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Abstract
Inherited ataxias are a heterogenous group of neurodegenerative disorders characterised by progressive impairment of balance 
and coordination, typically leading to permanent and progressive disability. Diagnosis and management of these disorders 
incurs a range of direct and indirect financial costs. The aim of this study was to collect individual ataxia-related healthcare 
resources in a large cohort of individuals with different subtypes of inherited ataxia and calculate the associated cost of 
illness in the Republic of Ireland. One hundred twenty-nine respondents completed a cross-sectional study on healthcare 
resource utilisation for progressive ataxia in Ireland. Costs were calculated using a prevalence-based approach and bottom-up 
methodology. The COI for inherited ataxia in 2016 was €59,993 per person per year. Results were similar between partici-
pants with Friedreich’s ataxia (FRDA, n = 56), non-FRDA (n = 18) and those with undetermined ataxia (n = 55). Indirect 
costs, based on productivity losses by participants or caregivers, accounted for 52% of the cost of illness. Inherited ataxia is 
associated with significant health and social care costs. Further funding for inherited ataxia to ease the financial burden on 
patients, caregivers and healthcare system and improve standards of care compliance is warranted.
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Introduction

The inherited ataxias are rare, clinically and genetically 
heterogeneous neurodegenerative disorders, characterised 
by slowly progressive gait instability, often in combination 
with additional neurological and non-neurological clinical 
features. These features often necessitate extensive personal 
and medical care.

In Ireland, a small number of specialist neurologists 
manage the majority of people with inherited ataxia. Pro-
vision of disease monitoring and clinical care can there-
fore be challenging. Friedreich’s ataxia (FRDA), the most 
common inherited ataxia [1], has an estimated prevalence 

of 1/20,000–1/50,000 amongst Caucasians and Ireland has 
one of the highest estimated prevalence rates in Europe at 
1/23,000 [2]. Despite this, no studies to date have assessed 
healthcare costs or resource utilisation of inherited ataxia in 
Ireland. Such studies have been carried out in other coun-
tries, primarily assessing cost of illness (COI) in FRDA [3, 
4] or other ataxia subtypes [5], but little is known about the 
economic consequences of inherited ataxia as a whole.

Establishing an inherited ataxia diagnosis is often chal-
lenging and requires comprehensive clinical assessment and 
investigations. These include magnetic resonance imaging 
(MRI), basic and advanced genetic testing and other inves-
tigations as clinically indicated (nerve-conduction studies, 
electromyography, echocardiography, optical coherence 
tomography, muscle and/or nerve biopsy) [6]. These inves-
tigations and the associated clinic visits incur substantial 
costs.

Following initial presentation and diagnostic evaluation, 
the disease typically progresses and costs continue to grow. 
Patients require regular specialist review and investigations 
such as blood tests and echocardiography. Input from other 
healthcare professionals (OHPs) including physiotherapy 
(PT), occupational therapy (OT), speech and language 
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therapy (SALT) is commonplace. Physical disability results 
in high personal care requirements and many patients ulti-
mately become wheelchair-bound. Associated comorbidities 
such as diabetes, cardiomyopathy and scoliosis require care 
under various medical and surgical specialties and patients 
are at high risk of hospital admission due to acute illness.

The appropriate care of any person with inherited ataxia 
therefore places a significant burden on health and social 
care systems, as well as the quality of life of patients and 
caregivers. This burden translates into financial costs, both 
direct (due to necessary utilisation of services) and indirect 
(productivity losses due to patients and caregivers being 
unable to work).

The aim of this study is to estimate the COI of inherited 
ataxia in the Republic of Ireland by collecting real-life data 
from a large cohort of patients on their utilisation of health-
care resources. These results are intended to direct manage-
ment strategies aimed towards the appropriate allocation of 
resources and minimising of financial burden on the health-
care system and individuals with this chronic progressive 
condition.

Methods

Participants

This cross-sectional observational study was conducted in 
2016. Participants were recruited in the National Ataxia 
Clinic at Tallaght University Hospital, through surveys 
posted to Ataxia Ireland members (a charitable organi-
sation for people with inherited ataxia) or distributed at 
patient meetings nationwide and through a link available 
via the Ataxia Ireland website. Completion of the survey 
could be assisted by another individual, where appropri-
ate. Participants of any age with suspected or confirmed 
genetic ataxia were included. Those with acquired forms 
of ataxia were excluded. Participants were assigned to one 
of the three subgroups: FRDA, Non-FRDA (for those who 
reported confirmed genetic diagnosis different from FRDA) 
and Unknown (for those without or unaware of a genetically 
confirmed subtype).

Survey Design

The survey was designed and tested in a pilot study (n = 5). 
Modifications were made on the basis of participant feed-
back to improve survey’s ease of use.

Participants completed a questionnaire involving ques-
tions on sociodemographic data, details of illness (ataxia 
type, age at symptom onset and diagnosis, wheelchair use), 
utilisation of services and claiming of financial supports. 
Illness-related absences from work were assessed using the 

Work Productivity and Activity Impairment questionnaire 
(WPAI) [7].

The recall period was 12 months, apart from the fre-
quency of clinical investigations and the use of assisted 
transport, which were for a period of 6 months. The recall 
period for the WPAI was 7 days.

Frequency of service use was recorded in pre-defined 
frequency options (e.g. once, two to three times, weekly).

Unit Costs

The unit costs were estimated through the sources denoted 
in Table 1.

General Practitioner (GP) visit costs for participants with 
medical cards were based on capitation rates, formed on age 
and gender, and not frequency of visits [10]. For patients 
without medical cards, the national average cost per visit 
was used.

Medication use was recorded according to medication 
class (e.g. muscle relaxant, medication for cholesterol). 
Costs of medication classes were calculated based on clini-
cal judgement, taking conservative estimates on the most 
commonly prescribed and cheapest medication likely to be 
used in each class, assigning generic prices where possible.

Costs of genetic testing, where the exact test was not 
specified, were based on common clinical practice. FRDA 
and Non-FRDA participants (i.e. those with a known gen-
otype) were assumed to have been tested for that specific 
gene. Participants in the ‘Unknown’ group were assumed to 
have undergone initial screening tests for the most common 
ataxias (FRDA, SCA1, 2, 3, 6 and 7) [9].

OHP visit costs were taken from the median point on rel-
evant salary scales [16], assuming one visit to cost an hour’s 
wage. Chiropractor costs were based on the mean cost from 
eight clinics with publicly available price lists.

The costs of walking aids and medical devices were annu-
alised assuming a 5-year lifespan and a 4% discount rate 
[11].

The cost of car modifications was based on the average 
value added tax refund claim on the disabled driver and pas-
senger scheme [17].

The cost of long-term care facility residence was based 
on the average national expenditure on care home beds in 
2016 [14].

Productivity losses were calculated using a human capital 
approach. Hours lost as a result of absenteeism or inability 
to work due to ataxia over the previous week was costed 
according to the national gross mean hourly wage in Ireland. 
Those forced to retire due to ataxia were also assumed to 
incur 40 hours a week of productivity losses unless they 
were over the retirement age of 65. Informal care costs were 
calculated similarly, based on the number of hours of care 
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provided, capped at 40 hours per week. The age of caregiv-
ers was not recorded so all were assumed to incur indirect 
costs.

The hourly cost of professional care was based on 
national budget projections [18]. If care was received from 
both professional and informal caregivers, a median of the 
two hourly costs was applied as data was not available on 
the breakdown of care provision. The maximum cost of 
homecare was capped at €75,000 per annum, the maxi-
mum reimbursement allowed by the state. This avoided 
overestimation of the costs incurred by those requiring 
24-h care.

Unit costs were inflated to 2016 prices where necessary, 
using the consumer price index available through the Central 
Statistics Office of Ireland.

Cost‑of‑Illness Calculation

The mean COI for all participants was calculated using a 
prevalence-based approach and bottom-up methodology, i.e. 
by first measuring and quantifying the utilisation of individ-
ual services over a 12-month period, then multiplying these 
quantities by the associated unit costs for each participant 
[23]. If a frequency was expressed over a range (e.g. two to 

three times), the median of that range was used for the cost 
calculation (i.e. 2.5).

For recall periods less than a year, costs were annualised 
on the assumption that requirements were similar throughout 
the remaining year.

Distribution of Costs

Costs were distributed between public (i.e. paid for by the 
state) and private (paid for by the participants) funding. 
Participants with medical cards, a means-tested support 
which covers costs of medical care, were assumed to have 
free access to all medical services and medications. Those 
without medical cards were assumed to have paid contribu-
tions towards inpatient hospital stays, emergency department 
(ED) visits and medications. Participants reported whether 
their home modifications were funded privately or publicly. 
Long-term care facility costs were assumed to be publicly 
funded as these costs could not be accurately distributed 
according to means testing. Transport costs to clinic were 
assumed to be funded privately. Indirect costs were assumed 
to be funded privately, minus any financial benefits (invalid-
ity pension, disability allowance, domiciliary care allow-
ance, mobility allowance and carer benefit) which were 

Table 1   Sources of unit costs

Table 1 references: [9, 10, 16–22]
GP general practitioner, HSE health service executive, ED emergency department, PCRS Primary Care 
Reimbursement Service, HIPE Hospital Inpatient Enquiry, TUH Tallaght University Hospital, CSO Central 
Statistics Office
*Estimates were made from publicly available pricelists for select items on which reimbursement data was 
not available

Cost Unit Source

GP visits HSE Statistical Analysis of Claims and Payments 2016 [7]
Outpatient clinic visits HSE Outpatient Ready Reckoner 2012 National Casemix programme [8]
ED visits HSE Outpatient Ready Reckoner 2012 National Casemix programme [8]
Inpatient stays Finance department, TUH
OHP visits HSE PCRS January 2016 revised consolidated payscales [9]
Investigations   • HIPE healthcare pricing office, finance department, TUH

  • Clinical chemistry department, TUH
  • Stubbe and Colleagues 2016 (genetic testing costs) [10]

Medications HSE PCRS*
Walking and other aids Procurement Sourcing Department, TUH*
Home modifications   • Discharge planning team, TUH

  • Budget 2019, Report on Tax Expenditures [11].
Long-term care Department of Public Expenditure and reform, Nursing Home Support 

Scheme: Tends and Figures, 2017 [12]
Respite or day care   • Ataxia Ireland

  • Department of Health, Value for Money and Policy Review of Dis-
ability Services in Ireland, 2012 [13]

Professional paid care HSE National Service Plan, 2018 [14]
Transport Transport for Ireland
Productivity/informal care CSO, Earnings and labour costs [15]
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costed according to 2016 rates [24]. Other benefits, includ-
ing old-age pension and fuel and rent allowances, were not 
costed as rates vary and are not directly related to disability 
or healthcare.

Analysis

Statistical analysis was performed using IBM® SPSS® 
version 25. The data was checked and cleaned. Descriptive 
statistics regarding frequency of service usage are presented 
using means or medians and 95% confidence intervals. Mean 
costs are presented for individual cost-unit categories and 
for overall direct (medical and non-medical), indirect and 
total costs. 95% confidence intervals for mean costs were 
calculated using non-parametric bootstrapping due to the 
skewed nature of data distribution.

Demographic differences between ataxia subgroups and 
differences in cost according to selected demographic pre-
dictors were assessed for significance at the 0.05 level using 
appropriate statistical tests and post hoc analyses.

Missing data was excluded unless it could reasonably be 
inferred for the purposes of a more accurate cost analysis. 
Nine of 36 hospital stays did not have a documented length 
of stay (LOS). Therefore, these cases were assigned the aver-
age LOS of other visits. Three participants did not report the 
number of hours per day that they received homecare. They 
were assumed to have received 1 hour per day.

Sensitivity Analyses

The following sensitivity analyses were performed on vari-
ables in which there was felt to be a significant degree of 
uncertainty:

1.	 Costs of informal or combined informal-professional 
care were reduced by 20.2%, the proportion of registered 
informal carers nationwide greater than 65 years of age 
in 2016 [25].

2.	 All informal care hours were assumed to be 26.15 hour 
per week, the average number of paid work hours lost 
by informal carers to FRDA patients in a similar UK 
study [4]. Patients receiving over 26.15 hour of com-
bined care were assumed to receive professional care 
for the remaining hours.

3.	 The €75,000 cap to care costs was removed.
4.	 Each hospital inpatient stay was costed at €6841, the 

national average in 2016 [26], rather than according to 
length of stay in an illustrative hospital.

5.	 Home and car modification costs were varied by 25%.

Ethical Approval

Ethical approval was obtained from the Tallaght Univer-
sity Hospital/St. James’ Hospital Joint Research Ethics 
Committee.

Results

Demographics

One hundred thirty-four surveys were returned, 85 on 
paper and 49 online. Five who reported acquired ataxia 
were excluded. Of the remaining 129, 56 (43%) had FRDA 
and 18 (14%) had a different type of inherited ataxia (Non-
FRDA): these included ataxia-telangiectasia (n = 4), ataxia 
with oculomotor ataxia type 1 (n = 2), X-linked tremor/
ataxia syndrome (FXTAS) (n = 2), episodic ataxia (n = 1), 
hereditary spastic paraplegia (n = 5; including SPG7-
associated spastic ataxia (2), SPG54-spastic ataxia (2) 
and 1 unspecified), SCA (n = 3; including individuals with 
SCA2, SCA6 and SCA14) and SCAR10 (n = 1). Of the 
129, 55 were classified as Unknown.

Key demographics are shown in Table  2. Partici-
pants with FRDA had an earlier age of onset (p < 0.001, 
Kruskal–Wallis analysis), were younger (p = 0.031) and 
more likely to be wheelchair-bound (p < 0.001) compared 
to the Unknown group.

Resource Utilisation

Table 3 illustrates the breakdown of resource utilisation.
Of the 129, 109 (84.5%) participants attended a hospi-

tal consultant clinic an average of 4.74 times. The specialty 
attended by the greatest number of participants was neurology 
(n = 95, 73.6%; mean number of visits = 1.81), followed by 
cardiology (n = 44, 34.1%; mean number of visits = 1.45) and 
ophthalmology (n = 37, 28.7%; mean number of visits = 1.92). 
OHP visits over the previous year are expressed as a median 
(8.5; 95% CI 6, 11.5; n = 110) due to a small number of right-
sided outliers (mean = 20.15; 95% CI 14.54, 25.77). The most 
commonly attended OHP was PT (n = 76, 58.9%; mean num-
ber of visits = 12.08), followed by OT (n = 73, 56.6%; mean 
number of visits = 4.26) and SALT (n = 45, 34.9%; mean num-
ber of visits = 4.08). These results were similar for the FRDA 
group: PT (n = 33, 58.9%, mean number of visits = 13.05), 
OT (n = 35, 62.5%, mean number of visits = 3.93) and SALT 
(n = 19, 33.9%, mean number of visits 1.95).
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Cost of Illness

The breakdown of costs is illustrated in Table 4. The 
average total COI was €60,020 per person per year 
(PPPY).

Costs are divided into direct (medical and non-medical) 
and indirect. Only one participant incurred no costs over 
the 12-month period.

Eighteen participants reported receiving both pro-
fessional and informal care and one participant did not 
specify the caregiver types. Cost of home care could 
therefore not be distributed as direct or indirect for 
these 19 cases and they were excluded from indirect 
and direct cost subtotals. All cases were included in 
the final COI calculation as this included all direct and 
indirect costs.

Indirect costs were significantly higher than direct costs 
(p < 0.001, Wilcoxon signed-rank test) and accounted for 51.9% 
of total costs. Of the 54 (41.86%) individuals under the retire-
ment age who reported missing work hours due to illness, all 
but 2 (i.e. 52, 40.3%) reported being unable to work at all due 
to ataxia.

The cost of informal care could be considered an over-
estimation, as it is not known for certain whether car-
egivers would otherwise have spent these hours in paid 
employment, or whether they were retired due to age. 
Attempts to account for the latter were included in the 
sensitivity analysis.

There were no statistically significant differences in 
direct, indirect or total costs between subgroups. Statisti-
cally significant differences in individual costs are high-
lighted in Table.

Table 5 illustrates associations between demographic 
variables and cost. Differences in disease duration, occu-
pational status, living circumstances and wheelchair use 
were all associated with statistically significant differences 
in cost. Ataxia type, gender, current age and age at disease 
onset were not.

Cost Distribution

Costs were distributed between public and private fund-
ing. The cumulative publicly funded costs are expressed in 
Table 4. Of the direct, indirect and total costs, 80.7%, 25.7% 
and 52.2% respectively were publicly funded.

The claiming of various financial support benefits is illus-
trated in Table 3. It should be noted that 7 of the 34 participants 
reporting receipt of carer benefit reported receiving professional 
care only (not informal care) and 8 reported no homecare. This 
disparity may be explained by the phrasing of questioning in 
the survey; participants were asked (on the basis of the pilot 
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study) whether they received any informal care provided free by 
family/friends and thus may have not have reported care from 
those receiving carer benefit.

Sensitivity Analysis

The results of sensitivity analyses are illustrated in Table 6. 
All but one analysis found a significantly different outcome 
from the base case. Mean total costs in sensitivity analysis 
ranged from €57,797 to €67,772.

Discussion

This study is the first to attempt to calculate the COI of 
inherited ataxia in Ireland. Furthermore, it is, to our knowl-
edge, the largest single-country ‘real-life’ patient survey in 
Europe to evaluate patients with different inherited ataxia 
subtypes. Our results demonstrate the significant financial 
burden of inherited ataxia in Ireland and highlight the con-
siderable indirect costs. Comparison of these results with 
those in other countries [2, 3] and other neurological condi-
tions in Ireland [27–30] illustrates the financial burden these 
conditions place on people with ataxia, their caregivers, the 
healthcare system and society as a whole.

Overview of Inherited Ataxia in Ireland

The prevalence of inherited ataxia in Ireland is unknown. 
When this study was conducted, Ataxia Ireland had 267 
registered members, some of whom were family members 
rather than people with ataxia and others had acquired 
ataxia, and therefore, while a risk of selection bias exists, 
this high response rate likely enhances the accuracy of our 
demographic data as a representation of adults with inherited 
ataxia throughout Ireland.

FRDA participants were more likely to live with their 
parents and less likely to live with a spouse. This may reflect 
age differences attributed to the fact that FRDA typically 
presents in early life [27]. However, individuals with FRDA 
were also more likely to require a wheelchair, suggesting a 
greater level of disability and dependence, possibly neces-
sitating this co-habitation with family members.

Resource Utilisation

People with inherited ataxia require comprehensive health-
care input, as demonstrated by our results. Furthermore, 
it is likely that the true clinical need is actually greater 
than reported here but is not being met by the health ser-
vice. It is recommended that individuals with FRDA have 
annual follow-up with a neurologist [28], cardiac assess-
ment with echocardiogram and ECG and a blood test for 

diabetes [29]. However, 26.4% of FRDA participants had 
not been reviewed by a neurologist and 55% did not have an 
echocardiogram in the year prior to survey. Similarly, 41% 
and 66% of FRDA participants did not have PT and SALT 
input respectively, even though it is recommended that they 
receive regular input from these specialties [29].

The reason for not meeting such standards is likely to 
be multifactorial, including patient concordance and prefer-
ence as well as emerging delays in clinic assessments due 
to increasing demand and limited resources. The Republic 
of Ireland has one of the lowest ratios of neurologists to 
population in the developed world; 1/132,352 compared to 
a median of 4.84/100,000 across Europe [30]. It is likely that 
the COI would be even higher if the recommended standards 
of care were achieved.

FRDA participants were more likely to take cardiac medi-
cations and vitamin E, undergo cardiac investigations and 
be on disability benefit, reflecting the typical phenotype and 
management strategies in FRDA [29]. They were less likely 
to have had genetic testing in the past year as the genetic diag-
nosis tends to be made relatively early in the disease course.

The results of this study suggest that a diagnosis of inher-
ited ataxia confers high levels of disability and dependence. 
Over two thirds of participants required professional or 
informal homecare and used a wheelchair. Disability asso-
ciated with inherited ataxia is incapacitating; almost half of 
participants reported being unable to work or retiring due 
to their illness. This level of disability increases with time 
as the disease progresses, impacting on quality of life and 
incurring significant direct and indirect costs.

Cost of Illness

The average COI for inherited ataxia in our study was 
approximately €60,000 PPPY. If this is extrapolated to all 
members of Ataxia Ireland in 2016 (though this is unlikely 
to include all people with inherited ataxia in Ireland), the 
COI would be greater than €16 million.

Longer disease duration, inability to work due to ataxia, 
long-term care facility residence and wheelchair use were all 
associated with greater costs, suggesting that costs increase 
as disease progresses, and disability levels increase.

Comparison of results with other studies is limited by 
differences in study technique. The direct COI for a FRDA 
patient in North America in 2010 was reported as 14,144 
USD (€12,730, all comparative costs have been inflated to 
2016 prices and converted using the average 2016 exchange 
rate) in the USA and 38,373 CAD (€26,104) PPPY in Can-
ada [3]. The latter figure is similar to the direct costs in 
our study. The USA figure cannot be accurately compared 
as it did not include the costs of long-term care facilities, 
medical devices and home or car modifications. A study 
of similar design to ours conducted in the UK, but again 
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only including FRDA patients [4] estimated the COI to be 
£23,110 (€28,183) PPPY, almost half of our estimate. The 
rates of resource utilisation are roughly equivalent between 
the two studies, though participants in our study reported 
higher rates of respite care and home modifications. While 
this disparity could imply higher unit costs in Ireland, it may 
also reflect differences in methodology (such as productivity 
loss calculation) and the inclusion of additional variables 
in our study such as long-term care facility residence, car 
modifications and medical devices [4].

Indirect costs accounted for 52% of total COI. This is in 
keeping with other neurological disorder COI studies which 
demonstrate that indirect costs calculated using a human 
capital approach have a more significant financial impact on 
society that direct costs [4, 31, 32].

In Ireland, inherited ataxia is costly compared with 
other neurological illnesses. The COI is greater than that of 
patients with mild or moderate severity multiple sclerosis 
(MS) (€45,482), but less than severe MS (€97,318) [31]. 
This result is notable as inherited ataxia lacks the costly 
disease-modifying therapies available for people with MS. 
The higher costs amongst ataxia patients are primarily due 
to costs of home modifications and homecare, suggesting 
a greater level of physical disability. Dementia in Ireland 
has been calculated to cost €40,300 PPPY [32]. While this 
includes indirect costs, the resource utilisation was based 
on national figures rather than survey data and excludes 
home modifications. Direct costs of care in the first year 
after stroke [8] were lower (€20,143) in 2018 than annual 
direct costs in our study, though patients who died in hospi-
tal or were discharged to residential care facilities were not 
included in the latter study. The direct costs of amyotrophic 
lateral sclerosis were found to be similar (€21,552) but this 
only assessed costs paid by the health service and neither 
home modifications nor long-term care facility residence 
was reported [12].

Cost Distribution

The costs of inherited ataxia place a high financial burden 
not only on the Irish healthcare system, but on patients and 
caregivers themselves. The majority of participants in our 
study held medical cards which entitled them to free GP and 
public hospital care. Eligibility for medical cards is based on 
household income, and while certain chronic illnesses qual-
ify individuals for free medication and equipment related 
to their illness, ataxia does not confer such a qualification. 
Nineteen percent of direct costs were still paid privately by 
participants, and while this may be subsidised by private 
health insurance or support from charitable organisations, 
these will not eliminate costs entirely. Furthermore, this 
proportion is almost certainly an underestimate as public 
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funding of long-term care facilities is only available on 
a means-tested basis. Some participants may also have 
acquired services privately due to long waiting lists and high 
demand in the public system.

While various financial supports from the state subsi-
dise the indirect costs from productivity losses, almost 75% 
of these societal costs still fall to patients and caregivers. 
Improving employment rates and productivity amongst peo-
ple with inherited ataxia and other neurological disabilities 
may help to relieve the financial burden on society and 
patients while also benefiting quality of life [13].

Strengths and Limitations

A major strength of this study is the sample size. This is, in 
part, due to the inclusion of all subtypes of inherited ataxia 
in our cohort, reflecting the range of cases seen in special-
ist ataxia clinics. Nevertheless, our data selection methods 
do carry risks of selection bias. Recruitment from clinics 
and society meetings may be biased towards less disabled 
patients who are fit to travel. The online survey and option 
for carers to complete surveys on a participant’s behalf 
aimed to reduce this bias, but assumes internet access and 
active engagement in patient organisations. It is difficult to 
assess the extent of these biases as there are no published 
epidemiological studies of ataxia in Ireland.

Attaining a sample of this size requires an accessible 
method of data collection and our survey was designed with 
this in mind. However, the retrospective participant-reported 
nature of the survey without the use of medical records or 
face-to-face interview carries the limitation of recall bias and 
limits the complexity of questions that could reasonably be 
asked (e.g. names and doses of medications). The categorical 
nature of questioning may lead to inaccuracies in the data (for 
instance, when reporting frequencies and timescales).

Variable unit costs such as home and car modifications 
had to be based on best estimates and may be less accurate 
than individually reported expenses. Modification costs in 
our study are higher than but comparable to the average reim-
bursement on modifications for people with disabilities in 
2016 (10,116 per person) [15]. This figure does not include 
car modifications and is likely to underestimate the true cost 
as grants were capped at €30,000 and means tested. Where 
necessary, the more conservative estimates of costs were 
used. For example, patients requiring genetic testing often 
undergo sequential testing for multiple genes or costly next-
generation sequencing before a diagnosis is identified [9]. 
The cost of GP visits for medical card holders was calculated 
using national capitated rates, though patients with ataxia are 
likely to require more visits and resources than the general 
population therefore the true cost to the state is likely to be 
much higher.

Several assumptions of our study methods have been 
tested in sensitivity analysis. While reducing informal care 
costs to account for carers aged over 65 had an unsurpris-
ingly significant effect on total cost, this cost estimate is 
likely to be at the very lower limit since the reduction was 
also applied to those receiving combined care. It could also 
be argued that caregivers who would otherwise be retired 
from employment should still incur costs when using a 
human capital as, in their absence, care may be needed to be 
provided by professional or employed informal caregivers.

Informal care requirements were similar to those reported 
by Giunti and colleagues [4] in the UK. An upper limit of 
€75,000 was applied to care costs, affecting 10 partici-
pants. This was a necessary measure as several participants 
required 24-h professional care which is likely to cost less 
per hour than intermittent care but an accurate estimation of 
this cost was not available. While taking the average national 
cost of an inpatient stay would have increased the total cost, 
our method, which is calculated according to length of stay 
with our hospital as an index, was felt to be more accurate.

National data is not broken down into daily costs and 
presumably also incorporates the costs of inpatient investi-
gations which in our study were calculated separately [26]. 
So, while these assumptions have a statistically significant 
effect on the total cost, they each have a clear rationale and 
the lower limit cost of €55,000 from sensitivity analysis 
remains a substantial figure.

It is reasonable to assume that participants with a 
known diagnosis (i.e. FRDA and Non-FRDA groups) are 
accurately reporting their diagnoses, though there is a 
small risk that participants are mistaken. However, the 
group with unknown ataxia will contain a wide range of 
ataxia subtypes and may include cases of FRDA and more 
likely Non-FRDA, in whom the diagnosis has not yet 
been made or is not known to the patient. Furthermore, 
comparisons with the relatively small Non-FRDA group 
carry a risk of type II error. Thus, comparisons drawn 
between the subgroups of this study should be viewed 
with caution.

Conclusion

Inherited ataxias carry high financial costs to the health 
system, patients, caregivers and society as a whole. Costs 
are similar between FRDA and other forms of inherited 
ataxia and grow as disability increases over the course of 
the illness. Indirect costs or ‘productivity losses’ make up 
half the COI and place a significant financial burden on 
patients. Despite this, there is evidence to suggest that cer-
tain clinical standards of care such as frequency of clini-
cian review, OHP input and monitoring investigations are 
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not being met, possibly reflecting the limited availability 
of resources. The results of this study advocate the need 
for greater funding in inherited ataxia care in Ireland to 
ease the financial burden on patients and improve resource 
availability.
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