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ABSTRACT: Friedreich’s ataxia (FA) is a rare neurode-
generative disease with multisystemic symptoms that
requires multidisciplinary care. This systematic review sum-
marizes available pharmacological and nonpharmacological
interventions, their outcomes, and alignment with patient-
centered care domains, as well as their impact on these
domains. The publication search was conducted in three
databases (PubMed, Embase, Cochrane Library) from
2010 to 2025 for human studies. Studies were included
if they met predefined eligibility criteria (FA population/
pharmacological or nonpharmacological interventions/use
of comparator/any outcomes, especially patient reported).
All study designs were included. Risk of bias assessment
was performed by two reviewers using Cochrane RoB-2 for
randomized controlled trials and JBI Critical Appraisal Tools
for case reports, case series, and quasi-experimental stud-
ies. Results were synthesized narratively. Ninety studies
(69 FA only, 21 mixed ataxia) were included. FA-only stud-
ies included randomized controlled trials (32%), quasi-
experimental studies (35%), and case reports (33%), mostly
with small samples (<100) and low-to-moderate bias.
Pharmacological interventions (66.7%), mainly disease
-

~

modifying (93.5%), were more common than non-
pharmacological interventions, with the most effective
interventions being omaveloxolone (pharmacological),
as well as rehabilitation and heart interventions
(nonpharmacological). Pharmacological studies often
showed biological improvements without clear clinical
benefit, whereas nonpharmacological therapies yielded
more consistent patient-relevant gains, although evi-
dence was limited. Physical health was the most fre-
quently addressed domain (42.3%), whereas mental
health and caregiver aspects were rarely studied (1.8%
and 1.4%). No study investigated caregiver burden or
economic outcomes. More holistic studies are needed,
integrating patient- and caregiver-reported outcomes
and combining multiple treatment approaches in larger
cohorts. © 2026 The Author(s). Movement Disorders
published by Wiley Periodicals LLC on behalf of Inter-
national Parkinson and Movement Disorder Society.
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Friedreich’s ataxia (FA) is a rare neurodegenerative
genetic disorder with a prevalence between 1:200,000
and 1:750,000 in Europe'; it is the most common autoso-
mal recessive ataxia, most frequently caused by a GAA
trinucleotide repeat expansion in the frataxin (FXN) gene.
The expanded GAA ultimately leads to decreased frataxin
protein levels, and thus to iron accumulation in mitochon-
dria, increased oxidative stress, and cell degeneration.”>
Depending on the length of GAA1 repetitions, the disease
onset can occur either earlier in childhood (longer expan-
sion) or later in adolescence (shorter expansion).* The age
at onset is also inversely correlated with disease severity,
where faster progression and earlier loss of ambulation
are observed in patients with early onset.*®

FA is a multisystemic, progressive disease with neuro-
logical core symptoms, including ataxia, dysarthria,
sensory loss, muscle weakness, and spasticity, as well as
nonneurological symptoms such as cardiomyopathy,
diabetes mellitus, scoliosis, and pes cavus.>”'! Mental
disorders and decline in cognitive functions also occur
in the course of the disease.'*'* Caregivers of patients
with FA also report worries and uncertainty about their
loved ones, as well as managing their care, representing
a substantial caregiver burden.'® All mentioned symp-
toms, burdens, and challenges notably influence
patients’ and caregivers’ quality of life.'>>'®

FA requires complex treatment, care, and support.
Therefore, several pharmacological and non-
pharmacological approaches exist,”'” with a pri-
mary focus on physical health and clinical outcomes.
Since 2024, omaveloxolone has been approved in
both the United States and the European Union as
the first disease-modifying treatment for FA,'®:'?
representing an important milestone.?*!

Due to the variety of symptoms and available inter-
ventions, a summary of all available evidence about
existing interventions in FA would help identify
the possible range of treatment options. Despite this,
little is known about how the interventions affected
various health domains, including physical, mental,
and psychosocial health, which is summarized as
health-related quality of life. Therefore, it is essential
to comprehensively capture all existing evidence on
interventional approaches in FA to identify key inter-
vention categories and evaluate their impact on
patient- and caregiver-related outcomes. However, so
far, no systematic review has synthesized the currently
available interventions.

Consequently, this study aims to systematically
review all available evidence on pharmacological and
nonpharmacological interventions implemented in FA,
with the objectives of (1) identifying key intervention
categories employed in FA, (2) assessing their alignment
with core patient and caregiver outcome domains, and
(3) evaluating the intervention impact on these out-
comes. Understanding these effects is crucial for

INTERVENTIONS IN

FRIEDREICH’S ATAXIA

developing holistic, patient- and caregiver-centered
treatment and care strategies in FA.

Methods

This systematic review was performed in accordance
with the Cochrane Handbook for Systematic Reviews
of Interventions.”> The PRISMA 2020 checklist was
submitted for editorial review.*?

Protocol and Registration

The protocol for this review was registered in PROS-
PERO (ID No. CRD420251075597). All predefined
steps were followed throughout the whole process to
ensure transparency and quality of this review.**

Deviations from the Protocol

After registration, two methodological modifications
were implemented: the risk of bias tool was changed to
better match the study designs, and the planned cer-
tainty assessment was not conducted because of sub-
stantial heterogeneity of the evidence. All deviations
were documented to maintain transparency.

Study Eligibility Criteria
Study eligibility criteria were determined based on the
PICOS (Population, Intervention, Comparison, Outcome,
Study design) approach for systematic reviews.>* Inclusion
and exclusion criteria are presented in Table S1.

Information Sources and Search Strategy

Three databases were searched: PubMed, Embase,
and Cochrane Library (CENTRAL). The pilot search
was conducted before the study protocol registration.
The search included publications released since 2010,
with no language limitation applied, as long as an
English abstract was available. Texts from foreign lan-
guages were translated into English. Animal, cell, or in
silico studies were excluded.

The search strategy was based on the two dimensions:
(1) “Friedreich ataxia” and (2) “interventions.” The key
words used in the first dimension included “Friedreich
ataxia” (MeSH), “cerebellar ataxia,” “hereditary ataxia,”
and “progressive ataxia.” Because FA is a rare disease, the
search also included other ataxias because studies often
group several ataxia types together. In the second
dimension, key words encompassed a variety of inter-
ventions that included both pharmacological and
nonpharmacological aspects, such as “intervention,”
“rehabilitation” [MeSH], “treatment” [MeSH],
“training,” “exercise,” and “therapy.”

The search excluded reviews to limit the options for
manual screening. Potential eligible publications identified
in previous reviews, but not captured by the search
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strategy, were manually added. In addition, gray literature
was searched through Google Scholar. The searching was
finalized on June 3, 2025, for databases and on June
18, 2025, for manual search. The exact search strategy
can be found in Table S2.

Study Selection

Publications from the databases search, manual sea-
rch, and previous reviews were then added to the online
tool Rayyan. Duplicates were removed, and both initial
(Title/Abstract) and full-text screenings were per-
formed?® by two reviewers (D.S. and M.B.) against the
predefined inclusion and exclusion criteria. Discrepan-
cies were discussed and solved involving the third
reviewer (B.M.).

Data Extraction

From the included publications, we extracted data for
(1) study identification (author, year of publication,
country), (2) characteristics (design), (3) population
(sample size, age, FA characteristics), (4) intervention
(type, dose, administration, duration), and (5) outcomes
(types, domains, categories, outcome measure, result,
observation period).

Risk of Bias Assessment

On the basis of the designs of the included studies, we
used the Cochrane RoB-2 for randomized controlled trials
(RCTs),*® the JBI Critical Appraisal Tool for quasi-
experimental studies,”” and the JBI Critical Appraisal Tool
for case reports and case series>® for risk of bias assessment,
which was performed independently by two reviewers
(D.S. and M.B.). In case of discrepancies, the third reviewer
(B.M.) was consulted. The results were standardized and
presented in a scale in a color-coded manner: >75% low
risk of bias (green), 50% to 75% moderate (yellow),
<50% high (red).”” Because the study design directly influ-
ences the general bias of the study, the assessed risk of bias
should be considered within a study design, rather than
comparing studies with different designs.

Data Synthesis

Due to the heterogeneity of interventions, a narrative
synthesis of the gathered outcomes was performed. The
interventions were grouped into key categories, and
their effects on the outcomes were compared descrip-
tively. In addition, the alignment of the interventions
with core outcome domains defined by the Interna-
tional Consortium for Health Outcomes Measurement
(ICHOM) (including physical functioning, symptom
control, quality of life, mental well-being, and caregiver
burden) was assessed.”> FA affects both children and
adults and, like dementia, is a progressive neurodegen-
erative disease without a cure, requiring increasing
medical and informal care over time. Therefore, the

existing ICHOM outcome sets for general pediatric
health, general adult health, and dementia were used to
assess intervention outcome alignment with health
domains.

Results

Study Selection

The search yielded 2227 studies, from which 114 were
removed as duplicates. After title and abstract screen-
ing, 136 publications were eligible for full-text
screening. Finally, 90 publications (69 FA only and
21 mixed ataxia population; Fig. 1A) were included in
the narrative syntheses. The study selection process is
presented on the PRISMA chart in Figure $1.%°

Study Characteristics

Tables 1 and 2 and Figure 1 describe the characteris-
tics of included studies for FA-only patients, categorized
by intervention type. Characteristics for mixed ataxia
populations are available in Tables S4 and S5 and
Figure S2.

Almost all included studies were written in English
(n = 86; 96%), with only four publications written in
languages other than English. Most studies with FA-only
patients (n = 69) were conducted in Europe (n=29;
42.0%), North America (n=15; 21.7%), or were
international studies (n = 20; 29%). The majority of
studies included pharmacological interventions (n = 69;
66.7%), with only 33.3% (n=23) investigating non-
pharmacological interventions (Fig. 1D).

Most pharmacological studies were quasi-experimental
studies (n=20; 43.5%) or RCTs (n=19; 41.3%),
whereas nonpharmacological interventions were mostly
case reports including case series (n = 16; 69.6%) and
quasi-experimental studies (n=4; 17.4%) (Fig. 1F).
Considering all studies, the prevalence of RCTs, quasi-
experimental studies, and case reports was similar (32%,
35%, and 33%, respectively) (Fig. 1F). Sample sizes
were small, with only one pharmacological study having
more than 100 patients.

Risk of Bias

Studies differed in levels of bias and strength of evi-
dence, from RCTs with the highest reliability, through
the quasi-experimental studies, up to case reports with
the highest bias. The summary of risk of bias assess-
ment for specific study designs is presented in Figure 2.
The details from the performed assessments are avail-
able in Tables S5 to S10 and Figure S3.

The majority of included studies had a low-to-moderate
risk of bias. For case reports/series, the bias mostly consid-
ered the reporting of adverse events or the clear and full
presentation of patients’ disease histories. For quasi-
experimental studies, the most considerable bias was
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related to internal validity because most studies did not
include a control group but instead employed a pre-/post-
intervention design. For RCTs, the most concerning
aspects were the randomization process and measurement
of outcomes, specifically the blinding of assessors and the
assessment of outcomes. In addition, RCTs had small
sample sizes.

Study Population

FA study participants were children (from 9-year-old
patient in case report), young adults with mean age
most commonly around 30 years old, up to 65 years
old (individual case report). Mostly, the study popula-
tion had relatively early FA onset, with different ages
and, therefore, different disease durations. In mixed
ataxia studies, patients with FA represented only a
small percentage of study populations and were gener-
ally older than in FA-only studies. Other ataxias
included in these studies were various types of, for
example, autosomal dominant cerebellar ataxia such as
spinocerebellar ataxias (eg, types 3, 6, 14, 28), idio-
pathic late-onset cerebellar ataxia, and multiple system
atrophy of cerebellar type, which accordingly varied in
their clinical characteristics. Therefore, results cannot
be generalized to patients with FA; however, they may
provide evidence for potential interventions, which tar-
get the ataxia symptoms that are not specific for FA.

Interventions
Pharmacological Interventions

Most pharmacological interventions in FA were
disease-modifying therapies (93.5%), with idebenone
(13.0%), interferon-y (10.9%), erythropoietin (8.7%),
and omaveloxolone (8.7%) as the most commonly
investigated medications (Fig. 1C,I). Symptomatic treat-
ment was described in three case reports (twice intra-
thecal baclofen for spasms and memantine for optic
nerve atrophy). For mixed ataxia studies, in pharmaco-
logical interventions, three disease-modifying treat-
ments (vatiquinone and twice riluzole) and one
symptomatic treatment (baclofen) were investigated.

As demonstrated in Table 1, 42% of pharmacological
RCTs (n = 8) did not show a significant positive effect
of the pharmacotherapies, including idebenone (three
studies), interferon-y, erythropoietin, carbamylated
erythropoietin, liraglutide, and luvadaxistat, on the

investigated outcome measures.’'>® Similarly, no posi-
tive trend of the treatment on outcomes was demon-
strated in 15% of quasi-experimental studies on
interferon-y, tocotrienol, and mixed therapy with
darbepoetin alfa, idebenone, and riboflavin.*”*! Other
medications such as idebenone,** deferiprone in high
doses*> (RCTs), and calcitriol** (quasi-experimental
study) demonstrated significant increase of ataxia sever-
ity (measured with Friedreich’s Ataxia Rating Scale
[FARS] or International Cooperative Ataxia Rating
Scale [ICARS], FARS, and FARS ADL [activities of
daily living]) or other outcomes (walking speed).

Although erythropoietin reduced oxidative stress and
improved brain structures (imaging and laboratory out-
comes), it showed no clear benefit in ataxia severity
(Scale for the Assessment and Rating of Ataxia [SARA])
in quasi-experimental studies and no efficacy in an
RCT.?® Methylprednisolone improved patients’ global
impression in the overall population but showed no sig-
nificant improvement in other clinical, laboratory, or
patient-reported outcomes.”> In contrast, calcitriol
treatment significantly increased frataxin levels but was
associated with worsened walking speed.**

When observing specific subgroups, pharmacological
interventions tended to be more effective in younger,
pediatric, and ambulant patients with a shorter disease
duration but longer GAA1 repetitions, indicating accel-
erated disease progression.’**™*  Similarly, Dbetter
effects were reported for patients with lower initial
ataxia severity as measured with ICARS or SARA.**»*°

Nonpharmacological Interventions

Nonpharmacological interventions were rehabilitation,
multimodal rehabilitation, occupational therapy, trans-
cranial direct current stimulation, whole-body vibration
therapy, and neuromuscular electrical stimulation
(52.2%). Specific target symptoms (47.8%) included car-
diomyopathy, hearing, scoliosis, cognitive function, or
dysarthria (Fig. 1C), with heart intervention (including
heart transplantation, septal myectomy, and catheter abla-
tion; 26.1% of all NP interventions) and rehabilitation
(26.1%) being the most common treatments (Fig. 1]).

Nonpharmacological interventions showed more con-
sistent positive outcome tendencies compared with
pharmacological interventions, with at least one statisti-
cally significant or notable improvement in at least one

FIG. 1. Characteristics of included studies. (A) Study populations: n = 69 studies for patients with Friedreich’s ataxia (FA) only and n =21 for patients with
mixed ataxia. (B) Interventions types: n = 46 pharmacological interventions (P), n = 23 nonpharmacological interventions (NP). (C) Further division of non-
pharmacological interventions. (D) Timeline for pharmacological and nonpharmacological studies. (E) Geographic location of included studies. (F) Study designs
of included studies regarding an intervention type and total number of studies. (G) Outcome measures used in included studies: CL, clinical; L, laboratory;
PROM, patient-reported outcome measure (including subjective and quality of life); IMG, imaging. (H) The prevalence of core outcome measures used in
included studies: SARA, Scale for the Assessment and Rating of Ataxia; 9-HPT, 9-Hole Peg Test; T25FW, Timed 25-Foot Walk; mFARS, modified Friedreich

Ataxia Rating Scale.™®4 (1)

Types of pharmacological interventions, n = 46: disease-modifying n = 43, *symptomatic, n = 3. (J) Types of nonpharmacological

interventions, n = 23: therapeutic approaches for ataxia management, n = 12; and management of other symptoms, n = 11. IGF-1, Insulin-like Growth Factor 1,
RCT, randomized controlled trial; tDCS, transcranial direct current stimulation. [Color figure can be viewed at wileyonlinelibrary.com]
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L

*interpretation of bias
®low>75%

moderate 75 - 50 %
® high<50 %

FA-only studies

n=69 studies

n=24

Case reports, case series

n=23

INTERVENTIONS IN

Quasi-experimental

FRIEDREICH’S ATAXIA

elow,n=7
moderate, n = 12

® high,n=3

Cochrane RoB 2

e low, n=20
moderate, n =4
JBI Critical Appraisal Tool*

e low,n=19
moderate, n =4
JBI Critical Appraisal Tool*

FIG. 2. Risk of bias assessment performed for all included studies (n = 69 for Friedreich’s ataxia [FA] only) using certain tools depending on the study design.
*The answers from JBI Critical Appraisal Tool have been standardized®® and presented in the color manner. RCT, randomized controlled trial. [Color figure

can be viewed at wileyonlinelibrary.com]

outcome measure in each study. Conversely, some
nonpharmacological interventions also demonstrated
deterioration in some outcomes, for example, neurolog-
ical function after heart transplantation,”'™? physical
performance after the occupational therapy,’* or gait
and endurance after scoliosis surgery.”

When observing subgroups, nonpharmacological
interventions tended to be more effective in ambulant,
younger patients.’®

The most common nonpharmacological interventions
in studies with mixed ataxia patients were transcranial
direct current stimulation (29.4%) and any rehabilita-
tion (23.5%, including multimodal rehabilitation of
5.9%). In addition, other approaches were presented
for mixed populations, such as video games (ie, training
including body-controlled video games, often with the
use of virtual reality) (17.7%) and noninvasive focal
mechanical vibration-proprioceptive stabilizer (11.8%).

Alignment of Outcome Measures and Evidence
Synthesis According to the ICHOM Criteria
Outcome Measures Used

A summary of outcome measures used across all
interventions for FA-only studies is demonstrated in
Fig 1G.

Mostly, clinical measures (CL) were used (60 studies
in total; 87%), with SARA (24 studies) and FARS
(19 studies; FARS Neuro [neurological examination
from FARS] 2 studies, mFARS/mFARS Neuro [modi-
fied FARS] 9 studies) being the most prevalent measures
for ataxia severity. Also, the 9-HPT (9-Hole Peg Test)
was commonly used for manual dexterity and upper
limb coordination (21 studies) and the T25FW (Timed
25-foot Walk) for mobility and gait assessments
(12 studies) (Fig. 1H).

Laboratory measures (L) (25 studies; 36%) mainly
included frataxin levels (16 studies), oxidative stress
markers (2 studies), iron metabolism (2 studies), and
various assessments of cerebellar function (1 study) or
muscle function (2 studies). Imaging outcomes (IMG)
(25 studies, 36%) included echocardiography (23 stud-
ies) imaging of the brain (white or gray matter) or spi-
nal cord (2 studies).

Patient-reported outcome measures (PROMs) were
included in only 37 studies (54%), whereas subjective
patient perspectives were gathered in 7 studies (10%)
and quality-of-life assessments in 18 studies (26%). The
most commonly used PROM was the short form health
survey with 36 questions (SF-36; 12 times), modified
Fatigue impact scale (MFIS; 6 times), and self-reported
assessment of ADL (5 times). Only four studies (6%)
for FA-only patients included subjective caregiver
perspective,®>>*”°% but no caregiver burden or well-
being measures were used.

Administered outcome measures in mixed ataxia
studies are demonstrated in Tables S3 and S4 and
Figure S2.

Addressed Health Domains

Figure 3 categorizes the interventions for patients with
FA into seven domains: physical health, overall health,
social health, mental health, clinical status, caregiver sup-
port, and economic considerations. Each domain demon-
strates the number of assessments in FA-only studies
(n = 69 studies, n = 280 assessments in total), in which
at least one of the earlier-mentioned outcomes was
addressed. Identified studies most often addressed the
physical health domain, with 118 assessments (42.3%)
from 54 studies (78.3%). The predominant assessments
were cardiac function (23 studies), upper limb and manual
dexterity (21 studies), as well as mobility and gait

Movement Disorders, Vol. 41, No. 10, 2026 2583
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FIG. 3. Patient-centered outcome measures used in the included studies; n = 280 assessments from 69 studies for Friedreich’s ataxia (FA)-only
patients and the division in domains and subdomains. [Color figure can be viewed at wileyonlinelibrary.com]

(17 studies). The overall health domain encompassed
aspects of health-related quality of life, which was the
most prevalent assessment in this domain (18 studies), as
well as ADL (14 studies) and independence (7 studies).
Overall health was addressed in 42 assessments (15.1%)
from 30 studies (43.5%). Clinical status was the second
most commonly addressed domain, with 54 studies
(78.3%) and 103 assessments (36.8%). Generic and FA-
specific ataxia severity (35 and 27 studies, respectively)
and molecular markers (17) were the most prevalent in
this domain.

None of the interventions focused on the social health
domain in terms of interpersonal functioning. However,
hearing (two studies) and speech (six studies) were
addressed, which are physical symptoms that directly
influence interactions with other people. In total, social
health was investigated in only 11.6% of studies

(n=28) (and 2.9% of assessments, n=38). Mental
health was one of the least addressed domains, with
four studies (5.8%) and five assessments (1.8%).
Although caregivers were involved in four assessments
(1.4%) from four studies (5.8%) as proxy ratings, care-
giver burden and well-being were never used. The eco-
nomic domain—that is, healthcare service utilization,
costs, and cost-effectiveness—was neglected in all of the
included studies.

The main targets for patients with mixed ataxia are
demonstrated in Figure S4 and Table S12.

Effectiveness of Intervention Across Health
Domains

Most of the reported outcomes showed no differ-
ences, although several demonstrated positive effects,

2584 Movement Disorders, Vol. 41, No. 10, 2026
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[ KEY
but they were rarely significant. Case reports for
most subdomains reported positive effects. Details
about domains and the effectiveness of interventions,
including study designs and assessments, are avail-
able in Table S11.

Even though the physical health domain was most fre-
quently addressed, just 10 significant positive results were
reported for the following subdomains: upper extremity
and manual dexterity,”” mobility and gait (in the child
population),® speech,**®® cardiac function,”**®' exercise
capacity,”*®? hearing,®® and neuromuscular function.®*

Included studies did not show a clear improvement in
patients’ quality of life (overall health domain). The
improvement was obtained in specific subdomains, for
example, vitality,”® physical functioning,* health
transition,”® or social health.®> Moreover, indepen-
dence significantly improved in one study’* and ADL in
two studies.**-¢

Symptoms important for social interactions were effec-
tively addressed. Speech improved significantly after
pharmacotherapy*®® and hearing problems after the
use of hearing device and cochlear implantation.®*®
Speech therapy was more often investigated in mixed
ataxia studies.

Several aspects of mental health were addressed in
cognitive therapy,®” but with no significant positive
effect, except for improvements in short-term memory,
cognitive flexibility, and inhibition. There was no effect
on depression. Conversely, significant improvements in
cognitive function (measured by the Cerebellar Cogni-
tive Affective Syndrome Scale [CCAS-S]) have been
reported, as well as subjective improvements in energy
levels and significant improvements in the vitality.’*:¢®

Significant improvements in the generic ataxia scale
SARA were reported in six studies,>”>*?->¢:61:6%70 in the
FA-specific scale FARS in four studies,’”*>"""? and in
the mFARS in four studies.*”*%73-7*

The patient’s impression of the disease reported two
significant improvements.***® Frataxin concentration
was the most commonly investigated biomarker, with a
significant positive effect reported four times.***7>%7°
In addition, reduced oxidative stress was reported
once® or twice as a reduced ferritin level, leading also
to a reduction in oxidative stress.”>*’® In neuroimaging,
significant improvement in fractional anisotropy in
white matter was reported, but with no correlation with
SARA or FARS,* as well as a significant increase of
gray matter volume in the pulvinar and posterior parie-
tal cortex with a correlation with SARA.”’

Discussion

This systematic review identified 90 intervention stud-
ies in FA (69 FA only and 21 mixed ataxia) and ana-
lyzed key interventions, as well as their effects and

INTERVENTIONS IN

FRIEDREICH’S ATAXIA

alignment with standardized outcome sets of patient-
centered treatment and care. Most studies were small
and varied in design and quality, ranging from case
reports to RCTs. Overall, pharmacological interventions
often showed mixed effects, with omaveloxolone demon-
strating more consistent benefits. In contrast, non-
pharmacological approaches, such as rehabilitation and
particularly multidisciplinary programs, were more fre-
quently reported to improve patient-relevant outcomes.
However, the evidence was based primarily on small
case series and potential biases. Subgroup analyses also
demonstrated a tendency for better intervention effects
in a younger population, groups at earlier stages of FA,
with a higher likelihood of faster disease progression.

Clinical Management Guidelines for FA indicated that
most intervention recommendations are based on very
low levels of evidence, with only a few achieving moder-
ate strength but strong recommendation.”® Multimodal
rehabilitation has the strongest support for neurological
components and fatigue, whereas cardiac interventions
(eg, transplantation or heart devices), with limited evi-
dence, may be considered on an individual basis in
patients with impaired cardiac function. In our review,
(multimodal) rehabilitation and heart interventions were
the most prevalent nonpharmacological interventions,
highlighting the importance of these approaches. Heart
and muscle function are interdependent because the heart
supplies oxygen and nutrients essential for muscle perfor-
mance, while muscle activity supports cardiovascular
health. Although movement-related symptoms are often
the most disruptive in everyday life in FA,">**” cardiac
complications may be less apparent to patients yet repre-
sent a significant life-threatening risk>®; therefore, it is cru-
cial to address these issues. Presented findings highlight
both the potential of specific therapies and the substantial
gaps in the existing evidence base of interventional
research in FA. Future research should focus on strength-
ening the evidence base for interventions in FA, with par-
ticular attention to their impact on patients’ daily lives.

Nonpharmacological interventions were more patient
and symptom oriented and more frequently reported
positive outcomes because they typically target specific
functional impairments. They may also involve more
active engagement of patients; for example, physical
activity can improve energy and motivation,® or social
interaction may contribute to a better overall effect.®!
However, these findings should be interpreted with cau-
tion given the frequent use of case reports and quasi-
experimental designs, which are associated with a higher
risk of bias. Pharmacological interventions often aim
either to stop or at least to slow the disease progression;
therefore, the positive effect may not be directly visible.
Although placebo effects in neurodegenerative ataxias
may reach up to 32% showing improvement in at least
one ataxia rating scale,®” the successful blinding of the
RCT may minimize the expectation-related bias.’*
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Many medications proved ineffective; some improved
only certain outcomes. Clear evidence for effective disease-
modifying therapies remains lacking. Current disease-
modifying therapeutic strategies in FA aim to increase
frataxin expression or replacement, improve mitochondrial
function, reduce oxidative stress, modulate downstream
metabolic pathways, and provide neuroprotection.®’
Targeting multiple pathogenic mechanisms may enable
complementary or combination approaches and support
the development of more individualized treatments. Several
mixed effects were reported for pharmacological interven-
tions, where laboratory or imaging outcomes were
improved, with no effect on clinical measures or PROM.
This mismatch between biological signals and clinical ben-
efit underscores the complexity of FA and may indicate
that an intervention influences underlying biological pro-
cesses without yet producing detectable clinical or
patient-perceived benefits. Clinically meaningful changes in
patient-relevant outcomes may evolve gradually, requiring
longer treatment and observation periods to capture
clinical improvements. Understanding the mechanisms
underlying therapeutic effects is crucial for optimizing
interventions, establishing causal pathways, and translating
promising findings into effective clinical treatments. Future
research should therefore integrate the variety of outcomes,
including laboratory, clinical, and patient-reported out-
comes, in a complementary manner,*** to better capture
the association between outcomes and the full spectrum of
treatment effects, ensuring that advances translate into
meaningful benefits for patients.

Idebenone was the most frequently investigated medi-
cation; however, the results were inconclusive. The clin-
ical trial IONIA in the pediatric population showed
that idebenone did not improve cardiac function,””
whereas in the open-label extension, potential therapeu-
tic benefit to stabilize the disease progression and to
improve specific symptoms, for example, fine motor
skills and speech, was shown.** So far, omaveloxolone
in the MOXIe trial demonstrated more consistent posi-
tive effects in terms of neurological progression assessed
with mFARS.*”*® Short-term effects and the long-term
slowing of the progression in comparison with natural
progression (almost 3 years) were demonstrated.®
Greater improvement was reported for the patients
without pes cavus and those who started the treatment
earlier, suggesting its efficacy at the less severe FA
stages.”> Future research should therefore prioritize
identifying responsive populations and specific symp-
toms to support more personalized and effective thera-
peutic strategies.

Outcome measures were heterogeneous across studies
in this review, with clinical scales being most common
and PROMs less prevalent. PROMs were reported in
just more than half of the FA-only studies, highlighting
the need for possible greater patient involvement and
the development of standardized, responsive

measures.”” ™ Several recommendations have been
made regarding outcome measures used in FA research
(eg, core measure instruments, including clinical scales
such as SARA, 9-HPT, T25FW, and mFARS''*'%) to
facilitate a comprehensive evaluation''” and good com-
parability between studies. It is crucial to use standard-
ized outcome measures and reporting, with consistent
thresholds for clinical relevance. Although the minimal
clinically important difference (MCID) is essential for
determining whether observed changes are clinically
meaningful, currently, no disease-specific MCID values
are available for FA.”® Standard outcome measures in
FA should capture clinically meaningful aspects of the
disease, including neurological function and disease
progression, health-related quality of life, mental well-
being, and patient perspective. Selection should priori-
tize validated, responsive measures that are relevant to
patients and aligned with the specific objectives of the
intervention. This will enable consistent reporting and a
clearer overview of interventional outcomes, ultimately
leading to improved development of new therapies.

Physical health was the most frequently addressed
domain, which demonstrates that FA is primarily consid-
ered a movement disorder. Holistic care of patients with
FA requires recognizing it as a multidimensional disease
and addressing more health domains, for example, psycho-
social health. FA considerably affects mental health, with
literature reporting the prevalence of depression in FA up
to 40%°""* or other emotional issues (eg, decreased
motivation, feeling fearful about the future, social isola-
tion)."*!"> Deterioration in cognitive functions (eg, in emo-
tional processing, social cognition) and CCAS has also
been reported.'*”** In addition, a loss of ambulation or
transition between mobility devices as the disease pro-
gresses may directly influence mental health.”®”” Patients
with FA are often stigmatized in social life because of
symptoms of movement and speech impairments resem-
bling alcohol or drug use, which may further exacerbate
the social isolation and mental health issues.”® Although
the gathered evidence level is low, the Clinical Manage-
ment Guidelines strongly recommend counseling or ther-
apy in case of depression and anxiety, as well as lifestyle
changes (such as exercise, diet, social activities) or pharma-
cotherapy.”® This indicates that psychosocial health is
important and should be addressed more thoroughly to
gather further evidence. Future interventional studies
should therefore expand beyond physical function to sys-
tematically address psychosocial and cognitive domains,
ensuring a holistic and patient-centered approach.

In our review, we found no studies that considered
caregivers’ burden or the impact of the availability of a
caregiver. The perspective of caregivers of patients with
FA has been largely neglected but should be included in
research and interventions. Caregivers play a central
role in supporting individuals with FA, yet often experi-
ence substantial physical, emotional, social, and
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financial burden, which can negatively affect their own
health and caregiving capacity.'>” Supporting care-
givers may therefore not only improve caregiver well-
being but also indirectly enhance patient care.

FA is a tremendous economic and societal burden.
The economic and health resource outcomes in FA, includ-
ing healthcare utilization, informal care, caregiver produc-
tivity losses, and adverse health events, constitute a gap in
the current research that has only recently begun to be
addressed.'%>'%* Therefore, future interventional studies
should also consider incorporating such outcomes to cap-
ture the full societal and economic impact of FA and to
inform sustainable healthcare planning and policy. Given
the complexity of FA, comprehensive evaluation, including
clinical, patient-reported, caregiver, health, economic, and
psychosocial outcomes, may yield the best results.

99-102

Limitations

Although the searching strategy was broad and
included several interventions, we cannot ensure that
all existing interventions were included in this review.
Studies with various designs and small sample sizes
have been included, exhibiting a low-to-moderate bias.
These aspects may significantly impact the level of evi-
dence supporting the presented outcomes and limit their
robustness and generalizability.

Implications for Future Research

Future interventional studies should use multicenter
and robust study designs that incorporate a variety of
clinical, patient-reported, and health system-relevant end
points. The literature has indicated that patients with FA
are motivated to participate in studies, which could help
facilitate the setup of larger studies.'®> However, com-
mon barriers include the ethical allocation to a placebo
group, treatment side effects, and the logistics of travel
and participation.'” Innovative, remote, or app-based
interventional designs might overcome these barriers by
reducing patient burden, increasing accessibility, and
enabling more flexible participation in FA trials.

Interventions implemented in mixed ataxia populations
can be further investigated in FA-only populations to
confirm efficacy and reduce heterogeneity across dis-
tinct disease entities. Several nonpharmacological inter-
ventions are currently ongoing that target various
issues, for example, swallowing and respiratory
function,'°® standing balance,'” speech therapy involv-
ing behavioral intervention,'°® biofeedback therapy,'®’
or NAD+ (Nicotinamide adenine dinucleotide (oxi-
dized form)) and exercise.''® Nonpharmacological
interventions must be investigated using more robust
trial designs because controlled designs are still under-
represented. Similarly, several ongoing clinical studies
at various stages are investigating new medications for
FA."'" Omaveloxolone has been approved by the US
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Food and Drug Administration (FDA) and European
Medicines Agency (EMA), since 2023 and 2024, respec-
tively,'®!? as the first FA disease-modifying treatment
for patients aged 16 years and older. Recently,
vatiquinone, another candidate drug for FA treatment,
was evaluated by the FDA; however, further evidence is
still needed to prove its efficacy.''* All presented studies
and protocols show that there is constant development
in the research on interventions for FA management,
and new approaches are being tested, providing hope
for patients with FA to gain access to another new and
effective therapy.

Conclusion

This review summarizes current research on pharma-
cological and nonpharmacological interventions in FA
and highlights symptoms and health domains that
remain underexplored. Pharmacological interventions as
disease-modifying therapies targeting pathophysiology of
FA have shown mostly limited benefits to date, with
omaveloxolone exhibiting considerable effectiveness.
Omaveloxolone, although not yet widely available, may
potentially become part of standard care in the future.
Nonpharmacological approaches showed promise in
symptom-driven research. Research has focused primar-
ily on physical symptoms affecting movement, whereas
many comorbidities, psychosocial health, caregiver bur-
den, well-being, and economic aspects remain poorly
studied. These gaps underscore the urgent need for
further research. Translating findings into effective thera-
pies requires rigorous research and multidisciplinary
approaches that integrate all relevant health domains
and involve both patients and caregivers. ®
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