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Abstract
Background and Objectives
To determine the prevalence and relative importance of symptoms experienced by children and
adults with Friedreich ataxia (FA) and to identify factors associated with a higher burden of
disease.

Methods
We conducted qualitative interviews with individuals with FA and caregivers of pediatric
individuals with FA to identify potential symptoms of importance to those living with FA. We
subsequently performed a cross-sectional study to assess which symptoms have the highest
prevalence and importance in FA and to determine which factors are associated with a higher
burden of disease.

Results
Thirty-nine participants provided 2,527 quotes regarding the symptomatic burden of FA. Two
hundred two individuals (153 individuals with FA and 49 caregivers) participated in a sub-
sequent cross-sectional study. Individuals with FA and caregivers identified impaired co-
ordination, limitations with mobility and walking, inability to do activities, fatigue, and lower
extremity weakness as the most prevalent and life-altering symptomatic themes in FA. Muscle
stiffness and functional staging for ataxia were associated with the prevalence of symptomatic
themes in FA. In addition, the length of smaller GAA expansion and the mean length of both
GAA expansions were strongly associated with the onset of symptoms in FA.

Discussion
There are a wide variety of symptoms that affect the lives of individuals with FA. These
symptoms, many underrecognized, have different levels of importance and occur at different
rates in the FA population. The most common and life altering of these symptoms represent
potential targets for future therapeutic interventions.
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Friedreich ataxia (FA) is an autosomal recessive neurode-
generative disease that presents with a variety of clinical
symptoms, including a loss of coordination (ataxia) in the
arms and legs, fatigue, muscle loss, vision impairment, hearing
loss, slurred speech, scoliosis, diabetes mellitus, and cardiac
issues related to cardiomyopathies and arrhythmias.1,2 The
onset of symptoms in individuals with FA typically occurs
between 5 and 15 years of age.2 The genetic basis for FA is a
homozygous unstable expansion of GAA repeats in the FXN
gene on chromosome 9, which causes low expression of the
frataxin protein.3,4 Reduced expression of the frataxin protein
leads to oxidative stress, mitochondrial damage, and cellular
energy failure related to deficient synthesis of key iron-sulfur
molecules.5 Together, this results in dysfunction of the pe-
ripheral nerves, spinal cord, cerebellum, and heart cells (car-
diac myocytes).6 A larger GAA expansion on the smaller FXN
allele is associated with more severe disease.7 As novel ther-
apeutics are developed for FA, there is a need to better un-
derstand the symptoms and issues that have the greatest effect
on the lives of children and adults with this disease. In this
study, patient-reported impact of symptoms in FA, we used
data from semistructured qualitative interviews and a large
cross-sectional study of individuals with FA and caregivers of
pediatric individuals with FA to determine the most prevalent
and impactful symptoms of this disease.

Methods
Study Participants
Participants included adults with FA aged 18 years and older,
children and adolescents with FA aged 8–17 years, and
caregivers aged 18 years and older who cared for an individ-
ual(s) with FA 0–18 years of age. Participants were recruited
from the Friedreich’s Ataxia Research Alliance (FARA) reg-
istry, the University of Rochester Medical Center, and the
Children’s Hospital of Philadelphia (CHOP).

Study Design

Phase 1: Semistructured Qualitative Interviews
We conducted interviews with individuals with FA aged 18
years and older, individuals with FA aged 11–17 years, and
adult caregivers of pediatric individuals with FA aged 0–18
years. Individuals with FA and caregivers were identified and
recruited by the partnering organizations mentioned earlier.
Eligible individuals who were interested in participating were
subsequently contacted and consented by our study team
through phone call. Participants had no relationship or in-
volvement with the study team interviewers before their en-
rollment in the phase 1 study. During the consent process,

participants were provided detailed information about the
research team and the purpose of the research. Participants
were informed that the study team would be asking questions
to determine the symptoms of FA that have the greatest im-
pact on their daily life or the life of the individual who they
care for. Interviews were conducted by 3 female study team
clinical research coordinators (C.Z., E.W., and B.C.). The
study team clinical research coordinators had extensive ex-
perience in collecting, coding, and interpreting qualitative
data from interviews with participants who experience neu-
romuscular disease. Using open-ended questions from a
comprehensive interview guide, participants were asked to
identify the symptoms of FA that have the greatest effect on
their lives. Caregivers were asked about the symptoms expe-
rienced by the individual(s) with FA for whom they care. Each
participant was interviewed by 1 clinical research coordinator.
All interviews were conducted over the phone and were audio
recorded using Zoom, a Health Insurance Portability and
Accountability Act (HIPAA)–compliant conferencing soft-
ware approved for all patient use by the University of
Rochester’s IT security team. All interview recordings were
transcribed, coded, and analyzed with a qualitative framework
technique, triangulation, and an investigator consensus ap-
proach.8 Two authors (C.Z. and C.H.) performed the tran-
script coding and subsequent content analysis. Recurring
similar quotes among the interviewees were used to identify
potentially relevant symptoms among the patient and care-
giver populations. For each of the study populations, common
symptoms were categorized into symptomatic themes (con-
cepts representing a group of like symptoms) of FA health.

Phase 2: Two Cross-sectional Survey Studies
After completing phase 1, we performed 2 online cross-
sectional studies, one with individuals with FA and the other
with caregivers of pediatric individuals with FA to identify
what symptoms and issues are of greatest importance to larger
sample populations of individuals with FA and caregivers.
Two surveys were distributed; one for individuals with FA
aged 8 years and older to complete and the other for adult
caregivers to complete on behalf of pediatric individuals with
FA aged 0–18 years. Individuals with FA and caregivers were
recruited through the FARA patient registry. Caregivers of
children with FA were also recruited through CHOP. The
surveys, administered electronically through Research Elec-
tronic Data Capture, a HIPAA-compliant electronic data
capture system, were accessible through a public link. Par-
ticipants were asked to read a information letter and complete
a demographic questionnaire before taking the main survey.
The main surveys included the potential symptoms of im-
portance identified during the phase 1 qualitative interviews

Glossary
CHOP = Children’s Hospital of Philadelphia; FA = Friedreich ataxia; FARA = Friedreich’s Ataxia Research Alliance;HIPAA =
Health Insurance Portability and Accountability Act.
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and common symptoms of importance identified in other
neurologic disease populations.9-15 The surveys also included
demographic, genetic, and functional state questions. The FA
patient survey inquired about 245 individual symptoms rep-
resenting 20 symptomatic themes, and the caregiver survey
inquired about 196 individual symptoms representing 20
symptomatic themes. Question selection for the surveys was
conducted using an investigator consensus approach with our
research team. The surveys were designed to include all po-
tential symptoms of importance while limiting question re-
dundancy. For each individual symptom question, the survey
inquired, “How much does the following impact your life
now?” for individuals with FA and “How much does the fol-
lowing impact your child’s life now?” for caregivers. Partici-
pants were provided a 6-point Likert-type scale ranging from
1 to 6. For individuals with FA completing the survey, the
Likert scale options consisted of the following: (1) I do not
experience this; (2) I experience this, but it does not affect my
life; (3) it affects my life a little; (4) it affects my life moder-
ately; (5) it affects my life very much; and (6) it affects my life
severely. For caregivers completing the survey, the Likert scale
options consisted of the following: (1) He/she does not ex-
perience this; (2) he/she experiences this, but it does not
affect their life; (3) it affects his/her life a little; (4) it affects
his/her life moderately; (5) it affects his/her life very much;
and (6) it affects his/her life severely. All participants were
given the option to decline to answer any demographic or
symptom question. On completing the survey, participants were
asked to list and rate the severity of any symptoms not included
in the survey. Surveys were collected from individuals with FA
from March 23, 2020, to May 2, 2020. Surveys were collected
from caregivers fromApril 3, 2020, to August 3, 2020. This same
methodology has previously been used and described during
studies of other neurologic disease populations.9-15

Standard Protocol Approvals, Registrations,
and Patient Consents
All aspects of this research were approved by the University of
Rochester Research Subjects Review Board.

Statistical Analysis
The prevalence and average impact of each symptom and
symptomatic theme was calculated for each of the phase 2
sample populations. The average impact is a metric of the
relative importance of a symptom or symptomatic theme to
an individual and is measured on a 0- to 4-point scale. Nu-
merical values were assigned to each response as follows: 0 =
the individual experiences the symptom, but it does not affect
the individual’s life; 1 = the symptom affects the individual’s
life a little; 2 = the symptom affects the individual’s life
moderately; 3 = the symptom affects the individual’s life very
much; and 4 = the symptom affects the individual’s life se-
verely. Average life impact scores for each symptom and
symptomatic theme were generated for all participants who
reported that they experience the symptom or symptomatic
theme. A higher score represents a symptom or symptomatic
theme that has a greater effect on the lives of individuals with

FA. In addition, a population impact score for each symptom
was generated by multiplying the average prevalence by the
average impact of the symptom. The possible range for this
score is also 0 to 4, with a value of 4 representing a symptom
that affects all individuals with FA at the highest level. We have
previously used and described these statistical analyses for
other neurologic conditions.9-15

Responses from individuals with FA and caregivers on behalf of
children with FA were analyzed on the basis of patient age
(above vs below the mean reported age), sex (male vs female),
age of symptom onset (above vs below the mean reported age),
speech (can talk clearly with no changes to their speech vs
experiences changes to their speech), muscle stiffness (experi-
ences muscle stiffness vs does not experience muscle stiffness),
and functional staging for ataxia (0–4.0 vs >4.0).16 For indi-
viduals with FA, an additional analysis was conducted based on
employment (on disability vs not on disability). For caregivers
of individuals with FA, an additional analysis was conducted
based on heart problems (the individual with FA experiences
heart problems vs does not experience heart problems).

We obtained the prevalence and average impact of each
symptom and symptomatic theme for the entire sample and
for each subgroup in both of our sample populations. We used
Fisher exact tests to compare the prevalence of each theme
across the different subgroups. Statistical significance was
defined as a value of p < 0.05. Spearman rank correlations
were used to determine the relationship between 3 GAA re-
peat length variables: the length of the GAA expansion on the
smaller allele, the length of the GAA expansion on the larger
allele, and the average length of the GAA expansion on both
alleles with age of symptom onset, age when first noticed
changes in sensation, and functional staging for ataxia. To
correct for multiple comparisons, the Benjamini-Hochberg
procedure was used with a false discovery rate of 0.05 and 289
test statistics.17 As outlined by this method, the 289 p values
were sorted from smallest to largest and the largest value of i
such that p(i) ≤ 0.05 i/289 was determined. The null hy-
potheses associated with the p values p(1), …, p(i) were
rejected, resulting in i discoveries.

Data Availability
Additional anonymized data not included in the article or
supplemental figures can be obtained through request to the
corresponding author.

Results
Phase 1: Semistructured Qualitative Interviews
We conducted qualitative interviews with 15 adults with FA,
14 minors with FA, and 10 FA caregivers. Demographic
characteristics of the phase 1 sample population are provided
in Table 1. Each interview was 30–60 minutes in length.
Through transcript analysis, we identified 2,527 direct quotes
identifying the potential symptoms of importance to
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Table 1 Phase 1 and 2 Patient-Reported and Caregiver-Reported Demographic and Disease State Information

Phase 1: Patient
reported

Phase 1: Caregiver
reported

Phase 2: Patient
reported

Phase 2: Caregiver
reported

Total participants 29 10 153 49

Sex of individual with FA, n (%)

Female 20 (69.0) 6 (60.0) 96 (62.8) 24 (49.0)

Male 9 (31.0) 4 (40.0) 56 (36.6) 24 (49.0)

Prefer not to answer 0 0 1 (0.7) 0

Omitted 0 0 0 1 (2.0)

Age of individual with FA, years

Mean (SD) 22.5 (11.7) 8.8 (1.0) 30.8 (12.7) 12.4 (3.2)

Range 11–60 7–10 10–65 4–18

Race of individual with FA, n (%)

American Indian/Alaska native 0 0 0 1 (2.0)

Asian/Pacific Islander 0 0 1 (0.7) 2 (4.1)

Black 0 0 0 0

White 27 (93.1) 10 (100.0) 149 (97.4) 45 (91.8)

Other 2 (6.9) 0 3 (2.0) 0

Omitted 0 0 0 1 (2.0)

Ethnicity of individual with FA, n (%)

Hispanic or Latino — — 5 (3.3) 5 (10.2)

Not Hispanic or Latino — — 147 (96.1) 43 (87.8)

Omitted — — 1 (0.7) 1 (2.0)

No. of US states represented 20 5 42 23

Educational status of individual with FA n (%)

In kindergarten — — 0 2 (4.1)

In grade school — — 2 (1.3) 45 (91.8)

Completed grade school — — 20 (13.1) 0

Completed high school — — 48 (31.4) 1 (2.0)

Completed technical degree — — 2 (1.3) 0

Completed college degree — — 59 (38.6) 0

Completed master’s or doctorate — — 22 (14.4) 0

Omitted — — 0 1 (2.0)

Employment status of individual with FA

Employed full-time — — 22 (14.4) 0

Employed part-time — — 15 (9.8) 0

On disability — — 59 (38.6) 0

Not working/not on disability — — 15 (9.8) 0

Student — — 31 (20.3) 47 (95.9)

Stay-at-home parent — — 8 (5.2) 0

Other — — 1 (0.7) 2 (4.1)

Continued
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Table 1 Phase 1 and 2 Patient-Reported and Caregiver-Reported Demographic and Disease State Information (continued)

Phase 1: Patient
reported

Phase 1: Caregiver
reported

Phase 2: Patient
reported

Phase 2: Caregiver
reported

Result of genetic test for FA, n (%)

Positive — — 149 (97.4) 49 (100.0)

Negative — — 0 0

Did not have genetic testing — — 3 (2.0) 0

Unknown — — 1 (0.7) 0

Age of FA diagnosis, y

Mean (SD) — — 17.8 (9.5) 9.0 (2.8)

Range — — 3–64 3–14

Age when symptoms were first noticed, y

Mean (SD) — — 14.1 (8.3) 6.6 (2.5)

Range — — 1–50 2–14

Age when changes in sensation were first noticed, y

Mean (SD) — — 18.5 (8.8) 8.5 (2.7)

Range — — 5–61 3–14

Speech status of individual with FA, n (%)

Talks clearly and has no changes in his/her speech — — 19 (12.4) 22 (44.9)

Experiences some speech changes — — 52 (34.0) 17 (34.7)

Has impaired speech and people occasionally ask to
repeat words/phrases

— — 63 (41.2) 9 (18.4)

Has impaired speech that is often not understood by
other people

— — 18 (11.8) 1 (2.0)

Unable to communicate verbally — — 1 (0.7) 0

Individual with FA has heart problems, n (%)

Yes — — 63 (41.2) 38 (77.6)

No — — 81 (52.9) 10 (20.4)

Unknown — — 9 (5.9) 1 (2.0)

Individual with FA experiences diabetes, n (%)

Yes — — 11 (7.2) 3 (6.1)

No — — 138 (90.2) 45 (91.8)

Unknown — — 4 (2.6) 1 (2.0)

Individual with FA experiences skeletal deformities, n (%)

Yes — — 106 (69.3) 39 (79.6)

No — — 41 (26.8) 7 (14.3)

Unknown — — 6 (3.9) 2 (4.1)

Omitted — — 0 1 (2.0)

Individual with FA experiences muscle stiffness, n (%)

Yes — — 123 (80.4) 36 (73.5)

No — — 30 (19.6) 13 (26.5)

Continued
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individuals with FA. Each quote identified was coded as a
unique symptom of FA health. An example of how partici-
pant quotes were coded as unique symptoms is as follows:
when a participant was asked, “what symptoms have the
greatest impact on your quality of life or disease burden?,” an
adult participant with FA 8 replied, “the greatest one is loss
of balance.” This quote was coded as the symptom, impaired
balance. Fifteen adult participants with FA provided 1,152
quotes, identifying 433 individual symptoms that have a
significant effect on their daily lives. Fourteen participants
who were minors with FA provided 571 quotes, identifying
199 individual symptoms that have a significant effect on
their daily lives. Ten caregivers of pediatric individuals with
FA provided 804 quotes, identifying 284 individual symp-
toms that they observe having a significant effect on the lives
of their children with FA. On completion of phase 1 data
collection, all interviews were analyzed for data saturation.
Two hundred forty-five symptoms of importance repre-
senting 20 symptomatic themes were selected to be included
in a survey for patients with FA in phase 2 of the study. One
hundred ninety-six symptoms of importance representing
the same 20 symptomatic themes were selected to be in-
cluded in a survey for caregivers of pediatric patients
with FA.

Phase 2: Two Cross-Sectional Studies of
Individuals With FA and Caregivers of Pediatric
Individuals With FA
Two hundred one individuals with FA and 53 caregivers
accessed the survey links to participate in phase 2 of this
research. Participant responses were included in the data

analysis if the participant completed at least 1 demographic
question and 1 survey question. A total of 153 individuals with
FA and 49 caregivers satisfied these criteria. Details regarding
the demographic information of phase 2 participants are
provided in Table 1.

Prevalence of Symptomatic Themes
and Symptoms
The symptomatic themes that had the greatest prevalence in
individuals with FA were impaired coordination (100%), in-
ability to do activities (100%), limitations with mobility and
walking (98.7%), fatigue (96.1%), and lower extremity
weakness (94.7%). Details regarding the prevalence of all 20
symptomatic themes are provided in Figure 1. Among the 245
symptoms evaluated individually in the patient population
with FA, 11 symptoms were experienced by 100% of partic-
ipants. These included difficulty running, loss of balance,
difficulty walking long distances, difficulty playing sports,
difficulty standing when your eyes are closed, problems
walking, difficulty going downstairs, impaired coordination,
difficulty moving quickly, difficulty walking on rough ground,
and inability to do activities. Details regarding the prevalence
of all 245 symptoms assessed in the patient population with
FA are provided in eTable 1 (links.lww.com/WNL/C496).

The symptomatic themes that were reported with the greatest
prevalence by the FA caregiver population on behalf of pa-
tients with FA aged 0–18 years were impaired coordination
(95.9%), fatigue (95.9%), limitations with mobility and
walking (94.6%), inability to do activities (93.9%), and lower
extremity weakness (91.8%). Details regarding the prevalence

Table 1 Phase 1 and 2 Patient-Reported and Caregiver-Reported Demographic and Disease State Information (continued)

Phase 1: Patient
reported

Phase 1: Caregiver
reported

Phase 2: Patient
reported

Phase 2: Caregiver
reported

Functional staging for ataxia, n (%)

0–4.0 — — 64 (41.8) 33 (67.3)

>4.0 — — 89 (58.2) 13 (26.5)

Omitted — — 0 3 (6.1)

Larger allele GAA repeat number

Mean (SD) — — 922.1 (226.3) 1,007.7 (143.5)

Range — — 366–1,400 700–1,333

Smaller allele GAA repeat number

Mean (SD) — — 621.1 (209.2) 806.4 (137.2)

Range — — 80–1,064 550–1,175

Mean allele GAA repeat number

Mean (SD) — — 771.6 (169.1) 907.0 (115.7)

Range — — 349.5–1,105 681.5–1,175

Abbreviation: FA = Friedreich ataxia.
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of all 20 symptomatic themes are provided in Figure 2. Among
the 196 symptoms evaluated individually among FA care-
givers, 9 symptoms were reported to have a prevalence of
>95.5%. These included difficulty playing sports (97.8%),
difficulty carrying drinks without spilling (97.7%), frustration
(97.7%), difficulty jumping (97.3%), tripping (97.3%), diffi-
culty standing with their eyes closed (97.2%), impaired co-
ordination (95.9%), fatigue (95.9%), and difficulty catching
things (95.6%). Details regarding the prevalence of all 196

symptoms assessed in the FA caregiver population are pro-
vided in eTable 2 (links.lww.com/WNL/C496).

Average Impact of Symptomatic Themes
and Symptoms
Among individuals with FA, the symptomatic themes with the
highest average impact scores (0–4) were impaired coordination
(2.94), limitations with mobility or walking (2.78), and lower
extremity weakness (2.57). Details regarding the average impact

Figure 2 Prevalence and Average Impact of Symptomatic Themes Reported by Friedreich Ataxia Caregivers

Figure 1 Prevalence and Average Impact of Symptomatic Themes Reported by Individuals With Friedreich Ataxia
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scores for all 20 symptomatic themes are provided in Figure 1.
Among the 245 individually evaluated symptoms in individuals
with FA, the following had the highest average impact scores:
impaired balance (3.31), difficulty running (3.25), fatigue with
walking distance (3.23), loss of balance (3.22), and difficulty
walking long distances (3.12). Details regarding the average
impact scores of all 245 symptoms evaluated in the patient
population with FA are provided in eTable 1 (links.lww.com/
WNL/C496).

Among the FA caregiver population, the symptomatic themes
with the highest average impact scores were impaired co-
ordination (2.34), lower extremity weakness (2.13), and limita-
tions with mobility and walking (1.97). Details regarding the
average impact scores of all 20 symptomatic themes assessed in
the FA caregiver population are provided in Figure 2. Among the
196 individually evaluated symptoms in caregivers on behalf of
pediatric patients with FA, the following symptoms had the
highest average impact scores: impaired balance (2.90), difficulty
standing when their eyes are closed (2.86), difficulty playing
sports (2.82), difficulty running (2.77), and difficulty walking long
distances (2.71).Details regarding the average impact scores for all
196 individually evaluated symptoms in the FA caregiver pop-
ulation are provided in eTable 2 (links.lww.com/WNL/C496).

Population Impact of Symptomatic Themes
and Symptoms
Among individuals with FA, the symptomatic themes with the
highest population impact scores (0–4) were impaired co-
ordination (2.94), limitations with mobility and walking
(2.74), lower extremity weakness (2.43), and inability to do
activities (2.34). Among the individually evaluated symptoms
in the patient population with FA, the following had the
highest population impact scores: impaired balance (3.25),
difficulty running (3.25), loss of balance (3.22), difficulty
walking long distances (3.12), and difficulty playing
sports (3.05).

Among the FA caregiver population, the symptomatic themes
with the highest population impact scores (0–4) were im-
paired coordination (2.24), lower extremity weakness (1.96),
limitations with mobility and walking (1.86), and inability to
do activities (1.78). Among the symptoms evaluated in-
dividually in the caregiver population, the following had the
highest population impact scores: difficulty standing when
their eyes are closed (2.78), impaired balance (2.77), difficulty
playing sports (2.76), difficulty running (2.62), and difficulty
walking long distances (2.57).

Patient-Reported Subgroup Analysis of
Symptomatic Theme Prevalence
After correcting for multiple comparisons, there were several
symptomatic themes that differed in prevalence based on
patient-reported demographic subgroup analysis.

The clinical feature with the greatest association with patient-
reported symptomatic burden was muscle stiffness. Twelve of

the 20 symptomatic themes assessed were more prevalent in
individuals with FA who experienced muscle stiffness vs
those who did not. The symptomatic theme with the
greatest difference in prevalence was problems with
shoulders and arms. Those who experienced muscle stiff-
ness also experienced problems with their shoulders and
arms at a rate of 77.4%, while those without muscle stiffness
experienced it at 17.9%.

Five of the 20 symptomatic themes assessed were more
prevalent in individuals with FA who self-reported being more
severe in their functional staging for ataxia (>4.0) vs those who
reported as less severe in their functional staging for ataxia
(0–4.0).16 The symptomatic theme with the largest difference in
prevalence between these subgroups was problems with shoul-
ders and arms. Those with a functional staging for ataxia from
0 to 4.0 experienced problems with shoulders and arms at a rate
of 46.9%, while those with a functional staging for ataxia >4.0
experienced this symptomatic theme at a rate of 79.8%.

There were 2 symptomatic themes that differed in prevalence
based on patient age, employment status, and speech status.
These 2 symptomatic themes were choking and swallowing
issues and communication difficulties. Both of these symp-
tomatic themes had a higher prevalence in individuals with FA
who were above the mean age (30.8 years), reported their
employment status as on disability, and experienced some
degree of speech impairment.

There were no differences in patient-reported symptomatic
theme prevalence based on sex or age of symptom onset. Of
all the symptomatic themes, the presence of choking or
swallowing issues was the most likely to differentiate between
predefined groups. Full details regarding the symptomatic
theme prevalence and p values for patient-reported subgroup
analysis are provided in Table 2.

Caregiver-Reported Subgroup Analysis of
Symptomatic Theme Prevalence
In assessing symptomatic theme prevalence in individuals
with FA aged 0–18 years as reported by their caregivers, it was
found that several symptomatic themes differed based on
demographic subgroup analysis. Two of the 20 symptomatic
themes were more prevalent in individuals who were reported
as more severe on the functional staging for ataxia scale (>4.0)
vs those who were reported as less severe (0–4.0).16 Care-
givers who reported that their child had a functional staging
for ataxia >4.0 also reported their child experiencing choking
or swallowing issues and communication difficulties at a
higher rate than those reported at 0–4.0. The symptomatic
theme with the greatest difference in prevalence between
these subgroups was communication difficulties, which af-
fected children with FA in the >4.0 group at a rate of 84.6%,
and children with FA in the 0–4.0 group at a rate of 33.3%.

The only symptomatic theme that differed in prevalence
based on the age of pediatric individuals with FA was vision
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Table 2 Patient-Reported Prevalence of Symptomatic Themes by Demographic Subgroups

Symptomatic theme
Full sample
(N = 153)

Experiences muscle stiffness Functional staging for ataxia

Yes No p Value 0–4.0 >4.0 p Value

Hand and finger weakness 76.8 83.3 50.0 0.0007 68.3 83.0 0.0497

Pain 80.3 87.0 48.2 <0.0001 79.7 80.7 1.0000

Inability to do activities 100.0 100 100 1.0000 100.0 100.0 1.0000

Fatigue 96.1 96.5 92.9 0.3341 100.0 93.2 0.0398

Emotional issues 82.2 82.6 78.6 0.5937 81.3 83.0 0.8317

Impaired sleep or daytime
sleepiness

82.0 86.0 66.7 0.0258 74.6 87.4 0.0539

Choking or swallowing issues 81.7 87.0 57.1 0.0008 65.6 93.3 <0.0001

Communication difficulties 81.6 86.1 64.3 0.0127 67.2 92.1 0.0002

Decreased performance in social
situations

80.3 87.0 50.0 <0.0001 70.3 87.5 0.0126

Difficulty thinking 38.6 46.1 0.0 <0.0001 34.4 41.6 0.4030

Breathing problems 40.1 48.7 3.6 <0.0001 28.1 48.9 0.0121

Decreased satisfaction in social
situations

75.0 79.1 53.6 0.0083 70.3 87.5 0.0126

Lower extremity weakness 94.7 99.1 82.1 0.0011 87.5 100.0 0.0008

Vision problems 72.8 81.4 46.4 0.0004 62.5 80.5 0.0167

Gastrointestinal problems 59.6 67.8 25.0 <0.0001 55.6 62.5 0.4056

Impaired coordination 100.0 100 100 1.0000 100.0 100.0 1.0000

Heart problems 49.3 56.5 25 0.0031 31.3 62.5 0.0002

Problems with shoulders or arms 66.0 77.4 17.9 <0.0001 46.9 79.8 <0.0001

Numbness 65.6 73.7 39.3 0.0013 61.9 68.2 0.4883

Limitations with mobility and
walking

98.7 100.0 95.2 0.2692 98.0 100.0 1.0000

Symptomatic theme

Age Employment Speech status

Above the
mean
(30.8 y)

Below
the
mean
(30.8 y) p Value

On
disability

Not on
disability p Value

Experiences
speech
changes

Does not
experience
speech
changes p Value

Hand and finger weakness 82.6 70.7 0.1166 86.0 71.3 0.0468 79.6 57.9 0.0455

Pain 78.3 81.6 0.6802 81.0 79.8 1.0000 80.5 79.0 1.0000

Inability to do activities 100.0 100.0 1.0000 100.0 100.0 1.0000 100.0 100.0 1.0000

Fatigue 94.2 97.4 0.4242 96.6 95.7 1.0000 96.2 94.7 0.5577

Emotional issues 84.1 79.0 0.5233 93.1 75.5 0.0078 81.2 89.5 0.5290

Impaired sleep or daytime sleepiness 83.8 79.0 0.5244 86.0 79.6 0.3854 84.0 68.4 0.1138

Choking or swallowing issues 92.9 69.7 0.0006 94.9 73.4 0.0005 85.8 52.6 0.0018

Communication difficulties 94.2 68.4 <0.0001 93.1 74.5 0.0045 88.7 31.6 <0.0001

Decreased performance in social
situations

89.9 72.4 0.0108 91.4 73.4 0.0066 82.0 68.4 0.2144

Difficulty thinking 42.9 34.2 0.3101 39.0 38.3 1.0000 38.1 42.1 0.8031

Breathing problems 42.0 38.2 0.7346 46.6 36.2 0.2349 41.4 31.6 0.4641

Continued
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problems. Vision problems affected those above the mean
reported age (12.4 years) at a rate of 69.6% and those below
the mean reported age at 20.8%.

The only symptomatic theme that differed in prevalence based
on speech status was communication difficulties. Pediatric in-
dividuals with FAwhowere reported to have no changes to their
speech experienced this symptomatic theme at a rate of 13.6%,
while those who were reported to have changes to their speech
experienced this symptomatic theme at 74.1%.

There were no differences in caregiver-reported symptomatic
theme prevalence based on sex, age of symptom onset, or
muscle stiffness. Full details regarding the symptomatic theme
prevalence and p values for caregiver-reported subgroup
analysis are provided in Table 3.

FXN Gene GAA Repeat Length Correlations
Among the FA patient population, there were 4 statistically
significant associations with GAA expansion length and age-
independent markers of disease burden. The length of the
GAA expansion on the smaller allele was associated with pa-
tient age of symptom onset and the age at which changes in
sensation were first experienced. The mean length of both
GAA expansions was also associated with age of symptom
onset and age at which changes in sensation were first expe-
rienced. Spearman rank correlations and p values for each pair
of variables are provided in Table 4.

Discussion
This research provides one of the largest datasets regarding
disease burden in FA and provides baseline data, which can be
widely used by researchers, clinicians, and patients who

struggle with this disease. In this study, individuals with FA
and caregivers of pediatric patients with FA identified the
symptoms and symptomatic themes that have the most im-
portant and widespread effects on the lives of individuals with
FA. In this study, we demonstrate a phenotypic profile in FA
that is unique from other neurologic disease populations
studied with identical methodology.9-15 These data provide
the FA community with valuable information to better un-
derstand what symptoms are most important to individuals
with FA.

The results of our subgroup analyses provide insight into how
certain symptomatic themes differ in prevalence based on FA
participant characteristics. We found that the patient-reported
prevalence of choking and swallowing issues was associated
with muscle stiffness, age, employment status, speech status,
and functional staging for ataxia. In addition, we found that
the prevalence of communication difficulties was associated
with age, employment status, speech status, and functional
staging for ataxia. Of note, some symptomatic themes had a
very high average prevalence across the entire study pop-
ulation (e.g., impaired coordination, inability to do activities,
limitations with mobility and walking, and fatigue), which
likely contributed to their inability to differentiate between
subgroups.

Individuals with FA and caregivers both identified impaired
coordination, limitations with mobility and walking, inability
to do activities, fatigue, and lower extremity weakness as the
top 5most prevalent and impactful symptomatic themes. This
highlights that in this disease population, the symptomatic
themes that are the most common also tend to be the themes
that are the most burdensome; a situation that is not overly
common in patients with neurologic disease.9-15 In addition,

Table 2 Patient-Reported Prevalence of Symptomatic Themes by Demographic Subgroups (continued)

Symptomatic theme

Age Employment Speech status

Above the
mean
(30.8 y)

Below
the
mean
(30.8 y) p Value

On
disability

Not on
disability p Value

Experiences
speech
changes

Does not
experience
speech
changes p Value

Decreased satisfaction in social
situations

81.2 68.4 0.0889 82.8 70.2 0.1222 77.4 57.9 0.0878

Lower extremity weakness 100.0 89.5 0.0068 98.3 92.6 0.1557 95.5 89.5 0.2623

Vision problems 73.5 71.1 0.8525 82.8 66.7 0.0384 76.5 47.4 0.0122

Gastrointestinal problems 62.3 57.3 0.6110 58.6 60.2 0.8660 61.4 47.4 0.3181

Impaired coordination 100.0 100.0 1.0000 100.0 100.0 1.0000 100.0 100.0 1.0000

Heart problems 44.9 54.0 0.3199 48.3 50.0 0.8685 50.4 42.1 0.6254

Problems with shoulders or arms 74.3 60.5 0.0817 78.0 58.5 0.0147 69.4 42.1 0.0356

Numbness 66.7 64.0 0.8611 72.4 61.3 0.2176 66.9 55.6 0.4287

Limitations with mobility and walking 100.0 97.7 1.0000 100.0 98.0 1.0000 98.5 100.0 1.0000

Bolded values indicate Benjamini-Hochberg–corrected significant p values.
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Table 3 Caregiver-Reported Prevalence of Symptomatic Themes by Demographic Subgroups

Symptomatic theme
Full sample
(N = 49)

Functional staging for ataxia Age of individual with FA

0–4.0 >4.0 p Value
Above the mean
(12.4 y)

Below the mean
(12.4 y) p Value

Hand and finger weakness 89.8 87.9 92.3 1.0000 91.7 88.0 1.0000

Pain 69.4 60.6 84.6 0.1692 75.0 64.0 0.5380

Inability to do activities 93.9 90.9 100.0 0.5478 100.0 88.0 0.2347

Fatigue 95.9 97.0 92.3 0.4899 95.8 96.0 1.0000

Emotional issues 81.3 75.0 92.3 0.2488 79.2 83.3 1.0000

Impaired sleep or daytime sleepiness 63.3 60.6 76.9 0.4929 75.0 52.0 0.1398

Choking or swallowing issues 47.9 34.4 84.6 0.0031 58.3 37.5 0.2476

Communication difficulties 46.9 33.3 84.6 0.0027 58.3 36.0 0.1564

Decreased performance in social situations 72.9 69.7 83.3 0.4660 75.0 70.8 1.0000

Difficulty thinking 39.6 30.3 58.3 0.1626 37.5 41.7 1.0000

Breathing problems 27.7 24.2 27.3 1.0000 30.4 25.0 0.7516

Decreased satisfaction in social situations 68.8 63.6 75.0 0.7222 66.7 70.8 1.0000

Lower extremity weakness 91.8 87.9 100.0 0.3130 91.7 92.0 1.0000

Vision problems 44.7 28.1 75.0 0.0072 69.6 20.8 0.0012

Gastrointestinal problems 57.1 45.5 84.6 0.0217 58.3 56.0 1.0000

Impaired coordination 95.9 93.9 100.0 1.0000 100.0 92.0 0.4898

Heart problems 87.0 90.3 91.7 1.0000 83.3 90.9 0.6672

Problems with shoulders or arms 57.1 45.5 84.6 0.0217 45.8 68.0 0.1536

Numbness 62.5 54.6 75.0 0.3082 58.3 66.7 0.7661

Limitations with mobility and walking 94.6 93.6 100.0 1.0000 100.0 90.9 0.5045

Symptomatic theme

Speech status Heart problems

Experiences speech
changes

Does not
experience
speech
changes p Value

Doesnot have
heart
problems

Has heart
problems p Value

Hand and finger weakness 96.3 81.8 0.1597 80.0 92.1 0.2758

Pain 77.8 59.1 0.2165 60.0 71.1 0.7028

Inability to do activities 100.0 86.4 0.0836 80.0 97.4 0.1058

Fatigue 96.3 95.5 1.0000 90.0 97.4 0.3768

Emotional issues 85.2 76.2 0.4772 60.0 86.5 0.0806

Impaired sleep or daytime sleepiness 74.1 50.0 0.1358 30.0 71.1 0.0275

Choking or swallowing issues 59.3 33.3 0.0894 44.4 47.4 1.0000

Communication difficulties 74.1 13.6 <0.0001 30.0 50.0 0.3071

Decreased performance in social situations 80.8 63.6 0.2104 50.0 79.0 0.1075

Difficulty thinking 53.9 22.7 0.0397 20.0 44.7 0.2762

Breathing problems 40.0 13.6 0.0561 30.0 27.0 1.0000

Decreased satisfaction in social situations 65.4 72.7 0.7563 60.0 71.1 0.7028

Lower extremity weakness 96.3 86.4 0.3136 80.0 94.7 0.1871

Continued
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this finding also highlights that the symptoms that caregivers
identify in patients at a young age are also those that continue
to generate disease burden later in life.

Of interest, the report of muscle stiffness by patients was the
clinical feature that had the most widespread association with
the prevalence of all symptomatic themes. Additional research
will be helpful to further elicit the relationship between this
cardinal symptom and the occurrence of other physical,
emotional, social, and disease-specific symptoms in FA. In
particular, it may be of interest to observe whether the oc-
currence of these other common life-altering FA symptoms
can be changed or lessened by treatments designed to reduce
muscle stiffness in this population.

One of the goals of this study was to explore associations
between GAA1 and GAA2 repeat lengths in the FXN gene
and markers of FA disease severity. Prior reports have hy-
pothesized that the smaller of the 2 GAA expansions has the
greatest association with disease progression.7 Using the age
of symptom onset, the age at which changes in sensation were

first experienced, and functional staging for ataxia as age-
independent measures of disease severity, we found that the
GAA expansion of the smaller allele and the mean GAA ex-
pansion of both alleles had the strongest association with
disease severity. Among individuals with FAwho self-reported
their symptoms, we found that the GAA expansion of the
smaller allele was associated with the age of symptom onset
and age at which changes to sensation were experienced. As
the GAA repeat length of the smaller allele increased, indi-
viduals with FA tended to experience symptom onset and
changes to sensation at a younger age. We also found that the
average length of GAA expansions on both alleles was an
indicator of FA phenotype in 2 of the 3 markers of disease
burden that were assessed. The average length of GAA ex-
pansions on both alleles was inversely correlated with par-
ticipant age of symptom onset and age at which changes in
sensation were experienced. As the average length of GAA
expansions on both alleles increased, individuals with FA
tended to experience symptom onset and changes to sensa-
tion at a younger age. Among individuals with FA who self-
reported their symptoms, there were no significant

Table 3 Caregiver-Reported Prevalence of Symptomatic Themes by Demographic Subgroups (continued)

Symptomatic theme

Speech status Heart problems

Experiences speech
changes

Does not
experience
speech
changes p Value

Doesnot have
heart
problems

Has heart
problems p Value

Vision problems 57.7 28.6 0.0762 44.4 44.7 1.0000

Gastrointestinal problems 66.7 45.5 0.1584 20.0 65.8 0.0135

Impaired coordination 100.0 90.9 0.1964 80.0 100.0 0.0399

Heart problems 96.0 76.2 0.0790 50.0 94.7 0.0055

Problems with shoulders or arms 66.7 45.5 0.1584 30.0 63.2 0.0805

Numbness 61.5 63.6 1.0000 50.0 65.8 0.4682

Limitations with mobility and walking 100.0 90.5 0.4955 77.8 100.0 0.0571

Abbreviation: FA = Friedreich ataxia.
Bolded values indicate Benjamini-Hochberg–corrected significant p values.

Table 4 Patient With FA–Reported GAA Associations With Disease State

GAA variable

Age of symptom onset Age of changes in sensation Functional staging for ataxia

Spearman correlation
coefficient p Value

Spearman correlation
coefficient p Value

Spearman correlation
coefficient p Value

Larger GAA allele number of
repeats

−0.215 0.0555 −0.071 0.5570 −0.050 0.6651

Smaller GAA allele number of
repeats

−0.640 <0.0001 −0.536 <0.0001 0.286 0.0123

Mean GAA allele number of
repeats

−0.536 <0.0001 −0.390 0.0009 0.095 0.4161

Abbreviation: FA = Friedreich ataxia.
Bolded values indicate Benjamini-Hochberg–corrected significant p values.
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correlations found in the length of the GAA expansion on the
larger allele in any markers of disease burden that were ana-
lyzed. These findings support prior research that has explored
GAA expansion lengths as markers of FA disease phenotype.7

We acknowledge that a limitation of this research is that our
sample may not perfectly represent the general population with
FA. Those without access to the Internet because of technical or
socioeconomic factors were likely underrepresented in our data.
Because of the format of the survey and the volume of responses,
it is possible that individuals with more advanced FA and care-
givers who were too overburdened to complete the survey may
be underrepresented in our sample population as well. Despite
these limitations, we suspect that our sample population ade-
quately represents individuals with FA and caregivers whowould
be willing to participate in future research studies. Last, it should
be noted that both individuals with FA and caregivers reported
their GAA expansion length and functional staging for ataxia.
While it is reasonable to believe that they could accurately report
both, it is possible that errors in understanding or reporting
occurred in the absence of secondary verification.

The results from this research significantly add to existing
knowledge of the multifaceted disease burden faced by chil-
dren and adults with FA. A fundamental understanding of the
widespread occurrence and importance of the symptoms that
those with FA face in their daily lives is relevant to those who
intend to provide clinical care for this population. Knowledge
of these symptoms is also relevant for those in the process of
developing novel therapeutics for FA and for those who wish
to research and study therapies to reduce the symptomatic
burden of this disease.
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