 
also seen in most patients with SMA type 3 (6/7).

Of the 46 patients, one with SMA type 3 had hypore-
flexia, and the rest had areflexia. Scoliosis of varying 
severity was clinically and radiologically diagnosed in 17 
patients (37.0%), most of whom had SMA type 2 (12/17). 
One female patient with SMA type 2 underwent scoliosis 
surgery due to severe scoliosis, with Cobb angle greater 
than 50 degrees. A total of 14 patients (30.4%) had 
arthrogryposis (two with SMA type 1, and 12 with SMA 
type 2) (Table 1).

Motor capabilities
SMA type 1
Patients were examined using standardized motor scales 
before the initiation of treatment and after the fourth 
injection of nusinersen. The type of scale used depends 
on the age and motor function of the children. Of the 
eight patients with SMA type 1, six were evaluated using 
CHOP-INTEND and six were evaluated with HINE-2. 
The scores of CHOP-INTEND and HINE-2 increased 
by 1.0 and 0.5 points, respectively, compared to baseline 
motor function, but no significant differences were found 
for CHOP-INTEND and HINE-2 scores between M0 and 
M2 (P = 0.416, P = 0.416, respectively) (Table 2).

SMA type 2
Twenty-seven patients with SMA type 2 completed fol-
low-up visits on day 63. 20 were evaluated using RULM 
and 22 were evaluated using HFMSE. The average motor 
performance improved after the fourth injection, as 
measured by RULM and HFMSE. RULM score improved 
by 1.8 points and HFMSE by 2.5 points, on average. From 
M0 to M2, the differences in RULM and HFMSE scores 
were significant (P = 0.004, P = 0, respectively). Eight 
patients with SMA type 1 and 30 with SMA type 2 were 
evaluated using the WHO motor milestones. The ability 
to sit alone and crawl was improved on day 63 (Fig. 2).

SMA type 3
Seven patients with SMA type 3 completed follow-up 
visits on day 63. Six were evaluated using RULM, 5 using 
HFMSE, and 5 using the 6MWT. The average motor 
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performance measured using RULM improved signifi-
cantly by 3.4 points and by 3 points for HFMSE, after the 
fourth injection. The distance walked during the 6MWT 
improved in three patients, with an increase of 26.4 m. 
The difference in RULM score from M0 to M2 was sig-
nificant (P = 0.042), but no significant differences were 
found for HFMSE and 6MWT score between M0 and M2 
(P = 0.176, P = 0.345, respectively) (Table 2). The longitu-
dinal representations of percentages of maximum points 
on motor scales including CHOP-INTEND, HINE-2, 
RULM, and HFMSE are presented on Fig. 3 for all SMA 
subtypes.

Nutritional status
Body weight of all patients with SMA were recorded 
before and after nusinersen treatment, and their nutri-
tional status was determined by WAZ. Nutritional 
disorders were common in patients with SMA. The 
difference in WAZ from M0 to M2 was significant in 
patients with SMA type 2 (P = 0.008), but no significant 
differences were found in patients with SMA type 1 and 
SMA type 3 (P = 0.32, P = 0.051, respectively) (Table  1). 

The nutritional status by SMA types were presented on 
Figs. 4 and 5.

Adverse events
A total of 185 lumbar punctures were performed, and one 
failed in a patient with SMA type 2. The puncture failed 
because the puncture needle strayed into the blood ves-
sel, which led to blood mixture in the cerebrospinal fluid. 
The patient delayed nusinersen treatment for 1 day, which 
was within the allowable delay time. Two patients with 
SMA type 2 received CT-guided intrathecal injections 
of nusinersen for severe scoliosis, and one of them had 
undergone spinal surgery. None of the patients had their 
treatment interrupted due to failure of lumbar puncture. 
There were 18 AEs related to the intrathecal administra-
tion of nusinersen. None were serious side effects, such 
as central nervous system infection, bleeding, paresis, 
hydrocephalus, and renal toxicity. Minor side effects 
were reported in 19/46 (41.3%) patients during the study 
period. Most of the side effects were observed after the 
first injection (11 patients). Eight patients reported side 
effects after more than one injection. The most common 

Fig. 1  Disease duration as a predictor of gain in HFMSE after 2 months of treatment. A change of two or more points in HFMSE showed in the 
figure. In the group that experienced motor responses the median disease duration was 0.23 ± 0.05 years, compared to the median disease 
duration of 0.47 ± 0.08 years in the group of patients that remained stable or worsened (P = 0.013)



Page 5 of 10Yang et al. BMC Neurology           (2023) 23:35 	

side effects were upper airway infection (seven patients) 
and vomiting (four patients) (Table 3).

Discussion
The availability of different therapeutic options has high-
lighted the need for reliable short-term and long-term 
data. A better understanding of the efficacy of each 
approach and the possible effects of combination thera-
pies or therapeutic changes is needed. Here, we reported 
on the results of motor functional changes after 2 months 
of nusinersen treatment in patients with SMA.

A study on patients with SMA type 1 who were treated 
with nusinersen showed that HINE-2 scores were nega-
tively correlated with disease duration [12]. In the 

ENDEAR study, 28% of patients gained ≥5 points in 
HINE-2 scores (M10) at a mean nusinersen initiation age 
of 5.4 months [13]. In another study on nusinersen treat-
ment in patients with SMA type2 and type3, the improve-
ments in HFMSE scores were smaller with longer disease 
duration [14]. In our study, SMA type 2 and type 3 who 
had a longer disease duration demonstrated a poor treat-
ment response (a change of less than 2 points in HFMSE) 
Therefore, early diagnosis and shorter disease duration 
may be predictors of better treatment outcome with 
nusinersen.

In our study, no significant differences were found for 
CHOP-INTEND scores between M0 and M2. In contrast 
to the natural history of SMA type1 typically associated 

Table 1  Demographic and clinical variables in children with SMA

SMA spinal muscular atrophy, SMN2 survival motor neuron 2, WAZ Weight /age Z-scores; Disease duration, a child’s age at genetic diagnosis minus the age at symptom 
onset; P-value*, P-value for baseline (M0), and post treatment (M2) WAZ

SMA Type 1 SMA Type 2 SMA Type 3 Total

Number 8 31 7 46

Male/Female 3/5 14/17 3/4 20/26

SMN2 copy number

Two copies 1 5 0 6

Three copies 7 26 6 39

Positive family history 0 4 0 4

Age at symptom onset (y) 0.5 (0.33, 0.68) 0.9 (0.7, 1.3) 2.5 (1.3, 3.0) 0.95 (0.7, 1.3)

Age at genetic diagnosis (y) 0.65 (0.5, 1.18) 1.3 (1.0, 1.6) 2.9 (1.8, 3.7) 1.3 (0.875,1.85)

Disease duration (y) 0.15 (0.03, 0.2) 0.3 (0.1, 0.6) 0.5 (0.1, 0.7) 0.25 (0.08, 0.53)

Time from diagnosis to treatment (y) 2.05 (0.35, 4.7) 2.3 (0.8, 6.0) 1.2 (1.0, 4.1) 1.95 (0.8, 4.88)

Baseline age of functional assessment (y) 3.25 (2.19) 5.36 (4.09) 5.87 (3.19) 5.07 (3.74)

Ventilation 2 2 0 4

Tongue fasciculations 8 31 6 45

Areflexia/hyporeflexia 8 31 7 46

Dysphagia 2 0 0 2

Scoliosis 3 12 2 17

Arthrogryposis 2 12 0 14

Spinal surgery 0 1 0 1

Lumbar punctures in total 32 125 28 185

Baseline WAZ −1.22 (1.5) −0.52 (1.39) −0.06 (0.80) −0.59 (1.36)

Post-treatment WAZ −1.51 (1.16) − 1.1 (1.81) − 0.67 (1.2) −0.91(1.44)

P-value* 0.32 0.008 0.051 0.01

Table 2  Motor function of SMA patients before and after treatment

CHOP-INTEND Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorder, HINE-2 modified Hammersmith Infant Neurologic Examination-Part 2, RULM 
Revised Upper Limb Module, HFMSE Hammersmith Functional Motor Scale Expanded, 6MWT 6-Minute Walking test, m meters

SMA type 1 SMA type2 SMA type 3

CHOP-INTEND HINE-2 RULM HFMSE RULM HFMSE 6MWT (m)

Number 6 6 20 22 6 5 5

Baseline 19.5 (11.9) 4.0 (2.9) 15.8 (8.7) 12.5 (9.8) 29.3 (4.8) 44.2 (11.4) 199.9 (196.7)

Day 63 20.5 (12.1) 4.5 (3.6) 17.6 (9.3) 15.0 (10.6) 32.7 (2.7) 47.2 (11.6) 226.3 (236.5)

P-value 0.416 0.416 0.004 0.000 0.042 0.176 0.345
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with a gradual decline in CHOP-INTEND scores [15], 
our data showed an increase of 1 point from M0 to M2. 
Szabó L et al. also found that the CHOP-INTEND scores 
improved by mean 3.4 points from baseline in patients 
treated with nusinersen. The change was statistically sig-
nificant at the 5th injection and remained significant at 
the visit on day 307 [16]. A study in Italy reported that 
improvements in CHOP-INTEND increased gradually, 

and were more evident after 6 months, and a further but 
smaller increase was seen between 6 and 12 months [17]. 
We found that patients with SMA type 1 showed only a 
slight improvement in HINE-2, and no significant dif-
ferences were found. In the ENDEAR study, significant 
improvements in HINE-2 scores were observed after 
6 months [18]. A study of 50 patients with SMA type 1 
found that the HINE-2 scores differed between baseline 

Fig. 2  WHO Motor Milestones change in SMA type 1 (n = 8) and SMA type 2 (n = 30) patients before and after loading period treatment

Fig. 3  Longitudinal representations of percentages of maximum points on motor scales at M0 and M2 for all SMA subtypes
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Fig. 4  Comparison of values of WAZ at baseline (M0) and after the loading period (M2) treatment of nusinersen

Fig. 5  Change from M0 to M2 in nutritional status in SMA types 1, 2, and 3
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and 6 months but not between baseline and 2 months 
[19].

We assess the motor function of patients with SMA 
type 2 using RULM and HFMSE scale. Previous data on 
natural history of the disease had shown that the point 
of slope change in RULM was 5.8 years in patients with 
SMA type 2 [20]. In our study, the baseline age for motor 
function assessment in patients with SMA type 2 was 
5.36 years, and RULM scores increased by 1.8 points on 
average after 2 months of nusinersen treatment. The dif-
ference in RULM score was significant from M0 to M2. 
Mercuri E et al. observed an increase by a mean of 1.31 
points in RULM 2 months after treatment in patients who 
were unable to walk [21]. Similarly, Jochmann et al. found 
that RULM scores increased in five of the seven patients 
treated with nusinersen after 2 months [22]. Previous 
data on natural disease history had shown that the peak 
of abilities gained on the HFMSE scale occurred before 
the age of 5 years. The highest number of lost abilities was 
found in the group aged between 5 and 13 years [23]. In 
our study, there was an increase of 2.5 points in HFMSE 
scores after 2 months of nusinersen treatment, and the 
difference was significant from M0 to M2 in patients 
with SMA type 2. In the CHERISH study, Mercuri et al. 
found that the HFMSE scores improved after 3 months of 
nusinersen treatment [24]. On the other hand, Jochmann 
et  al. found that HFMSE scores increased in 2 patients, 
remained unchanged in five patients, and decreased in 
one patient after 2 months of treatment among seven 
treated with nusinersen [22]. Our findings are consistent 

with those of Elsheikh B et  al., in which HFMSE score 
showed a mean difference from baseline of 2.77 points 
at 2 months in 23 ambulant patients, and another study 
showing that the mean scores increased by 0.77 point in 
non-ambulatory patients [21, 25]. Szabó et al. found that 
HFMSE scores in SMA type 2 patients increased from 
baseline to 2 months after nusinersen treatment [16]. In 
our study, we observed slight improvement in the WHO 
milestone in terms of sitting alone and crawling with 
hands and knees on day 63. There are few studies on the 
WHO motor milestones in SMA children after nusin-
ersen treatment, and further studies are needed in the 
future.

Montes J et al. found an overall decline on the 6MWT 
over time in a natural history study of ambulatory func-
tion in patients with SMA type 3 [26]. In our study, no 
significant differences were found for 6MWT score 
between M0 and M2, but we found a meaningful increase 
of 26.4 m in the 6WMT of patients with SMA type 3. This 
is consistent with a study by Elsheikh et al. that found a 
19.49-m increase in 6WMT in ambulatory patients with 
SMA type 3 after 2 months of treatment with nusin-
ersen [25]. A study in patients with SMA in Hungary also 
found improvement in the 6WMT after 63 days of treat-
ment [16]. In addition, there were significant increase 
in RULM scores in patients with SMA type 3. Taken 
together, our results showed that motor function of SMA 
patients improved overall after loading period of nusin-
ersen treatment.

To date, only a few studies with small samples have 
investigated the nutritional aspects of patients with SMA 
and few used a standardized protocol to assess growth 
patterns. In our study, none of the patients underwent 
gastrostomy despite their low body weight, and only 
two patients had a history of swallowing problems. Our 
study also found that nutritional disorders were preva-
lent in children with SMA. In a natural history study of 
102 patients with SMA type 2, 28% of them had a body 
mass index/age z-scores <− 2 SD, indicating that close 
monitoring of weight change is needed in patients SMA 
type 2 [27]. A study on motor function in children with 
SMA type 1c and type 2 who were treated by nusinersen 
showed that body weight was improved in all patients 
at M14 (six injections) compared with M0 [28]. In our 
study, a few patients showed improved nutritional sta-
tus after proper nutritional management. However, due 
to the short follow-up time, the overall improvement in 
nutritional status was not statistically significant. Further 
studies with longer follow-up duration, which include 
assessments of chewing and of lean/fat body mass, will 
help to better understand the possible mechanisms 
underlying weight issues in these patients.

Table 3  AEs after lumbar injections

Day 1 Day 14 Day 28 Day 63

Total AEs 18 7 4 3

Total patients with AEs 11 5 3 3

Dizziness 1 1

Weakness 1 1

Back pain 2

Fatigue 1

Nausea 1 1

Vomiting 3 1

Diarrhea 1

Abdomen pain 1

Low fever 1 1

Upper airway infection 4 2 1

Pneumonia 2

Gastroenteritis 1

Myalgia Irritability 1 1 1

Subcutaneous hemor-
rhage

1

Rash 1
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With regard to the safety profile, 41.3% of patients 
reported side effects during the study period, but none 
were severe. Most AEs occurred after the first injec-
tion, and the most common side effects were symptoms 
of infections, such as upper airway infection, and post-
puncture symptoms, such as vomiting, pneumonia, and 
gastroenteritis. No hydrocephalus or other significant 
drug-specific side effects were observed. No treatment 
was terminated due to side effects.

Conclusions
In conclusion, we showed that nusinersen was effective 
against SMA type 1, 2, and 3 after 2 months of loading 
period treatment. Motor function in patients with SMA 
improved after the loading phase. In addition, patients 
with shorter disease duration showed better response 
to treatment. Our results confirmed that careful sur-
veillance of nutritional status is needed in patients with 
SMA. In the present study, no significant drug-related 
side effects were observed after the administration of 
the fourth injection. Our findings on the outcomes of 
patients with SMA treated with nusinersen can pro-
vide a better understanding of the disease, contribute 
to improved clinical and nutritional management of 
patients, and add to the assessment of disease-modifying 
treatment effects on SMA.

Abbreviations
6MWT	� 6-Minute Walking Test
AE	� adverse event
ASO	� antisense oligonucleotide
CHOP-INTEND       �Children’s Hospital of Philadelphia Infant Test of  

Neuromuscular Disorder
FDA	� Food and Drug Administration
HFMSE	� Hammersmith Functional Motor Scales Expanded
HINE-2	� Hammersmith Infant Neurologic Examination-Part 2
IQR	� interquartile range
m	� meters
RULM	� Revised Upper Limb Module
SD	� standard deviation
SMA	� Spinal muscular atrophy
SMN1	� survival of motor neuron 1
WAZ	� Weight/age Z-scores
WHO	� World Health Organization

Acknowledgments
The authors wish to thank all participants and their caregivers for supporting 
this study; as well as the therapists who routinely assessed the motor function 
of patients (West China Second University Hospital, Sichuan University and 
The Second Affiliated Hospital of Xi’an Jiaotong University).

Consent to publish
Not applicable.

Authors’ contributions
HY wrote the manuscript, planned and designed the study, performed data 
collection and interpretation and coordinated the study. QT supported in 
manuscript writing, collected data and performed data interpretation. DL, and 
JY collected data. QC and JG helped to improve the clarity of the article. SH 
planned the study, was involved in coordination of the study, was responsible 
for local data collection and contribution, and critically revised the manuscript. 

RL was involved in study design and study planning, data collection and 
interpretation, supervision and writing of the manuscript. All authors have 
read and approved the manuscript.

Funding
This research was funded by the National Key R&D Program of China (No. 
2021YFC1005305), the Grant from Sichuan Provincial Department of Science 
and Technology Regional Innovation Cooperation Project (No.2020YFQ0021), 
and the National Natural Science Foundation of China (No. 82071686). The 
funding parties were not involved in the design of the study, collection, analy-
sis and interpretation of the data and in writing the manuscript.

Availability of data and materials
Data are available upon reasonable request to corresponding author.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Department of Pediat-
rics, West China Second University Hospital, Sichuan University and The Sec-
ond Affiliated Hospital of Xi’an Jiaotong University. All procedures performed 
in this study involving human participants were in accordance with the 1964 
Helsinki Declaration and its later amendments. The study obtained informed 
written consent from the parents of the study participants.

Competing interests
The authors declare that they have no conflict of interest.

Author details
1 Department of Pediatrics, West China Second University Hospital, Sichuan 
University, Chengdu, China. 2 Key Laboratory of Obstetric & Gynecologic 
and Pediatric Diseases and Birth Defects of Ministry of Education, Sichuan 
University, Chengdu, China. 3 Department of Pediatrics of neurology Nursing, 
West China Second University Hospital, Chengdu, China. 4 The Second Affili-
ated Hospital, Xi’an Jiaotong University, Xi’an, China. 

Received: 1 August 2022   Accepted: 10 January 2023

References
	1.	 Groen EJN, Talbot K, Gillingwater TH. Advances in therapy for spi-

nal muscular atrophy: promises and challenges. Nat Rev Neurol. 
2018;14(4):214–24.

	2.	 Wei X, Tan H, Yang P, Zhang R, Tan B, Zhang Y, et al. Notable carrier risks 
for individuals having two copies of SMN1 in spinal muscular atrophy 
families with 2-copy alleles: estimation based on Chinese meta-analysis 
data. J Genet Couns. 2017;26(1):72–8.

	3.	 Wirth B, Karakaya M, Kye MJ, Mendoza-Ferreira N. Twenty-five years of spi-
nal muscular atrophy research: from phenotype to genotype to therapy, 
and what comes next. Annu Rev Genomics Hum Genet. 2020;21:231–61.

	4.	 Weaver JJ, Natarajan N, Shaw DWW, Apkon SD, Koo KSH, Shivaram GM, 
et al. Transforaminal intrathecal delivery of nusinersen using cone-beam 
computed tomography for children with spinal muscular atrophy and 
extensive surgical instrumentation: early results of technical success and 
safety. Pediatr Radiol. 2018;48(3):392–7.

	5.	 WHO Motor Development Study. Windows of achievement for six gross 
motor development milestones. Acta Paediatr Suppl. 2006;450:86–95.

	6.	 Bishop KM, Montes J, Finkel RS. Motor milestone assessment of infants 
with spinal muscular atrophy using the hammersmith infant neurological 
exam-part 2: experience from a nusinersen clinical study. Muscle Nerve. 
2018;57(1):142–6.

	7.	 Glanzman AM, McDermott MP, Montes J, Martens WB, Flickinger J, 
Riley S, et al. Validation of the Children’s Hospital of Philadelphia infant 
test of neuromuscular disorders (CHOP INTEND). Pediatr Phys Ther. 
2011;23(4):322–6.

	8.	 Pera MC, Coratti G, Forcina N, Mazzone ES, Scoto M, Montes J, et al. Con-
tent validity and clinical meaningfulness of the HFMSE in spinal muscular 
atrophy. BMC Neurol. 2017;17(1):39.



Page 10 of 10Yang et al. BMC Neurology           (2023) 23:35 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	9.	 Pera MC, Coratti G, Mazzone ES, Montes J, Scoto M, De Sanctis R, et al. 
Revised upper limb module for spinal muscular atrophy: 12 month 
changes. Muscle Nerve. 2019;59(4):426–30.

	10.	 Young SD, Montes J, Kramer SS, Marra J, Salazar R, Cruz R, et al. Six-minute 
walk test is reliable and valid in spinal muscular atrophy. Muscle Nerve. 
2016;54(5):836–42.

	11.	 WHO Child Growth Standards based on length/height. Weight and age. 
Acta Paediatr Suppl. 2006;450:76–85.

	12.	 Chan SH, Chae JH, Chien YH, et al. Nusinersen in spinal muscular atrophy 
type 1 from neonates to young adult: 1-year data from three Asia-Pacific 
regions. J Neurol Neurosurg Psychiatry. 2021;92(11):1244–6.

	13.	 Finkel RS, Mercuri E, Darras BT, et al. Nusinersen versus sham con-
trol in infantile-onset spinal muscular atrophy. N Engl J Med. 
2017;377(18):1723–32.

	14.	 Mendonca RH, Polido GJ, Matsui C, et al. Real-world data from Nusinersen 
treatment for patients with later-onset spinal muscular atrophy: a single 
center experience. J Neuromuscul Dis. 2021;8(1):101–8.

	15.	 Mercuri E, Lucibello S, Perulli M, et al. Longitudinal natural history of 
type I spinal muscular atrophy: a critical review. Orphanet J Rare Dis. 
2020;15(1):84.

	16.	 Szabó L, Gergely A, Jakus R, Fogarasi A, Grosz Z, Molnár MJ, et al. Efficacy 
of nusinersen in type 1, 2 and 3 spinal muscular atrophy: real world data 
from Hungarian patients. Eur J Paediatr Neurol. 2020;27:37–42.

	17.	 Pane M, Coratti G, Sansone VA, Messina S, Bruno C, Catteruccia M, et al. 
Nusinersen in type 1 spinal muscular atrophy: twelve-month real-world 
data. Ann Neurol. 2019;86(3):443–51.

	18.	 Finkel RS, Mercuri E, Darras BT, Connolly AM, Kuntz NL, Kirschner J, et al. 
Nusinersen versus sham control in infantile-onset spinal muscular atro-
phy. N Engl J Med. 2017;377(18):1723–32.

	19.	 Aragon-Gawinska K, Daron A, Ulinici A, Brande LV, Seferian A, Gidaro T, 
et al. Sitting in patients with spinal muscular atrophy type 1 treated with 
nusinersen. Dev Med Child Neurol. 2020;62(3):310–4.

	20.	 Coratti G, Pera MC, Montes J, et al. Different trajectories in upper limb 
and gross motor function in spinal muscular atrophy. Muscle Nerve. 
2021;64(5):552–9.

	21.	 Ferrantini G, Coratti G, Onesimo R, et al. Body mass index in type 
2 spinal muscular atrophy: a longitudinal study[J]. Eur J Pediatr. 
2022;181(5):1923–32.

	22.	 Jochmann E, Steinbach R, Jochmann T, Chung HY, Rödiger A, Neumann 
R, et al. Experiences from treating seven adult 5q spinal muscular atrophy 
patients with Nusinersen. Ther Adv Neurol Disord. 2020;13:1–11.

	23.	 Coratti G, Lucibello S, Pera MC, et al. Gain and loss of abilities in type 
II SMA: a 12-month natural history study[J]. Neuromuscul Disord. 
2020;30(9):765–71.

	24.	 Mercuri E, Darras BT, Chiriboga CA, Day JW, Campbell C, Connolly AM, 
et al. Nusinersen versus sham control in later-onset spinal muscular 
atrophy. N Engl J Med. 2018;378(7):625–35.

	25.	 Elsheikh B, Severyn S, Zhao S, Zhao SZ, Kline D, Linsenmayer M, et al. 
Safety, tolerability, and effect of Nusinersen treatment in ambulatory 
adults with 5q-SMA. Front Neurol. 2021;12:650535. https://​doi.​org/​10.​
3389/​fneur.​2021.​650535.

	26.	 Montes J, Mcdermott MP, Mirek E, et al. Ambulatory function in spinal 
muscular atrophy: age-related patterns of progression. PLoS One. 
2018;13(6):e0199657.

	27.	 Ferrantini G, Coratti G, Onesimo R, et al. Body mass index in type 
2 spinal muscular atrophy: a longitudinal study. Eur J Pediatr. 
2022;181(5):1923–32.

	28.	 Gomez-Garcia De La Banda M, Amaddeo A, Khirani S, et al. Assessment of 
respiratory muscles and motor function in children with SMA treated by 
nusinersen. Pediatr Pulmonol. 2021;56(1):299–306.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3389/fneur.2021.650535
https://doi.org/10.3389/fneur.2021.650535

	Assessment of motor function and nutritional status in children with spinal muscular atrophy treated with nusinersen after loading period in Western China: a retrospective study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Clinical assessments
	Statistical analysis

	Results
	Patient demographics
	Motor capabilities
	SMA type 1
	SMA type 2
	SMA type 3
	Nutritional status
	Adverse events


	Discussion
	Conclusions
	Acknowledgments
	References


