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Abstract: Friedreich ataxia (FRDA) is a multisystem disorder affecting 1 in 50,000– 
100,000 person in the United States. Traditionally viewed as a neurodegenerative disease, 
FRDA patients also develop cardiomyopathy, scoliosis, diabetes and other manifestation. 
Although it usually presents in childhood, it continues throughout life, thus requiring 
expertise from both pediatric and adult subspecialist in order to provide optimal manage
ment. The phenotype of FRDA is unique, giving rise to specific loss of neuronal pathways, a 
unique form of cardiomyopathy with early hypertrophy and later fibrosis, and diabetes 
incorporating components of both type I and type II disease. Vision loss, hearing loss, 
urinary dysfunction and depression also occur in FRDA. Many agents are reaching Phase 
III trials; if successful, these will provide a variety of new treatments for FRDA that will 
require many specialists who are not familiar with FRDA to provide clinical therapy. This 
review provides a summary of the diverse manifestation of FRDA, existing symptomatic 
therapies, and approaches for integrative care for future therapy in FRDA. 
Keywords: triplet repeat, scoliosis, diabetes, cardiomyopathy

Friedreich ataxia (FRDA) is a slowly progressive degenerative disease of children 
and young adults whose features involve both neural and extraneural components. 
Individuals develop neurological features (ataxia, loss of coordination, sensory loss, 
dysarthria, visual dysfunction and hearing loss) as well progressive cardiomyopa
thy, scoliosis and an elevated risk of diabetes.1–5 An autosomal recessive disease 
resulting from mutations in the FXN gene, FRDA typically manifests in patients 
between ages 5y and 20y, but some individuals present outside this range. This 
constellation of features demands management by multiple different specialists for 
optimal clinical care.

Although sometimes classed either as a neuromuscular disorder or a neurode
generative disease, the clinical features of FRDA require a management approach 
distinct from other neurological disorders. FRDA clinically is commonly grouped 
with the peripheral nerve disorders of childhood. However, there are substantial 
differences between FRDA and other disorders of this type (Spinal muscular 
atrophy, SMA; Duchenne muscular dystrophy, DMD; Charcot-Marie-tooth, CMT) 
(Table 1).6,7 These disorders, like FRDA, frequently require collaborative care 
among multiple specialists. Guidelines for both SMA and Duchenne have focused 
on multidisciplinary care as a cornerstone of management.8,9 Increasingly, such care 
exists mainly within centers of excellence for these disorders, where multidisci
plinary care is a critical component and a necessity for getting the designation. 
However, there are distinct differences in the care of FRDA from that of those 
disorders. SMA and DMD present early with more aggressive loss of motor 
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function whereas FRDA will more commonly presented in 
adolescence and with slower progression. Pulmonary com
promise becomes a major issue in SMA and DMD, while 
pulmonary dysfunction is rarely an issue in FRDA until 
late in the course of disease.1–4 While FRDA has most in 
common with CMT as a disease, as both have a neuro
pathic component, in general CMT has a slower progres
sion, and fewer systemic effects. CMT may present earlier 
than FRDA, but its progression is slower and depends on 
the length of axons, leading to a different pattern of pro
gression than FRDA. Occasionally (10% or less of the 
time), FRDA will clearly differ from CMT by having 
retained reflexes. FRDA also differs from the typical 
adult degenerative disorders including other ataxias. 
Though they share neurological symptoms, FRDA pre
sents more uniformly than spinocerebellar ataxias (SCA) 
of adulthood, with few extrapyramidal or cognitive fea
tures early in the course of FRDA.10 In addition, SCAs 
lack direct extra neurological features, making FRDA 
fundamentally different in its clinical management.1–5

Perhaps the most unique aspect of FRDA is the age of 
patients. Individuals with FRDA typically present after 5 
years of age, although a few have presented earlier, and 
many families retrospectively identify symptoms earlier in 
life.1–5 In addition, although 80–90% of patients present 

by age 20y, some individuals have presented as late as 
their late 60’s.11,12 With a mean age of death at 37y (about 
25 years or more after presentation even in the youngest 
presenting individuals), care of FRDA demands specialists 
from the pediatric and adult domains.13 In addition, this 
diverse age range covers many of the transitions of life: 
from childhood to adolescence, and adolescence to adult. 
Patients go from lower school to upper school to college to 
employment and finally retirement, requiring unique med
ical care through all those phases. The medical features of 
FRDA reflect this diversity: we increasingly appreciate 
that the developmental aspects of FRDA impact the early 
aspects of life, and the similarities of FRDA to accelerated 
aging affect the degenerative components.14–16

The diverse age range of FRDA patients renders inter
pretation of clinical data difficult. At times physical exam
ination or laboratory markers (particularly related to the 
heart) become abnormal early but then pseudo-normalize 
later. Consequently, competent reading of the FRDA lit
erature requires that one pay close attention to the age 
range of subjects included. Findings from early in the 
disease may not generalize to older individuals and vice 
versa.

After the identification of the causative mutations in 
1996, the pace of research in FRDA has accelerated 

Table 1 Comparison of FRDA and Some Other Pediatric Onset Neurological Disorders

Feature FRDA SMA (Type I) CMT1A Duchenne Ataxia Telangiectasia

Age of onset 5–15, sometimes older <2 10–30 <4 <5

Inheritance Recessive Recessive Dominant X linked Recessive

Clinical Imaging 

studies

Essentially normal Normal Normal Normal Cerebellar atrophy

Scoliosis >70% Yes in later 

onset

Not common Always High percentage

Diabetes 20% No No No No

Cardiac pathology Hypertrophic followed by fibrosis None None Fibrosis None

ECG Inverted T waves in II,III, AVF in >90% of 
people

None None Fibrosis None

PFT Normal until late Restrictive Normal Restrictive Restrictive, pulmonary 
telangiectasia

Reflexes Absent Absent Absent Absent Absent

Sensory loss Large fiber None All modalities None None

Cognitive features Late feature, matching cerebellar cognitive 

syndromes

None None Dementia In 

some

Frequent changes
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dramatically.17–19 As FRDA enters a new era of therapeu
tic development, clinical care must also advance in a 
manner covering all of these issues. In this manuscript 
we describe the individual components of care in FRDA, 
followed by a discussion of multidisciplinary interactions 
and how they may be managed.

Genetics and Diagnosis of FRDA
FRDA is an autosomal recessive disease resulting only 
from mutations in the FXN gene, all of which lead to 
decreased levels of functional frataxin protein. In 96% of 
patients, both mutations are expanded GAA repeats in the 
first intron of the gene; such mutations decrease transcrip
tion of the mRNA for frataxin to about 10% of normal 
levels. In 4% of patients, the second mutation is a point 
mutation or deletion, all of which lead to lack of functional 
frataxin by abnormal protein folding, premature trunca
tion, loss of biological activity, or other methods.17–22 

Frataxin maintains the iron sulfur clusters of enzymes 
involved in oxidative phosphorylation, the Krebs cycle, 
and other cellular processes.23–26 Consequently, FRDA 
has many features of mitochondrial diseases at a molecular 
level.

Many drugs are in development for FRDA, some of 
which are in late-stage trials and are likely to slow 
progression.1–5 Consequently, rapid identification of 
patients through genetic testing is a crucial part of care. 
As a recessive disease, most patients have no family 
history of FRDA and until therapies are developed, there 
is no role for widespread screening. Instead, diagnosis is 
typically made after symptoms develop by sub-specialists, 
usually pediatric neurologists, cardiologists or orthopedic 
surgeons rather than primary care physicians, genetic 
counselors or genetic specialists. The diagnosis of FRDA 
is confirmed by a positive genetic test for biallelic muta
tions in an appropriate clinical context (ataxia, cardiomyo
pathy, scoliosis, and/or rarely diabetes). Targeted testing 
directly assesses the length of the GAA repeat in FXN. 
This test alone will be diagnostic in 96% of patients with 
FRDA; 4% of patients will require FXN sequencing, iden
tifying one expanded allele and one normal allele by GAA 
repeat sizing. Those with one abnormality can have the 
second mutation identified by follow up DNA sequencing. 
Only a single person has been found with 2 point muta
tions and no expanded alleles; thus, GAA expansion test
ing is the first step in genetic evaluation.27 In planning 
genetic testing, it is crucial to recognize that whole exome 
(WES) or next generation sequencing do not identify 

expansions; thus, most WES testing is normal in patients 
with FRDA. Consequently, GAA repeat testing is always 
the correct starting point in any patient in whom FRDA is 
a realistic possibility.

Specific Care Aspects
Neurological Features and Treatment
All patients with FRDA have some degree of neurological 
involvement, but the exact systems affected may vary 
between patients. Still, the phenotypic variability in neu
rological features of FRDA is more uniform than most 
other ataxias. Three major neurological systems degener
ate in FRDA.28–34

1: Large fiber sensory systems (mainly proprioception), 
leading to loss of sensation and deep tendon reflexes, but 
more importantly creating a vision-dependent component 
to the ataxia in early disease.

2. Cerebellar coordination systems (mainly reflecting 
loss of cerebellar outflow neurons), leading to ataxia, loss 
of arm coordination, dysarthria.

3. Corticospinal motor systems, leading to lower extre
mity weakness, spasticity (only occasionally with 
increased reflexes)

Most textbooks cite the loss of proprioception as the 
most important neuroanatomical abnormality of FRDA. 
However, present views suggest that loss of proprioceptive 
pathways and deep tendon reflexes occurs early, probably 
before clinical presentation.14–16 Its severity also decreases 
as age of onset increases, such that proprioceptive loss 
may not be present in older onset patients, but such 
patients have similarly progressive ataxia. Thus, the 
importance of proprioceptive loss to progression in 
FRDA is limited although it clearly exacerbates the cere
bellar ataxia early in the disease. Instead, the major sites of 
active progression in clinical FRDA likely are the dentate 
nucleus of the cerebellum (the output nucleus) and the 
corticospinal tract. Their loss gives rise to the progressive 
ataxia and later spasticity.

A few other locations are affected in FRDA over time: 
skeletal muscle (metabolic rather than degenerative), small 
sensory fibers (giving rise to neuropathic pain), auditory 
nerve and cochlear nucleus (hearing loss, without loss of 
primary tone hearing), autonomic fibers to the bladder 
(leading to urinary urgency), and retinal ganglion cells 
(causing optic neuropathy and visual loss).35–39 In con
trast, cognitive involvement is an incompletely character
ized aspect of FRDA at the clinical level, whose 
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neuroanatomical substrate involves cerebellar features and 
forebrain aspects.40–42

There is no disease modifying therapy for FRDA at 
present, though many are being tested. Similarly, there are 
no symptomatic treatments for weakness and ataxia. 
Several of the clinical symptoms such as spasticity (baclo
fen, tizanidine, Botox), and neuropathic pain (gabapentin, 
pregabalin) have selective pharmacological treatments. 
Urinary urgency reflecting neurological issues affecting 
the bladder can be controlled with anticholinergic agents 
(oxybutynin). Formal urological evaluation is usually not 
necessary unless a person gives a history of true incon
tinence (which is uncommon in FRDA).43 Visual and 
hearing loss deserve evaluation for non-FRDA causes 
that potentiate FRDA-related issues. This usually involves 
referral to ophthalmology or audiology.

The major approaches for treatment also include reha
bilitative services: physical therapy/occupational therapy/ 
speech therapy. Their roles are discussed further below.

Cardiac Features
Sixty percent of individuals with FRDA die of cardiac 
disease, the main reason for premature mortality.13 

Almost all individuals with FRDA have some degree of 
cardiac abnormality based on electrocardiogram or 
echocardiography.44–47 However, meaningful cardiac dis
ease is almost always limited to those with onset before 
age 18y, who have more severe genetic abnormalities.44–47 

In general, as neurological dysfunction and cardiac disease 
are both linked to the length of the GAA repeat, early 
onset individuals have both significant cardiac disease and 
severe neurological features. However, individuals with 
relatively more cardiac dysfunction or relative cardiac 
sparing do exist. In later onset individuals, ECG or echo
cardiographic abnormalities appear to change minimally, 
or possibly their evolution gets lost in the neurological 
dysfunction or other age dependent events (such as 
increasing amounts of non-FRDA cardiac dysfunction 
after age 50y).

Cardiac disease in FRDA is reasonably well defined 
pathologically, but the clinical manifestations are some
times harder to decipher. The earliest features of cardiac 
disease reflect cardiac hypertrophy (usually concentric) 
with later evolution to fibrosis and myocyte dropout.48,49 

From a structural point of view, cardiac imaging (echocar
diography or cardiac magnetic resonance imaging) reveals 
early left ventricular hypertrophy along with decreases 
ventricular volumes and preserved systolic function; later 

in disease, wall thicknesses decrease, ventricular volumes 
increase, and systolic function falls.47–50 Thus, the overall 
pathophysiological course is often described as an early 
hypertrophic cardiomyopathy phenotype with presumed 
diastolic dysfunction that variably progresses to a later 
dilated cardiomyopathy phase with systolic dysfunction 
and classical heart failure.

This simplistic approach belies the complexity of the 
situation. While patients with early onset FRDA almost 
always have some degree of hypertrophy, it is usually not 
severe and is not commonly accompanied by demonstrable 
outflow tract obstruction. The neurologic disability limits 
the exercise abilities of FRDA patients, making it harder to 
demonstrate any direct effect of structural hypertrophy on 
daily activities; instead, the diastolic dysfunction becomes 
apparent only during times of volume overload (eg, from 
rapid IV fluid replacement) or volume depletion (eg, from 
gastrointestinal illness). In addition, the relative levels of 
hypertrophy and eventual change to fibrosis (if it is des
tined to occur) do not clearly correlate at a quantitative 
level. The evolution from hypertrophy to fibrosis occurs 
over the course of several decades in many individuals. 
Consequently, this process is poorly documented and 
bridges the gap from pediatric to adult cardiologist over
sight. Such features all complicate the understanding of 
the course of cardiomyopathy in FRDA and its clinical 
features.

The management of FA-related cardiomyopathy is 
based on the generic management guidelines for patients 
with cardiomyopathy.51–55 There are currently no FRDA- 
specific medications to prevent or treat cardiac disease 
progression. Likewise, there are no specific medications 
indicated for hypertrophic cardiomyopathy in the absence 
of symptomatic outflow tract obstruction. However, when 
systolic dysfunction is present, medications such as angio
tensin converting enzyme inhibitors, beta-blockers, and 
aldosterone antagonists may be indicated. Newer agents, 
such as SGLT2 inhibitors and combination angiotensin 
receptor blocker-neprilysin inhibitor therapy may also be 
considered. When fluid overload is present, diuretics may 
be warranted. For arrhythmia management, careful con
sideration for appropriate antithrombotic measures as well 
as medications and interventions to manage rate and/or 
rhythm should be made, most often with an 
electrophysiologist.

Heart failure symptoms may be subtle and difficult to 
distinguish from nonspecific symptoms of non-cardiac 
etiology in FRDA, especially when there are 
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neuromuscular limitations to activity and physical exer
tion. At any stage of disease, however, it is important to 
recognize the potential for cardiac decompensation with 
stressors such as surgery and illness. Pre-operative cardiac 
evaluation and careful monitoring for the emergence of 
systolic or diastolic dysfunction as well as arrhythmias 
may be particularly helpful for multidisciplinary teams 
managing an FRDA patient before, during, and after 
sedated procedures. For those FRDA patients who pro
gress to overt heart failure, their candidacy for advanced 
heart failure therapies should be carefully considered in 
the context of their individual well-being and non-cardiac 
quality of life.54,56 There are multiple published reports of 
individuals with FRDA who have undergone advanced 
heart failure therapies such as ventricular assist device 
implantation and heart transplantation with positive 
outcomes.56–62

Apart from overt heart failure, FRDA patients can 
have several other cardiac symptoms. Many develop 
chest pain sounding like classical angina, though not 
always linked to exertion. It is usually not associated 
with changes in ECG or troponin levels, though tropo
nin levels are confounded by elevated troponin values 
at baseline.46 Anecdotally, we have seen individuals in 
whom this chest pain has responded to quinone con
taining neutriceutical (CoQ, idebenone), beta-blockers, 
calcium channel blockers, or nitrates. While early-onset 
coronary artery disease does not appear to be a com
mon feature of FRDA, medications such as beta-block
ers, calcium channel blockers, or nitrates may alleviate 
symptoms, presumably by decreasing myocardial oxy
gen demand or increasing microvascular blood supply 
to the hypertrophied heart.

Another prominent though understudied feature of 
cardiomyopathy in FRDA is the tendency to 
arrhythmias.63 Atrial arrhythmias are more common in 
FRDA, sometimes without correlation to structurally 
disease.63 Ventricular arrhythmias can occur, particularly 
late as fibrosis and end stage disease develop. In properly 
selected candidates, electrophysiological ablation and 
internal cardioverter-defibrillator implantation may be 
considered.54,64–66 As noted above, both medical and 
procedural management of atrial and ventricular arrhyth
mias in FRDA should include consultation with an elec
trophysiology specialist, as well as a multidisciplinary 
care team attuned to careful fluid and hemodynamic 
management when sedated procedures are pursued.

Orthopedic Conditions- Scoliosis and Pes 
Cavus
Scoliosis is found in a majority of FRDA patients while 
pes cavus is frequent but not always found. Scoliosis 
appears early (usually by time of presentation), progresses 
with growth during adolescent years, and tends not to 
progress after that time, thus mirroring idiopathic 
scoliosis.68–73 However, it has a more troublesome course 
than idiopathic scoliosis, progressing to surgery in a large 
number of the earliest onset patients. While its presenta
tion is variable, it is more likely to have unusual aspects 
(such as left curve) than idiopathic scoliosis. Severe sco
liosis is most common in early onset disease in subjects 
with long GAA repeat length, but some individuals present 
with scoliosis in teenage years while showing no ataxia 
until much later; this contrasts to most other neuromuscu
lar conditions where scoliosis typically occurs once indi
viduals have significant motor impairment, and often with 
the most rapid progression after they are non-ambulatory. 
In large natural history studies, scoliosis is a more com
mon presenting symptom than overt cardiac disease, 
reflecting these individuals presenting with apparently iso
lated scoliosis. The high prevalence of scoliosis in FRDA 
may result from the high incidence of idiopathic scoliosis 
in the general population, which when combined with 
FRDA, may be more progressive.

The management of scoliosis in FRDA is similar to 
that in the general population: physical therapy to build 
core strength, bracing to stabilize the spine during growth, 
and should those failure to ameliorate progression, surgical 
intervention when Cobb angles reach high numbers 
(roughly greater than 45 degrees), though timing of sur
gery is individualized. Without such intervention, second
ary neurological complications (pain, loss of stability) may 
occur along with eventual cardiopulmonary compromise 
and restrictive lung disease.

While surgical techniques are beyond the scope of this 
review, there are several aspects of scoliosis surgery that 
require multidisciplinary care. Timing of surgery to growth 
is crucial; one goal is to perform surgery after an indivi
dual has reached skeletal maturation, as assessed by bone 
age x-ray. Monitoring of surgery is also complicated as 
somatosensory evoked potential- (SSEP) based monitoring 
is not useful; patients with FRDA have lost such potentials 
before presentation.74 Finally, the prolonged anesthesia 
time without oral intake makes monitoring of fluid status 
and understanding of baseline cardiomyopathy important. 
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These considerations all establish the need for an inte
grated anesthesia team.

Diabetes and Growth-Related Issues
Diabetes in FRDA is a highly variable and age dependent 
feature in FRDA. Estimates of the incidence of diabetes in 
FRDA range from 10% to 65% (if one also includes 
abnormal glucose tolerance).28,75–77 However, its driving 
pathogenic mechanism and prevalence vary with age. 
Individuals with early onset FRDA and diabetes can pre
sent similar to individuals with autoimmune “Type 1” 
diabetes, with diabetic ketoacidosis and low insulin and 
c-peptide levels, and usually require insulin as soon as DM 
is diagnosed.78 The main pathogenic factor of diabetes in 
early-onset FRDA-related diabetes thus appears to be pan
creatic β cell insulin deficiency.79. In contrast, later in life, 
peripheral insulin resistance also contributes to develop
ment of FRDA-related diabetes.75,80,81 Diabetes develop
ment is more insidious and can be related to advancing age 
and increasing adiposity in individuals with later onset 
FRDA. However, pancreatic β cell insulin deficiency is 
still a prominent feature, with diabetes occurring at 
younger ages and at lower levels of adiposity than in 
common “Type 2” diabetes.78,80,82 Also, a disproportionate 
share of individuals with later onset FRDA and diabetes 
will require insulin.77

Although there is relatively little evidence to guide 
screening strategies for FRDA-related diabetes, at mini
mum individuals with FRDA should be educated about 
symptoms of diabetes and be screened at least once 
annually with hemoglobin A1c (HbA1c) and fasting 
blood glucose. Of note, screening with HbA1c alone may 
miss individuals with acute-onset diabetes. Usual consen
sus diagnostic criteria for diabetes should be applied for 
FRDA-related diabetes.82 Oral glucose tolerance testing 
and/or serial blood glucose measurements can be consid
ered in those whose initial screening results are equivocal.

For those diagnosed with FRDA-related diabetes, we 
recommend self-monitoring blood glucose using a gluc
ometer and/or continuous glucose monitoring (CGM). 
CGM is particularly useful for individuals who are at 
risk for hypoglycemia related to insulin or secretagogues 
and/or for those for whom manual dexterity limits the 
ability to independently measure glucose by fingerstick. 
Given the risk of ketoacidosis, individuals should also 
have the ability to test for ketones. We recommend using 
blood instead of urine ketone measurements, both for ease 
of use and for improved accuracy in the setting of potential 

secondary mitochondrial deficits in ketone oxidation, 
where urinary acetoacetate may underestimate the degree 
of ketosis relative to blood beta-hydroxybutyrate.83

With respect to therapies, insulin remains the corner
stone of therapy for individuals with clinical evidence of 
significant insulin deficiency (eg, ketoacidosis, hypergly
cemia with weight loss), especially in children.84 There 
may be a role for other glucose-lowering therapies with 
careful consideration of individualized risk-benefit assess
ment in light of comorbidities. In contrast to other forms 
of diabetes related to mitochondrial impairment, most 
individuals with FRDA do not have a personal history of 
lactic acidosis, so metformin is not strictly contraindicated 
and may be helpful, though its use should be monitored 
closely, and as with all individuals, discontinued with 
illness.85 Novel glucose lowering medications may have 
a role not only in the management of FRDA-related dia
betes, but also for other problems, such as glucagon-like 
peptide 1 receptor (GLP1R) agonists for neurologic and/or 
cardiac benefits, eg, exenatide and sodium-glucose co- 
transporter 2 (SGLT2) inhibitors for heart failure with or 
without diabetes.67,86 These exciting potential benefits 
warrant additional study in FRDA, with attention to risk 
for associated adverse effects. Particularly relevant for 
individuals with FRDA is the increased incidence of 
euglycemic diabetic ketoacidosis with SGLT2 inhibitor 
use.87 Finally, in FRDA related diabetes, glycemic targets 
should be individualized, and screening for complications 
as in other forms of diabetes, although with attention to the 
overlap with complications of FRDA itself.

Linear growth and weight gain should be monitored 
closely in children with FRDA, as in any child with a 
chronic, multi-system disorder. Specifically, in FRDA, 
scoliosis is expected to impact height measurements, in 
particular during and after the pubertal growth spurt. 
Also, more severe cardiac disease could also adversely 
impact growth, as in other pediatric heart disorders.88 

Many children with FRDA have low body mass index 
(BMI) when commonly used thresholds for assessing 
nutritional status are applied.89 However, it is not clear 
the extent to which BMI truly reflects body composition 
in FRDA, and whether more nutrition would produce 
clinical benefit as low BMI values most likely do not 
directly lead to neurological or cardiac dysfunction. 
Indeed, in adults with FRDA, BMI may underestimate 
the degree of excess visceral adiposity that predisposes 
to diabetes.81 In both children and adults, height and 
weight are frequently not recorded at clinical visits, 
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likely due to difficulties obtaining measurements in indi
viduals with limited mobility.28 We recommend that 
increasing attention be paid to making these measure
ments, and using alternate assessments (eg, recumbent 
length, arm span, or tibial length) be considered where 
needed.

Children and adults with FRDA also have multiple 
risk factors for impaired bone health. In children, both 
chronic disease and decreased mobility may impact 
acquisition of peak bone mass, and thus predispose to 
development of adult osteoporosis.90 In one small study 
of adults with FRDA, nearly 20% had low areal bone 
mineral density as assessed by dual energy x-ray absorp
tiometry (DXA) scanning.91 Mobility impairment in 
combination with low bone density may be expected to 
increase the risk for falls and associated fractures, 
though this phenomenon has not been studied in detail 
in FRDA. In the absence of FRDA-specific evidence, 
we recommend optimization of calcium and vitamin D 
status in all individuals with FRDA, and individualized 
consideration of screening using DXA and treatment 
with anti-osteoporosis medications according to general 
age-specific consensus guidelines.92–96 Also, we recom
mend counseling individuals regarding risk for occult 
fracture and that physical therapy prescriptions take 
into account the potential for bone fragility.

Mental Health in FRDA
While not well characterized, depression is a component 
of FRDA. Many neurological case series have documented 
depression, but few psychiatric studies have provided a 
better-characterized discussion.97–105 Thus, it is unclear if 
this is a disease-specific pattern or if this is part of the 
reaction to the diagnosis and its challenges. Having a long- 
term condition in itself a cause of psychological and adap
tive issues in children and young adults. Ideally, multi
disciplinary care team possesses a trained mental health 
professional who is adept at counseling patients on adapt
ing to the evolving features of their disorder. This becomes 
particularly difficult in FRDA considering that the patients 
span a large age range; the psychological issues of children 
do not match those of adults who are diagnosed after 
age 25.

In some situations, psychiatric intervention may be 
necessary. From a pharmacological perspective, both clas
sical medications and electroconvulsive therapy have been 
used to treat depression in FRDA.

Genetic Counseling
While specialized genetic counseling questions can arise 
in FRDA, most genetic counseling questions are straight
forward. There are few (if any) new mutations, so parents 
are obligate carriers. Siblings have a 1 in 4 chance of being 
affected, and, if unaffected, a 2 in 3 chance of being a 
carrier. While GAA repeat length correlates with age of 
onset, the correlation is not sufficiently precise that one 
can use it to predictively test age of onset in patients. 
Other relatives seeking to investigate carrier status can 
be easily be assessed through commercial testing. 
Prenatal testing has been done but predicting exact pheno
type based on GAA repeat length is not readily 
possible.106

Rare Associations and Treatments with 
FRDA
The presence of large natural history studies has facilitated 
the search for uncommon associations that might be parts 
of FRDA. Ferritin levels in FRDA tend to be low, 
suggestive of systemic iron mishandling, while heterozyg
osity for hemochromatosis may worsen the severity of 
FRDA.107–109 The effect of iron supplementation in 
FRDA remains somewhat controversial. While FRDA 
involves iron overload in mitochondria, cells behave as if 
they are cytosolically depleted of iron. Consequently, iron 
supplementation may be with beneficial or harmful 
depending on the context. In some situations, individuals 
with FRDA have worsened with iron administration, and 
iron chelation itself with deferiprone decreases cardiac 
hypertrophy but is associated with adverse events at higher 
doses.110–112 Such a complex relationship with systemic 
iron levels suggests that any iron supplementation in 
FRDA should judicious, based on measures like hemoglo
bin levels rather than ferritin or blood iron levels.

Within the FACOMS cohort in the United States, 
growth hormone deficiency and inflammatory bowel dis
ease appear more common than expected among FRDA 
patients.113 In addition, case reports suggest that nephrotic 
syndrome and Graves’ disease may be associated at other 
times.113–116 Cancer does not seem to be an association of 
FRDA.117,118 Whether these represent true biological asso
ciations will be revealed over time.

In addition, such large natural history studies also 
identify individuals with FRDA who have tolerated med
ical treatment for other disorders. The multisystem nature 
of FRDA might lead some to exclude patients from high- 
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risk therapies for coincidental disorders. However, this 
need not necessarily be in the best interest of the patient. 
Individuals with FRDA have undergone liver transplanta
tion and bone marrow transplantation without ill effects, 
and in contrast to CMT, no form of chemotherapy has yet 
been shown to worsen FRDA.119–121 Similarly, at least one 
individual with FRDA has tolerated doxorubicin, a poten
tially cardiotoxic chemotherapeutic agent, in treatment of 
osteogenic sarcoma without intermediate-term cardiac 
decompensation.117 Furthermore, pregnancy in FRDA 
does not have an increased number of risks compared to 
the general population.122 Thus, the presence of FRDA 
does not rule out a bold approach to treatment of other 
disorders.

Rehabilitation in FRDA
One area of medicine involving all of the aspects of 
FRDA is rehabilitation. While studies suggest that sys
tematic rehabilitation is beneficial in FRDA, the details 
are not yet well developed.123–132 Physical therapy and 
occupation therapy are beneficial for restoration during 
acute events as well as possibly to ameliorate long- 
term changes. Speech therapy is also useful in the 
context of eventual speech dysfunction and swallowing 
difficulty. In addition, exercise is anecdotally extremely 
beneficial in FRDA, perhaps reflecting underlying sti
mulation of mitophagy. Still there have been few sys
tematic studies directed to the type of rehabilitative 
therapies that are most appropriate. In addition, inte
grative rehabilitation is best performed local to a per
son’s place of residence, and not commonly performed 

at distant tertiary care sites. As a result, it is not 
currently well integrated into the multidisciplinary 
care of many FRDA patients.

Coordination of Multidisciplinary 
Care
So, who is in charge of the multidisciplinary approach? 
Ideally a single physician such as a primary care practi
tioner would act as the organizer and triage physician for 
chronic and acute medical care in FRDA. Unfortunately, 
the advancement in understanding of FRDA and its care 
make management of FRDA the domain of tertiary care 
specialists, even at the triage level. Indeed, even among 
tertiary care centers, centers specialized for FRDA are 
found in only 10–20 locations in the United States. Such 
locations follow >15 people with FRDA, which is still a 
modest number. Consequently, the global knowledge 
needed to manage the complete disease is localized. In 
such centers, the neurologist usually takes a dominant role 
because neurological progression invariably occurs each 
year in every patient, distinct from the cardiomyopathy 
and endocrinopathy that are relegated to subgroups of 
individuals. In addition, they are most commonly the 
ones to make the diagnosis initially. Clinical trials at pre
sent are almost always are based on neurological function, 
with loss of neurological abilities being the primary out
come measure. Cardiac measures remain either secondary 
efficacy measures or more commonly safety measures. 
Thus, multidisciplinary care tends to be organized around 
neurological programs for FRDA with close communica
tion to the other subspecialists.

Table 2 Active Clinical Trials in FRDA

Agent Agent Status Disease Stage Clinical Trial 
Number

Vatiquinone (MOVE-FA) PTC 743 Phase II/III pivotal Ambulatory Children NCT04577352

CTI-1601 Tat-frataxin Phase I/II Later ambulatory, non ambulatory adults NCT04519567

NAD+ and Exercise in FRDA 

(ExRx in FA)

Nicotinamide 

riboside

Phase II Ambulatory, early non ambulatory adults 

and children

NCT04192136

RT001 Deuterated 

fatty acid

Phase II/III Pivotal trial Ambulatory,early non ambulatory adults 

and children

NCT04102501

RTA 408 (MOXIe) Omaveloxolone Phase II/III Potentially 

Pivotal trial

Ambulatory,early non ambulatory adults 

and older children

NCT02255435

NAD+ precursor 

supplementation

Phase I/II Later ambulatory, non ambulatory adults NCT04817111
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Still, excellent communication between specialists 
provides the essential element of high quality multidisci
plinary care. Traditional mechanisms of communication 
work best in typical paradigms in which all the specialists 
are located in one institution. In FRDA, such specialists 
frequently employ both pediatric and adult subspecialists, 
often across multiple health care systems. In addition, the 
great distance patients travel for FRDA-centered care 
center can further complicate communication.133 Three 
major advancements in medical care help overcome such 
limitations. First, the creation of electronic medical 
records with sharing capability allows local specialists 
to communicate readily with those at FRDA centers. 

Secondly, the use of telemedicine and video visits may 
at some point allow better integration with local specia
lists. While COVID has decreased the comfort of patients 
in traveling to FRDA centers, and the need for social 
distancing in clinical settings has led to a decrease in 
the number of patients who can be seen, the pandemic 
has also amplified the development and need for mechan
isms which enable remote care delivery. The final change 
in medical care is the increased emphasis on transition 
from the pediatric to the adult medical world. Models 
exist in many diseases for this process, and health care 
professionals are now trained to address the evolving 
needs of this period.

Figure 1 Scheme for diagnosis of diabetes in FRDA. 
Abbreviations: HbA1C, hemoglobin A1C; BG, blood glucose; OGTT, oral glucose tolerance test.
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Clinical Trials
With no disease-modifying clinical therapies presently avail
able for FRDA, may discussions in FRDA coalesce around 
clinical trials of new agents (Table 2). Such agents uniformly 
attempt to treat the pathophysiology of FRDA by improving 
mitochondrial function or by increasing expression of fra
taxin. Ideally, these therapies would be effective against all 
aspects FRDA pathology. However, as most are being 
directly tested only for slowing the neurological progression, 
there is no assurance of this. Understanding whether new 
therapies act on all components of the disease or simply the 
neurological aspect will require multidisciplinary studies, 
most likely as post marketing protocols. Thus the need for 
integrated care in FRDA will continue to expand.

Abbreviations
FRDA, Friedreich Ataxia; GAA, Guanine adenine, ade
nine; SMA, spinal muscular atrophy; DMD, Duchenne’s 
muscular dystrophy; SCA, spinocerebellar atrophy; WES, 
whole exome sequencing; CMT, Charcot Marie Tooth; 
DNA, deoxyribonucleic acid; CGM, continuous glucose 
monitoring; DXA, Dual-energy X-ray absorptiometry; 
SGLT2, Sodium glucose co-transporter 2; FXN, frataxin 
gene; GLP1R, Glucagon Like Peptide 1 Receptor; BMI, 
body mass index; HbA1C- hemoglobin A1C; BG, blood 
glucose; OGTT, oral glucose tolerance test.
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