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Abstract

Introduction: Quality of life (QoL) is a key aspect in the treatment of patients with Spinal Muscular 
Atrophy (SMA). International information regarding QoL in SMA is scarce, and is not available in 
our country. Objective: To characterize QoL in a sample of Chilean children and adolescents with 
SMA. Subjects and Method: Observational, cross-sectional study. A general questionnaire and the 
PedsQLTM 3.0 Neuromuscular Module Inventory were applied to parents of children with SMA aged 
2 to 18 years. It has three areas: Disease, Communication, and Family. A score > 60 was considered as 
good QoL, 30-60 as regular, and < 30 as low. MINITAB-17® software was used, considering signifi-
cant a p < 0.05 value. Results: We recruited 38 patients, with median age 8 years (2-18), 52.63% were 
male, and 17 (44.7%) with SMA I. All had genetic confirmation. The total score of QoL was 51.92 

What do we know about the subject matter of this study?

The quality of life in children and adolescents with Spinal Muscu-
lar Atrophy (SMA) depends on several factors such as the level of 
disability and available therapies. In general, there are few studies 
worldwide and no information is available in Chile.

What does this study contribute to what is already known?

In a group of children and adolescents with SMA in Chile, the quali-
ty of life reported by parents was between regular and good in most 
cases, influenced mostly by their level of motor function and ability 
to communicate.
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Introduction

Spinal muscular atrophy (SMA) represents a group 
of neuromuscular disorders characterized by alpha 
motor neurons degeneration of the anterior horn of 
the spinal cord, secondary to a homozygous deletion 
in the SMN1 gene in 95% of patients. A smaller per-
centage of patients are compound heterozygous due to 
an intragenic deletion and point mutation in SMN1. 
This gene is located on the long arm of chromosome 5 
in the 5q13 region1.

The principal clinical manifestations are muscle 
weakness and progressive muscular atrophy, which 
may cause paralysis of the muscles involved. Patients 
can present a variable phenotype, classified into four 
types, according to the maximum motor function 
achieved.  Patients with the most severe type (I) ne-
ver achieve sitting position and die before the age of 
two years in the absence of ventilatory support; type 
II have a later onset and reach sitting position; type III 
can walk independently, and type IV refers to patients 
that begin symptoms in adulthood2.

SMA is an autosomal recessive inherited disease, 
with an incidence of 1:6,000 to 1:10,000 live births, and 
a carrier frequency of 1:35 to 1:503. In Chile, there is no 
data on its incidence4. In the last decades, life expectan-
cy in SMA patients has improved considerably due to 
technical support and medical advances, therefore to 
optimize their quality of life (QoL) is a central issue in 
the treatment, which has been highlighted in the inter-
national standards of care for SMA5,6.

The World Health Organization defines QoL as the 
individual’s perception of her/his position in life, in the 
context of the culture and value system in which she/he 
lives and regarding their goals, expectations, standards, 
and interests7. It is a complex concept of multidimen-
sional nature with several definitions in different dis-
ciplines8. The domains covered by QoL in children are 
heterogeneous, especially in those with disabilities9,10. 
Although motor function influences QoL, recent stu-
dies have shown low correlation between them11, su-
ggesting that children can have good QoL despite their 
physical limitations.

Health-related quality of life (HRQoL) is defined 
as the impact that the disease and its treatment have 
on the patient’s perception of her/his well-being12. This 
concept is central to guide treatment of children with 
chronic diseases, evaluate new therapies, generate new 
research, and develop public policy.

Due to advances in technology, ventilatory sup-
port, and international consensus guidelines on SMA 
health care standards, the QoL of people with SMA has 
improved, however, the application of these recom-
mendations by health teams differs in different coun-
tries and socio-economic realities13,14.

Although no definitive cure exists, new specific the-
rapies have recently been approved15,16 that have im-
proved functional prognosis, respiratory capacity and 
life expectancy. However, due to their low availability 
and high cost, ethical decisions need to be considered, 
especially in patients with SMA I. In this decision-ma-
king, the concept of quality of life is a key17.

Worldwide, there is few knowledge of QoL in SMA 
patients and no information is available in our coun-
try. The objective of this study was to describe QoL in a 
sample of Chilean children and adolescents with SMA.

Subjects and Method

A descriptive and cross-sectional study was con-
ducted in a convenience sample of patients diagno-
sed with SMA, aged between 2 and 18 years. Families 
were verbally invited to participate at the interna-
tional symposiums organized by the Corporation of 
Families with Spinal Muscular Atrophy (FAME), in 
November 2016 and 2017. Information leaflets were 
also sent through their website, the Hospital Josefina 
Martinez, and the treatment teams. Families interes-
ted in participating provided their contact details (te-
lephone and e-mail).

The study was approved by the Scientific Ethics 
Committee of the Faculty of Medicine of the Pontificia 
Universidad Católica de Chile (Nº 161213009) and the 
Scientific Ethics Committee of the South East Metro-
politan Health Service (23-03-17). The parents signed 

± 17, representing 31% good, 55% regular, and 14% low. Regarding SMA I, it was 46.5 ± 15.2 and 
SMA II-III, 56.3 ± 17.4 (p = 0.071). Concerning the area of Disease, it was 53.83 ± 18.1, Family 48.6 
± 23.14, and Communication 33.3 (IQR: 0.0; 83.33). In this last area, children with SMA II-III, older 
than 6 years., with non-invasive ventilatory support, or living out of the metropolitan area had hig-
her scores, however, in multivariate analysis, only SMA type was significant, which explained 40,9% 
of the variation in the communication area score. Conclusions: In this sample of SMA pediatric 
patients, the QoL was regular or good in most of them. The lowest area was communication, with a 
higher score in those children with higher motor function.
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an informed consent and the children older than 12 
years old gave their informed assent.

Two surveys were applied to parents or caregivers; 
a general questionnaire for the patient´s data, such as 
current age, sex, age at diagnosis, genetic confirmation, 
treatment, and ventilatory support, among others. The 
second one was specific for parents and caregivers, the 
neuromuscular module pf the PedsQL™ quality of life 
inventory, validated for children with SMA aged from 
2 to 18 years in its original version18, in Spanish ver-
sion19, and translated to Chilean Spanish in 2010. Ap-
propriate authorization was obtained for this purpose 
(Varni JW et al., Pediatric Quality of Life Inventory™ 
_User Agreement _ March2017_22.0).

This questionnaire consisted of 25 questions divi-
ded into 3 areas, 17 regarding the disease, 3 to commu-
nication, and 5 to the family, with scores ranging from 
“never” (0) to “almost always” (4) that are analyzed on 
an inverse scale from 0 to 100 (0 = 100; 4 = 0), there-
fore the higher the score the better the QoL (Appendix 
1). Considering that the PedsQLtm survey has reported 
a score of 81.34 ± 15.2 in healthy children18, we arbi-
trarily defined a good QoL as a score higher than 60 
(comparable with children without disease), regular 
QoL between 31 and 60, and poor QoL equal or less 
than 30.

The surveys were applied by 2 interviewers in 2 
modalities: by e-mail, through the Surveymonkey plat-
form, or face-to-face in a home visit, and then comple-
ted by telephone.

The data were analyzed with the MINITAB-17® 
software. The nominal variables were expressed as 
number and percentage. The distribution of the nu-
merical variables was analyzed (Ryan-Joiner test), ex-
pressing them as a mean ± standard deviation (SD) if it 
was normal, if not, as a median and interquartile range 
(IQR). For comparison, ANOVA or Kruskal-Wallis 
tests were used, respectively. Dichotomous variables 
were compared with the Chi-square test or Fisher’s 
exact test. A p-value ≤ 0.05 was considered significant.

Results

The surveys were sent to 54 families who sent us 
their contact details. Finally, 38 (70.4%) families of 
children and adolescents with SMA, over 2 years old, 
were included. More than 90% of the surveys were an-
swered by their parents or caregivers and all signed the 
informed consent and assent documents. Four surveys 
answered by parents of children younger than 2 years 
of age were excluded, due to the lack of validation of 
PedsQLtm in that age range. 15 families were surveyed 
at home and 23 by e-mail, complemented by a telepho-
ne call. There was no difference in the QoL scores bet-

ween the 2 interviewers, nor according to the modality 
(face-to-face or remotely).

The 38 patients had a median age of 8 years (ran-
ge: 2 to 18). Table 1 describes their characteristics. No 
patients were on specific drug therapy when the data 
were collected. Six families did not register their resi-
dence and one did not answer the family area in the 
QoL questionnaire, as the patient was hospitalized. 
Out of the patients with SMA I, 11/18 (65%) lived in 
the Metropolitan Region, 4/18 (24%) in other regions, 
and 2/18 did not report it.

Table 2 details the total and partial scores of the 
QoL survey; in the whole group the Communication 
area presented a non-significant lower score (ANOVA 
p = 0.342).

From all the answered surveys, 5 (13.2%) reported 
a poor QoL, 21 (55.3%) a regular QoL, and 12 (31.6%) 
a good QoL (Figure 1).

Table 3 shows the univariate comparison between 
the total and per area QoL scores according to: age, 
gender, clinical type of SMA, place of residence, and 
ventilation support. We did not find a significant asso-
ciation for the Disease or Family areas (which are not 
shown), but for the Communication area, QoL scores 
were lower in patients with SMA I (vs. SMA II and III), 
in patients under 6 years old (vs. the elderly), or in tho-
se living in the Metropolitan area (vs. Other regions).

Figure 2 shows the QoL score comparison accor-
ding to ventilation support: those with invasive assis-
tance (IVA) had a lower score for the communication 
area than those with non-invasive or without ventila-
tion. The QoL score for communication was similar 
between the last two groups. All children with invasive 
ventilation had SMA I (n = 17).

Subsequently, a multiple regression analysis was 
performed to explain the score for the Communica-
tion area, including as categorical explanatory varia-
bles: age, type of SMA, place of residence, and venti-
latory support. The best model only indicated the type 
of SMA (p = 0.012) as the significant variable (S: 30.8, 
R2: 40.9%, and adjusted R2: 34.5%). The variable “type 
of ventilatory support” could not be included due to its 
close association with the type of SMA, without impro-
ving the model by replacing it.

Discussion

This study describes QoL in SMA patients older 
than two-years-old from a Chilean cohort of children 
and adolescents, reported by their parents or caregi-
vers.  Most of them considered their daughter or son’s 
QoL as regular to good and a minority as poor. The 
group with less motor disability showed slightly better 
overall scores reaching significance only for the Com-

Spinal Muscular Atrophy - P. Vega et al
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Table 1. General characteristics of 38 children and adolescents 
with Spinal Muscular Atrophy (SMA)

Characteristic

Male, n (%)
Female, n (%)

20 (52.63)
18 (47.37)

Clinical type of SMA, n (%) Type I 17 (44.74)

Type II 17 (44.74)

Type III 4 (10.53)

Genetic confirmation, n (%) Yes 38 (100)

Ventilator support, n (%) IVA 17 (44.74)

NIVA, permanent 2 (5.26)

NIVA, partial 12 (31.58)

NVS 7 (18.42)

Demographic data, n (%) Metropolitan Region 18 (47.36)

Other regions 14 (36.84)

No data 6 (15.78)

SMA: Spinal Muscular Atrophy. IVA: Invasive ventilatory assistance. 
NIVA = Non-invasive ventilatory assistance. NVS: Non-ventilatory support. 

Table 2. Quality of Life Survey (PedsQLtm) scores in 38 children and adolescents with SMA (parent proxy-report)

Scale n° Mean ± SD Median (IQR) Range

Total score 38 51.92 ± 16.98 52.5 (38.75; 67.00) 16.00 to 89.00

Disease area 38 53.83 ± 18.11 54.41 (43.75;66.91) 14.71 to 91.18

Communication area* 38 44.30 ± 39.04 33.3 (0.00;83.33) 0.00 to 100.00

Family area 37 48.6 5± 23.14 45 (30.00;70.00) 10.00 to 90.00

*Variable with a not-normal distribution (Ryan-Joiner test).

Figure 1. Quality of life measured 
with the Neuromuscular Module 
(PedsQLtm): Scores for parent proxy-
reports of 38 children and adoles-
cents with SMA. Good: score > 60. 
Regular: score = 31 to 60. Deficient: 
score < 30.

munication area. This study is the first in our country 
that explores QoL in patients with SMA, a neurodege-
nerative disease that is dramatically changing its natu-
ral history and prognosis with the development of new 
therapies15,16,21.

The overall score (51.92 ± 17 points) in our cohort 
was comparable with the study conducted in 2014 in 
the Czech Republic (5), which was 52.08 ± 16.37. No-
netheless, it was lower than the reported in another 
study from the United States of 59.74 ± 16.7517. 
Otherwise, the score obtained in the Communication 
area was considerably lower than both studies mentio-
ned above (44.30 ± 39.0 vs. 62.38 ± 29.94 and 67.01 ± 
31.09, respectively). These differences could be due to 
better availability of technical support devices or more 
representation of patients with SMA II and III, whose 
performance in Communication is significantly hig-
her. This aspect is well-illustrated in our study because 
the type of SMA explained 40% of the variation in the 
Communication score.

When comparing with other degenerative neuro-
muscular disorders such as Duchenne Muscular Dys-
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Figure 2. Quality of life in 
38 children and adolescents 
with SMA: Communication 
Area of the Neuromuscular 
Module (PedsQLtm) scores ac-
cording to ventilatory sup-
port (*). Ventilatory assistance: 
NVS: Non-ventilatory support. 
NIVA = Non-invasive ventilatory 
assistance. IVA: Invasive ventila-
tory assistance. The grey spots 
correspond to individual values ​​
and black diamonds to Medians. 
*Kruskal Wallis test (p = 0.001).

Table 3. Quality of Life Survey (PedsQLtm) univariate analysis of scores according to different factors. in 38 children and  
adolescents with SMA

Survey Factor n Score p

Total score Age ≤ 6 years 15 49.2 ± 14.8 0.411 a

> 6 years 23 53.7 ± 18.4

Gender Female 18 55.6± 15.3 0.211 a

Male 20 48.6± 18.1

Clinical type of SMA Type I 17 46.5 ± 15.2 0.071 a

Type II - III 21 56.3 ± 17.4

Residence MR 18 50.2 ± 16 0.647 a

Other regions 14 53.4 ± 20.9

Ventilatory support NVS   7 59.3 ± 11.7 0.613 a

NIVA 14 54.9 ± 19.9
IVA 17 46.5 ± 15.2

Communication Area Age ≤ 6 years 15 16.67 (0.0-25) 0.016b

> 6 years 23 66.67 (16.67-100)

Gender Female 18 62.5   (16.67-91.67) 0.096b

Male 20 25.0   (0.0-75)

Clinical type of SMA Type I 17 0.00 (0.0-25) 0.000b

Type II - III 21 83.3   (45.83-95.83)

Residence MR 18 16.67 (0.0-58.33) 0.012 b

Other regions 14 66.67 (25-100)

Ventilatory support NVS   7 83.3   (50; 91.7) 0.001b

NIVA 14 75.0   (22.9; 100)
IVA 17 0.00 (0.0; 25.0)

aANOVA test. b:  Kruskal Wallis test. SMA: spinal muscular atrophy. MR: MetropolJitan region. NVS: Non-ventilatory support. NIVA = Non-
invasive ventilatory assistance. IVA: Invasive ventilatory assistance. 

Spinal Muscular Atrophy - P. Vega et al
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trophy22, in a study conducted in 2010 on the QoL of 
44 patients using the same survey, the results were 59.6 
± 15.47 (Total Score), 60.28 ± 15.32 (Disease), 62.12 
± 27.81 (Communication), and 55.8 ± 24.92 (Family), 
all higher than those of our sample. Duchenne patients 
present greater independent mobility and verbal com-
munication until more advanced stages of their disea-
se, that might explain this difference.

The better overall score in SMA type II and III pa-
tients reached significance only in the Communication 
area, probably due to the inability of patients with 
SMA I to communicate verbally. In a recent systema-
tic review on QoL in SMA23 that included 15 studies, 
only 6 of them applied the same survey. The averages 
obtained in Disease, Communication, Family and To-
tal Score were: 39, 4, 30 and 34 for SMA I, 54, 78, 49 
and 56 for SMA II, and 68, 82, 69 and 69 for SMA III, 
respectively. It was found that the better the functional 
capacity, the better the quality of life. Our results were 
slightly higher in SMA I, except in Communication, 
and lower in SMA II-III, but the same trend remains.

However, it is also necessary to consider the sui-
tability PedsQLTM neuromuscular module in SMA. 
Although it has been used to measure QoL in these pa-
tients24, a systematic review25, concluded that there is 
not yet a specific instrument that allows the evaluation 
of younger children with SMA I, due to the difficulty of 
verbal communication in this population.

Although the secondary degree of disability from 
the diseases affects the QoL26, not always a linear re-
lationship between them exist27. Indeed, patients with 
severe motor limitations can report a good QoL if they 
have the necessary support to develop their abilities. 
Our results agree with this statement, with a significant 
difference only in the Communication area, between 
the patients with a severe disability and the rest. Ade-
quate access to comprehensive treatment and assistant 
technologies might be the principal factor playing a 
role in the final score in these patients28. Nevertheless, 
there are other factors, such as family support, social 
integration, and spirituality, among others, which also 
influence QoL29,30.

The QoL varies according to the reality of each cou-
ntry and region31. However, there were no differences 
in the total scores of QoL between patients living in 
the capital of the country -with a better access to the 
health system-, and other regions. A similar approach 
to health care all over the country and the availability 
of an assisted home ventilation program in our public 
health system, which benefits the majority of partici-
pants, can explain this lack of differences between re-
gions. The lower score in the Communication area in 
the Metropolitan Region was explained by the higher 
proportion of patients with SMA I.

The main strength of this study is that it addres-

sed an unexplored area in Chile, including a significant 
sample representing the different types of SMA, consi-
dering its low incidence.

The study’s limitations are related to the loss of few 
data, with incomplete records in the minority, as des-
cribed in the results. Likewise, the survey was applied 
only to parents and caregivers and not to patients, sin-
ce a significant proportion of the sample was under 5 
years and the neuromuscular module is validated only 
for children over this age. Besides, it is challenging 
to confirm that a survey is answered without adults’ 
intervention when applied by e-mail. Nevertheless, a 
good correlation has been described between the QoL 
surveys answered by parents and their children32, and 
that the perception of the caregivers may be better than 
the one of the health team33. Also, the remote applica-
tion is reliable and gives advantages in patients with 
limited mobility34.

There was no estimate of socio-economic status, 
which can influence the access to health technologies 
and complementary care35. Also, four families of chil-
dren under 2 years of age, all with SMA I, who may 
have had a lower QoL, were not included. A final im-
portant aspect to consider is that there might be a se-
lection bias as this is a convenience sample, since the 
parents who decided to participate might be those with 
higher motivation. This work may serve as a baseline 
for future research in SMA, especially given the great 
and recent advances in its treatment.

Conclusions

The parents of most of the children and adolescents 
with SMA in this sample report a regular to good qua-
lity of life, communication was the most affected area, 
which was determined to a great extent by the motor 
function limitation. No differences were found in ove-
rall QoL scores when considering the type of SMA, 
ventilatory support, sex, age, or residence.

We hope that this study will add information to 
improve clinical practices and public policies, and 
strength the participation of civil organizations such as 
FAME, where families can become informed, collabo-
rate, and improve the QoL of children and adolescents 
with SMA.
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Appendix 1: Neuromuscular module 3.0 of PedsQLtm Survey questions 

Disease area

1. My child has trouble breathing

2. My child gets sick easily

3. My child is injured and / or gets a rash

4. My son's legs hurt

5. My child feels tired

6. My child feels a stiff back

7. My child wakes up tired

8. My child's hands are weak

9. My child has a hard time using the bathroom

10. My child has a hard time gaining or losing weight when he or she wants

11. My child has trouble using his hands

12. My child has a hard time swallowing food

13. My child takes a long time to bathe or shower

14. My child is accidentally hurt

15. My child takes a long time to eat

16. My child has a hard time turning over in bed at night

17. My child has a hard time traveling to different places with his equipment

Communication Area

18. My child has a hard time telling doctors and nurses how he feels

19. My child has a hard time asking the doctors and nurses 

20. My child has a hard time explaining his illness to other people

Family Area

21. Our family has trouble planning activities like vacations

22. Our family has trouble for getting enough rest

23. I think money is a problem in our family

24. I think our family has a lot of problems

25. My child does not have the equipment they need

Iannaccone ST et al.  Neuromuscul D.
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