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Abstract

Introduction/Aims: Data regarding weight, height/length, and growth status of patients

with spinalmuscular atrophy (SMA)whohave received only supportive care are limited. This

cross-sectional study describes these measurements in patients with Type 1 and Types 2/3

SMAand compares themwith reference values from typically developing children.

Methods: Retrospective baseline data from three sites in the Pediatric Neuromuscular

Clinical Research Network (Boston, New York, Philadelphia) were used. Descriptive

statistics for weight, height/length, body mass index-for-age, as well as weight-for-

length and absolute and relative deviations from reference values (ie, 50th percentile

from World Health Organization/Centers for Disease Control growth charts) were

calculated. Furthermore, growth statuswas reported.

Results: A total of 91 genetically confirmed patients with SMA receiving optimal sup-

portive care and without any disease-modifying treatment were stratified into Types

1 (n = 28) and 2/3 SMA (n = 63). Patients with Type 1 SMA weighed significantly

less (median = �7.5%) compared with reference values and patients with Types 2/3

SMA were significantly shorter (mean = �3.0%) compared with reference values.

The median weight was considerably below the 50th percentile in both groups of

Abbreviations: BMI, body mass index; CDC, Centers for Disease Control and Prevention; IQR, interquartile range; NIV, non-invasive ventilation; PNCR, Pediatric Neuromuscular Clinical

Research; SMA, spinal muscular atrophy; SMN, survival of motor neuron; SOC, standard of care; WHO, World Health Organization.
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patients, even if they received a high standard of care and proactive feeding support.

Discussion: More research is needed to understand which factors influence growth

longitudinally, and how to accurately capture growth in patients with SMA. Further

research should investigate the best time to provide feeding support to avoid under-

weight, especially in patients with Type 1, and how to avoid the risk of overfeeding,

especially in patients with Types 2/3 SMA.

K E YWORD S

body mass index, growth status, height, obesity, spinal muscular atrophy, weight

1 | INTRODUCTION

Spinal muscular atrophy (SMA) is a rare, genetic, neuromuscular disor-

der caused by mutation or deletion of the 5q13 survival of motor neu-

ron (SMN1) gene.1-3 Loss of function of the SMN1 gene results in

insufficient levels of functional SMN protein causing progressive mus-

cle weakness.4,5

Individuals with SMA can follow atypical growth trajectories, a phe-

nomenon which, among others, may be the result of bulbar dysfunction

from muscle weakness and complications of prolonged immobility.6

Understanding the atypical growth of patients with SMA is key to being

able to deliver the best nutritional support for these patients. The data

from untreated patients provide an important reference for evaluating

how treatments for SMA impact the growth and nutritional support

requirements of patients. While data regarding weight and height/

length distribution among patients with SMA are limited, reports of

both underweight7 and overweight8 in patients with SMA exist. Feeding

and swallowing difficulties may influence low weight among patients

with Type 1 SMA,9-11 whereas reduced muscle bulk contributes to low

weight among patients with Types 2/3 SMA.12 Length measurements

are reported as largely normal among patients with Type 1 SMA.13 Lit-

erature detailing length among patients with Types 2/3 SMA is limited.

This study aimed to describe the weight, height/length, and

growth status in children and adolescents with SMA stratified by Type

1 and Types 2/3 in the era predating the availability of disease-

modifying treatments for SMA. Measures were compared with refer-

ence values of typically developing children.

2 | METHODS

2.1 | Inclusion/exclusion criteria

Individuals were identified through the Pediatric Neuromuscular Clinical

Research (PNCR) Network in the USA, a multicenter, observational

cohort study designed to characterize patients with SMA.14 Individuals

were included in the study if they met the following criteria: (a) a genet-

ically confirmed diagnosis of SMA, (b) aged ≤18 y at baseline visit,

(c) available assessments of weight and height at baseline visit, and

(d) baseline visit between 2005 and 2009. Patients using investigational

therapies were excluded (see Supporting Information Appendix S1).

2.2 | Study design/outcomes

Weight and height/length were assessed at baseline visit. Age- and

sex-specific growth charts were used as reference values as rec-

ommended by the Centers for Disease Control and Prevention

(CDC)15 and pediatric endocrinologists in clinical practice: World

Health Organization (WHO)16 charts for patients ≤2 y of age and

CDC charts for patients ≥2 y of age.

Percentiles for weight, height/length, weight-for-length, and body

mass index (BMI)-for-age were extracted according to the rec-

ommended growth charts. Absolute and relative deviations in weight,

height/length, weight-for-length, and BMI-for-age were calculated by

comparing the individual's measurements with the expected values

defined as the age- and sex-matched 50th percentile from WHO/CDC

growth charts.

2.3 | Growth status

Individuals' weight-for-length Z-scores (for patients 0–2 y of age) and

BMI-for-age percentiles (for patients 2–18 y of age) were used to cat-

egorize patients' growth status as underweight, normal, overweight,

or obese based on reference standards from the WHO and CDC. Cat-

egories from the WHO and CDC reference standards were combined

as they differed slightly (see Supporting Information Appendix S1).

2.4 | Statistical analyses

Descriptive statistics were performed for the overall sample and strat-

ified by age and SMA type. Means (SD) are reported if variables are

normally distributed and medians (interquartile range [IQR]) if they are

non-normally distributed. Statistical tests were performed to test if

distributions deviated from zero. If values were normally distributed, a

one-sample two-tailed t-test was performed. Otherwise, a Wilcoxon
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signed-rank test was used (see Supporting Information Appendix S1).

Normality was tested using a Shapiro–Wilk test with alpha = 0.05.

3 | RESULTS

3.1 | Baseline characteristics

A total of 91 patients were included and results were stratified into

Type 1 (n = 28) and Types 2/3 SMA (n = 63; Table 1). Median age

was 1.1 and 6.8 y for the Type 1 and Types 2/3 patients, respectively.

Sex was evenly distributed among both SMA types. For further base-

line characteristics, refer to Table 1.

3.2 | Absolute weight and height/length, and
percentiles

Weight and height/length measurements were measured for the

overall sample and stratified by SMA type. Absolute values and

percentiles can be found in Supporting Information Table S1.

Median weight percentile was 26.4 for Type 1 and 24.2 for Types

2/3 patients. Median height/length percentile was greater in

patients with Type 1 (53.9) compared with those with Types 2/3

SMA (29.9).

3.3 | Relative and absolute weight and height/
length deviations from reference values

Overall, patients with SMA weighed significantly less (p = .007) and

were significantly shorter (p = .004) relative to the age- and sex-

matched reference values of typically developing children (Table 2;

Figure 1). Patients with Type 1 SMA weighed significantly less

(p = .002) compared with reference values (Supporting Information

Figure S1). The weight deviation for patients with Types 2/3 SMA

was not significant (p = .183). Patients with Type 1 SMA did not devi-

ate significantly from the 50th height/length percentile (p = .954), but

patients with Types 2/3 SMA were slightly shorter than expected

from reference values (p < .001; Supporting Information Figure S2).

3.4 | Growth status

Most patients with Type 1 SMA were categorized as normal weight,

some were underweight (32.1%) or overweight (3.6%), and none were

TABLE 1 Baseline patient
characteristics stratified by SMA type
and for the overall sample

Characteristic Type 1 SMA (n = 28) Type 2/3 SMA (n = 63) Overall sample (N = 91)

Age at visit (y)

Median (IQR) 1.1 (0.5–1.8) 6.8 (4.0–11.4) 5.5 (1.7–9.7)

Min–max 0.2–15.5 0.9–18.8 0.2–18.8

Sex (%)

Female 14 (50) 33 (52) 47 (52)

Age at onset (mo)

Median (IQR) 3 (2–4) 12 (8–18) 8 (4–12)

Min–max 0.5–7 3–96 0.5–96

SMN2 copy number (%)

n 27 (96) 63 (100) 90 (99)

2 20 (71) 1 (2) 21 (23)

3 7 (25) 53 (84) 60 (66)

4 0 (0) 8 (13) 8 (9)

5 0 (0) 1 (2) 1 (1)

NIV at visit (%)

n 27 (96) — —

Yes 13 (46) — —

No 14 (50) — —

Feeding support at visit (%)

n 27 (96) 53 (84) 80 (88)

Yes 17 (61) 7 (11) 24 (26)

No 10 (36) 46 (73) 56 (62)

Note: Number of patients (n) is stated if data were incomplete. Limited information (n = 1) about NIV in

patients with Types 2/3 SMA was available and was therefore not presented in this table (dashes).

Median (IQR) and min–max were reported, because variables were not normally distributed in at least

one stratum.
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obese. Over half of patients with Types 2/3 SMA were categorized as

normal weight; the remaining were underweight, overweight, or obese

(Supporting Information Table S1). Importantly, a total of 61% of

patients with Type 1 and 11% with Types 2/3 SMA received feeding

support (Supporting Information Table S2). The results for relative

weight-for-length and BMI-for-age can be found in Table 2,

Supporting Information Figures S3 and S4.

4 | DISCUSSION

Our main findings show that median weight is lower among individ-

uals with Type 1 SMA and height is lower in individuals with Types

2/3 SMA compared with reference values. Although the majority of

patients were within the predefined “normal” range (see Supporting

Information Appendix S1), the median weight was considerably below

the 50th percentile in patients with Type 1 and Types 2/3 SMA.13

This was the case despite them receiving a high standard of care

(SOC) and proactive feeding support.

These results are similar to other reported data.17 That study

found that patients at the most severe end of the spectrum, Type

1 who required respiratory or nutritional support, had the lowest

weight compared to the reference values. This aligns with our Type

1 patients' data. They also reported lower heights for patients with

Type 2 SMA, but interestingly only for girls from 3 y old on. We note

that none of their patients with Type 2 were receiving feeding sup-

port, whereas 11% in our mixed Type 2/3 group did so, suggesting

that a greater impact on growth might be expected. In addition, our

study found that weight differences were not significant in patients

with Type 2/3 SMA due to higher variability between individuals.

TABLE 2 Relative and absolute deviations of measured weight, height/length, weight-for-length (0–2 y) and BMI-for-age (2–18 y) from
reference values stratified by SMA type and for the overall sample

Weight and height/length

Type 1 SMA (n = 28) Types 2/3 SMA (n = 63) Overall sample (N = 91)

Relative weight deviation (%)

Median (IQR) �7.5 (�15.5 to �3.4) �8.3 (�18.9 to 12.1) �8.1 (�18.4 to 4.2)

Min–max �55.9 to 18.3 �53.3 to 118.0 �55.9 to 118.0

Z value 69 813 1407

Absolute weight deviation (kg)

Median (IQR) �0.6 (�1.7 to �0.2) �1.4 (�5.4 to 1.9) �1.1 (�4.8 to 1.0)

Min–max �27.8 to 2.3 �20.5 to 51.4 �27.8 to 51.4

Relative height/length deviation (%)

Mean (SD) �0.1 (8.2) �3.0 (5.8) �2.1 (6.7)

t statistics (df) �0.0582 (27) �4.01 (62) 2.9195 (90)

Absolute height/length deviation (cm)

Median (IQR) 0.2 (�2.0 to 2.4) �2.4 (�9.0 to 0.4) �1.6 (�7.8 to 1.4)

Min–max �32.8 to 12.0 �25.2 to 17.7 �32.8 to 17.7

Type 1 SMA Types 2/3 SMA Overall sample

0–2 y (n = 21) 2–18 y (n = 7) 0–2 y (n = 4) 2–18 y (n = 59) 0–2 y (n = 25) 2–18 y (n = 66)

Relative weight-for-length deviation (%)

Mean (SD) �9.4 (11.5) — 3.7 (18.0) — �7.3 (13.2) —

Absolute weight-for-length deviation (kg)

Mean (SD) �0.8 (1.1) — 0.4 (1.8) — �0.6 (1.3) —

Relative BMI-for-age deviation (%)

Median (IQR) — �10.3 (�30.4 to �9.7) — �0.7 (�9.6 to 10.1) — �2.7 (�12.0 to 10.1)

Min–max — �44.0 to 22.9 — �31.3 to 134.7 — �44.0 to 134.7

Absolute BMI-for-age deviation (kg/m2)

Median (IQR) — �2 (�6.1 to �1.5) — �0.1 (�1.7 to 1.7) — �0.4 (�2.1 to 1.7)

Min–max — �8.0 to 3.8 — �5.5 to 20.8 — �8.0 to 20.8

Note: Mean (SD) and t statistics (df) were reported for variables that were normally distributed in all strata (according to Shapiro–Wilk Test with

alpha = 0.05); median (IQR) and min–max for variables not normally distributed in at least one stratum. Note: Dashes indicate data were not calculated (see

Supporting Information Appendix S1).

Abbreviation: df, degrees of freedom.
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Some differences might also be explained by different techniques of

length measurement, as the PNCR also allowed standing height to be

captured.

This study supports the establishment of growth distributions

specific to SMA, which is important as body composition differs

between healthy children and patients with SMA—patients with SMA

having increased fat mass and reduced lean mass.12,13,18 However,

further research is needed to understand which factors influence age-

appropriate weight increase, height/length growth, and overall growth

status longitudinally, and which measures accurately capture growth.

The best time point to provide feeding support to avoid underweight,

particularly in patients with Type 1 SMA, and to avoid the risk of over-

feeding and overweight,12 especially in patients with Types 2/3 SMA,

should be investigated. Future studies should also consider other fac-

tors that impact the growth status of patients, such as the role of

additional modulating biologic or metabolic factors (ie, severe SMN

protein deficiency in the periphery, mitochondrial dysfunction, or

reduced insulin-like growth factor) in isolation or conjunction with

severe muscle denervation.19

One limitation of this study is that it covers patients with visits

between 2005 and 2009. Changes in SOC20,21 and newly approved

treatments22-27 have occurred since then and may impact the growth

patterns of patients with SMA. Additionally, obtaining accurate body

height/length measurements may be challenging in patients with SMA

due to secondary medical conditions (eg, scoliosis, contractures),

which could lead to an underestimation of height/length, especially in

Types 2/3 SMA. Last, the current data set may not include the most

severe cases of SMA, as these patients may not have enrolled in the

study due to the challenges associated with traveling for study visits

or early demise.
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Abstract

Introduction/Aims: Critical illness myopathy (CIM) and critical illness polyneuropathy

(CIP) are common disorders associated with substantial morbidity. Electrodiagnostic

studies (EDx) are effective in diagnosing CIM/CIP and identifying mimicking condi-

tions. We surveyed intensive care unit (ICU) providers to better understand their

approach to ICU-acquired weakness (ICU-AW) and the perceived utility of EDx.

Methods: This was a single health system, Web-based survey of ICU providers.

Results: Survey responses were received from 52 providers with a response rate of

22.1%. Most providers were somewhat familiar with CIM/CIP and median perceived

prevalence was 30–49%. The majority (92.3%) of providers had no standard evalua-

tion approach for ICU-AW. Electrodiagnostic testing was commonly considered, but

many providers obtained it infrequently in presumed CIM/CIP cases. Elec-

trodiagnostic studies were used to rule out other causes of weakness or to confirm

the diagnosis of CIM/CIP. Many providers ordered EDx within 1 wk of identifying

weakness. Finally, EDx were overshadowed by personal experience as the most help-

ful management tool for ICU-AW.

Abbreviations: APPs, Advanced Practice Providers; CIM, critical illness myopathy; CINM, critical illness neuromyopathy; CIP, critical illness polyneuropathy; EDx, electrodiagnostic studies; EMG,

electromyography; ICU, intensive care unit; ICU-AW, intensive care unit acquired weakness; NCS, nerve conduction studies; UPMC, University of Pittsburgh Medical Center; UPMC-HS,

University of Pittsburgh Medical Center Healthcare System.
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