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1. Overview of Friedreich ataxia 

1.1 Clinical features of Friedreich ataxia 

Antoine Duquette and Ludger Schöls 

1.1.1 Symptom onset and presenting symptoms 

The disease which came to be known as Friedreich ataxia (FRDA) (1) was first described by the 

German pathologist Nikolaus Friedreich in a series of five papers published between 1863 and 1877 

(2-6). At the time, Friedreich described a new hereditary spinal disease associated with 

kyphoscoliosis and fatty degeneration of the heart. The disease is most often caused by a pathogenic 

expansion in the first intron of the frataxin gene (7) and the size of the expansion influences the 

clinical presentation. Typically, the disease begins in early adolescence with gait instability (8). 

Scoliosis may also be the initial symptom, especially in patients with a younger age of onset (8). 

1.1.2 Diagnostic criteria 

The first set of diagnostic criteria for FRDA were proposed by Geoffroy and colleagues in 1976 (9). 

Seven primary signs and symptoms were considered obligatory for diagnosis: onset before the end of 

puberty and never after the age of 20; ataxia of gait; progression of ataxia within the last two years; 

dysarthria; decrease of joint position and/or vibration sense in lower limbs; muscle weakness; and 

deep tendon areflexia in the lower limbs. Four clinical features were considered secondary, but not 

obligatory for diagnosis: extensor plantar response; pes cavus; scoliosis; and cardiomyopathy. These 

criteria, however, proved to be difficult to use in younger individuals in whom some of the features 

deemed to be obligatory, such as muscle weakness and sensory loss, would develop later. To 

overcome this challenge, Anita Harding proposed a new set of criteria (10). Obligatory criteria 

included an onset of symptoms before the age of 25, progressive unremitting ataxia of the limbs and 

gait, as well as absence of the knee and ankle jerks. Dysarthria and extensor plantar responses were 

considered important secondary criteria. 

While diagnostic criteria have been critical to guide research and clinical care, they restricted the 

expected presentation of individuals with FRDA. The identification of the genetic basis of the disease 

(7) has led to a significant expansion of clinical phenotypes associated with FRDA. The limitations of 

the criteria rapidly became apparent as genetically confirmed individuals had onset after the age of 

25 or with retained tendon reflexes (11, 12). In fact, the phenotype of late-onset FRDA is often 

predominantly spasticity with very little ataxia (13). 

1.1.3 Incidence and progression of clinical features 

Neurological signs and symptoms 

In longitudinal studies, the neurological symptoms progress over time. Loss of ambulation obviously 

has a significant impact on independence and quality of life. For individuals with disease onset before 

the age of 15, loss of ambulation occurs on average 11.5 years after disease onset with the 

sequential loss of stance with feet apart and eyes closed, followed by stance with feet together and, 

finally, normal stance (14). Dysarthria is a nearly universal feature in FRDA (11, 12, 15) and spectral 

measures can detect changes in speech over time (16). The prevalence and frequency of ocular 

square-wave jerks increases over time, but this rarely translates into functional impairment (17). 

Overall, using the Friedreich Ataxia Rating Scale (FARS), the disease seems to progress faster in 
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younger individuals (18). While disease progression may indeed slow down with time, this could also 

reflect the limitations of clinical scales currently in use.  

Neurogenic bladder 

Lower urinary tract symptoms, including hesitancy, retention, urgency, and incontinence, have been 

reported in 59% to 82% of individuals with FRDA (19, 20). 

Orthopedic involvement 

In cohorts with genetically confirmed FRDA, between 60% and 84% have scoliosis (11, 12, 15, 21). 

Pes cavus, which is slightly less frequent, is also observed in a majority of individuals with FRDA (11, 

12, 15, 21). 

Cardiac involvement and diabetes mellitus 

Heart involvement in FRDA has been described by Nikolaus Friedreich in his original series of 

publications and cardiac disease is recognized as the most common cause of mortality in FRDA (22). 

In fact, in addition to GAA repeat length, left ventricular mass index and left ventricular ejection 

fraction are independent predictors of mortality (23). ECG abnormalities such as T-wave inversions 

are found in 83% of individuals with FRDA (12). While 78.6% of people with FRDA exhibit normal left 

ventricular function, ejection fraction declines slowly over time even if it remains within the normal 

range (23). 

Diabetes mellitus is another significant issue associated with FRDA and often requires insulin 

therapy; prevalence has been estimated to be between 8% and 32% (11, 12, 15). 

Visual impairment and hearing loss 

While clinically significant visual loss is reported in a minority of people with FRDA, anterior and 

posterior visual pathway involvement is nearly universal (24). Hearing loss is also increased in FRDA 

relative to the general population, and abnormal speech perception has been described in up to 90% 

of people with FRDA (25).  

1.2 Genetics and pathophysiology of Friedreich ataxia 

Sanjay I. Bidichandani, Hélène Puccio and Robert B. Wilson  

1.2.1 Genetics, incidence and carrier frequency 

FRDA is caused by loss-of-function variants in the FXN gene (7). As an autosomal recessive condition, 

individuals with FRDA inherit disease-causing variants from both parents, each of whom is an 

asymptomatic carrier. By far, the most prevalent disease-causing variant in FRDA is an expanded GAA 

triplet-repeat sequence in intron 1 of the FXN gene. Indeed, about 96% of individuals with FRDA are 

homozygous for this mutation, which ranges in size from 100 to 1500 GAA triplets. Whereas rare 

alleles may fall outside of these bounds, the most common allele sizes encountered in practice range 

from 600 to 1200 triplets. Normal, non-FRDA alleles contain less than 36 GAA triplets, the majority of 

which are 8 to 12 triplets in length. The remaining 4% of individuals with FRDA are compound 

heterozygous with an expanded GAA triplet-repeat sequence in one of the FXN alleles, and another 

deleterious mutation in the other allele (26). The latter class of disease-causing variants include a 

variety of inactivating FXN mutations. These mutations, which are individually rare, include missense, 

nonsense, splice, and small insertion/deletion variants that span the entire length of the gene. Rare 

instances of large deletions have also been seen that involve an entire exon or multiple contiguous 

exons.  
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All individuals with FRDA genotyped to date have at least one expanded GAA triplet-repeat. Strong 

linkage disequilibrium indicates that the expanded GAA triplet-repeat arose from a relatively recent 

common founder (27). As a result, the expanded GAA triplet-repeat is seen predominantly in the 

Indo-European population, and in populations with whom they have admixed. The carrier frequency 

in Indo-Europeans is estimated to be about 1%, which supports an incidence rate of about 1 in 

40,000. 

1.2.2 Pathophysiology 

The FXN gene encodes a mitochondrial protein called frataxin (28). The expanded GAA triplet-repeat 

results in FXN transcriptional deficiency, which is inversely correlated with the length of the repeat 

(29). Most individuals with FRDA are homozygous for expanded alleles containing more than 500 

triplets, and typically express 5% to 10% frataxin transcript compared to non-FRDA levels. However, a 

subset (about 20%) of individuals have at least one expanded allele containing less than 500 triplets, 

which leads to a higher (10% to 20%) residual frataxin transcript level (30). Heterozygous carriers, 

such as parents of affected individuals, remain asymptomatic despite expressing about 50% of 

normal, non-FRDA levels of FXN transcript. Expanded GAA repeats cause FXN transcriptional 

deficiency via epigenetic silencing, and/or by the formation of an abnormal RNA-DNA hybrid 

structure called an R-loop, both of which are bona fide therapeutic targets in FRDA (31, 32).              

Frataxin functions in the biogenesis of iron-sulfur (Fe-S) clusters (33), which are essential cofactors 

that participate in a number of cellular pathways including mitochondrial respiration, iron 

metabolism and DNA metabolism. In FRDA, deficiency of frataxin results in decreased mitochondrial 

ATP production, perturbed iron metabolism and dysregulated oxidative stress response (34). Tissues 

that are pathologically involved in FRDA tend to be highly dependent on mitochondrial oxidative 

phosphorylation (34-36). These include the nervous system (large sensory neurons of the dorsal root 

ganglia; spinocerebellar and corticospinal tracts as well as the posterior columns of the spinal cord; 

cerebellar dentate nuclei), the heart, and pancreatic β-cells. Tissue vulnerability and pathological 

involvement likely begin during embryonic development (37, 38) and continue throughout life to the 

later stages of disease; however, the precise pathophysiological determinants of disease progression 

in FRDA are not well understood.  

1.3 Genotype phenotype correlations in Friedreich ataxia 

Ariane Veilleux Carpentier and Antoine Duquette  

1.3.1 Phenotype for individuals homozygous for GAA triplet repeat expansion 

In individuals with FRDA who are homozygous for a GAA triplet repeat expansion, the smaller allele 

size (GAA1) partially predicts disease evolution, phenotype, and prognosis, while the larger allele 

(GAA2) expansion is a weaker predictor of clinical variation (79).  

Age at onset 

Age at onset of symptom depends on the size of the expansions of both alleles but mainly correlates 

with the length of GAA1 (8, 11, 15, 53, 79, 80). Both GAA1 size and age at onset influence the rate of 

disease progression, the duration from onset to wheelchair dependency, and the age of loss of 

ambulation (11, 53, 79). Individuals with late-onset FRDA or very-late-onset FRDA have smaller GAA1 

expansions than typical FRDA and a milder disease progression (73). Notably, smaller GAA1 

expansion size may be associated with adult-onset spastic ataxia (81) or with spasticity and little 
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ataxia (13). While GAA1 triplet expansions can account for 40% of the variability in age at onset and 

age at wheelchair dependency, GAA2 size is possibly responsible for 10% (53, 79). 

No correlation has been found between GAA1 repeat length and age at onset of symptoms for 

individuals with non-neurological symptoms at onset (isolated cardiomyopathy or scoliosis) (51). The 

somatic instability of GAA repeats differs between tissues and may explain the lack of correlation 

between some symptoms, such as non-neurological symptoms, and GAA1 length (82).  

Clinical features 

Some clinical features of FRDA, such as dysarthria, sphincter disturbance, hearing loss, and decreased 

visual acuity appear to be linked mostly to disease duration (11, 79). GAA1 size correlates with the 

severity of proprioceptive impairment (23, 83-85) and pes cavus, scoliosis, and areflexia are more 

frequent with longer GAA1 expansions (11, 79). Both GAA1 and GAA2 repeat lengths correlate with 

dysphagia and lower-limb weakness (79).  

Cardiomyopathy is the most frequent cause of mortality in FRDA. The increase in heart disease 

prevalence in association with higher repeat lengths became obvious when the first genotype-

phenotype correlations were established (11, 53, 86). Evidence also suggests that left ventricular 

hypertrophy is significantly more prevalent in individuals with a GAA1 repeat size above 770 (84). 

More recently, another study showed that those with the worst cardiac evolution carry longer GAA 

repeats (23). 

Diabetes mellitus is another important systemic non-neurological manifestation of FRDA, but the 

evidence regarding a correlation with repeat length is conflicting (11, 15, 53). Intriguingly, aberrant 

glucose metabolism has been shown to be associated with longer GAA1 repeat length (87). 

1.3.2 Compound heterozygous phenotype 

The phenotype of compound heterozygous individuals depends on the type of mutation on the non-

expanded allele. Several mutations result in absent frataxin or loss of function and are associated 

with a typical FRDA phenotype (88). Individuals with missense mutations p.G130V and p.D122Y have 

an atypical phenotype with retained reflexes and without dysarthria (88). Null mutations result in an 

earlier age of onset and an increased risk of developing diabetes mellitus when compared to 

homozygous expansions (26). However, compound heterozygotes have a lower prevalence of 

cardiomyopathy (26). 

See Chapter 12 for more details on compound heterozygosity. 

1.4 Neuromorphology of the nervous system in Friedreich ataxia 

Kathrin Reetz, Arnulf H. Koeppen and Marcondes C. França 

FRDA is a slowly progressive multisystem disease with a complex pathogenesis. The proprioceptive 

system is affected early in the FRDA disease process, as well as the cerebellar, corticospinal, visual, 

auditory and autonomic systems and non-neuronal cell types, resulting in a unique clinical picture. 

For clinicians, effects on the nervous system and the heart are most relevant. However, 

understanding the multi-system complexity of FRDA and its temporal evolution is highly relevant for 

developing new therapies and defining targets (36). 
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1.4.1 Pathology  

FRDA affects several sites in the central and peripheral nervous systems: the spinal cord, dorsal root 

ganglia, sensory peripheral nerves, the dorsal nuclei, gracile and cuneate nuclei in the medulla 

oblongata, and the dentate nucleus of the cerebellum. Medical students and other trainees will learn 

about spinal cord atrophy in FRDA, and indeed, stains of sections of the thoracic spinal cord reveal 

subtotal lag of myelinated fibers in the dorsal columns and a more moderate deficit of fibers in the 

lateral corticospinal and dorsal spinocerebellar tracts (see Table 1.1). However, while the 

histopathological diagnosis of FRDA can be made by inspection of spinal cord sections, the clinically 

more important lesion is located in the dentate nucleus, which shows loss of large neurons while 

small neurons are commonly preserved. By immunohistochemistry, the small neurons of the dentate 

nucleus contain glutamate decarboxylase, the enzyme that generates γ-aminobutyric acid (GABA), 

which is the most abundant inhibitory neurohumoral transmitter in the central nervous system 

(CNS). The GABA-ergic small neurons send axons to the contralateral inferior olivary nuclei that 

remain intact in FRDA. The vulnerable large dentate nucleus nerve cells are thought to be 

glutamatergic, hence are excitatory at the location of their synaptic terminals in the contralateral 

thalamus. 

In most cases of FRDA, the cerebellar cortex remains intact, although in long-standing cases there is 

regional loss of Purkinje cells and atypical location in the molecular layer of the cerebellar cortex. A 

highly characteristic abnormality of the dentate nucleus in FRDA is “grumose” reaction – formerly 

considered a degeneration. It consists of clusters of GABA-ergic Purkinje cell-derived axon terminals 

about dendrites and cell bodies of large and small dentate nucleus neurons. The precise 

pathogenesis of grumose regeneration is unclear, but may be related to the deficient position of 

GABA receptors in the plasma membranes of dentate nucleus neurons. Trigeminal ganglia and the 

dorsal root ganglia at the spinal level are important targets in FRDA. Dorsal root ganglia display 

reduced sizes of all neurons, a remarkable proliferation of satellite cells, infiltration by monocytes, 

and neuronophagia of dorsal root ganglia neurons. A characteristic lesion is the formation of residual 

nodules that consist of a mixture of proliferated satellite cells and monocytes. Monocytes express 

markers of macrophages, such as CD68 and IBA-1 though phagocytosis is absent. The destruction of 

neurons is more akin to neuronophagia than to phagocytosis. Systematic quantification of the size of 

dorsal root ganglia neurons has led to the conclusion that the dorsal root ganglia lesion in FRDA is 

hypoplasia rather than atrophy. During development, intact dorsal root ganglia neurons are 

responsible for the proper growth of axons in the dorsal columns of the spinal cord and the trophic 

support of the dorsal nuclei that give rise to the dorsal spinocerebellar tracts. Accordingly, the time-

honored “atrophy” of the spinal cord is also more consistent with hypoplasia than with 

degeneration. A critical point in the pathogenesis of the lesions in dorsal root ganglia and the spinal 

cord is failure of the boundary cap, a barrier at the junction of spinal cord CNS and the growing axons 

seeking entry into the parenchyma of the spinal cord. A remarkable observation at the level of the 

dorsal root entry zone is the invasion of dorsal roots by cones of glial tissue arising from the spinal 

CNS. Hypoplasia and inflammatory destruction of dorsal root ganglia neurons are also responsible for 

the neuropathy of sensory peripheral nerves, resulting clinically in reduced sensory function. The 

paucity and small size of nerve cells in the gracile and cuneate nuclei may be attributed to 

transneuronal atrophy. 
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1.4.2 Imaging 

Clinically relevant imaging features supporting diagnosis 

Typical FRDA radiographic structural features of the brain and spinal cord are: (i) thinning of the 

cervical cord (reduction in anteroposterior diameter), depending on the stage of the disease; (ii) mild 

cerebral atrophy; and (iii) mild to moderate cerebellar atrophy. Usually the atrophy is not as severe 

as in other spinocerebellar ataxias. Using diffusion weighted imaging, microstructural involvement of 

the structures, in particular the cerebral peduncles can be detected. Magnetic resonance imaging 

(MRI) of the brain and spinal cord can support the diagnosis of FRDA. 

What do we know from multi-modal imaging in a research setting? 

From the imaging point of view, there is a clear spino-cerebellar dominance with respect to the CNS. 

For the cerebellum, a pattern of gray matter atrophy weighted toward lobules IV–VI of the vermis, 

and reductions in brainstem and cerebellar white matter volume adjacent to the dentate nuclei and 

within the cerebellar peduncles, is well described (39-44). Atrophy of the dentate nuclei has also 

been reported using quantitative susceptibility mapping (QSM), alongside cross-sectional increases in 

iron concentration and longitudinal iron accumulation in these structures (45). Recently the spinal 

cord has gained increased attention. MRI evaluations of spinal cord morphometry have identified 

flattening and reduced cross-sectional area across the full length of the spinal cord, but most marked 

in cervical regions (39, 42). There are suggestions that spinal cord changes occur early in the disease, 

are progressive, and are clinically relevant features of FRDA, but this is still being debated.  

For the cerebrum, reports of subtle anatomical changes remain mixed, with atrophy of the thalamus 

and cortical motor areas most consistently implicated and thought to reflect later-stage disease 

changes (39, 42). Robust microstructural white matter abnormalities have also been detected, most 

notably in corticospinal, callosal, and long-range association tracts (42-44, 46). Microstructural 

impairments appear to manifest over-and-above volumetric atrophy (40, 43) and correlate with 

biochemical markers of neuronal loss (N-acetyl-aspartate-to-creatine ratio) (46, 47). The patterns of 

abnormalities reported across different neuroimaging indices point to the potential for both myelin-

related and degeneration-related white-matter disease in FRDA. Whole brain functional MRI (fMRI) 

studies in FRDA also reveal evidence of network-level functional changes. Reduced cerebro-

cerebellar and increased cerebro-cerebral connectivity have been found using resting-state fMRI (40, 

48). These studies indicate a potential for adaptive mechanisms to play a role in disease mitigation or 

expression. 

Table 1.1 Overview of major neuropathological and imaging findings in Friedreich ataxia  

Region Pathology Imaging 

Cerebrum Generally normal Morphometry: atrophy of the thalamus 

and cortical motor areas (later stages) 

Function/Connectivity:  cerebro-

cerebellar and cerebro-cerebral 

connectivity; cerebral compensation 

Cerebellum Atrophy of the dentate nuclei 

and their efferent fibers in the 

superior cerebellar peduncle. 

Loss of GABAergic and 

Morphometry: atrophy weighted toward 

lobules IV–VI; atrophy of the dentate nuclei 

using QSM 

Function:  cerebro-cerebellar connectivity 
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Region Pathology Imaging 

glutamatergic afferents in the 

dentate nuclei.  

Neurochemistry: (vermis and/or cerebellar 

hemispheres): tNAA (/tCr); tCr; mI 

Brainstem 

 

Gracile and cuneate nuclei Morphometry: atrophy in the medulla 

oblongata, pons and mesencephalon 

Cervical spinal 

cord 

Dorsal column hypoplasia; 

underdeveloped dorsal roots 

Morphometry: reduced cross-sectional 

area and volume, flattening 

Neurochemistry: tNAA 

Thoracic spinal 

cord 

Lack of myelinated fibers in the 

dorsal columns, the dorsal 

spinocerebellar tracts, and the 

lateral corticospinal tracts. 

Hypoplasia of the dorsal nuclei 

Morphometry: reduced cross-sectional 

area and volume, flattening 

 

Legend: tCr, total creatine; tNAA, total N-acetylaspartate; mI, myo-Inositol; reduced compared with 

controls;  increased compared with controls. The listed findings are primarily based on review 

articles and meta-analyses; therefore, metabolite ratios are mostly displayed for MRS findings, and 

the respective metabolic reference is indicated in brackets, that is, (/tCr). The respective ‘numerator’ 

simultaneously represents the metabolite concentration from individual findings, that is, tNAA in 

tNAA (/tCr); QSM, quantitative susceptibility mapping  

1.5 Early diagnosis of Friedreich ataxia 

Sub H. Subramony and Katherine Mathews  

1.5.1 Background 

There is concern that there is excessive delay in confirmation of the diagnosis of FRDA after symptom 

onset. This will be important as definitive therapies for FRDA become available, since earlier 

initiation of treatment may produce better results. The path to diagnosis for these patients likely 

varies by geography and by presenting signs or symptoms. In the case of the typical patient with 

childhood onset, often the journey begins with complaints about motor difficulties addressed to the 

primary pediatrician and then referral to other specialists, either neurologists or orthopedic 

surgeons. Alternatively, many individuals with FRDA are found to have scoliosis before onset of 

neurological symptoms and are referred to orthopedics. Thus, pediatricians, orthopedic surgeons 

and pediatric neurologists need to be familiar with FRDA as a possible diagnosis in children who have 

motor difficulties or spinal deformities.     

Experience in Europe has detailed the problems with early diagnosis of rare diseases in general (49, 

50). The EFACTS consortium assessed the time to diagnosis in their cohort of 619 FRDA individuals, 

with 3.3% being compound heterozygotes (51). The median time to diagnosis was 3 years with an 

inter-quartile range of 1-7 years. Cases diagnosed before 1996 (when gene testing became available) 

had a median delay of 4 years and this was reduced to a median of 2 years in those seen after 1996. 

Those with non-neurological onset had greater delay in diagnosis than those with neurological onset 

(median of 5 years compared to 3 years). Similarly, a FARA (Friedreich Ataxia Research Alliance) 

survey primarily among US patients (poster presented at the IARC meeting 2018, n=2579) found the 

mean time between symptom onset and diagnosis ranged from 2.4 years in children diagnosed 
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below age 10 years; 3.9 years for patients aged 10 to 19 years; and 8.1 years for those aged 20 or 

above. The patients had often seen several health care providers before the correct diagnosis was 

made, with the common misdiagnoses being Charcot-Marie-Tooth disease (CMT), cerebral palsy, 

multiple sclerosis, “cerebellar abnormality” and inner ear disease. 

1.5.2 Clinical picture 

Prior to the availability of genetic testing, clinical diagnostic criteria for FRDA were developed by 

investigators from Canada and the UK (9, 10). Initial criteria had high positive predictive value (>90%) 

but low sensitivity (63%) (12). A more liberal set of criteria improved the sensitivity to 77% (52) (see 

Table 1.2).  

It should be noted that despite a genetic etiology, most FRDA patients will not have a family history 

of FRDA because of the autosomal recessive inheritance pattern. With large sibships or in inbred 

populations, it is more likely the family history will include another affected family member. 

Table 1.2 Diagnostic criteria for Friedreich ataxia 

Geoffroy et al. (9) Harding (10) Filla et al. (52) 

Onset < 20 years  Onset < 25 years Onset < 20 years 

Progressive ataxia Progressive ataxia Progressive ataxia  

Lower limb areflexia Lower limb areflexia Lower limb areflexia 

Decreased vibration sense Dysarthria after 5 years  One of the following: 

Dysarthria, Babinski, LVH 

Weakness Small/absent sensory nerve 

action potentials (SAPs) 

 

Dysarthria   

 

Neurological onset 

Symptoms  

The majority of people with FRDA present with a neurological complaint; this was found in 90.7% of 

the large European cohort (51). 

The mean age at onset for typical FRDA has been reported to range from 10.5 ± 7.4 years to 15.5 ± 

8.0 years (9-11, 53, 54). In Harding’s study, 40% had onset before 10 years of age and 10% before 5 

years and onset can occur as early as 2 years of age (10, 54). Some authors note a bimodal peak for 

age at onset, one just below 10 and then 12 to 15 (54, 55) but Harding observed a single peak at 10-

12 years (10). Late onset (onset after 25 years) has been observed in 6% to 14% of genetically 

diagnosed FRDA and in 17% of the large EFACTS cohort (11, 12, 15, 51). Exact age at onset may be 

difficult to determine because parents may report that the child was always “clumsy” and earliest 

signs and symptoms can be non-specific.  

A progressive gait unsteadiness is the usual complaint at the onset in over 84% of cases (10, 11, 15, 

54). Motor milestones are not delayed. Complaints can range from gait unsteadiness to “clumsiness” 

and tripping, falls, and poor hand function (9, 10). Other features that can bring the child to attention 

include a decline in athletic performance and an inability to keep up with peers in motor skills such as 
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bike riding. Dysarthria, tremor and vertigo and “asthenia” are the initial complaints in some 

individuals (51, 54). An unsteady stance and fidgety body movements to stand in place can result in a 

misdiagnosis of chorea (55-58).  

Progression of symptoms is slow and may be missed over short periods of time. Harding criteria 

suggest progression over 2 years that is unremitting (10).  

Signs 

The discussion below is based on some of the larger FRDA clinical series and personal observations of 

the authors. It should be noted that the prevalence of various signs may not reflect early disease 

because the publications referred to patients assessed in various stages of the disease, with a mean 

duration ranging from 3.7 to 22 years.  

Cerebellar signs and ataxia  

Children with FRDA appear to lose the ability to stand on one foot, or tandem stance or stand with 

feet together with eyes closed very early in the process (59). Thus, in studies of the natural history of 

FRDA, these abilities were lost in almost all patients by the time they were seen at their initial visits. 

Gait becomes somewhat broad based and clumsy and there is an associated decline in the ability to 

run and jump. Many children appear to be fidgety (the term “static ataxia” was used by Friedreich for 

this sign and it may have a resemblance to chorea). In large clinical series gait ataxia was universal, 

characterized by a broadening inter-foot distance observed during stance and gait; lower limb ataxia 

is also nearly universal and is detected by the heel to shin slide revealing a side to slide oscillation of 

the heel on the shin bone. 

Truncal and upper limb ataxia, as detected using the finger to nose test, rapid alternating 

movements and finger chase test, develop later in the disease.   

Other clinical signs that indicate cerebellar disease include abnormal eye movements and dysarthria. 

Dysarthria may not become universal until after 10 years from onset (10) and was evident in only 

60% by 5 years after onset. Nystagmus, the best-known feature of cerebellar dysfunction, may occur 

only in a minority of FRDA patients (10, 11, 52, 54, 55), but jerky pursuit, dysmetric saccades and 

fixation instability are more common. In studies done prior to molecular testing, a pattern of 

increased fixation instability, inaccurate saccades and impaired smooth pursuit with normal saccade 

velocity were reported (60-62). Fixation instability is characterized by easily visible, to and fro 

oscillations of the eyes during attempted fixation on a stationary object (square wave jerks). 

Peripheral nerve signs and “neuropathy”  

At an early stage in the disease, there is evidence for peripheral sensory nerve dysfunction (primarily 

proprioception) that contributes to the gait ataxia. Lower limb areflexia (often with areflexia in the 

arms as well) occurs within 5 years of onset in over 85% of cases (10, 11, 15, 52, 54). Sense of 

vibration is impaired in 69% to 93% of cases (10, 11, 15, 52, 54). Position sense can be lost even when 

vibration sense is preserved, but is not universal even 10 years after onset.  

Muscle weakness  

Muscle weakness occurs relatively late in FRDA (10, 11, 15, 54, 63). Harding (10) noted “pyramidal” 

weakness almost universally 10 to 15 years after onset, but in a substantial number even before that. 

The weakness is diffuse and different in pattern from that seen in muscular dystrophies. It is 

accompanied by ataxic difficulties in the leg and does not give rise to classical signs of weakness seen 

in muscular dystrophies, such as the Gowers maneuver.  

Preserved neurological function 
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Cognition is preserved and there is no learning disability. 

Non-neurological onset 

Fewer than 10% of patients with FRDA have a non-neurological symptom at onset (10, 51, 63). 

Scoliosis is the most common non-neurological presentation followed by cardiomyopathy. Even 

when patients seek attention primarily for neurological symptoms, many may have a history of 

scoliosis detected by past screening examinations. Given that up to 5% of children have idiopathic 

scoliosis (64), the question of when a pediatrician or orthopedic surgeon should look more closely for 

a neuromuscular disorder is difficult to answer (65, 66). Some elements of a neurological 

examination (Table 1.3) should be included in the evaluation of children with scoliosis and any 

progression of motor disability should prompt neurological consultations. Also, FRDA gene tests 

should be strongly considered with early onset cardiomyopathy, despite two recent reviews of 

hypertrophic cardiomyopathy making no mention of FRDA (67, 68). Given that the FRDA repeat 

expansion cannot be detected by genetic sequencing, it should be kept in mind in children with 

suspected genetic cardiomyopathy.  

Table 1.3 Early diagnosis of Friedreich ataxia: helpful clinical and laboratory features 

 Normal early motor milestones 

 Progressive imbalance in late first decade or early second decade for typical FRDA. 

Important to elicit history of increasing “clumsiness”, loss of athletic abilities, increasing 

difficulties with running, jumping, cycling (re-examine patients and listen to them and 

parents carefully for worsening motor function) 

 Stance and gait: more useful in children over 10 years 

o Difficulty with single leg stance and “tandem stance” 

o Difficulty with feet together stance 

o Difficulty with stance with eyes closed, especially with feet together 

o Broadening of stance to maintain balance 

o Increase in inter-foot distance with walking 

 No spasticity in typical FRDA in early stages: passive limb movements (typically around the 

knee joint) do not elicit stiffness. Atypical FRDA (late onset) may have spasticity. 

 No Gowers sign 

 Deep tendon reflex loss in the lower limbs (or generalized). May be normal or brisk in late 

onset cases 

 Impaired position and vibration sense 

o Normal persons can perceive minimal movements around the distal 

interphalangeal joints with eyes closed 

o Normal persons can perceive minimal vibration with a 128 Hz tuning fork; one way 

to make this “objective” is to have subject close eyes and assess ability to 

distinguish between minimal vibration and no vibration over the toes, applied in a 

random manner 

 Abnormal heel to shin slide; later, abnormal finger to nose and dysmetria tests 



Chapter 1: Overview of Friedreich ataxia 
 

Clinical Management Guidelines for Friedreich Ataxia, 2022 13 

 Subtle oculomotor signs indicating cerebellar disease: inaccurate saccades, jerky pursuit 

and square wave jerks. Often no nystagmus. 

 Scanning dysarthria but usually not an early sign. Patients may report speech changes 

when fatigued 

 Brain and spine MRI typically normal (no overt cerebellar atrophy despite ataxia)  

 Serum muscle enzymes are normal 

 

Late onset Friedreich ataxia 

Individuals with onset at ages above 25 or even after age 40 (very late onset) usually have 

neurological signs similar to those seen with classical onset FRDA, but atypical features such as 

prominent spasticity and lack of significant sensory neuronopathy are more common (69-73). 

Systemic features such as cardiomyopathy, skeletal deformities and diabetes tend not to occur. Thus, 

FRDA should be considered in an individual with adult onset progressive ataxia if a clear autosomal 

dominant history is not evident.  

1.5.3 Laboratory studies 

Brain MRI and spinal cord MRIs are typically normal in FRDA. While some earlier series reported 

cerebellar atrophy, most recent data suggest that significant cerebellar atrophy in the clinical context 

is not a feature of FRDA, though quantitative measures may detect subtle changes (74, 75). 

Volumetric data can also suggest spinal cord atrophy but this can be difficult to detect in clinical 

scans. 

Electromyographic studies typically reveal a “pure sensory” neuropathy with loss or diminished 

amplitudes of sensory nerve action potentials in a generalized fashion, striking in children because 

they typically have very robust responses compared to adults (76). Motor nerve studies are normal, 

but most importantly, do not reveal conduction velocities in the “demyelinating” range (typically 

lower than 38 to 40 meters/sec in the upper limbs).  

Over 70% of people with FRDA have subtle and non-specific ECG abnormalities such as ST segment 

changes and T wave inversion. Echocardiogram may show a hypertrophic cardiomyopathy. 

Genetic testing for FRDA is the preferred diagnostic test. It is important to note that the GAA 

expansion leading to FRDA cannot be detected by next generation sequencing technology. Testing 

for the FRDA repeat expansion is included in some commercial genetic testing panels for ataxia. 

While over 96% of people with FRDA have a homozygous GAA expansion, about 3% to 4% have only 

one allele with the expansion, and the other has a conventional mutation. Thus, anyone with ataxia 

who has one expanded allele should have the other allele sequenced.  

For more details, see section 1.2: Genetics and pathophysiology of FRDA, above, and Chapter 11: 

Genetic issues in Friedreich ataxia.  

1.5.4 Disorders that share features with Friedreich ataxia in childhood 

The number of disorders that lead to gait and motor difficulties in childhood is large. Thus, rarer 

disorders such as FRDA may not figure prominently in the differential diagnosis when a primary care 

physician or orthopedic surgeon evaluates these children. Such disorders range from cerebral palsy 

(CP), including so called “ataxic CP”, spinal dysraphic states and many neurological disorders, 



Chapter 1: Overview of Friedreich ataxia 
 

Clinical Management Guidelines for Friedreich Ataxia, 2022 14 

including spinal cord disorders, CMT, and other inherited ataxias (77). Another common motor 

impairment in children has been labeled developmental coordination disorder (DCD) (78).  

Inherited neuropathies such as CMT constitute a significant misdiagnosis in FRDA. Findings of 

imbalance resembling gait ataxia can occur in CMT. When CMT is combined with tremor (Roussy 

Levy syndrome) it can superficially resemble FRDA (10). Most CMT is dominantly inherited but 

variable penetrance may lead to misleading family history and sporadic cases can occur with 

recessive forms or spontaneous mutations. CMT type 1 leads to severe slowing motor nerve 

velocities and such a finding will exclude FRDA, as noted above. 

CP typically causes symptoms before 2 years of age and delay in motor and cognitive skill 

development occurs very early in life. In addition, the deficits are stable and static with no 

regression. Spasticity is common. However, deficits related to an early static dysfunction in the brain 

may show some changes related to body growth and maturation of neurological function as a child 

grows. 

DCD is characterized by impairment of motor coordination unrelated to intellectual disability and 

other recognized neurological disorders (78). These children usually come to medical attention 

before 10 years of age but the range is from 5-18 years of age, thus overlapping the age of onset of 

FRDA. The symptoms may involve fine movements or gross movements and either improve or persist 

unchanged into adult life. Common symptoms include problems with writing, drawing, dressing, 

pouring a drink and participation in outdoor activities.  

Numerous other disorders can cause ataxic and non-ataxic motor difficulties in childhood but the 

distinct phenotype of FRDA should allow for easy distinction. 

1.6 Overview of quality of life in Friedreich ataxia 

Jennifer Farmer, Elisabetta Soragni and Myriam Rai  

1.6.1 Background 

Quality of life (QOL) in FRDA is influenced by many different factors, not the least of which is living 

with a chronic, progressive disease. Being able to quantify health-related QOL issues is essential to 

clinical research and long-term evaluation of the impact of new treatments and guideline 

recommendations. This section covers specific issues related to QOL in individuals with FRDA; in 

particular, techniques and equipment that promote health and independence in a person with FRDA, 

and the presence and management of mental health and psychological symptoms related to FRDA. 

Specific attention is given to medical management in the later stages of the disease process when 

QOL is the driving focus of medical decision making. 

1.6.2 Literature review 

There are only a handful of studies specifically evaluating QOL in individuals with FRDA. Findings 

from these studies are summarized in Table 1.4. 

There is no doubt that FRDA is associated with decreased QOL. The Australian and US studies have 

very similar findings, utilizing the SF-36 to quantify QOL in diverse cross-sectional cohorts of adults 

with FRDA (89, 90). The SF-36, while not specific to FRDA, is able to capture QOL at various stages of 

disease (89, 90). While physical components have worse scores, both physical and mental 

components of health-related QOL are decreased in individuals with FRDA in various stages of 

disease (89, 90). Even those with milder stage and/or late onset FRDA reported decreased QOL (90). 



Chapter 1: Overview of Friedreich ataxia 
 

Clinical Management Guidelines for Friedreich Ataxia, 2022 15 

A more recent large study in a heterogeneous cohort confirmed these observations and showed a 

correlation between physical scales and some disease features and their decline over time (91). 

When depression symptoms are analyzed, these scores are predictive of QOL (92). A study analyzing 

the association between mobility device use in children with FRDA and their health-related QOL 

shows that mobility device use is associated with worse QOL outcomes, with the effect being 

greatest for physical functioning (93). Worsening of academic, social, and emotional functioning also 

suggests that use of mobility devices has important psychosocial implications for children with FRDA. 

A more recent study (94) has determined an association of patient-reported vision-specific QOL with 

visual function and disease status in FRDA. The 25-Item National Eye Institute Visual Functioning 

Questionnaire (NEI-VFQ-25) was significantly lower (indicating worse QOL) in FRDA compared to 

other controls groups. Rank correlations revealed lower NEI-VFQ-25 scores among patients with 

greater disease severity (94). 

The results from these studies should signal to a clinician that from the point of diagnosis onward 

individuals with FRDA may have decreased QOL, which may impact on other aspects of life including 

psychological function. Any adjunctive support that can improve an individual’s symptoms, especially 

physical symptoms such as reduced ambulation, fatigue or pain, could improve QOL.  

For more information, see Chapter 16: Digital and assistive technologies in Friedreich ataxia.  

In reviewing QOL studies, it is important to note the range of instruments used to measure QOL in 

FRDA. The SF-36 (in various versions) has been used most often for adult participants (89, 90, 95). In 

pediatric cohorts, the PedsQL has been used to assess QOL (96, 97). This instrument offers both child 

report questionnaires based on age and parental report questionnaire. In addition, there has been 

research to develop a disease-specific instrument, the Friedreich’s Ataxia Impact Scale or FAIS (98), 

but it has not yet been used widely. 

Table 1.4 Literature review of general quality of life in Friedreich ataxia 

Authors Study type Participants QOL measure Results Conclusions 

Riazi et al, 

2006 (95) 

Prospective, 

observational; 

questionnaire 

mailed to 

individuals at 

T1 – baseline 

and T2 – 12 

months later 

(97% response 

rate) 

56 individuals 

with FRDA 

(57% female; 

mean age 31 

years) 

Barthel Index 

(BI), General 

Health 

Questionnaire 

(GHQ-12), 

EuroQOL (EQ-

5D) and SF-36 

version 1 

Scores on 

individual 

measures were 

reported for 

subjects but 

not controls or 

population 

norms. 

All four generic 

instruments used to 

assess QOL were 

found generally 

suitable with some 

limitations. The BI 

and EuroQOL have 

several missing data 

points and therefore 

are not 

recommended for 

this population. 

While the subscales 

of the SF-36 were 

able to capture 

multiple dimensions, 

some of the 

subscales had floor 

and/or ceiling 

effects in this 

population. Authors 

argue that a disease-
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Authors Study type Participants QOL measure Results Conclusions 

specific instrument 

is warranted. 

Wilson et al, 

2007 (90) 

Cross-

sectional; data 

collected at 

time of visit 

63 individuals 

with FRDA (15 

years and 

older; 54% 

female and 

46% male, 

mean age 33 

years) 

SF-36 V2 SF-36 V2 scores 

were compared 

with Australian 

population 

norms. Physical 

Component 

Summary – 

mean score 

35.1, P<0.01. 

Mental 

Component 

Summary – 

mean score 

48.1, P<0.01. 

QOL is significantly 

reduced in 

individuals with 

FRDA, physical 

dimensions of QOL 

being most affected. 

Individuals with 

mild, moderate and 

severe disease all 

perceived 

significantly worse 

QOL, including those 

with adult onset 

FRDA. 

Epstein et 

al, 2008 (89) 

Cross-

sectional; data 

collected at 

time of visit 

130 adults 

with FRDA (72 

females and 

58 males; 

median age 

33.5 years) 

SF-36 (version 1 

derived from 

the Multiple 

Sclerosis 

Quality of Life 

Inventory - 

MSQLI) and 

symptom-

specific scales 

used in the 

MSQLI (Pain, 

Fatigue, 

Bladder 

dysfunction, 

Bowel 

dysfunction 

and Visual 

Impairment) 

SF-36 scores 

were compared 

with US 

population 

norms. Physical 

Component 

Summary 

(mean ± 

standard 

deviation): 33.2 

± 9.3, 

P<0.0001. 

Mental 

Component 

Summary: 51.9 

± 10.0. MSQLI – 

Subscales of 

Fatigue, Pain 

Bladder (all P-

values<0.0001) 

and Vision 

were lower in 

individuals with 

FA compared to 

controls. 

Both the SF-36 and 

symptom-specific 

HRQOL 

questionnaires 

captured QOL 

especially related to 

physical symptoms. 

The Physical 

Component 

Summary and 

Physical Functioning 

Subscale of the SF-

36 correlated with 

measures of disease 

progression. 

Cano et al, 

2009 (98) 

Cross-

sectional; 

questionnaire 

mailed to 

individuals 

(69% response 

rate) 

307 

individuals 

with reported 

FRDA (18 to 

82 years of 

age; 53% 

female and 

47% male; 

Friedreich 

Ataxia Impact 

Scale (FAIS 126 

item scale in 

full version 

with shortened 

versions for 

observational 

studies or for 

Patient-

reported rating 

scale 

quantifying 

eight areas 

considered 

clinically 

important to 

individuals with 

This study validated 

a new FRDA-specific 

comprehensive 

measure in a large 

and diverse cohort 

of adult individuals 

with FRDA. 
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Authors Study type Participants QOL measure Results Conclusions 

average age 

40 years) 

“more” or 

“less” severe 

cohorts). 

FRDA: Speech, 

Body 

movement, 

Upper limb 

functioning, 

Lower limb 

functioning, 

Complex tasks, 

Mood, Self-

perception, and 

Isolation. Rasch 

analysis 

allowed for the 

development of 

three shorter 

versions of the 

FAIS. 

Paulsen et 

al, 2010 (97) 

Cross-

sectional; data 

collected at 

time of visit 

43 children 

with FRDA (8 

to 18 years of 

age; 21 males 

and 22 

females; 

average age 

13.2 years); 

and parents 

PedsQL 4.0 – 

23-item multi-

dimensional 

questionnaire 

that has been 

validated in 

healthy and 

chronic disease 

cohorts. A 

Generic Core 

Scale assessed 

four domains 

(physical, 

emotional, 

social and 

school) and 

subscale scores 

are derived for 

physical and 

psychosocial. 

Other 

symptom-

specific scales 

are available, 

such as fatigue 

which was used 

in this study.    

Child Self 

Report: Generic 

Core Total 

(mean ± 

standard 

deviation) - 

66.4±14.7, 

P<0.0001. 

Physical Health 

Subscale – 

63.2±17.4, 

P<0.0001. 

Psychosocial 

Heath Subscore 

– 68.1±16.2, 

P<0.0001. 

Fatigue Total 

Score – 

72.8±15.3, 

P<0.01. 

Parental 

Report: Generic 

Core Total - 

62.8±15.9, 

P<0.0001. 

Physical Health 

Subscale – 

54.7±21.5, 

P<0.0001. 

Psychosocial 

Heath Subscore 

– 67.1±16.4, 

P<0.0001. 

Children and parents 

both reported lower 

QOL compared to 

literature-based 

control groups. 

Physical health 

scores were the 

lowest. PedsQL 4.0 

captures aspects of 

health-related QOL 

across multiple 

dimensions and 

demonstrates 

modest correlation 

with measures of 

disease severity in 

children with FRDA. 
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Authors Study type Participants QOL measure Results Conclusions 

Fatigue Total 

Score – 

73.2±14.0, 

P<0.0001. 

Brandsema 

et al, 2010 

(96) 

Prospective, 

observational 

study. 

Duration 1 

year with use 

of Idebenone 

(no previous 

use of 

Idebenone in 

cohort). 

Data collected 

at baseline and 

1 year follow-

up. 

7 children 

with FRDA (13 

to 18 years of 

age; 4 males 

and 3 females; 

average age 

15.9 years)  

PedsQL 4.0 (see 

description 

above), 

Activities of 

Daily Living 

(ADL) – self-

reported 11-

item 

questionnaire 

that assesses 

function in nine 

categories. 

PedsQL Child 

Self Report: 

Generic Core 

Total (mean ± 

standard 

deviation): 

Baseline - 

46.43±19.45 

and 1 year 

49.00±11.34. 

Physical Health 

Subscale – 

35.57±25.95 

and 1 year 

27.43±15.82. 

Emotional 

Subscale –

Baseline 

47.17±12.20 

and 1 year 

53.57±15.20. 

Changes over 

time were not 

statistically 

significant 

This study 

demonstrated the 

use of QOL and ADL 

instruments in a 

small observational 

study. The baseline 

scores are similar to 

those reported in 

other studies 

demonstrating 

decreased QOL in 

children with FRDA. 

This study is limited 

in size and had no 

control group so 

definitive 

conclusions cannot 

be made about the 

effect of Idebenone 

on QOL. 

Ejaz et al, 

2018 (93) 

Data collected 

from a 

prospective 

natural history 

study 

111 pediatric 

FRDA patients 

(40.5% 

female; 

average age at 

assessment = 

13 years 

average age 

starting using 

device = 11.6 

years) 

PedsQL 4.0, 

Friedreich 

Ataxia Rating 

Scale, Activities 

of Daily Living 

score, 

Friedreich 

ataxia staging 

score. Mobility 

device use was 

determined by 

a dichotomous 

(yes or no) 

question.  

Physical 

subscore: mean 

= -19.5 points, 

95% CI: -30.00 

to -8.99, 

P<0.001 

Emotional 

subscore: mean 

= -10.61 points, 

95% CI: -20.21 

to 1.02, P=0.03 

Transition to or 

between 

mobility 

devices: mean 

= -16.20 points, 

95% CI: -32.07 

to -0.33, P=0.05 

Mobility device use 

is associated with 

worse mean PedsQL 

total, physical, 

emotional, social, 

and academic 

subscores. The 

magnitude of the 

difference was 

greatest for the 

physical subscore 

and least for the 

emotional subscore. 

Transition to or 

between mobility 

devices trended 

toward worse 

physical subscore 

Xiong et al, 

2020 (91) 

Data collected 

from a 

SF-36: 651 

adult subjects 

SF-36  Social function 

(mean ± 

Cross sectional data 

show the physical 
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Authors Study type Participants QOL measure Results Conclusions 

prospective 

natural history 

study 

(mean ± 

standard 

deviation age 

= 32.4 ± 12.8 

years 

Symptom- 

specific scales 

testing:  805 

subjects 

(mean ± 

standard 

deviation age 

= 32.4 ± 13.6 

years). 

Specific 

symptoms 

assessed 

included pain 

(Pain Effects 

Scale, PES), 

bladder 

dysfunction 

(Bladder 

Control Scale, 

BLCS), fatigue 

(Modified 

Fatigue 

Impairment 

Scale), and 

visual 

impairment 

(Impact of 

Visual 

Impairment 

Scale) 

standard 

deviation)  

65.0 ± 26.7  

Role-physical 

43.0 ± 39.6  

Role-emotional 

68.6 ± 40.2  

Physical 

function 26.1 ± 

25.9  

Pain 68.1 ± 24.3  

Energy fatigue 

47.8 ± 20.5  

General health 

52.9 ± 20.9  

Emotional 69.0 

± 18.5  

function scale to be 

the lowest score, 

with higher scores 

on social, cognitive 

and emotional 

subscores. Physical 

function, role 

limitation score and 

symptom specific 

scores declined over 

time 

SF-36 and symptom- 

specific scales 

correlate with some 

disease features 

Pérez-Flores 

et al, 2020 

(92) 

Cross-

sectional; 

questionnaires 

self-

administered 

and data 

collected at 

time of visit 

62 adults with 

FRDA (mean 

age ± 

standard 

deviation = 

40.98 ± 13.52) 

  

SF-36 

BDI-II (Beck 

Depression 

Inventory) 

SF-36 

dimensions 

scores 

significantly 

lower in FRDA 

than in the 

Spanish 

population:  

Physical 

function (mean 

± standard 

deviation) 

15.81 ± 19.98 

Role-physical 

41.53 ± 43.16 

Body pain 

60.44 ± 29.39 

General Health 

35.32 ± 21.33 

Vitality 52.10 ± 

23.83 

Social function 

65.93 ± 29.53 

Role-emotional 

70.97 ± 41.59 

High impact of FRDA 

on QOL. This impact 

occurs in both 

motor disability and 

non-motor 

dimensions. 

Depression is the 

most relevant 

variable for 

predicting QOL. 

Recognition and 

treatment of 

depression are 

essential to improve 

the subjective 

experience of QOL in 

FRDA. 
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Authors Study type Participants QOL measure Results Conclusions 

Mental Health 

64.84 ± 22.36 

BDI-II 15.32 ± 

10.33 

BDI-II scores 

negatively 

related to all 

SF-36 

dimensions 

except for 

Physical 

function 

Depression 

accounted for 

variance of: 

6% of role-

physical and 

Body pain 

18% of Vitality 

26% of Social 

function 

51% of Mental 

Health 

Afsharian et 

al, 2020 (94) 

Cross-sectional 

study, 

questionnaires 

self-

administered 

and collected 

at time of visit 

for a natural 

history study 

99 individuals 

with FRDA 

(mean ± 

standard 

deviation age 

= 57.3 ± 20.9) 

 

National Eye 
Institute Visual 
Functioning 
Questionnaire 

 (NEI-VFQ-25) 

 

 

NEI-VFQ-25 

scores are 

lower in FRDA 

than in 

controls: mean 

± standard 

deviation = 

86.4 ± 19.2  

Most affected 

subscores are: 

General Health 

58.0 ± 24.0 

General vision 

80.0 ± 21.4 

Distance vision 

81.8 ± 24.3 

Peripheral 

vision 82.6 ± 

26.6 

FRDA patients 

with lower 

scores were 

NEI-VFQ-25 is an 

appropriate patient-

reported measure of 

vision-specific QOL 

in FRDA  

NEI-VFQ-25 scores 

worsen as FRDA 

progresses and as 

visual dysfunction 

becomes more 

severe. 
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older and had 

greater severity 

of neurological 

and visual 

dysfunctions.  
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