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Abstract
The aim of this retrospective study was to review body mass index (BMI) in a large cohort of Italian pediatric type 2 spinal 
muscular atrophy (SMA) patients, aged between 0 and 20 years and to establish possible differences in relation to a number 
of variables such as ventilation, motor function, and survival motor neuron 2 gene copies. Cross-sectional data were collected 
from 102 patients for a total of 344 visits. Standard growth charts for height and weight were used as reference, with age 
adjusted BMI calculated using the Center for Disease and Prevention Children’s BMI Tool. In the 344 visits, weight ranged 
between 3.90 and 83 kg, and the BMI between 8.4 and 31.6 with a BMI/age z-scores <  − 2SD present in 28% and BMI/age 
z-scores >  + 2SD in 9% of the measurements. The BMI/age z-scores were relatively stable < 5 years of age with an increas-
ing number of patients <  − 2SD after the age of 5, and a wider range of BMI/age z-scores after the age of 13. A difference 
on the BMI/age z-scores was found among the different age subgroups (< 5, 5–12, ≥ 13 years). A multivariate analysis in 58 
patients with longitudinal assessments showed that baseline BMI/age z-scores and gender were significantly contributing to 
the changes while other variables were not.

Conclusion: Our results confirm that careful surveillance of weight and BMI/age z-scores is needed in type 2 SMA. Fur-
ther studies, including assessments of chewing and swallowing and of lean/fat body mass, will help to better understand the 
possible mechanisms underlying weight issues.

What is Known:
• Feeding difficulties have been reported in a few studies and were invariably found in patients with type 1 SMA.
• Type 2 SMA patients often have low BMI with a relevant number of patients requiring tube feeding.
What is New:
• Reduction in BMI/age z-score overtime appeared to depend on baseline BMI/age z-score and gender.
• Patients with a low BMI/age z-score were at higher risk of developing further reduction.

Keywords Neonate · Children · Spinal muscular atrophy · Body mass index · Nutritional status

Abbreviations
BMI  Body mass index
NIV  Non-invasive ventilation

SMA  Spinal muscular atrophy
SMN  Survival motor neuron

Introduction

Spinal muscular atrophy (SMA) is an autosomal recessive 
disease caused by mutations in the survival motor neuron 1 
(SMN1) gene [1]. The recent advent of therapeutic options 
has changed the progression of the disease [2–5]. After 
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successful clinical trials leading to regulatory approval, 
several papers have reported real world data [6–10] report-
ing efficacy and safety in large cohorts including patients of 
age and severity that had not been included in the clinical 
trials. The real-world data have highlighted the need to have 
detailed information on several aspects of natural history for 
comparison with the treated patients.

Most natural history studies have focused on motor and 
respiratory function [11–19]. Feeding and nutritional diffi-
culties have been reported in a few studies [18–30] and were 
invariably found in patients with type 1 SMA. Less has been 
reported in type 2 patients, with a limited number of studies 
showing heterogeneous results [20–31].

Particular attention has been paid to weight and body 
mass index (BMI). Type 2 SMA patients often have low 
BMI with a relevant number of patients requiring tube feed-
ing [31, 32]. A recent paper reporting questionnaires in two 
cohorts from different countries suggest that some variabil-
ity is present and this may be partly due to different cultural 
backgrounds [30].

We report our experience in a large cohort of Italian pedi-
atric type 2 SMA patients in whom anthropometric data were 
available for a retrospective analysis of BMI/age z-scores at 
different ages. We also aimed to establish possible differences 
in BMI/age z-scores in relation to a number of variables such 
as respiratory support, motor function, and SMN2 copies.

Material and methods

We included all available data from type 2 patients aged 
between birth and 20 years with a genetically confirmed 
diagnosis of SMA from 5 clinical referral centers in Italy 
(Bambino Gesù Hospital, Rome; Niguarda Hospital, Milan; 
University of Messina, Messina; Istituto Gaslini, Genoa and 
Policlinico Gemelli, Rome).

Data from visits of patients in treatment with investiga-
tional drug or approved disease-modifying treatments were 
not included. From June 2018 data had been collected using 
the recently developed international SMA registry [33].

In all centers, as part of the clinical routine, anthropo-
metric measures (weight, height/length) were obtained by 
standardized procedures. Infants were weighed on a stand-
ard infant scale, while in older children who were too large 
for this scale, weight of the subject was obtained by using 
a chair scale as they could not be assessed while standing.

In children younger than 24 months, supine length was 
measured by infantometer. In those older than 24 months, 
since sitters and non-sitter patients often develop contrac-
tures, we used ulnar length and derived the total length as 
previously described [34, 35]. These methods of conver-
sion have been widely used in SMA and non-SMA disease 

from 24 month of age to adulthood in both clinical trials 
(NCT02908685) and clinical settings [17, 36, 37].

BMI was defined as body weight divided by the square of 
recumbent length in meters. Sex-specific weight, length, and 
BMI/age z-scores were derived using the 2006 World Health 
Organization growth charts for patient < 2 years old and the 
2000 Center for Disease Control and Prevention growth 
charts for older patients [38–42]. All children with at least 
one weight recorded in clinical charts were included in the 
study. Visits with missing data on height were excluded from 
the analysis. Statistical analysis (frequency table, t-test, and 
chi-square test) of missing data is available in supplementary 
file 1.

Nutritional status of the patients was determined by 
the calculus of BMI/age z-scores. A child whose BMI/age 
z-score was <  − 2SD was considered as underweight, con-
versely, who had a BMI/age z-score >  + 2SD was classified 
as overweight.

Statistical analysis

Demographic and clinical characteristics were summarized 
using frequencies (percentage) for categorical variables and 
mean (standard deviation (SD)) or median (range) for con-
tinuous variables. Differences between the whole cohort and 
the longitudinal cohort were assessed with U Mann–Whitney 
test for age and BMI z-score at 1st visit and chi-square test to 
analyze distribution of patients among gender, SMN2 copies, 
functional status at 1st visit, and G-tube at 1st visit.

Kruskal–Wallis with Dunn-Bonferroni correction was 
used to compare differences in BMI/age z-score among age 
subgroups, using predefined cutoff points for age identified 
in previous studies on the basis of slope of functional dete-
rioration (< 5, 5–12, ≥ 13 years) [8, 11, 15, 43, 44]. Chi-
square test was used to analyze assessments’ distribution of 
patients with BMI/age below − 2SD, within the − 2 and 2SD, 
or above 2SD. The chi-square test was applied subdividing 
the population by gender, functional status (non-sitter/sitter), 
or ventilatory status (spontaneous breathing/non-invasive 
ventilation) at 1st visit. Functional status was determined 
by the ability of the patient to sit by himself for at least 3 s 
(sitter) or not (non-sitter), as used in outcome measures such 
as the HFMSE and in recent literature [45, 46].

A mixed model was used to estimate the effects of dif-
ferent variables on weight. The model was set up with age, 
gender, SMN2 copy number, functional status, non-invasive 
ventilation (NIV), nutritional status (oral intake solid, oral 
intake semi-solid, G-tube), scoliosis surgery, BMI/age 
z-score at baseline as fixed effects, and patient as random 
effect. To make inferences about mean slopes of weight, the 
model was expanded by including appropriate main effect 
and interaction terms in the model.
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For all the analyses the p-value was set at p < 0.05.
The study was approved by the ethics committee in each 

center. As part of this study all participants and/or their legal 
representatives provide written informed consent for use of 
the prospective and retrospective clinical data for academic 
purposes.

Results

Cross‑sectional analysis

Data were collected from visits between November 2011 
and September 2020, for a total of 344 visits from 102 type 
2 SMA pediatric patients. None of the 102 patients died 
during the follow-up.

The mean follow-up was 2.81 years (SD: 3.71, range: 
0–14): 44/102 (43%) had one visit only.

Demographic and clinical data of the patients are pre-
sented in Table 1.

In the 344 visits, weight ranged between 3.90 and 
83  kg, height between 51 and 176  cm, and the BMI 
between 8.4 and 31.6. The distribution of BMI/age 
z-scores of all 344 visits, in relation to age and gender, is 
shown in Fig. 1.

The graph shows relatively stable results below the age 
of 5 years and an increasing number of patients with BMI/
age z-score <  − 2SD after the age of 5, with a wider range 
of BMI/age z-score after the age of 13.

A difference on the BMI/age z-score was found among the 
different age subgroups (< 5, 5–12, ≥ 13 years) (p < 0.001). 
Post hoc comparisons using the Dunn-Bonferroni correction 
indicated that the mean BMI/age z-score for the patients 
aged > 13 was significantly different than the patients aged 
5–12 (p < 0.001). Patients aged 5–12 were significantly dif-
ferent than the patients aged < 5 (p = 0.001).

The BMI/age z-score was within normal range (± 2SD) 
in 215 of the 344 assessments (62%), >  + 2SD in 31/344 
(9%), and <  − 2SD in the remaining 98/344 (28%). Twelve 
of the 344 visits were from 2 patients who had G-tube. 
The difference in mean BMI/age z-scores among the dif-
ferent age subgroups (< 5, 5–12, ≥ 13 years) was also sig-
nificant when the analysis was performed in the patients 
with a z-score <  − 2SD (p < 0.001). Post hoc comparisons 
using the Dunn-Bonferroni correction indicated that the 
mean BMI/age z-score for the patients aged > 13 was sig-
nificantly different from the patients aged < 5 (p < 0.001) 
and between 5 and 12 (p < 0.001). Table 2 reports data of 
BMI/age z-score distribution and mean (SD) for the age 
subgroups.

Table 1  Demographic and clinical baseline data of the patients enrolled in the study

All Longitudinal cohort Statistical differences 
between the cohorts

N 102 58
Sex, n (%)
Male 56 (54.90) 31 (53.45) (χ(1) = 0.031, p = 0.859)
Female 46 (45.09) 27 (46.55)
Age at 1st visit (years), median (range) 6.35 (1.1–19.24) 6.91 (1.9–19.24) p = 1.000
SMN2 copy number, n (%)
1 0 (0.00) 0 (0.00) (χ(3) = 0.707, p = 0.871)
2 18 (17.64) 8 (13.79)
3 56 (54.90) 31 (53.45)
4 + 3 (2.94) 2 (3.45)
Unknown 25 (24.51) 17 (29.31)
SMA function at 1st visit, n (%)
Non-sitter 14 (13.72) 7 (12.07) (χ(1) = 0.089, p = 0.765)
Sitter 88 (86.27) 51 (87.93)
BMI z-score at 1st visit, median (range)  − 0.37 (− 16.68, 3.02) 0.02 (− 11.04–3.02) p = 0.628
 < 5 years  − 1.17 (− 8.59, 2.82)  − 1.29 (− 4.39, 2.82) p = 0.579
5–12 years 0.88 (− 7.75, 3.02) 0.82 (− 7.75, 3.02) p = 0.871
 > 13 years  − 0.33 (− 19.1, 2.06)  − 0.33 (− 19.1, 2.06) p = 0.657
G-tube at 1st visit, n (%) 1 (0.98) 0 (0.00) (χ(1) = 0.572, p = 0.449)
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BMI/age z‑score and gender

Female patients had a higher percentage of assessments 
with BMI/age z-score ± 2SD compared to male patients 
(71% vs 56%) (p < 0.05), a lower but non-significant per-
centage of assessments with BMI/age z-score <  − 2SD 
(26% vs 39%), and a lower percentage of assessments with 

BMI/age z-score >  + 2SD (3% vs 14%) (p < 0.05) (X2 (2, 
N = 344) = 14.100, p < 0.001).

On the assessments performed after the age of 12 years, 
female had a higher percentage of BMI/age z-score ± 2SD 
compared to male patients (79% vs 53%) (p < 0.05) and a 
lower percentage of BMI/age z-score <  − 2SD compared 
to male patients (21% vs 42%) (p < 0.05). None of the 
female had a BMI/age z-score >  + 2SD (0% vs 5%) (X2 
(2, N = 114) = 9.033, p = 0.011) (Fig. 1).

BMI/age z‑score and functional status

Patients who had lost the ability to sit (non-sitters) had 
a lower percentage of BMI/age z-score ± 2SD com-
pared to sitters (39% vs 66%) (p < 0.05). There was also 
a higher percentage of BMI/age z-score <  − 2SD (61% 
vs 23%) (p < 0.05). None of the non-sitters had BMI/age 
z-score >  + 2SD (X2 (2, N = 344) = 31.789, p < 0.001).

BMI/age z‑score and NIV

Patients using NIV had a lower percentage of BMI/age 
z-score ± 2SD compared to those on spontaneous breathing 

Fig. 1  Cross-sectional distribution of BMI z-score according to age and gender. Key to figure = black dots: females, grey dots: male. Red bands: 
above or below ± 3SD, orange bands: above or below ± 2SD, green bands: between − 2 and 2SD

Table 2  BMI z-score distribution (n, %) and mean (SD) in the age 
subgroups

 <  − 2 ± 2  > 2

 < 5 years
n (%) 16 (26.23) 42 (68.85) 3 (4.92)
Mean (SD)  − 3.28 (1.56)  − 0.44 (1.00) 2.07 (0.93)
5–12 years
n (%) 44 (26.04) 100 (59.17) 25 (14.79)
Mean (SD)  − 4.17 (1.36) 0.86 (0.95) 2.43 (0.30)
 > 13 years
n (%) 38 (33.33) 73 (64.04) 3 (2.63)
Mean (SD)  − 9.31 (4.45) 0.38 (1.00) 2.04 (0.03)
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(54% vs 68%) (p < 0.05), a higher percentage of BMI/age 
z-score <  − 2SD (42% vs 21%) (p < 0.05), and a lower per-
centage of BMI/age z-score >  + 2SD (5% vs 11%) (p < 0.05) 
(X2 (2, N = 344) = 18.202, p < 0.001).

Longitudinal analysis

Fifty eight of 102 patients had more than one follow-up visit 
and were retained for the longitudinal analysis; the median 
number of visits was 4.0 (2–17), with a median follow-up of 
3.87 years (0.2–14.0) (Fig. 2). No statistical difference was 
found between the baseline data in the whole cohort and the 
longitudinal cohort (Table 1). Details on patients’ inclusion 
can be found in supplementary Fig. 1.

Twenty-nine patients  had basel ine BMI/age 
z-score ± 2SD: 25 of the 29 remained ± 2SD, 2/29 
decreased <  − 2SD, and 2/29 increased >  + 2SD; 21 
patients had baseline BMI/age z-score <  − 2SD: 16 of the 
21 remained <  − 2SD, 5/21 increased within ± 2SD, and 
0/21 increased >  + 2SD; 8 patients had baseline BMI/age 
z-score >  + 2SD: 0 of the 8 remained > 2SD, 8/8 decreased 
to ± 2SD, and 0 decreased <  − 2SD.

With one exception, all patients who, after the age of 
13 years had BMI/age z-score <  − 5 SD, had their base-
line BMI/age z-score already <  − 2SD, irrespective of the 
age at baseline. Figure 3 shows individual trajectories for 
the patients in whom more than 2 measurements were 
available.

Mixed model analysis

Taking into account the 58 patients having more than one 
visit, the overall mean rate of weight BMI/age z-score 
decrease was 0.39/year. Only BMI/age z-score at base-
line and gender were significantly contributing (p < 0.002 
and < 0.001) to the changes (Table 1), with no significant 
impact of SMN2 copy number, SMA function, non-invasive 
ventilation, nutritional status, and scoliosis surgery on rate 
of progression (p for interaction between time and other 
variables > 0.05).

Discussion

Both the first and the revised version of the care recom-
mendations for SMA [32, 47] promote close monitoring of 
nutritional aspects and highlight the need to perform regular 
anthropometric assessments in combination with the evalu-
ation of other factors (swallowing, gastroesophageal reflux, 
etc.) that may contribute to weight gain. Little has been 
reported on nutritional issues in type 2 children and adults 
[20, 25, 26, 30, 31, 48, 49]. Most studies have focused on 
BMI, as this is easy to define and can always be assessed as 
part of routine clinical assessments. The choice of BMI is 
also driven by the increasing evidence of its predictive value 
for clinical disease outcomes in children[50, 51].

Fig. 2  Percentage of patients 
with concordant or discord-
ant BMI/age z-score bands 
(< − 2SD, ± 2SD, > 2SD) during 
follow-up
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The few available studies report a relatively high per-
centage of patients with BMI/age z-score <  − 2SD but the 
rate or severity of the reported findings is not univocal [30, 
31]. The identification of patients with nutritional issues is 
further complicated by the poor representation of lean body 
mass that makes interpretation of the standard growth chart 
references difficult [48].

In our study 31 patients had at least one assessment with 
a BMI/age z-score <  − 2SD that was present in 98 of the 344 
measurements (28%). The number of patients with BMI/age 
z-score >  + 2SD was in contrast relatively small and this was 
mainly observed in boys below the age of 13 years.

The analysis of longitudinal changes allowed us further 
considerations. It is of note that the number of patients who 
had concordant results, remaining in the same subgroup 
(± 2SD, <  − 2S, or >  + 2SD), was very high (82%). Half 
of the patients remained within ± 2SD while the number of 
patients who went from ± 2 to <  − 2SD was relatively small.

The lowest BMI/age z-scores were mainly observed in 
patients older than 12 years in whom the BMI/age z-score 
values were often already <  − 2SD at first assessment, 
irrespective of the age when the first assessment was per-
formed. This occurred more frequently in male patients. 

At the other end of the spectrum, a number of boys who 
were >  + 2SD between the age of 5 and 12 shifted to ± 2SD 
when approaching puberty.

In this paper we were also interested in better under-
standing possible factors that may be associated with low 
BMI. Unfortunately, our registries did not collect infor-
mation on chewing and masticatory strength that are 
known to contribute to failure to thrive [20, 27]. When 
we considered individual assessments the risk of having 
a low BMI was higher in more severely affected patients, 
such as the non-sitters and those using non-invasive 
ventilation.

A multivariate analysis exploring the impact of pos-
sible variables on the changes in patients with longitu-
dinal assessments showed that BMI/age z-score at base-
line and gender were significantly contributing (p < 0.002 
and < 0.001) to the changes while other variables, such 
as SMN2 copy number, functional status, non-invasive 
ventilation, and nutritional status, were not. As in 25% 
of the patients the number of SMN2 copies was not avail-
able because this was not systematically performed until 
recently, the lack of significance for this variable should 
be interpreted with caution.

Fig. 3  Individual trajectories by age and BMI/age z-score. Key to figure: dotted line = male patients, plain line = female patients
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It is of note that in a number of assessments the BMI/
age z-score was between − 2 and − 3SD. These findings 
however were calculated on standard growth charts that 
may be not entirely appropriate for SMA patients in 
whom the poor weight may be related to the poor repre-
sentation of muscles and lean mass [48, 52]. While lower 
BMI are undoubtedly related to poor weight gain, values 
between − 2 and − 3SD should be further assessed with 
techniques exploring fat mass/fat free mass ratio (DXA, 
BIA) or using plicometry.

At variance with other studies [30], we had a low num-
ber of patients who underwent gastrostomy, despite the low 
BMI. Only two of the patients had a history of swallow-
ing problems, and/or aspiration pneumonia, and they both 
underwent gastrostomy. In all the others, after introduction 
of supplements and dietary recommendations, the possibility 
of a PEG was discussed, but as the majority of the cases with 
very low BMI were in their teens, they would not accept this 
option for a variety of reasons, including issues related to 
body image.

In conclusion our results confirm that low BMI/age 
z-score is a frequent feature in type 2 SMA. Although our 
cross-sectional and longitudinal data could not be directly 
compared because of the difference in the sample size, both 
showed the reduction of BMI with increasing age. Our find-
ings are within the range of BMI/age z-score reported in 
the literature but the number of low BMI/age z-scores was 
smaller compared to other studies. Possible country or cul-
tural related differences should be further explored.

In our study patients with a low BMI/age z-score at base-
line were at higher risk of developing further reduction, 
highlighting the need of regular surveillance of anthropomet-
ric factors. Gender also appeared to be another significant 
risk factor as male patients showed more obvious changes 
in weight at both extremes of the range. Further studies, 
including assessments of chewing and swallowing and other 
methods aimed at assessing lean and fat body mass, will 
help to better stratify the type 2 cohort and achieve a bet-
ter understanding of the possible mechanisms underlying 
nutritional issues.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00431- 021- 04325-3.
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