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Abstract

Objectives We conducted a systematic analysis of studies on neuromuscular diseases registered on ClinicalTrials.gov over
the last 20 years to assess disparities in study populations.

Methods Data from interventional and observational neuromuscular disease studies initiated between January 1, 2004, and
December 31, 2024, were retrieved from ClinicalTrials.gov and PubMed/MEDLINE. Collected variables included participant
race, ethnicity, sex, eligible age range, mean and median ages, as well as study funding source, start year, and phase. These
variables were analyzed to evaluate disparities in race, ethnicity, and age across studies and over time.

Results A total of 2166 studies were screened, with 462 meeting inclusion criteria, encompassing data from 37,131 par-
ticipants. Most participants were male (61.4%), White (83.5%), and non-Hispanic/Latino (87.6%). While the proportion
of studies reporting race and ethnicity increased over time (p <0.001 and p=0.001, respectively), the racial and ethnic
composition of participants remained unchanged (p = 1). Studies on X-linked recessive disorders (i.e., Duchenne muscular
dystrophy (DMD), Becker muscular dystrophy, and spinal and bulbar muscular atrophy (SMA)) predominantly excluded
female participants. Regarding age accessibility, 37.9% of studies allowed children. Similarly, trial accessibility for older
adults was limited. Even in studies with broader age eligibility, mean and median participant ages clustered around midlife,
with underrepresentation at both age extremes. Notably, about half of DMD and SMA studies excluded participants over
16 and 18 years, respectively.

Conclusion Significant disparities persist in race, ethnicity, and age representation in neuromuscular disease clinical research,
highlighting the need for more inclusive study designs.
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Introduction

Equitable access to clinical research is a critical impera-
tive [1], yet underrepresentation of non-white and non-male
individuals remains a widespread issue, leading to a sig-
nificant lack of diversity in clinical trials [2—4]. Similarly,
Lorenzo Fontanelli and Gabriele Vadi contributed equally to this individuals at both age extremes—children, adolescents and
work. older adults—are frequently overlooked [5, 6] despite their
unique physiologic responses to treatments. In fact, dispari-
ties in race, ethnicity, sex and age among participants of
clinical studies may impair generalizability of findings [3,
Health Science Interdisciplinary Center, Sant’Anna School 7], reflect inequalities in accessing to therapeutic options,
of Advanced Studies, Piazza Martiri Della Liberta 33, undermine trust in medical research, and perpetuate unfair-
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ness for marginalized groups [8]. Different strategies have
been employed over time to evaluate minorities exclusion
in clinical trials. In 1993, the guideline from the Interna-
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for Pharmaceuticals for Human Use [9], later adopted by
the European Medicines Agency and the US Food and
Drug Administration, stated that, as a general principle,
drugs should be studied in all age groups for which they
have significant utility. In 2001, the National Institute of
Health (NIH) published the Policy and Guidelines on “The
Inclusion of Women and Minorities as Subjects in Clinical
Research” with the primary goal to ensure generalizability
to the whole population [10]. In 2017, those guidelines were
strengthened to require that investigators ensure valid analy-
ses by sex/gender and race/ethnicity during the evaluation of
clinical trial results [11]. Since 2020, all projects sponsored
by the European Commission must account for sex and gen-
der in both the design and analysis stages [12]. Regarding
race and ethnicity, the Office of Management and Budget
(OBM) Directive 15 has guided reporting standards for
nearly half a century. Since its 1997 revision, the minimum
categories for data on race were “American Indian or Alaska
Native”, “Asian”, “Black or African American”, “Native
Hawaiian or Other Pacific Islander” and “White”’; analo-
gously, categories for ethnicity were “Hispanic or Latino”
and “Not Hispanic or Latino”. Indeed, race and ethnicity
are inherently complex constructs [7] that evolve over time,
making standardization a challenging task. In an effort to
account for the demographic complexities, the recent revi-
sion of the directive in March 2024 combines previously
separate questions on ethnicity and race into a single, con-
solidated question, allowing respondents to select one or
multiple categories [13].

However, despite growing attention to diversity in clinical
research, the awareness of inequalities extent in neuromus-
cular diseases studies lags behind other areas of neurology
[14]. As such, enhancing the recognition and understand-
ing of disparities in neuromuscular research appears to be
an essential step to improve quality of care for vulnerable
populations [14]. In this study, we conducted a systematic
analysis of clinical studies on neuromuscular diseases reg-
istered on ClinicalTtrials.gov over the last 20 years to assess
the representation of race, ethnicity, sex and age.

Methods

We searched the ClinicalTrials.gov database for studies
started between January 1, 2004, and December 31, 2024,
to retrieve clinical studies related to motor neuron, periph-
eral nerve, neuromuscular junction, and muscle disorders
(detailed research methodology can be found in the Sup-
plementary Materials). The authors independently assessed
the relevance of the retrieved articles and, in cases of doubt,
discussed individual instances to reach a consensus. Data
concerning sex, race, ethnicity, ages eligible for study, mean
and median age of participants included, year of study start,

@ Springer

type of study (i.e., interventional or observational), phase
and funding source were collected. All studies that had not
reported results were searched by their NCT numbers in
PubMed using a script in R. Data reflects all records avail-
able on ClinicalTrials.gov and PubMed/MEDLINE as of
December 31 st, 2024. We considered race and/or ethnicity
as “reported” for a specific study if the sum of all reported
single race and/or ethnicity categories equalled the num-
ber of study participants. According to the recently updated
OMB Directive 15 [13], we also considered race and ethnic-
ity as “reported” if race or ethnicity labels were presented
in a single mixed list, provided that the sum of individual
items equalled or exceeded the number of participants. We
labeled race and/or ethnicity as “reported as not standard”
if the study provided race or ethnicity information 1) using
terms not included in OMB Directive 15 and its amendments
2) only for a subset of participants (e.g., race or ethnicity was
reported only for the majority group). Finally, we labeled
race and/or ethnicity as “not reported” if they were not men-
tioned in the study. For the purposes of statistical analysis,
we excluded studies reporting not standard race and/or eth-
nicities; when assessing the number of patients in each race/
ethnicity category, we also excluded studies that, although
compliant with the new OMB Directive 15, reported mixed
race and ethnicity data given their low number in the whole
set and the inconsistency with the majority of studies.

Standard protocol approvals, registrations,
and patient consents

This study was conducted using publicly available data and
did not involve human participants; as such, ethical approval,
patient consent, and institutional review board IRB approval
were not required.

Data availability

Data from ClinicalTrials.gov and PubMed are publicly avail-
able. The database used for the analyses obtained from the
retrieved studies has been deposited to https://doi.org/10.
5281/zenodo.15110063.

Statistical analysis

Categorical data are presented as absolute counts and rela-
tive frequencies, while quantitative data as median and
range. Categorical variables were compared using the
Chi-square test, with post hoc analysis based on residuals
performed when significant. Fisher’s exact test was used to
assess whether the distribution of race and ethnicity pro-
portions across years differed significantly. Due to the large
contingency table, p values were estimated using a Monte
Carlo simulation with 1,000,000 iterations to ensure accurate
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approximation of the exact p value. Qualitative and quanti-
tative data were compared using Mann—Whitney test, with
Cliff's delta calculated to measure effect size. Kendall’s Tau
correlation was used to assess the strength and direction of
the association between the proportion of study reporting
race/ethnicity and the study start year. To assess the simi-
larity of racial composition across included studies, we per-
formed a multivariate dispersion analysis using the PER-
MDISP method implemented in the R package vegan [15].
Racial proportion data for each study were first normalized
so that each row summed to one. Using Bray—Curtis dissimi-
larity, pairwise distances between studies were computed
based on their racial distribution profiles. We then quantified
the average distance of each study to the group centroid, pro-
viding a measure of variability in racial composition across
studies. Change point analysis was performed using the
changepoint package in R [16] to detect structural breaks in
the time series data. The Pruned Exact Linear Time method
was applied to identify significant change points, optimizing
the penalty using a modified Bayesian information criterion
(MBIC). Statistical analyses were performed using R version
4.4.1 (R Core Team, 2024). A significance level of 0.05 was
used to determine statistical significance.

NCTs retrieved from
ClinicalTrials.gov search
(N=2166)

Results

Two thousand one hundred sixty-six studies were screened
for eligibility. After assessing their relevance, 462 studies
were included in the analysis (Fig. 1), encompassing data
from 37,131 patients. Table 1 shows detailed characteristics
of the retrieved studies.

Race was reported in 246 (53.2%) studies covering a total
of 20,852 (51.1%) patients. In particular, race was reported
using non-standard terminology and in a mixed list with eth-
nicity in 18 (3.9%) and 6 (1.3%) studies, respectively. Since
their data were not comparable, these studies were excluded
from the analyses of race composition. Of the remaining 222
studies, encompassing 17,841 patients, 39 (0.2%) patients
were American Indian or Alaska Native, 1507 (8.4%) were
Asian, 385 (2.2%) were Black, 29 (0.2%) were Native
Hawaiian or other pacific islander (0.2%), 14,905 (83.5%)
were White; 116 (0.7%) patients were listed as more than
one race and 862 (4.8%) as unknown/not reported. Regard-
ing ethnicity, 153 (33.0%) studies reported data for a total
of 12,144 (32.7%) patients. In detail, ethnicity was reported
using non-standard terminology and in a mixed list with race
in 11 (2.4%) and 5 (1.1%) studies respectively, which were
excluded from the analyses regarding ethnicity composition

NCTs not relevant (N=474),

NCTs deemed relevant
(N=1692)

mixed cohorts (N=24),
others* (N=2)

NCTs without results on
ClinicalTrials.gov (N=1354)

NCTs without results

on PubMed (N=1204)

NCTs with results on
ClinicalTrials.gov (N=338)

NCTs with results on
PubMed (N=124)

TOTAL INCLUDED=462

TOTAL EXCLUDED=1704

Fig. 1 Studies selection chart. *Studies enrolling patients already included in previously analyzed studies. Further details on the research meth-

odology are available in the Supplementary Materials
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Table 1 Characteristics of the included studies

SBMA SMA GBS CIDP CMT LEMS MG BMD DMD FSHD DM1 DM+PM IBM GSDI

ALS
Total* 150 2 48 7 17 9
Interventional 142 2 43 5 15 7
Phase 1 15 0 7 0 0 0
Phase 11 53 2 12 4 5 5
Phase 111 18 0 9 1 9 1
Phase IV 2 0 1 0 0 0
More than one phase 21 0 7 0 0 1
NA 33 0 7 0 1 0
Observational 8 0 5 2 2 2
Funding
Private 55 1 32 1 7 4
Public 95 1 16 6 10 5
Reporting race
Yes 66 0 24 1 8 2
No 75 2 24 6 8 7
Non standard 8 0 0 0 1 0
Mixed 0 0 0 0 0
Reporting ethnicity
Yes 50 0 20 3 5 3
No 94 2 28 6 11 6
Non standard 5 0 0 0 1 0
Mixed 0 0 0 0 0

S O = W _ W O OO O O NN A~ B

oS O = W

42 4 89 16 9 30 8 29
37 2 85 13 9 28 8 25
1 0 7 1 1 2 0 1
15 2 34 4 2 14 2 4
20 0 16 0 0 5 2 4
0 0 1 0 0 2 0 11
0 1 15 4 4 2 4 5
1 0 12 4 2 3 0 0
5 2 4 3 0 2 0 4
32 0 59 12 22
10 30 8 18 7
26 1 46 6 4 15 2 19
10 3 38 9 5 14 6 8
4 0 4 1 0 1 0 0
2 0 0 0 0 0 2
15 1 25 3 2 4 0 6
21 3 62 13 7 26 8 22
4 0 1 0 0 0 0 0
2 0 1 0 0 0 0 1

“Two studies included mixed cohorts, which were separately analyzed and reported in the table

ALS Amyotrophic Lateral Sclerosis, BMD Becker Muscular Dystrophy, CMT Charcot-Marie-Tooth Disease, CIDP Chronic Inflammatory Demy-
elinating Polyneuropathy, DM and PM Dermatomyositis and Polymyositis, DMD Duchenne Muscular Dystrophy (DMD), FSHD Facioscapulo-
humeral Muscular Dystrophy (FSHD), GSDII Glycogen Storage Disease Type 1I, GBS Guillain—Barré Syndrome, /BM Inclusion Body Myositis,
LEMS Lambert—-Eaton Myasthenic Syndrome, MG Myasthenia Gravis, DM1 Myotonic Dystrophy Type 1, SBMA Spinal and Bulbar Muscular

Atrophy, SMA Spinal Muscular Atrophy

thereafter. Of the remaining 137 studies, encompassing
10,380 patients, 815 (7.9%) were Hispanic or Latino, 9088
(87.6%) were not Hispanic or Latino, and 477 (4.6%) were
listed as unknown/not reported. Race and ethnicity distri-
butions per disease are shown in Fig. 2. Extended data can
be consulted in Table S1. White race was the most repre-
sented across all diseases, except in Guillain—Barré syn-
drome (GBS), where only two studies on Asian patients
reported race. Multivariate dispersion analysis revealed a
median Bray—Curtis distance to the centroid of 0.08 (range:
0.02-0.96), indicating that most studies exhibited relatively
similar racial compositions, while a small subset showed
substantially greater distances, reflecting more distinct pro-
files. The most dissimilar studies corresponded to ten trials
that enrolled only Asian participants. Regarding ethnicity,
the median Bray—Curtis distance to the centroid was also
0.08, with a narrower range (0-0.51), indicating even less
variability in ethnicity composition across the included
studies. Although interventional studies reported race and
ethnicity more frequently than observational studies, the dif-
ferences were not statistically significant (race: 52.7% vs.

@ Springer

35.1%, p=0.06; ethnicity: 34.2% vs. 21.1%, p=0.144). We
did not find any difference in race or ethnicity reporting rates
across interventional studies of different phases (p=0.139
and p=0.492, respectively). Industry-sponsored studies
reported race and ethnicity more often than publicly funded
ones (race: 67.1% vs. 33.2%, p <0.001; ethnicity: 39.1%
vs. 23.1%, p<0.001). We observed a significant increase in
the proportion of studies reporting race and ethnicity over
time (p <0.001, and p=0.001, respectively) (Figure S1 and
Figure S2). Regarding race, change point analysis identified
two significant breaks in 2014 and 2016 (median propor-
tion of studies reporting race between 2004 and 2014: 0.27
(0.1-0.53); mean proportion between 2015 and 2016: 0.61
(0.55-0.67); mean proportion after 2016: 0.69 (0.67-0.78)).
To further verify the significance of this change, we con-
firm a significant and large increase of reported race in stud-
ies after 2014 compared to the 10 years before (p <0.001,
Clift’s delta=1). Regarding ethnicity, change point analysis
identified three significant breaks in 2014, 2019 and 2021
[median proportion of studies reporting ethnicity between
2004 and 2014: 0.2 (0-0.34), median proportion of studies
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Fig.2 Race and ethnicity distribution across studies in neuromuscu-
lar diseases. Dots size reflects the number of patients of a given race
and ethnicity for each neuromuscular disease. a Race was unknown
for a considerable portion of patients (41.2% of enrolled participants).
White patients represented the majority of those with reported race.
Asian was the second most frequent race. Among GBS studies, only
one study out of seven reported participants’ race, with all individuals
being Asian. We could not be able to retrieve race information for the
participant of the other studies, so this percentage is likely not repre-
sentative and should be interpreted with caution. American Indian or
Alaska Native, Black, and Native Hawaiian or other pacific islander
represented only a small fraction of total participants. b Ethnicity was

between 2015 and 2019: 0.41 (0.37-0.52), median propor-
tion of studies between 2020 and 2022: 0.39% (0.33-0.52)].
Post-hoc analysis confirmed a significant large increase in
studies reporting ethnicity during the 5-year period from
2015 to 2019 compared to the period 2004-2014 (»p =0.002,
Cliff’s delta=1). No difference was found between the pro-
portion of studies reporting ethnicity between the period
2015-2019 and 2020-2022 (p =0.571). However, year did
not significantly influence the racial and ethnicity propor-
tions over time (p=1 and p=1) (Table S2). We found a
significant difference in race composition among industry-
funded and publicly funded study (p <0.001). In detail,
industry-funded study had fewer participants with unknown/
not reported race, with an increase in participants from other
racial groups, especially White and Asian (Table S3). Inter-
ventional studies exhibited a similar pattern when compared
to observational studies (Table S4). Regarding ethnicity, no
significant differences were found in Hispanic proportions
among industry and publicly funded studies, and interven-
tional and observational studies (p =0.092 and p=0.912,

onerace hotreported Latino Latino not reported

available for even fewer patients, with not Hispanic or Latino being
the most common across all neuromuscular diseases. ALS Amyo-
trophic Lateral Sclerosis, BMD Becker Muscular Dystrophy, CMT
Charcot-Marie-Tooth Disease, CIDP Chronic Inflammatory Demy-
elinating Polyneuropathy, DM + PM Dermatomyositis and Polymy-
ositis, DMD Duchenne Muscular Dystrophy, DM Myotonic Dystro-
phy Type 1, FSHD Facioscapulohumeral Muscular Dystrophy, GSDII
Glycogen Storage Disease Type II, GBS Guillain—Barré Syndrome,
IBM Inclusion Body Myositis, LEMS Lambert-Eaton Myasthenic
Syndrome, MG Myasthenia Gravis, NHOPI Native Hawaiian or Other
Pacific Islander, SBMA Spinal and Bulbar Muscular Atrophy, SMA
Spinal Muscular Atrophy

respectively). We observed a significant difference in racial
and ethnicity composition across interventional studies of
different phases (p <0.001 and p <0.001). In detail, phase
II studies had an overrepresentation of participant with
unknown/not reported race, and a reduction in the number
of people of Asian race compared to expected values. Phase
III studies had more participants with reported race and
an increase of White and Asian people. Phase IV studies
show an overrepresentation in patients with unknown/not
reported race and an almost symmetrical underrepresenta-
tion of White participants (Table S5). Considering ethnicity,
a greater-than-expected proportion of non-Hispanic/Latino
participants was observed in Phase I and II studies. In con-
trast, Phase III and Phase IV studies had a higher number of
participants with unreported ethnicity and a specular reduc-
tion of non-Hispanic/Latino participants (Table S6).

All studies reported data on sex, except for one observa-
tional study which reported gender only without specifying
sex. Most patients (61.4%) were male, with a predominance
in interventional studies compared to observational ones

@ Springer
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(median of males enrolled in interventional and obser-
vational studies: 60.5% (0-100%) and 51.5% (0-100%),
respectively; p=0.127), and the remaining being females.
No intersex patients were included in the retrieved studies.
No differences over time, nor among industry and publicly
funded, interventional and observational studies, phases
of interventional studies were found in the proportion of
sex enrolled (p=0.414, p=0.883, p=0.128 and p=0.527,
respectively). Regarding recessive X-linked diseases, such
as Duchenne muscular dystrophy (DMD), Becker muscular
dystrophy (BMD), and Spinal and Bulbar Muscular Atrophy
(SBMA), all studies excluded female patients apart from
one clinical trial enrolling DMD female carriers and six
DMD trials that allowed enrollment of both sexes; although
these latter trials permitted the enrollment of both sexes,

SBMA-
BMD-
DMD-
IBM~
ALS-
CIDP-~
FSHDA
GBSH
GSDIIH

no females were ultimately recruited. In clinical trials on
facioscapulohumeral muscular dystrophy (FSHD) and
myasthenia gravis, we found a higher proportion of men
enrolled compared to the to the male-to-female prevalence
ratio reported in the literature. Regarding amyotrophic lat-
eral sclerosis (ALS), chronic inflammatory demyelinating
polyneuropathy (CIDP), glycogen storage disease type II
(GSDII), inflammatory body myositis, dermatomyositis
and polymyositis, the male-to-female ratio aligned with
the values reported in the literature [17-30]. In GBS trials,
while men were more frequently enrolled, their represen-
tation did not reflect the predominance of males reported
in the literature. We observed a higher number of enrolled
females, both in absolute terms and relative to the expected
sex distribution, for Lambert—Eaton myasthenic syndrome

1@
DM1- §F—4
SMA- ——
MG- — @ !
CMT- % Q@ : 1
LEMSH ® ! } <
DM+PM- O :
| 1 1 1 1
100% 75% 50% 75% 100%
Females Males

Fig.3 Sex proportion across trials in neuromuscular diseases. For
each disease, the predominance of male and female participants
across all studies is reported. Equity between males and females
is represented by midline, shift to right indicates more males than
females, while the opposite reflects an abundance of females. Size of
the dots reflects the total number of patients. Red intervals represent
male-to-female prevalence ratios reported in literature for each dis-
ease. Overall, most patients were males. Dystrophinopathies enrolled
almost exclusively males, as well as studies on SBMA. In studies on
FSHD, GSDII and MG, the proportion of men enrolled was higher
than the male-to-female prevalence ratio reported in the literature.
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In LEMS females were overrepresented to their reported prevalence.
ALS Amyotrophic Lateral Sclerosis, BMD Becker Muscular Dystro-
phy, CMT Charcot-Marie-Tooth Disease, CIDP Chronic Inflamma-
tory Demyelinating Polyneuropathy, DM and PM Dermatomyositis
and Polymyositis, DMD Duchenne Muscular Dystrophy (DMD),
FSHD Facioscapulohumeral Muscular Dystrophy, GSDII Glycogen
Storage Disease Type II, GBS Guillain—Barré Syndrome, /BM Inclu-
sion Body Myositis, LEMS Lambert—Eaton Myasthenic Syndrome,
MG Myasthenia Gravis, DM Myotonic Dystrophy Type 1, SBMA
Spinal and Bulbar Muscular Atrophy, SMA Spinal Muscular Atrophy



Journal of Neurology  (2025) 272:483

Page7of12 483

and Charcot-Marie-Tooth disease. Studies on myotonic dys-
trophy type 1 (DM1) and Spinal Muscular Atrophy (SMA)
enrolled roughly the same number of females and males
(Fig. 3).

Regarding the accessibility of clinical trials by age, 175
(37.9%) studies allowed children, though most of these stud-
ies involve DMD and SMA (88 and 44 studies, respectively).
Notably, no studies on DM1 allowed minors to participate
and only one study on CIDP focused on the juvenile form.
Furthermore, only a small proportion of studies on ALS,
FSHD, and BMD allowed participants under 18 years of
age (3.3%, 12.5% and 25%, respectively). Similarly, acces-
sibility for older adults was limited. Of note, about half of
the studies on DMD and SMA excluded people over 16 and
18, respectively. Table 2 shows median lower and upper age
limits across all diseases included in our analysis and Fig. 4
summarizes the age representation across neuromuscular
diseases. In detail.

Table 2 Age eligibility criteria

Disease Lower eligibility age years, Upper eligibility age
median (range) years, median (range)

ALS 18 (0-40) 90 (60-all ages)

SBMA 18 (18-18) All ages

SMA 0.08 (0-18) 18 (0.12-100)

GBS 18 (0-18) All ages

CIDP 18 (5-20) All ages (21—all ages)

CMT 18 (0-18) All ages (25—all ages)

LEMS 18 (18-45) All ages (65—all ages)

MG 18 (0-21) All ages (17-100)

BMD 18 (7-18) 65 (16-70)

DMD 5(0-18) 16 (2—all ages)

FSHD 18 (9-18) 72.5 (25—all ages)

DM1 18 (18-21) 65 (55-80)

DM +PM 18 (0-18) 80 (18-80)

IBM 42.50 (25-50) 92.5 (75—all ages)

GSDII 8 (0-18) All ages (1—all ages)

ALS Amyotrophic Lateral Sclerosis, BMD Becker Muscular Dystro-
phy, CMT Charcot-Marie-Tooth Disease, CIDP Chronic Inflamma-
tory Demyelinating Polyneuropathy, DM and PM Dermatomyositis
and Polymyositis, DMD Duchenne Muscular Dystrophy (DMD),
FSHD Facioscapulohumeral Muscular Dystrophy (FSHD), GSDII
Glycogen Storage Disease Type II, GBS Guillain—-Barré Syndrome,
IBM Inclusion Body Myositis, LEMS Lambert—Eaton Myasthenic
Syndrome, MG Myasthenia Gravis, DM1 Myotonic Dystrophy Type
1, SBMA Spinal and Bulbar Muscular Atrophy, SMA Spinal Muscular
Atrophy

Discussion

The principal aim of scientific research is to establish reli-
able evidence. Yet, when trial samples do not adequately
represent the diversity of the general population there is a
considerable risk that the findings may not be broadly gen-
eralizable. Race and ethnicity, while complex social con-
structs, can affect drug pharmacokinetics and pharmacody-
namics [31]. Similarly, biologic differences between sexes
and across ages shape both pharmacologic responses and
adverse effect profiles. These challenges are particularly
relevant in the context of neuromuscular diseases, which
often exhibit distinct characteristics based on sex and race
[32—-42]. In this work, we analyzed race, ethnicity, sex and
age distribution across 20 years of clinical studies on neuro-
muscular diseases conducting stratified analyses by disease
and study characteristics to avoid limitations associated with
aggregated data.

Our results show that the vast majority of patients across
all retrieved studies on the various diseases were of white
race and non-Hispanic ethnicity, with Asian being the
second most represented race. Studies were quite similar
regarding race and ethnicity composition. Of note, race and
ethnicity data of a high proportion of participants remain not
available. While the percentage of studies reporting race and
ethnicity has substantially increased over time, likely due to
the adoption of NIH guidelines, there have been no meaning-
ful shifts in the demographic composition of clinical trials,
and minorities remain highly underrepresented. Our data
show that racial and ethnic disparities are especially relevant
in this group of diseases; this may be partly explained by the
fact that trials are more frequently conducted in geographic
areas where White and Asian populations are overrepre-
sented. However, even within these regions, individuals from
other racial and ethnic groups may encounter additional sys-
temic barriers—such as limited proficiency in the dominant
language and related communication challenges, along with
logistical obstacles—that impede their access to clinical tri-
als [43, 44]. Indeed, among trial design shortcomings, those
related to racial and ethnic inequities are particularly unac-
ceptable. It is worth noting that interventional, phase III, and
industry-sponsored studies showed significant higher rate of
Asian subjects, compared to observational and public spon-
sored studies, likely due to the enrollment of Asian patients
in clinical trials in the East region of the word. In addi-
tion to the fact that other racial groups remain particularly
underrepresented, the limited diversity of patients enrolled
in Phases I and II may compromise the evidence available
for the authorization of larger Phase III studies. Therefore,
greater inclusivity in the early stages of drug development
is highly desirable.
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Fig.4 Age representation across trials in neuromuscular diseases.
The proportion of studies that allow patients of each age is repre-
sented across various neuromuscular diseases (colored lines). Mean
and median ages of enrolled patients in each analyzed study is repre-
sented in black dots (size of the dots reflects the number of patients).
Most studies neglect patients at age extremes, even for diseases that
affect childhood (e.g., DM1 and GSDII), and measures of central ten-
dency predominantly reflect adult populations. Of note, in SMA and
DMD, measures of central tendency are shifted toward childhood
despite their growing burden in older ages. ALS Amyotrophic Lateral

Regarding sex, when considering the whole studies, the
preponderance of male participants over females is mainly
driven by the higher enrollment of patients in those diseases
that more commonly affect men [17-30] (Fig. 3). The rela-
tive overrepresentation of males compared to the sex ratios
reported in the literature for conditions such as FSHD and
MG might be explained by the potential impact of clini-
cal trial participation on pregnancy and breastfeeding, two
conditions that can limit access to novel treatments [45].
It is worth noting that the majority of studies on reces-
sive X-linked diseases, such as DMD, BMD, and SBMA,
excluded female participants. While it is reasonable that
female patients are not included in the same trials of males
due to the specific pathogenic mechanism of the disease
(viz. including patients harboring a non-mutated allele
could confound the interpretation of treatment effects), is
it advisable that parallel studies are conducted on female
patients. Although the incidence of female DMD is about
1:50,000,000 of newborns—being in fact a rarity among rare
disease—preclusion of female participants in these trials
have broad implications: female DMD and SBMA carriers
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Sclerosis, BMD Becker Muscular Dystrophy, CMT Charcot-Marie-
Tooth Disease, CIDP Chronic Inflammatory Demyelinating Poly-
neuropathy, DM and PM Dermatomyositis and Polymyositis, DMD
Duchenne Muscular Dystrophy (DMD), FSHD Facioscapulohumeral
Muscular Dystrophy (FSHD), GSDII Glycogen Storage Disease
Type II, GBS Guillain—Barré Syndrome, /BM Inclusion Body Myosi-
tis, LEMS Lambert—Eaton Myasthenic Syndrome, MG Myasthenia
Gravis, DM1 Myotonic Dystrophy Type 1, SBMA Spinal and Bulbar
Muscular Atrophy, SMA Spinal Muscular Atrophy

often exhibit symptoms ranging from mild to severe, includ-
ing muscle weakness, cardiomyopathy, and other systemic
manifestations [46, 47]; excluding these individuals not
only limits our understanding of disease progression and
therapeutic responses in female sex but also overlooks their
unique healthcare needs.

Concerning age, with the exception of studies on DMD
and SMA, most research excludes children and adolescents
from participation. This is especially critical for neuromus-
cular diseases that affect childhood, such as DM1, juvenile
ALS and CMT. On the other hand, exclusion of older people
is also a significant issue, as many studies fail to include the
elderly, limiting treatment options and insights into the dis-
ease's progression in this age group. Over the last decades,
advances in care have significantly increased life expectancy
in DMD, and many patients now reach adult age. However,
patients of these ages are excluded from nearly half of the
relevant trials [48, 49]. Moreover, even though a part of the
studies have a broader range of age inclusivity, the major-
ity of mean and median ages of the enrolled patients fall
within central ages with exclusion of the extremities. Such
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inequities may result in a significant lack of evidence con-
cerning therapeutic opportunities: for example, as most stud-
ies in patients with SMA are conducted in infants and chil-
dren—often using improvements in ambulation parameters
or the attainment of specific motor milestones as primary
outcomes—caution is warranted when generalizing these
findings to individuals across all age groups [50]. Indeed,
many adult patients may have lost the ability to ambulate
and there is a clear need for clinical trials tailored to this
population, using outcome measures and functional scales
appropriate for their age group.

When designing a clinical trial, multiple factors must
be considered, and the careful identification of the study
population is of paramount importance. The importance of
improving diversity in clinical trials not only arises because
pharmacologic responses, side effect profiles, and therapeu-
tic efficacy can differ across populations [2, 31]—but also
from the need to promote fairness for marginalized groups
and to build trust in the medical system [8]. Designing trials
that allow for subgroup analyses requires increasing the sam-
ple size, which in turn raises costs and logistical complexity
[8]. While increasing participant diversity within individual
trials poses logistical challenges, both NIH and European
Commission guidelines mandate the performance of sub-
group analyses [11, 12]. Even when such analyses may be
underpowered due to small subgroup sizes, systematically
recording race and ethnicity and maximizing participant rep-
resentativeness enables the possibility of conducting tailored
meta-analyses across studies for different racial and ethnic
groups. Such analyses are essential to assess the consistency
of treatment effects across populations, identify potential
disparities in efficacy or safety, and guide more equitable and
evidence-based clinical decision-making. There is therefore
a need to adopt approaches that generate broadly applicable
evidence while minimizing the risk of underrepresentation.
Table 3 summarizes possible strategies to overcome dispari-
ties in neuromuscular clinical trials and desirable results.

This study has several limitations. First, data from a con-
siderable number of NCTs lacking results on ClinicalTrials.
gov could not be retrieved even from the search on PubMed,
which limited the total number of patients we could analyze.
However, although only about 20% of studies reported data
suitable for inclusion in this work, the relatively low medi-
ans of multivariate dispersion for both race and ethnicity in
the available studies support the assumption that participant
composition was generally consistent across the included
studies, and that those lacking data are unlikely to differ
substantially. Second, while comparing race and ethnicity
distributions of clinical trials with real-world patient data
would have provided an additional measure of equity, such
values were not available. Finally, categorical data on age
distribution within each trial (e.g., the number of patients per
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decade of age) were not consistently reported and, therefore,
could not be included in the analyses.

Conclusion

In conclusion, this study highlights a relevant burden of dis-
parities concerning race, ethnicity, sex and age inclusion
among clinical trials in neuromuscular research. Although
males constituted the majority of patients, their represen-
tation in studies reflected the proportions reported in the
literature for most of the diseases. However, female patients
and carriers of X-linked recessive diseases tended to be over-
looked. While there is an increasing awareness within the
scientific community regarding the need for equitable and
inclusive research, substantial progress is still required. This
includes both the measurement of disparities in neurologic
subspecialties where such assessments are still lacking and
the implementation of efforts to enhance real-world repre-
sentativeness in those areas where disparities have already
been identified.
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