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Abstract

Introduction/Aims: Fatigue (subjective perception) and fatigability (objective motor

performance worsening) are relevant aspects of disability in individuals with spinal

muscular atrophy (SMA). The effect of nusinersen on fatigability in SMA patients has

been investigated with conflicting results. We aimed to evaluate this in adult

with SMA3.

Methods: We conducted a multicenter retrospective cohort study, including adult

ambulant patients with SMA3, data available on 6-minute walk test (6MWT) and

Hammersmith Functional Motor Scale—Expanded (HFMSE) at baseline and at least at

Abbreviations: 6MWT, six-minute walk test; HFMSE, Hammersmith Functional Rating Scale Expanded; NMJ, neuromuscular junction; RULM, revised upper limb module; SMA, spinal muscular

atrophy; SMN, survival motor neuron.
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6 months of treatment with nusinersen. We investigated fatigability, estimated as

10% or higher decrease in walked distance between the first and sixth minute of the

6MWT, at baseline and over the 14-month follow-up.

Results: Forty-eight patients (56% females) were included. The 6MWT improved

after 6, 10, and 14 months of treatment (p < 0.05). Of the 27 patients who com-

pleted the entire follow-up, 37% improved (6MWT distance increase ≥30 m), 48.2%

remained stable, and 14.8% worsened (6MWT distance decline ≥30 m). Fatigability

was found at baseline in 26/38 (68%) patients and confirmed at subsequent time

points (p < 0.05) without any significant change over the treatment period. There

was no correlation between fatigability and SMN2 copy number, sex, age at disease

onset, age at baseline, nor with 6MWT total distance and baseline HFMSE score.

Discussion: Fatigability was detected at baseline in approximately 2/3 of SMA3

walker patients, without any correlation with clinical features, included motor perfor-

mance. No effect on fatigability was observed during the 14-month treatment period

with nusinersen.

K E YWORD S

6MWT, fatigability, fatigue, nusinersen, SMA

1 | INTRODUCTION

Fatigue, which is the patient's subjective perception of difficulty and

exhaustibility in performing motor tasks, is among the most disabling

symptoms noted by individuals with spinal muscular atrophy (SMA)

with a relevant impact on daily activities, although it is often underes-

timated in clinical practice.1 It is important to evaluate the impact of

SMA therapies on this, and fatigability is the objective parameter to

estimate the worsening of motor performance.2 Fatigue has been tra-

ditionally classified as peripheral or central fatigue, with the former

related to disorders of muscle or neuromuscular junction (NMJ) and

the latter associated with diseases affecting the neuronal drive to the

muscle. In this study, we will always refer to fatigability as the coun-

terpart of peripheral fatigue.3,4

To date, there is no consensus on which outcome measure should

be used to test fatigability in SMA patients. The 6-minute walk test

(6MWT) is among the main outcome measures to test motor perfor-

mance in SMA patients and has been used also to assess fatigability,

most commonly measured as the difference between the distances in

meters walked in the first and sixth minute.5,6

A few studies focused on longitudinal evaluation of fatigability

through the 6MWT in untreated SMA3 patients. Among them, Dun-

away et al. investigated 30 adult and pediatric SMA patients, detect-

ing similar fatigability at baseline and at the end of the follow-up,

although the observation period was limited to 1 month.7 Two studies

with mixed pediatric and adult SMA patients included a 12-month

follow-up period with contrasting results.5,8

Treatment with the antisense oligonucleotide nusinersen signifi-

cantly changed the disease course in infantile and later-onset pediatric

forms of SMA,9,10 leading to drug approval in Europe and the

United States. Thereafter, many observational studies reported some

benefits from nusinersen, mainly on motor function, even in SMA

adult patients.11 In two large cohorts of adult SMA3 patients treated

with nusinersen, 6MWT significantly improved across all the time

points (6, 10, and 14 months) compared to the baseline,12,13 but no

data on fatigability were included.

Among the studies investigating the effect of nusinersen on fati-

gability through the 6MWT performance in adult SMA patients,14

conflicting results have been reported, partially due to the different

methods used to calculate fatigability and different inclusion criteria.

Indeed, Montes et al. showed improvement of fatigability comparing

the distances in meters walked in the sixth and first minute of the

6MWT, while Pechman et al. reported no fatigability either at baseline

or after 38 months of treatment considering the time needed to walk

the first and the last 50 m.14,15

We aimed here to evaluate fatigability through the 6MWT, before

and after treatment with nusinersen in adult SMA3 patients.

2 | METHODS

2.1 | Patients

The patients included in the study are part of a larger cohort of

patients regularly followed through a shared protocol (ID: SMADU;

approved by the Ethics Committee of Fondazione IRCCS Istituto Neu-

rologico ‘Carlo Besta’, coordinating center, on July 10, 2019) in 18 Ital-

ian secondary or tertiary care centers for SMA. Inclusion criteria were:

(1) clinical and molecular diagnosis of SMA3; (2) nusinersen treatment

started in adulthood; (3) ability to walk at least a few steps indepen-

dently or with assistive devices (e.g., cane), but without the assistance

of others for the entire follow-up; and (4) clinical data, including
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6MWT, available at least at baseline (treatment initiation) and at

6 months. All participants provided written informed consent for the

SMADU study, according to the Helsinki declaration.

2.2 | Measures of clinical outcomes

The following assessments were evaluated at baseline (T0) before initiat-

ing nusinersen therapy, and at 6 (T6), 10 (T10), and 14 (T14) months after

starting treatment: 6MWT,5 Hammersmith Functional Motor Scale—

Expanded (HFMSE),16 and the revised upper limb module (RULM).17

We investigated fatigability, estimated as 10% or greater

decrease in walked distance between the first and sixth minute of the

6MWT, as already reported,18 at baseline and over each time point.

Our primary outcome was the evaluation of fatigability at baseline

and its changes over the 14-month treatment period with nusinersen.

We also analyzed the total meters walked during the 6MWT at

each time point, considering a minimum increase of 30 m as clinically

meaningful improvement, a decrease of at least 30 m as meaningful

worsening and stability when the difference ranged between �30

and +30 m.7

Due to the great variability in meters covered at baseline, we ana-

lyzed the 6MWT trend in two subgroups: longer walker and shorter

walker, according to the ability to walk more or less than 300 m at

baseline, respectively.7

2.3 | Statistical analysis

Shapiro–Wilk's test was applied to check for normality. Distributed

Gaussian variables were summarized as mean ± SD. Comparisons

between the two subgroups were estimated with the Student's t-test

for unpaired data or, if appropriate, with the Mann–Whitney test. Fur-

thermore, an analysis of variance for repeated measures and post hoc

analysis were performed to compare data at baseline, and at 6, 10,

and 14 months after therapy. We evaluated the associations between

HFMSE score and total 6MWT scales, at baseline and T6, T10, and

T14, by Spearman's correlation test.

We have defined strong correlations as those with coefficients of

0.70–1.00, moderate correlations as 0.40–0.69, and weak as 0.10–

0.39.19 We considered a p-value <0.05 as statistically significant.

When necessary, p-level was adjusted for multiple comparisons. Sta-

tistical analysis was performed by IBM SPSS® Statistics package for

Mac Os X (IBM, Armonk, NY, USA).

3 | RESULTS

3.1 | 6MWT distance analysis

The characteristics of the subjects included in the study combine the

diagnosis of SMA3 and the categories of motor milestone according

to the World Health Organization (WHO) of “walking with assistance”
or “walking alone”.20

The clinical features and performance of HFMSE, RULM, and

6MWT at baseline are summarized in Table 1. Thirteen (27.0%)

patients had a treatment period limited to 6 months, 8 (16.7%) to

10 months and 27 (56.3%) to 14 months. None of the patients lost

the walking ability during the follow-up period.

HFMSE score and 6MWT distance were moderately correlated at

baseline (r = 0.66; p = 0.02), T6 (r = 0.63; p = 0.15), T10 (r = 0.65;

p = 0.02) and strongly correlated at T14 (r = 0.79; p = 0.01). No cor-

relation was found between RULM score and 6MWT distance. Com-

pared to baseline, total meters covered at 6MWT significantly

increased at T6 (306.4 ± 140.3 m vs. 321.5.3 ± 134.6 m, p < 0.05),

T10 (315.7 ± 136.5 m, p < 0.05) and T14 (333.9. ± 127.3 m,

p < 0.05), although with different subgroups size (Figure 1).

Data on the improvement, stability, and worsening of 6MWT dis-

tance during the follow-up are summarized in Table 2 and Figure 2A.

At T14, 23 of 27 (85.2%) patients improved or remained stable. No

difference in terms of improvement, stability or worsening at T14 was

found between patients with SMA type 3a (onset before 3 years) and

3b (onset after 3 years) (Figure 2B,C).

TABLE 1 Characteristics of the patient cohort.

Number of patients (% female) 48 (56.3%)

Age at symptom onset (years) 8.6 ± 5.4

SMA type 3a/3b 15/33

Age at baseline (years) 39.7 ± 13.5

SMN2 copy number

3 10

4 28

Unknown 10

HFMSE score at baseline 49 ± 9.7

RULM score at baseline 35.2 ± 3.1

6MWT score at baseline 306.4 ± 140.3

Abbreviations: 6MWT, six-minute walk test; HFMSE, Hammersmith

Functional Rating Scale expanded; RULM, revised upper limb module;

SMA, spinal muscular atrophy; SMN2, survival motor neuron 2.

F IGURE 1 Average of 6MWT at different time points in the
overall cohort.
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TABLE 2 Number (N), percentage (%) of subjects and average differences (Δ) of 6MWT walked between T14, T10, and T6 respectively
with T0.

T0–T14 T0–T10 T0–T6

N % Δ N % Δ N % Δ

Improved 10 37 +75.9 ± 40.9 13 37.1 +55.8 ± 19.0 14 29.2 +56.5 ± 34.9

Stable 13 48.2 +7.7 ± 12.1 18 51.4 + 7.1 ± 13.1 29 60.4 +6.0 ± 11.4

Worsened 4 14.8 �47.5 ± 18.4 4 11.4 �40.7 ± 11.6 5 10.4 �48.0 ± 26.1

F IGURE 2 Change in performance on
6MWT over time. (A) All SMA patients;
(B) patients with SMA type 3a; and
(C) patients with SMA type 3b.

GOVONI ET AL. 819
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No significant change of 6MWT distance between the baseline

and the different time points was observed between longer and

shorter walkers (Table 3).

In the Longer-walker subgroup, 17 patients were followed-up for

14 months (Table 3); in this subgroup, the age at the beginning of

nusinersen therapy was significantly inversely correlated with the clin-

ically meaningful improvement after 14 months of treatment

(p = 0.016), whereas no significant correlation was found with the

age at presentation. The 13 of 17 patients who remained stable or

experienced improvement at T14, had a mean age at onset of 8.9

± 3.9 years and started therapy at a mean age of 33.2 ± 12.6 years. In

the Shorter-walker subgroup, the 14-month follow-up data were

available only for 10 patients (Table 3); none of them showed 6MWT

worsening. In this small subgroup, no significant correlation was

detected between the 6MWT changes over the follow-up period and

the age at onset or at the beginning of nusinersen.

3.2 | Fatigability analysis

Meters walked per each minute were available in 38 (79.2%) patients

(respectively 38 patients at T0 and T6, 28 at T10, and 23 at T14). The

difference of meters walked at minutes 1 and 6 by 6MWT showed a

statistically significant decline suggestive of fatigability both at base-

line and at all times thereafter (p < 0.05) according to the definition of

fatigability in adult and pediatric patients.15,18 The average fatigability

calculated at different time points is summarized in Table 4. In all

SMA groups, fatigability did not significantly change across the differ-

ent time points (p = 0.8). No significant difference in terms of fatiga-

bility at baseline was found between patients carrying 3 (n = 5/10) or

4 (n = 14/28) SMN2 copies.

Patients presenting with fatigability at baseline were the majority

of the sample (n = 26/38–68%), among which 20 were SMA type 3b

and 6 SMA type 3a; 14 of them carried 4 SMN2 copies, and 5 patients

had 3 copies. Half of these patients were females (13/26) and the

mean age at onset was 9.4 ± 5.0 years. The remaining 12 patients,

who did not show fatigability during the 6MWT at baseline, were

mostly women (8 vs. 4), although no significant effect of sex was

found; among them, 75% were SMA type 3b (9/12), nine with four

SMN2 copies and three with unknown SMN2 copy number; the mean

age at disease onset was 8.8 ± 5.4 years. In the cohort, there was no

correlation between the fatigability at baseline and the probability of

reaching clinically meaningful improvement during follow-up

(p = 0.7). By Spearman's correlation test, there was no correlation

between fatigability and age at disease onset (r = 0.33, p = 0.12), age

at baseline (r = 0.01, p = 0.99), HFMSE values (r = 0.34, p = 0.28), or

6MWT distance (r = 0.38, p = 0.05) at baseline.

4 | DISCUSSION

In our study, SMA3 walker patients demonstrated fatigability at base-

line, but we did not find a significant change in fatigability during the

treatment period with nusinersen. This may be explained by lack of

effect of nusinersen on fatigability in SMA or may be related to other

factors such as motor compensatory mechanisms or energy-

conserving strategies during ambulation.

Earlier disease onset as in SMA3a has been associated with greater

fatigability18; in our study, we did not find a statistically significant dif-

ference of fatigability between SMA 3a and SMA 3b. No significant

association was found between fatigability rate and SMN2 copy num-

ber, gender, age, and motor function at baseline. Hence, to date, factors

predicting fatigability in SMA3 walker patients still need to be clarified.

Unfortunately, the few studies focusing on fatigability available in

literature include different methods and tools and there is currently

TABLE 3 Characteristics of longer and shorter walkers groups.

Longer walkers Shorter walkers

No. of patients 28 20

Type 3a/3b 5/23 10/10

Age at baseline (years) 34.4 ± 12.7 36.0 ± 12.1

Age at symptoms onset (years) 10.0 ± 5.0 6.1 ± 5.3

Improved at T14 N = 5

Δ 53.4 ± 25.4a
N = 5

Δ 98.4 ± 43.0a

Stable at T14 N = 8

Δ 14.6 ± 8.4a
N = 5

Δ 3.5 ± 8.1a

Worsened at T14 N = 4

Δ 47.5 ± 18.4a
N = 0

Note: In the last three rows: number of subjects (N) and average

differences (Δ) of 6MWT walked between T14 with T0 in the two

sub-groups.
aNot statistically significant.

TABLE 4 Distance walked in 1 min and fatigability at different time points.

No. of patients
Distance walked
in minute 1 (m)

Distance walked
in minute 6 (m)

Fatigability (%)

All patients SMA 3a patients SMA 3b patients

T0 38 62.8 ± 20.2 53.5 ± 22.3 17.3 26.8 14.3

T6 38 65.5 ± 18.6 57.7 ± 21.1 16.5 17.9 12.6

T10 28 64.5 ± 19.1 54.4 ± 23.0 17.9 29.9 15.9

T14 23 65.6 ± 17.7 56.1 ± 21.9 18.6 25.7 15.0

p 0.7 0.6 0.8 / /

820 GOVONI ET AL.
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no international consensus on the methodology to assess fatigability

in adult and pediatric SMA patients.

Contrary to other reports,7,8,15 we did not find any correlation

between the 6MWT total distance at baseline and fatigability; this dis-

crepancy may be explained by the different age ranges of the study

populations, the different cohort sizes, and the different methods

used to evaluate the fatigability.

Recently, Pechman et al. reported a study on a large cohort of

adult SMA3 patients and did not show any fatigability at baseline or

during the treatment period.14 Conversely, fatigability at baseline was

found in approximately two-thirds of the patients in our cohort, simi-

lar to other studies4,18 suggesting that fatigability assessed through

6MWT represents a frequent feature of SMA3 walker patients. Again,

contrasting results are probably related to different baseline features

and different methods of defining fatigability by the 6MWT.14

Data from literature and our study still fail to define whether nusi-

nersen may be effective in reducing fatigability in walker SMA

patients. Persistence of fatigability in our SMA patients treated with

nusinersen is probably related to multiple factors affecting the NMJ

function and involving other pathological mechanisms, such as muscle

fiber metabolism and mitochondrial function.

NMJ impairment was observed in an SMA mouse model21 and

reported in a relevant proportion of SMA3 patients performing the

6MWT and undergoing repetitive nerve stimulation, further suggest-

ing a crucial role of fatigability in SMA patients.17 To this purpose,

symptomatic drugs targeting the NMJ have been recently tested in

pharmacological clinical trials, with little or no beneficial effect.22–24

However, these few trials present some limitations in the form of

small sample sizes, the use of outcome measures not specific for fati-

gability, short observation periods, and the inclusion of patients with

heterogeneous phenotypes in terms of motor function. Data on large

cohort of patients, with stratification according to disease severity,

would be helpful to verify the efficacy of these symptomatic treat-

ments as add-on therapies in association with disease-modifying

drugs.

Our data showed an improvement of 6MWT in 37% of patients

after 14 months of treatment in agreement with previous studies.13,25

In addition, about half of the patients showed stable performance on

the 6MWT. The improvement we observed may be an effect of the

drug considering the natural history of SMA, according to which a

worsening of 7.8 m per year is expected.26 This further supports

a potential effect of nusinersen in walker patients.

Notably, the increase in 6WMT distance during the treatment

period (Figure 1), as already reported,12,13 suggested that the whole

distance covered in 6MWT is not generally related to fatigability, but

to global motor function.18

This study has some limitations, including the relatively short

follow-up period and the decreasing number of patients with available

fatigability data over time.

These limitations are related to the retrospective nature of the

protocol and warrant further studies in adult SMA patients to better

investigate the presence of fatigability, its predictive factors, progres-

sion, and response to treatments. Moreover, our study focused on the

analysis of fatigability as a correlate of peripheral fatigue; in this

regard, further analysis, such as interpolated twitch technique studies,

will be necessary in order to investigate the presence of central

fatigue and its variations in response to new therapies in SMA

patients.27,28
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