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Abstract.
Background: Spinal muscular atrophy (SMA) is a rare, severely debilitating neuromuscular disease characterized by a wide
spectrum of progressive muscular atrophy and weakness.
Objectives: The objective of this pilot study was to estimate self-assessed health-related quality of life (HRQoL) of children
with SMA.
Methods: Children with SMA were recruited via the German national TREAT-NMD SMA patient registry and asked to
self-complete the following rating-scales: KIDSCREEN-27, KINDL, the PedsQL 3.0 Neuromuscular Module (PedsQL 3.0
NMM), EQ-5D-5L, and the Health Utilities Index (HUI). Estimates were stratified by current best motor function of the
lower limb and trunk (i.e., non-sitter, sitter, and walker) and SMA type (i.e., type I, II, and III).
Results: In total, 17 children with SMA (mean age: 9.88 years, SD: 4.33 years, range: 5–16 years; 59% female) participated
in the study. Across examined strata, the mean KIDSCREEN-27 total score was estimated at between 48.24 and 83.81; the
mean KINDL total score at between 60.42 and 76.73; the mean PedsQL 3.0 NMM total score at between 58.00 and 83.83;
the mean EQ-5D-5L utility at between 0.31 and 0.99; and the mean HUI-derived utility at between –0.02 and 0.96.
Conclusions: The results from this pilot study show that German children with SMA, despite significant physical disability,
have surprisingly good HRQoL as assessed using KIDSCREEN-27. Yet, many reside in health states associated with low
utility. The disease burden was generally higher among non-sitters compared with walkers, and SMA type I compared
with type III, but more research is needed to further delineate this variability. Our preliminary findings contribute to the
understanding of HRQoL in pediatric patients with SMA and should be helpful to inform the design of future studies of this
patient population.

Keywords: Quality of Life, muscular atrophy, spinal, burden of illness, activities of daily living, therapy

∗Correspondence to: Dr Erik Landfeldt, IQVIA, Pyramidvägen
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INTRODUCTION

Spinal muscular atrophy (SMA) is a rare,
autosomal-recessive neuromuscular disease char-
acterized by progressive muscular atrophy and
weakness. Traditionally, SMA has been classified
into subtypes based on age at onset of symptoms and
motor milestones achieved [1]. Specifically, children
with SMA type I, the most severe form of the dis-
ease, experience onset of symptoms during their first
six months of life, never learn to sit independently,
and are subject to progressive impairment of bul-
bar function resulting in difficulties with breathing,
coughing, and swallowing [2]. Without treatment, the
mean life-expectancy at birth for SMA type I is less
than 12 months [3]. Children with SMA type II expe-
rience disease onset between 6 and 18 months after
birth, learn to sit but never walk independently, and
over time suffer from progressive functional impair-
ment. However, depending on the disease trajectory,
some patients with SMA type II lose the ability to sit
independently and may have difficulties coughing,
breathing, and swallowing. In the absence of clinical
intervention, life-expectancy in SMA II has been esti-
mated at about 60 years [2, 3]. Finally, in SMA type
III, disease onset typically occurs after 18 months of
age and patients usually learn to walk independently;
however, without specific therapy, some patients may
lose this ability later in life [4]. Life expectancy of
patients with SMA type III is assumed to be normal
[2].

Recently, three highly efficacious and potentially
curative therapies have been approved for SMA in
the European Union, namely nusinersen, onasemno-
gene abeparvovec, and risdiplam. These drugs have
been shown to have the potential to transform the
natural disease evolution, thereby challenging the tra-
ditional classification of patients into static subtypes
[5–7]. Indeed, we have shown that improvements
to the medical management, including the introduc-
tion of novel therapies, appears to have altered the
disease trajectory among children and adults with
SMA in Germany [8]. As a result, in line with
current standards of care, a complementary disease
classification, made in terms of current best motor
function of the lower limb and trunk, has been pro-
posed for SMA in response to the observed changes
in patterns of morbidity and disability [9, 10]. The
system contains three major functional categories:
non-sitters, sitters, and walkers. Non-sitters mainly
have SMA type I or II, are not able to breathe or eat
on their own (thus requiring ventilatory and feeding

support), commonly experience respiratory infec-
tions due to saliva aspirations and gastroesophageal
reflux, have impaired verbal communication skills,
and can develop painful contractures. In contrast, sit-
ters mainly have SMA type II or III (but recently,
with specific therapy, also type I), they may develop
respiratory insufficiency due to muscle impairment,
scoliosis (requiring surgery), and overweight, can
experience painful contractures, and have a high
risk of developing swallowing and chewing prob-
lems, as well as bowel dysmotility that may lead to
painful gastroesophageal reflux or obstipation. The
last category, walkers, mainly have SMA type III
(but recently, with specific therapy, also type I and
II), experience reduced endurance due to atrophy,
scoliosis, weight gain, and mild respiratory insuffi-
ciency, may require the use of aids and devices to
maintain and promote functional independence, and
some experience varying degree of problems with
swallowing and chewing [9, 10].

Across the past decade, a substantial body of liter-
ature has accumulated with respect to health-related
quality of life (HRQoL) in SMA [11–13]. However,
few studies have investigated self-assessed HRQoL
in pediatric cohorts. Moreover, little is known of
the HRQoL in SMA in the era of disease-modifying
therapies. To help bridge this evidence gap, the objec-
tive of this pilot study was to estimate and describe
self-reported HRQoL in a contemporary cohort of
German children with SMA exposed to nusinersen
and risdiplam. Our aim was to conduct an in-depth
analysis of HRQoL, encompassing five commonly
utilized rating-scales, to help improve our under-
standing of this latent trait in SMA in general and
inform the selection of measures for future research.

MATERIALS AND METHODS

The data reported as part of this work was col-
lected in a cross-sectional, observational cohort study
comprising of children with SMA and one of their
caregivers in Germany.

Measuring health-related quality of life

HRQoL is a multidimensional construct refer-
ring specifically to the individual’s perception of the
impact of health and illness on three aspects (also
known as “domains”) of life [14]: (1) physical, (2)
mental; and (3) social. As a latent trait, HRQoL must
be elicited indirectly through its observable man-
ifestations using rating-scales [15]. Rating-scales
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consists of one or several questions (also known as
“items”), each described in two or more response
categories (or “levels”). Two main categories of
rating-scales (also referred to as “measures”, “instru-
ments”, or “tools”) of HRQoL exists: (1) generic,
and (2) disease-specific. The former is designed to
be applicable regardless of the distribution of disease
and treatment, whereas disease-specific rating-scales
seek to measure HRQoL in patients with specific
diseases. Scores of most measures of HRQoL are
constructed by counting responses to items using
Likert’s method of summated ratings, by which lev-
els are ordered and allocated sequential integers and
item scores are subsequently summed to produce
total scores [15, 16]. However, an increasing number
of tools has been subject to modern psychomet-
ric analysis (e.g., Rasch analysis) in which ordinal
scales are re-calibrated (upon meeting a set of crite-
ria) into interval continuums [17, 18]. Additionally,
some instruments are linked to utilities. Utilities have
different meanings in different contexts, but usually
reflect preferences for specific health states (where
a higher utility is associated with a more preferred
health state) [19]. A health state may refer to, for
example, the health status associated with a specific
disease, one or several disease complications, or gen-
eral aspects of life (e.g., physical, mental, and social).
Moreover, health states can also be classified by
HRQoL instruments via their questions and response
categories. Utilities are in most cases elicited from
members of the general population (i.e., healthy indi-
viduals ex ante experiencing the health state) and less
frequently from individuals who currently reside in
the health state (so called “experience-based utili-
ties”). Irrespective of their source population, utilities
typically range between 0 (interpreted as being in a
health state that is equal to being dead) and 1 (inter-
preted as being in a health state of perfect health)
[20]. However, health states for some instruments
are associated with negative utilities, which are inter-
preted as being in a health state rated worse than being
dead.

Study population

Children with SMA were identified via the Ger-
man national TREAT-NMD SMA patient registry
(www.sma-register.de). The following criteria were
imposed for study eligibility: (1) Genetically con-
firmed diagnosis of SMA, (2) ≥5 years of age, and
(3) Currently residing in Germany.

Study procedures and collected data

The SMA patient registry invited patients together
with one of their caregivers (e.g., a parent) to
complete a questionnaire administered via a ded-
icated study website online. The questionnaire
contained information about the study and age-
specific informed consent forms, as well as questions
capturing patients’ demographic and clinical charac-
teristics (e.g., age, sex, age at onset of symptoms, age
at diagnosis, SMA type, best motor skills of lower and
upper extremities, and SMA specific medication). In
addition, the children with SMA were asked to self-
complete (i.e., without help from their caregivers)
a set of age-specific measures of HRQoL, namely
KIDSCREEN-27 [21], KINDL [22], the Pediatric
Quality of Life Inventory (PedsQL) 3.0 Neuromus-
cular Module (PedsQL 3.0 NMM) [23], EQ-5D-5L
[24], and the Health Utilities Index (HUI) [25]
(Table 1). The study was approved by the regional
Ethics Committee from the Saarland Medical Asso-
ciation (protocol number 09/20), registered in the
German clinical trial registry (DRKS00022876), and
conducted in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki and its
later amendments.

Statistical analysis

Continuous demographic and clinical charac-
teristics were summarized using means, standard
deviations (SDs), and ranges (i.e., minimum
value–maximum value) and categorial characteristics
using frequencies and percentages. All measures of
HRQoL (described in Table 1) were scored accord-
ing to their respective manual. For KIDSCREEN-27,
we estimated domain and total scores (higher
score = better health status/higher HRQoL; scores
<40 or >60 are considered significantly different from
general population reference data [21]), and also
reported results from the patients’ subjective rating
of their current health (single-item, described in five
levels [“Poor” to “Excellent”]). For KINDL (KID
and KIDDY versions), we estimated domain and
total scores (higher score = better health status/higher
HRQoL). For the PedsQL 3.0 NMM, we estimated
domain and total scores (higher score = better health
status/higher HRQoL), and also examined the dis-
tribution of replies across items and levels. For the
EQ-5D-5L, we estimated utilities using the German
value set by Ludwig et al. (ranging between –0.661
and 1) [26], and also reported visual analogue scale
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Table 1
Employed measures of HRQoL

KIDSCREEN-27
[21]

KINDL (KIDDY
and KID) [22]

PedsQL 3.0 NMM
[23]

EQ-5D-5L [24] HUI (Mark III)
[25]

Type Generic Generic Disease-specifica Generic Generic
Age group 8–17 years 5–7 years 5–17 years 12–17 years 8–17 years
Domains • Physical

well-being
• Psychological

well-being
• Autonomy &

parents
• Peers & social

support
• School

environment

• Physical
well-being

• Emotional
well-being

• Self-esteem
• Family
• Friends
• School

• About my
neuromuscular
disorder

• Communication
• About my

family resources

• Mobility
• Self-care
• Usual activities
• Pain/discomfort
• Anxiety/

depression

• Vision
• Hearing
• Speech
• Ambulation
• Dexterity
• Emotion
• Cognition
• Pain

No. of items 27 12 or 24b 25 5 8
No. of levels 5 3 or 5b 5 3 5–6
Recall period 4 weeks 4 weeks 4 weeks 4 weeks 4 weeks
Scale type Rasch scale

(interval)
Likert scale

(ordinal)
Likert scale

(ordinal)
Utility scale

(interval)
Utility scale

(interval)
Scale range 0 to 100c 0 to 100c 0 to 100c –0.661 to 1d –0.36 to 1d

Note: EuroQol EQ-5D-5L (EQ-5D-5L). Health Utilities Index Questionnaire (HUI). Pediatric Quality of Life Inventory (PedsQL) 3.0
Neuromuscular Module (PedsQL 3.0 NMM). aSpecific to neuromuscular diseases. bThe KIDDY version contains 12 questions described in
three levels, and the KID version contains 24 questions described in five levels. Additionally, a module comprising of six questions pertaining
to the chronic illness of participants were included in the KINDL scales. cHigher score = better health status/higher HRQoL. d0 = health state
equal to being dead; 1 = health state of perfect health; and < 0 = health state worse than being dead.

(VAS) scores (ranging from 0, indicating the worst
imageable health status, to 100, indicating the best
imageable health status). Finally, for the HUI, we
estimated utilities using the HUI Mark III algorithm
(ranging between –0.36 and 1) [25]. We stratified
results by current best motor function of the lower
limb and trunk (i.e., non-sitter, sitter, and walker) and
SMA type (i.e., type I, II, and III), respectively. Data
analysis was performed using Stata 15 (StataCorp,
College Station, TX, USA).

3. RESULTS

A total of 17 children with SMA met all study
criteria and self-completed the study questionnaire
between June and September 2021. Demographic and
clinical characteristics of the final sample, stratified
by current motor function, are summarized in Table 2.
The mean age in the total cohort was 9.88 years
(SD: 4.33, range 5–16) and 59% were female. All
but two patients (88%) were currently on disease-
modifying therapy (73% received nusinersen and
27% risdiplam).

KIDSCREEN-27

A total of 10 children (mean age: 12.80 years,
SD: 3.12 years, range: 8–16 years; 60% female)

self-completed the KIDSCREEN-27. In this sam-
ple subset, 40% were non-sitters, 30% sitters, and
30% were walkers; 10% had SMA type I, 50% type
II, and 40% type III. All but two patients (80%)
were currently on disease-modifying therapy (63%
received nusinersen and 38% risdiplam). Estimated
KIDSCREEN-27 scores (higher score = better health
status/higher HRQoL), stratified by current motor
function and SMA type, are presented in Fig. 1. The
mean total score in all patients was 58.43 (SD: 15.44,
range: 40.24–83.81). The proportion of patients rat-
ing their current health as “Good”, “Very good”, or
“Excellent” was 75% among non-sitters, 67% among
sitters, and 100% among walkers. Corresponding
estimates for SMA type I, type II, and type III
were 100%, 60%, and 100%, respectively. Additional
KIDSCREEN-27 results are available as supplemen-
tal material (online) (eTable 1).

KINDL

A total of 7 children (mean age: 5.71 years, SD:
0.95 years, range: 5–7 years; 57% female) self-
completed the KINDL instrument. In this sample
subset, 57% were sitters and 43% were walkers; 29%
had SMA type I, 43% type II, and 29% type III. All
patients were currently on disease-modifying ther-
apy (86% received nusinersen and 14% risdiplam).



E. Landfeldt et al. / HRQoL of Children with SMA 121

Table 2
Demographic and clinical characteristics of the patient sample with SMA

Non-sitter Sitter Walker Total sample

n (%) 4 (24%) 7 (41%) 6 (35%) 17 (100%)
Age, in years 11.00 (3.46) (8–14) 10.14 (5.24) (5–16) 8.83 (4.17) (5–15) 9.88 (4.33) (5–16)
Female sex, n (%) 3 (75%) 5 (71%) 2 (33%) 10 (59%)
Age at first symptoms, in years 1.25 (0.50) (1–2) 0.43 (0.79) (0–2) 1.83 (0.98) (1–3) 1.12 (0.99) (0–3)
Age at SMA diagnosis, in years 1.50 (0.58) (1–2) 0.57 (0.79) (0–2) 3.00 (2.00) (1–6) 1.65 (1.66) (0–6)
Type of SMA, n (%)

Type I 0 (0%) 3 (43%) 0 (0%) 3 (18%)
Type II 3 (75%) 4 (57%) 1 (17%) 8 (47%)
Type III 1 (25%) 0 (0%) 5 (83%) 6 (35%)

Note: Data reported as mean (SD) (range) unless otherwise stated. Because of rounding, percentages might not add up to exactly 100%.
Spinal muscular atrophy (SMA).

Fig. 1. KIDSCREEN scores, by highest function (upper panel) and SMA type (lower panel). Note: KIDSCREEN scores range from 0 to
100 (higher score = better health status/higher HRQoL). Bold numbers are significantly different from general population KIDSCREEN
reference scores (mean: 50, SD: 10). Spinal muscular atrophy (SMA).

The mean KINDL total score (higher score = better
health status/higher HRQoL) among sitters was
75.00 (SD: 3.07, range: 70.83–78.13) and among
walkers 68.05 (SD: 19.69, range: 45.83–83.33).
Corresponding estimates for SMA type I were
76.57 (SD: 2.21, range: 75.00–78.13), SMA type

II 76.73 (SD: 6.28, range: 70.83–83.33), and SMA
type III 60.42 (SD: 20.63, range: 45.83–75.00).
The mean total score in all patients was 72.02
(SD: 12.16, range: 45.83–83.33). Additional KINDL
results are available as supplemental material (online)
(eTable 2).
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Fig. 2. PedsQL 3.0 NMM scores, by highest function (upper panel) and SMA type (lower panel). Note: PedsQL 3.0 NMM scores range
from 0 to 100 (higher score = better health status/higher HRQoL). Pediatric Quality of Life Inventory 3.0 Neuromuscular Module (PedsQL
3.0 NMM). Spinal muscular atrophy (SMA).

The pediatric quality of life inventory 3.0
neuromuscular module

All 17 children self-completed the PedsQL 3.0
NMM (Table 1). Estimated PedsQL 3.0 NMM scores
(higher score = better health status/higher HRQoL),
stratified by current motor function and SMA type,
are presented in Fig. 2. The mean total score in
all patients was 73.88 (SD: 19.52, range: 29–99).
The questions with the lowest mean score (indica-
tive of the largest impairment in health status/loss
in HRQoL) for non-sitters were “It is hard to turn
myself during the night”, “It takes me a long time
to bathe or shower”, and “It is hard for my fam-
ily to plan activities like vacations”; for sitters “It
is hard to turn myself during the night”, “It is hard
for my family to get enough rest”, and “It is hard
for my family to plan activities like vacations”; and
for walkers “I wake up tired”, “It is hard to gain or

lose weight when I want to”, and “It is hard for my
family to plan activities like vacations”. The ques-
tions with the lowest mean score for patients with
SMA type I were “It is hard for my family to plan
activities like vacations”, “It is hard for my family
to get enough rest”, and “It is hard to turn myself
during the night”; SMA type II “It is hard to turn
myself during the night”, “I take a long time to eat”,
and “It is hard for my family to get enough rest”;
and SMA type III “I wake up tired”, “My back feels
stiff”, and “It is hard to gain or lose weight when I
want to”.

Among non-sitters, at the group level, some prob-
lems were noted across all PedsQL 3.0 NMM
questions. In contrast, among sitters, all three ques-
tions relating to the “Communication” domain (i.e.,
“It is hard for me to tell the doctors and nurses how I
feel”, “It is hard for me to ask the doctors and nurses
questions”, and “It is hard for me to explain my ill-
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Fig. 3. EQ-5D-5L and HUI (Mark III) utilities, by highest function (left panel) and SMA type (right panel). Note: EQ-5D-5L utilities were
derived using the value set by Ludwig et al. [26] and range from –0.661 to 1 (higher value = better health status/higher HRQoL). HUI (Mark
III) utilities range from –0.36 to 1 (higher value = better health status/higher HRQoL) [25]. Health Utilities Index (HUI). Spinal muscular
atrophy (SMA).

ness to other people”), as well as “I get sick easily”
and “I think money is a problem in our family”,
received the highest score (indicative of no prob-
lems/impairment). The highest score among walkers
was noted for a total of nine questions (i.e., “It is hard
to breathe”, “I get sick easily”, “It is hard to use the
bathroom”, “It is hard to swallow food”, “It is hard
for me to tell the doctors and nurses how I feel”, “It is
hard for me to ask the doctors and nurses questions”,
“I think money is a problem in our family”, “I think
my family has a lot of problems”, and “I do not have
the equipment I need”). All children reported that they
“Almost never” or “Never” lack they equipment that
they need. Additional PedsQL 3.0 NMM results are
available as supplemental material (online) (eTable
3).

EQ-5D-5L

A total of 7 children (mean age: 15 years, SD:
1.40 years, range: 12.00–16.00 years; 57% female)
self-completed the EQ-5D-5L. In this sample sub-
set, 29% were non-sitters, 43% sitters, and 29% were
walkers; 14% had SMA type I, 57% type II, and
29% type III. All but one patient (86%) were cur-
rently on disease-modifying therapy (67% received
nusinersen and 33% risdiplam). Estimated EQ-5D-
5L utilities, stratified by SMA type and current motor

function, are summarized in Fig. 3. The mean total
utility in all patients was 0.54 (SD: 0.31, range:
0.30–1.00).

The mean VAS score (ranging from 0, indicating
the worst imageable health status, to 100, indicat-
ing the best imageable health status) in non-sitters
was 87.50 (SD: 3.54, range: 85.00–90.00), sitters
64.67 (SD: 25.01, range: 40.00–90.00), and walk-
ers 90.00 (SD: NA, range: 90.00–90.00). The mean
VAS score in patients with SMA type I, type II, and
type III were 90.00 (SD: NA, range: NA), 69.75 (SD:
22.81, range: 40.00–90.00), and 90.00 (SD: 0.00,
range: 90.00–90.00) respectively. Additional EQ-5D-
5L results are available as supplemental material
(online) (eTable 4).

The Health Utilities Index

A total of 10 children (mean age: 12.80 years,
SD: 3.12 years, range: 8–16 years; 60% female) self-
completed the HUI instrument. In this sample subset,
40% were non-sitters, 30% sitters, and 30% were
walkers; 10% had SMA type I, 50% type II, and 40%
type III. All but two patients (80%) were currently on
disease-modifying therapy (63% received nusinersen
and 38% risdiplam). Estimated HUI Mark III utilities,
stratified by SMA type and current motor function,
are summarized in Fig. 3. The mean total utility in
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all patients was 0.44 (SD: 0.40, range: –0.02–1.00).
Additional HUI results are available as supplemental
material (online) (eTable 5).

4. DISCUSSION

In this pilot study, we recorded measurements of
self-reported HRQoL from 17 children with SMA
in Germany using a battery of commonly employed
rating-scales, some administered in this disease pop-
ulation for the first time (i.e., KIDSCREEN-27 and
KINDL). Taken together, our preliminary findings
show that self-assessed HRQoL in SMA vary sub-
stantially depending on the employed rating-scale,
as well as across categories of current best motor
function and SMA type.

Surprisingly, self-reported estimates from the
KIDSCREEN-27 instrument show that our sample
of children with SMA has good overall HRQoL
(Fig. 1). Indeed, mean scores were significantly
higher than general population reference scores, or
within the normal range (i.e., 40–60), across all
subscales, with two exceptions, namely “Physical
Well-Being” among non-sitters (mean score: 35.41)
and patients with SMA type II (mean score: 34.83).
Particularly high scores were noted for the “Auton-
omy and Parents” and “School environment” scale
domains. Aside the physical disability, these results
indicate that most patients in our cohort have sub-
jective HRQoL similar to that of other children.
This is also reflected in the fact that the vast major-
ity of patients, >80%, rated their current health
as “Good”, “Very good”, or “Excellent”. Possible
explanations for these findings include coping mech-
anisms, in which patients may learn to cope with
their illness, adjust their perception and expectations
of HRQoL, and adapt to their health state (a phe-
nomenon sometimes referred to as the well-being or
disability paradox) [14, 27]. Moreover, the aware-
ness of benefiting from new therapeutic approaches
could also have a positive effect on subjective well-
being. Similar findings have been observed in patients
with other chronic, progressive neuromuscular dis-
eases, such as Duchenne muscular dystrophy [28]. In
two KIDSCREEN-27 domains (i.e., “Physical Well-
Being” and “Autonomy and Parents”), there was a
trend of increasing HRQoL across categories of cur-
rent best motor function (Fig. 1, upper panel). This
was also reflected in the estimated KIDSCREEN-27
total score, which was 40% higher among walkers
than non-sitters (the score difference between sitters

and walkers was only 6%). On the other hand, esti-
mates were higher for sitters than walkers in two
domains, namely “Psychological Well-Being” and
“Peers & Social Support” (although very similar for
the latter domain). Reasons for these findings warrant
further study. In line with expectations, consider-
ing that most non-sitters have SMA type II, scores
were generally similar for non-sitters and those with
SMA type II, in particular “Physical Well-Being”
(mean score: 35 vs. 35) and “Physiological Well-
Being” (mean score: 44 vs. 44), but also the total
score (mean score: 48 vs. 51). Looking at results by
SMA type (Fig. 1, lower panel), the single patient
with type I (8 years of age; sitter) performed bet-
ter across all domains than those with type II and
type III (but results should be interpreted with cau-
tion given the sample size). Moreover, scores for
SMA type II were consistently lower than those
for type III (mean score difference across domains:
6.27), although comparable for some KIDSCREEN-
27 domains (e.g., “Psychological Well-Being” and
“School Environment”).

We estimated the mean self-assessed KINDL total
score at 75.00 for sitters and 68.05 for walkers
(no non-sitters completed the scale). Correspond-
ing scores for SMA type I, type II, and type III
were 76.57, 76.73, and 60.42, respectively. Com-
pared with general population KINDL reference data
for Germany, estimated at 74.6 for boys and girls
11–13 years of age [29], our findings thus indi-
cate that mainly walkers and patients with SMA
type III in our sample had impaired HRQoL (i.e.,
a score < 74.6) as assessed using the KINDL rating-
scale. These differences may be due to different
coping mechanisms: SMA children with inferior
motor skills are more confident with their disability,
while SMA children with better motor function (yet
inferior to that of healthy children) have more accep-
tance problems. However, considering the sample
size and age of our study population, more research
is needed to delineate the impact on self-reported
HRQoL as measured using KINDL across clinical
subgroups.

Across scale domains, mean PedsQL 3.0 NMM
scores were consistently lower for non-sitters com-
pared with sitters (mean score difference: 26.90),
and sitters compared with walkers (mean score
difference: 5.63), with one exception, namely “Com-
munication” among sitters (Fig. 2, upper panel).
Indeed, all seven patients in this subgroup responded
that they “Never” have any problems telling doctors
and nurses how they feel, ask doctors and nurses
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questions, or explain their illness to other people,
which is very encouraging. In contrast, 50% of non-
sitters and walkers, respectively, reported having
problems with these communicative tasks. More-
over, compared with the other strata, non-sitters
had particularly low scores also for the “About Our
Family Resources” domain. In detail, this mainly
concerned “It is hard for my family to plan activi-
ties like vacations” and “It is hard for my family to
get enough rest”. These findings are consistent with
our clinical observation, where non-sitters usually
are bedridden and frequently require extensive sup-
port (e.g., suction, ventilation, and feeding assistance
via gastrostomy tube) which makes it challenging
for families to go on vacations and carry out sim-
ilar activities. Comparing our results with previous
research, the mean “About my Neuromuscular Dis-
ease” score for non-sitters was almost identical to
the self-assessed estimate reported by Iannaccone et
al. [23] in their study of 104 US children with SMA
(mean age: 9 years, 52% female [total sample; details
not reported for patients self-reporting their HRQoL])
(59.25 vs. 58.36). However, both sitters and walk-
ers in our sample had higher scores in this domain
than their US counterparts (73.29 vs. 62.20, and 83.33
vs. 72.85, respectively). One obvious explanation for
these differences is the fact that almost all patients
in our cohort (80%) were treated with nusinersen or
risdiplam (no patients were treated in the study by
Iannaccone et al. [23]). Similarly, “Communication
scores” were lower in our sample compared with the
US cohort among non-sitters (62.50 vs. 70.01), but
not sitters (100.00 vs. 73.57) or walkers (96.00 vs.
60.97). The same pattern was observed for the “About
our Family Resources” domain, for which the mean
score among non-sitters in our study was lower than
the corresponding US estimate (52.50 vs. 61.00), but
higher among sitters (81.67 vs. 72.58) and in partic-
ular walkers (92.50 vs. 78.86). Compared with the
US data [23], the mean total score in our sample was
9% lower for non-sitters, 9% higher for sitters, and
14% higher for walkers. As noted, reasons for this
variability include differences in exposure to disease-
modifying drugs but warrant further study. Looking
into previously published self-assessed PedsQL 3.0
NMM scores by SMA type, in their study comprising
of children and adults with SMA (mean age, sex, and
sample size not reported for the subset of patients pro-
viding self-assessments), Klug et al. [30] estimated
the total score at 61 for SMA type II (11% lower than
our estimate of 68.00) and at 69 for SMA type III
(22% lower than our estimate of 84).

We estimated the mean self-reported EQ-5D-5L
utility at 0.35 among non-sitters, 0.37 among sit-
ters, and 0.99 among walkers. Across SMA types,
the mean utility was 0.31 for type I, 0.37 for type
II, and 0.99 for type III. Three main observations
can be made with regards to these results. First,
members of the general population exhibit low pref-
erences for many health states associated with SMA.
Compared with the mean EQ-5D-5L utility among
male and female members of the general popula-
tion in Germany 18–24 years of age (the youngest
age group for which reference data is available) of
0.94 [31], our findings correspond to a disutility
(i.e., loss in utility) of 0.60 among non-sitters, 0.57
for sitters, –0.05 for walkers; and 0.63 for SMA
type I, 0.57 for type II, and –0.05 for type III.
These data may be compared with the minimally
important difference – that is, the smallest difference
perceived as important, either beneficial or harm-
ful, and which would lead the patient or clinician
to consider a change in the management – in EQ-
5D-5L utility estimated at 0.083 (German value set)
[32]. Second, compared with HUI-derived utilities
(discussed below), the relatively high utility among
non-sitters (and to lesser extent also sitters) indicates
that the EQ-5D-5L might lack sensitivity in measur-
ing HRQoL in this patient group. Third, and last, the
very high utility estimate among walkers suggests
that the EQ-5D-5L might lack sensitivity also with
regards to the disease impact of SMA in this patient
group.

Looking into previous research, no study has
assessed HRQoL in children with SMA based on
self-reported data from the EQ-5D-5L. However,
McMillan et al. [33] reported EQ-5D-5L utilities
based on a combination of patient self- and caregiver
(mainly parent) proxy reports in a cohort comprising
of 965 Canadian patients with SMA (mean age: 11.71
years, 40% female). The mean utility was reported at
0.32 for SMA type I, 0.46 for type II, and 0.65 for
type III. Although it is not possible to draw any def-
inite conclusion due to the limited sample size and
study differences in patient characteristics, these find-
ings suggests that children with SMA, in particular
walkers, might have higher HRQoL than their adult
counterparts. Finally, for comparison, published util-
ity estimates (combination of self- and proxy-reports
by current best motor function or SMA type) derived
using other version of the EQ-5D scales include
–0.012 for SMA type II based on the EQ-5D-3L
(Spanish sample, mean age: 7.22 years, 58% female)
[34]; 0.104 for SMA type I, 0.067 for type II, and
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0.252 for type III based on EQ-5D-Y, a child-friendly
version of the EQ-5D (Australian sample, mean age:
9.38 years, 53% female) [35]; and between 0.34 and
0.70 depending on the number of SMN2 copy num-
bers based on the EQ-5D-5L in adults and EQ-5D-Y
in children (all treated with nusinersen, onasemno-
gene abeparvovec, or risdiplam) (Belgian, French,
and German sample, median age: 6.25 years, pro-
portion female not reported) [36].

Concerning self-assessed HRQoL measured using
the EQ-5D VAS, in line with the EQ-5D-5L util-
ity findings, sitters rated their health status markedly
lower than both non-sitters and walkers (64.67 vs.
90.00 vs. 90.00, respectively) and those with SMA
type II lower than type I and type III (69.75 vs.
90.00 vs. 90.00, respectively). For comparison, esti-
mates from previous research (combination of self-
and proxy-assessments) include 53.03 (SMA type II;
Spanish sample) [34]; 59.25 for SMA type I, 67.46
for type II, and 66.11 for type III (Australian sample)
[35]; and 46.6 for SMA type I, 66.0 for type II, and
71.5 for type II (Canadian sample) [33].

We estimated the mean self-reported HUI-derived
utility at 0.23 among non-sitters, 0.21 among sit-
ters, and 0.96 among walkers. Across SMA types,
the mean utility was –0.02 for type I, 0.19 for type
II, and 0.88 for type III. Accordingly, the HUI seems
relatively insensitive to changes between non-sitters
and sitters, but able to differentiate amongst health
states characterizing the different SMA types. Com-
pared with HUI general population reference utilities
from Canadian children 12–16 years of age of 0.89
[37], the mean disutility in our cohort was estimated
at 0.66 for non-sitters, 0.68 for sitters, –0.07 for walk-
ers; and 0.91 for SMA type I, 0.70 for type II, and 0.01
for type III. Only one study, Love et al. [38], has pre-
viously estimated self-reported HRQoL in patients
with SMA using the HUI. In this study, encompass-
ing 14 Canadian children (mean age and proportion
female not reported), the mean self-assessed HUI-
derived utility was estimated at 0.29 for SMA type
I, 0.23 for type II, and 0.41 for type III. Moreover,
two studies have previously estimated HRQoL in
patients with SMA based on caregiver proxy- and
patient self-reports using the HUI. In their retrospec-
tive cohort study of 478 US patients with SMA (mean
age: 17.1 years, 59% female), Belter et al. [39] esti-
mated the mean HUI-derived utility (across SMA
types, excluding patients receiving permanent ven-
tilation) at 0.12 for non-sitters, 0.24 for sitters, and
0.56 for walkers (independent walking, or with sup-
port). Compared with our results, these are lower

for non-sitters (potentially [in part] due to the exclu-
sion of ventilated patients, which had a mean utility
of 0.00 across SMA types), and in particular for
walkers. In the second study, Dangouloff et al. [36]
estimated the mean HUI-derived utility at 0.19 (2
SMN2 copy numbers), 0.19 (3 SMN2 copy num-
bers), and 0.74 (4 SMN2 copy numbers) using the
HUI (Mark III) among 42 Canadian children and
adults with SMA (median age: 6.25 years, propor-
tion female not reported; all treated with nusinersen,
onasemnogene abeparvovec, or risdiplam) and their
caregivers.

The main limitation of our pilot study concerns
the sample size. Indeed, similarly to most research
of children with rare diseases, our cohort was limited
to 17 boys and girls with SMA. Accordingly, derived
estimates should be interpreted and generalized with
some caution. Moreover, due to the self-reported
nature of the data, our study is also subject to potential
bias from measurement error as a result of incorrect
reporting. This also concerns SMA type, which was
reported by the patient and/or caregiver. To alleviate
this problem, we also stratified our sample by cate-
gories of current best motor function (derived based
on an analysis of available clinical data). Moreover,
due to the sample size, we were unable to formally
analyze the impact of specific therapies on estimates
of HRQoL, nor the psychometric performance of
individual scales, which undoubtedly are important
topics for future research. Finally, when interpreting
our findings, it is important to keep in mind that Ger-
many is a country characterized by a comparatively
very high level of healthcare, as well as relatively low
stigmatization of the disabled. For these reasons, our
findings would not be expected to be fully generaliz-
able to other settings with less favorable conditions
for patients with SMA.

In conclusion, the results from this pilot study show
that German children with SMA, despite significant
physical disability, have surprisingly good HRQoL as
assessed using KIDSCREEN-27. At the same time,
many patients were found to reside in health states
associated with low preference utilities as rated by
members of the general population. Overall, the dis-
ease burden was generally higher among non-sitters
compared with walkers, and SMA type I compared
with type III, but more research is needed to further
delineate this variability. Our preliminary findings
contribute to the understanding of HRQoL in pedi-
atric patients with SMA and should be helpful to
inform the design of future studies in this patient
population.
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