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Abstract

Little is known about access of rare disease carriers to health care. To increase this knowledge, 

the Pan American Hereditary Ataxia Network (PAHAN) conducted an exploratory survey about 

care for hereditary ataxias in American continents and the Caribbean. A questionnaire was sent 

to health professionals about the hereditary ataxias identified; access to care; and local teaching 

and research. The number of ataxics under current care per 100,000 inhabitants was subtracted 

from the expected overall prevalence of 6/100,000, to estimate the prevalence of uncovered 

ataxic patients. Local Human Development Indexes (HDI) were used to measure socio-economic 

factors. Twenty-six sites participated. Twelve sites had very high, 13 had high, and one site had 

medium HDI. Participants reported on 2239 and 602 patients with spinocerebellar ataxias and 

recessive forms under current care. The number of patients under current care per inhabitants 

varied between 0.14 and 12/100,000. The estimated prevalence of uncovered ataxic patients was 

inversely proportional to HDIs (rho = 0.665, p = 0.003). Access to diagnosis, pre-symptomatic 

tests, and rehabilitation were associated with HDIs. More and better molecular diagnostic tools, 

protocols and guidelines, and professional training for ataxia care were the top priorities common 

to all respondents. Evidence of inequalities was confirmed. Lower HDIs were associated with 

high potential numbers of uncovered ataxic subjects, and with lack of molecular diagnosis, 

pre-symptomatic testing, and rehabilitation. More and better diagnostic tools, guidelines, and 

professional training were priorities to all sites. PAHAN consortium might help with the last two 

tasks.
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Introduction

Access to health care is a complex concept that usually means the timely use of personal 

health services to achieve the best health outcomes. Access to health care has been 

envisaged in different ways by societies in the American continents and the Caribbean 

(ACC), with different outcomes. At least four aspects are required to guarantee its 

achievement: coverage, services, timeliness, and workforce [1].

Coverage is heterogeneous among ACC sites. Several Latin American (LA) countries and 

Canada offer publicly funded health care. The right of access is set down in rules applying 

to the whole population contributing to the fund—by taxes—and therefore receiving benefits 

from it. In contrast, in countries as diverse as the United States of America (USA), Chile, 

and Peru, health systems are private, where citizens need to buy their health insurance. If 
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services are available and an adequate supply of services is at hand, then the opportunity to 

obtain health care is for real. Timeliness is the ability to provide health care when the need 

is recognized. Finally, by workforce, we refer to the availability of capable, qualified, and 

culturally competent health workers [2].

The diversity of this scenario is particularly unknown in the case of rare diseases such as 

neurogenetic disorders in general and particularly in the case of hereditary ataxias [3]. Rare 

diseases are those with a prevalence of less than 5 per 10,000 [3]. Unlike several other rare 

disorders, ataxias stand out for presenting usually a clear phenotype that is easy to recognize 

by health professionals with basic training in neurology. Therefore, hereditary ataxias can 

be taken as an example of a rare disease in which the diagnostic delay will be due less to 

limited knowledge about these conditions among clinicians than to difficulties in accessing 

health care. Hereditary ataxias can also serve as a model for this kind of survey, because 

there are already numerous health-care sites where ataxia information has been recorded.

There is an increasing perception that transnational super-structures would help sharing 

knowledge and care coordination for patients affected by rare neurological diseases [4]. The 

Pan American Hereditary Ataxia Network (PAHAN) brought together a group of researchers 

with the aim to enable networks and multilateral studies dedicated to the ataxia field, to 

promote schools on neurogenetics, and to help the readiness of the ataxic populations from 

the ACC for clinical trials to come [5]. But data on the number of ataxics diagnosed and 

followed up as well as their access to health care remain unclear. This might be in line with 

the fact that populations from ACC suffer from historical inequities that hamper their access 

to health care.

To help find specific problems and potential solutions, PAHAN sent a survey to several 

health workers and researchers known to treat ataxic subjects. The survey aimed to raise 

general preliminary data on hereditary ataxias already identified in ACC; the access of 

ataxic individuals to health care, from diagnosis to counseling, predictive testing, and 

rehabilitation; and the researchers and local lines of investigation related to ataxia. We report 

the results obtained so far.

Methods

Population and Procedures

Invitations to participate in the survey were sent by emails to 72 health professionals 

known to follow-up hereditary ataxia patients from Argentina, Bolivia, Brazil, Canada, 

Chile, Colombia, Cuba, Ecuador, Mexico, Peru, Uruguay, the USA, and Venezuela and also 

through the National Ataxia Foundation (NAF) newsletter. Messages contained the links to 

the survey, written either in English, Spanish, or Portuguese. The recipients were also asked 

to freely share the survey with other professionals.

The questionnaire is presented in Supplemental Material 1. In summary, the survey 

presented 13 questions related to the three aims described above. These questions were:

1. The number of subjects and families with ataxia under the informant’s current 

care (the prevalent cases)
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2. The number of subjects and families with ataxias followed during the last 20 

years by the informant

3. The specific diagnoses in the two scenarios (current and cumulative in the last 

20 years), of spinocerebellar ataxias types 1 (SCA1); 2 (SCA2); 3, also known 

as Machado-Joseph disease (SCA3/MJD); 6 (SCA6); 7 (SCA7); 8 (SCA8); 10 

(SCA10); 12 (SCA12); and 17 (SCA17); dentatorubral-pallidoluysian atrophy 

(DRPLA); Friedreich ataxia (FRDA); ataxia-telangiectasia (AT); ataxia with 

oculomotor apraxia types 1 (AOA1), 2 (AOA2), 3 (AOA3), and 4 (AOA4); 

autosomal recessive spastic ataxia of Charlevoix-Saguenay (ARSACS) and 

cerebellar ataxia with neuropathy and vestibular areflexia syndrome (CANVAS)

4. Whether the health-care funding of the informant’s institution was public or 

private

5. On access of local ataxic patients to different alternatives for molecular diagnosis

6. On access to various complementary tests that are usually listed in diagnostic 

protocols for hereditary ataxias

7. On existence of a clinical protocol for ataxias with therapeutic guidelines in the 

informant’s service

8. On local access to genetic counseling and pre-symptomatic testing

9. On access to rehabilitation services

10. About the appropriateness or limitation of such care locally

11. On local supervision of health sciences students dedicated to the study of ataxias

12. About the existence of clinical and experimental research projects in progress, 

locally.

Finally, we ended up asking the informant to prioritize the next 10 items in relation to local 

development needs: more doctors, genetic counseling (GC) professionals, rehabilitation 

professionals, access to molecular tests, access to MRI, clinical protocols and therapeutic 

guidelines, infrastructure for clinical care, infrastructure for rehabilitation, funding for 

research, and professional training.

Considering that we were unaware of the way that local investigators stored their 

information, we raised questions of interest using different timelines and measurement units. 

We asked for numbers of patients or numbers of families; and we asked both prevalent 

data and cumulative ataxic data. The type of data most spontaneously stored by local 

investigators would be the most leveraged in the present report of the results. Answering 

or not each question was fully eligible for participants: respondents could even submit a 

totally empty form. This was open research in which one of the objects under study were the 

respondents themselves, and mandatory items could leave participants out of the survey.

Since there was no direct—through interviews or examinations—or indirect study of 

patients, through medical records or databases, the study did not require ethical approval 

or consent forms. On the other hand, all study participants were health-care professionals. At 
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the end of the survey, they participated in the analyses. All of them participate in the list of 

authors and therefore give their consent to be identified.

Analysis

Data from each participant center was related to a geographic region (called “region” from 

now on) and population. Private centers were related to local cities; public centers were 

related to states/departments/provinces, or less frequently to countries. When reports from 

independent institutions were obtained for the same region, the numbers were added and 

presented as the total per region.

The population of each geographic region was obtained from the local national census 

[6–15]. The number of ataxic patients under current care per 100,000 inhabitants of each 

region was then estimated. The global average (95% CI) prevalence of dominant and 

recessive hereditary ataxias were estimated by a former meta-analysis as being 2.7/100,000 

(1.5–4.0/100,000) and 3.3/100,000 (1.8–4.9/100,000), respectively [16]. An overall expected 

prevalence was assigned as a standard for the present study and was equivalent to the 

amount of the two general averages of the meta-analysis, or 6/100,000 inhabitants.

In order to assess how close each site would be to cover the ataxic patients of its region, the 

number of local ataxic patients under current care/100,000 was subtracted from the overall 

average prevalence of inherited ataxias. Negative numbers predicted the existence of a large 

number of uncovered/undiagnosed patients, and positive numbers or numbers close to zero 

predicted a reasonable diagnostic coverage. The number obtained by this subtraction was an 

estimation of the prevalence of uncovered ataxic patients per region.

The Human Development Index (HDI) of the city, state, or country was used as an 

independent variable to measure socio-economic risk factors [17, 18]. In brief, HDI is a 

measure of average achievement in key three dimensions of human development. The health 

dimension is measured by life expectancy at birth. The education dimension is assessed 

by means of years of schooling for adults aged 25 years and more and expected years of 

schooling for children of school entering age. Finally, the standard of living dimension is 

measured by gross national income per capita. The three scores are then aggregated into 

HDI using geometric mean.

This study had an exploratory character. Continuous variables were not normally distributed, 

and Mann–Whitney, Kruskal–Wallis, and Spearman rank correlation tests were used, for a p 
< 0.05. Analyses were performed using PASW statistics version 18.

Results

Emails inviting health professionals to participate in the survey were sent between July 26 

and October 28, 2021. Twenty-eight respondents agreed to participate, from 26 different 

sites (Supplemental material 2, Table S1). All participants were included through individual 

direct emails sent to 72 known professionals. Queries were sent back to some respondents 

and clarifications improved the records.
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Table 1 summarizes the general data and general responses obtained per initial questions of 

the survey. As expected, numbers were heterogeneous, as each center or professional replied 

according to her/his wish and according to the way their local records were obtained and 

stored.

Total Number of Ataxia Patients and Families

Twenty-six sites reported on their number of ataxia patients and/or families. The question 

with most responses from the survey was “How many patients with ataxia are you 

currently seeing?” In total, 2841 patients were reported to be under current care: 2239 

with spinocerebellar ataxias and 602 with confirmed or potential recessive forms. Figure 1 

describes the answers obtained.

The numbers of ataxic patients under care were then standardized as per 100,000 inhabitants 

per region (Table 2). These values were subtracted from the overall average prevalence of 

inherited ataxias, obtained elsewhere [16], to assess how close each region would be to cover 

their ataxic patients. The deltas (the difference between the prevalent number of subjects 

under care and the estimated prevalence of ataxia) obtained correlated well with HDI of the 

regions (rho = 0.665, p < 0.003; Fig. 2).

Proportion of Diagnosis According to the Site of Origin

Thirteen centers reported their total number of inherited ataxias diagnosed in the last 20 

years. The unit of measure varied across centers: 9 centers reported about the number of 

patients and the number of families, 3 centers about the number of patients only, and one 

center about the number of families only. Data are presented in Supplemental Material 2—

Tables S2 and S3—and in Fig. 3.

The specific diagnoses investigated are described in the “Methods” section. The open 

question on “other forms of inherited ataxias” was filled out by respondents that mentioned 

the existence of ataxic cases diagnosed with SCA11, SCA15, SCA19, SCA26, SCA34, 

SCA42, autosomal recessive cerebellar ataxias types 1 (ARCA1) and 3 (ARCA3), 

ataxia with vitamin E deficiency (AVED), Gerstmann-Straussler-Scheinker disease, spastic 

paraplegia type 7 (SPG7), and ataxias related to mutations in the genes of the RNA 

polymerase III subunits A (PolR3A) and B (PolR3B), patatin-like phospholipase domain 

containing 6 (PNPLA6), and sterile alpha motif domain containing 9 like (SAMD9L). Of 

note was the report of 20 SPG7, 6 AVED, 3 SCA19, and 2 Gerstmann-Straussler-Scheinker 

ataxic individuals across these countries—these entities being detected in two sites each.

Access of the Local Population to Health Care in Participant Sites

Several questions aimed at addressing the access to health care in the diverse regions whose 

health-care providers participated in this survey. The variables that picked up differences 

between diverse HDIs were the availability of technologies needed for the molecular 

diagnosis, of pre-symptomatic testing programs, and of rehabilitation approaches, including 

physical, speech, and occupational therapies (Table 3).
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Local Education and Research in Ataxia

Twelve out of 28 respondents (42%) informed they were supervising undergraduate (11 

respondents), MSc (12), PhD (8), or post-doctoral (6) students in the field of hereditary 

ataxias.

Seventeen sites out of 26 (65%) reported they were performing clinical studies on hereditary 

ataxias: six sites were focusing on SCA1, 12 on SCA2, 13 on SCA3/MJD, six on SCA6, 

seven on SCA7, one on SCA8, six on SCA10, six on FRDA, three on AT/AOA, four on 

ARSACS, and four on CANVAS. Private funding was supporting 24% of these studies.

Five sites reported they were performing experimental studies, being one in SCA1, two in 

SCA3/MJD, one in SCA6, one in SCA10, three in other SCAs, one in FRDA, and one in 

CANVAS; 10% of these studies were supported by private funding.

Local Demands and Priorities

To analyze the responses on the priorities to improve the health care of ataxic patients 

in different region, respondents were divided into two groups according to HDI tiers: 11 

participants with very high (0.8–1.0) and eight participants with high (0.7–0.79) or medium 

HDIs (0.55–0.70). The number one priority chosen by both groups was the access to 

more and better molecular diagnostic tests. Both groups also included among the top four 

priorities the need for protocols and guidelines and for professional training for ataxia care 

(Supplemental material 2—Table S4).

Discussion

As far as we are aware, this was the first survey carried out on the health-care status of ataxic 

people in the ACC.

Thirty-nine percent of the emails sent by the PAHAN group to professionals were replied, 

representing all participants of this survey. Most respondents came from Latin America; 11 

(42%) of them were Brazilians. In contrast, NAF lists 20 ataxologist clinics in the USA and 

one in Canada [19]. Although this picture limits the generalizability of our ACC patient and 

family numbers, it is likely that the correlations described below would not change much 

if US participation in the survey increased. The peculiar national profile of the participants 

in the survey may be due to the chances of greater confidence and identification with the 

study authors, most of whom were also from LA. It may also demonstrate the greater need 

for support from LA professionals, who are more ready to seek help from networks of 

researchers. Most respondents were neurologists, work in public health services, and have 

a clear academic profile. The interpretation of the answers must take these profiles into 

account.

The nature of the participating sites portrayed the health organization of their home 

countries. Several participants work in public health services, which usually receive patients 

referred from basic health units located in large territories, such as states or provinces. 

This is the model of the Brazilian “Sistema Único de Saúde” (SUS), for instance [20, 21]. 

In contrast, health care of ataxics is a mostly private service in Argentina, Chile, and the 
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USA. Private services usually cover the urban population where they live. Based on this, we 

defined that the region of population coverage of private services would be their cities, and 

that of public services would be their province/state.

Most sites were aware of their approximate total number of ataxic patients under current 

care. Although this allowed us to estimate how many ataxic patients were under their care 

per 100,000 inhabitants (Table 2), we cannot assure that all services and physicians who 

follow ataxics have sent their data about the regions included. So, it is worth stressing 

that the prevalence rates of ataxic under care may have been underestimated eventually. 

Conversely, the estimated number of ataxic people who are not covered by these health 

services might have been overestimated. Despite the uncertainty about these estimated (or 

minimum) prevalences of patients without care, we believe that the association between 

them and HDI is genuine (Fig. 2). This finding was certainly expected and supports, to some 

extent, the objectivity of some other results of this survey.

Data relating to the diagnoses of specific ataxias are useful to raise initial hypotheses about 

distinct geographic profiles, as previously done for some other conditions in LA, such as 

multiple system atrophy [22]. And it is relevant to emphasize that our data is preliminar. 

These results should be seen as exploratory and associated with recent reports on recessive 

ataxias [23] and on founder effects, the latter also from the PAHAN group [24]. More 

reliable data should be collected in a standardized manner in the following investigations.

Most data obtained pointed to great inequities in access to health care. Figure 2 shows 

that many ataxics are not being evaluated or diagnosed in places with lower HDI. There 

is no previous information to compare with our results. Recently, a study reported a 

direct correlation between monthly income and frequency of clinic visits of patients with 

neurogenetic disorders in Sri Lanka. Their results and data presented here clearly support the 

truism that “poverty is a major cause of ill health and a barrier to accessing healthcare when 

needed” (Samaranayake et al. 2020). Although both sets of results are predictable, proper 

reports are highly relevant, aiming to assess the issue and establish a baseline from which 

the effect of specific public policies could be measured.

Curiously, however, just one physician out of 28 participants reported that his site has no 

access to any molecular diagnosis. The remaining 27 respondents came from sites with 

high technological capacities, which influences their point of view. Although the need for 

high-tech molecular diagnosis, pre-symptomatic testing program, and rehabilitation seemed 

to be the most important demand for sites with low HDI, as shown in Table 3, this was 

not always mirrored by the responses to the last question (priorities). For instance, although 

pre-symptomatic testing programs and rehabilitation are lacking in sites with HDI lower 

than 0.800 (Table 3), these same sites considered that GC and rehabilitation professionals 

were placed at seven out of ten priorities of needs (Supplemental Material 2 Table S4).

Latin America had a particular representation in this survey. If 6:100,000 is the average 

prevalence of inherited ataxias worldwide [16], then among the 569 million LA inhabitants, 

we can estimate 34,140 persons with ataxia—17 times the number of ataxics under current 

care reported by the LA participants. At the same time, the fact that inherited ataxias are 
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rare implies that only large centers will have the opportunity to provide access to the best 

possible healthcare for ataxic persons [4]. Therefore, better regional health networks are 

needed on the continent.

Listing priorities is one way to start proposing solutions. The average order of priorities 

obtained from responses from eleven sites with high HDI and eight sites with medium or 

low HDI confirmed some previous insights. All sites have chosen as their number one 

priority the provision of more and better molecular diagnostic tools. This information 

is of great importance for health managers in these countries, and eventually for the 

implementation of national diagnostic networks.

Finally, we wish to point to the fact that the need for protocols and guidelines and for 

professional training in ataxia care was among the top four priorities identified by all sites, 

regardless of their economic status. In fact, both tasks require personal interaction with 

experts and scientists in the field and, in a way, modest financial investment. Furthermore, 

both tasks can be embraced by consortiums such as PAHAN. If health professionals embark 

on a journey of closeness and collective work, and if the health authorities of each country 

work with effective measures, maybe we will be able to correct the health inequities that are 

so serious in our continents and offer the care that all people deserve.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Number of ataxia patients under current care, according to the information given by the 

participants of the survey. Dominant forms are in blue, recessive forms in orange, and 

non-genetic forms in gray. A Participant sites from North America. B Participant sites from 

South America. Data was presented as per city
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Fig. 2. 
Correlation between Human Development Index (HDI) of each region and the difference 

(Delta) between the number of ataxic subjects under current care/100,000 local inhabitants 

and the mean global prevalence of inherited ataxias, 6/100,000 inhabitants
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Fig. 3. 
Cumulative numbers of specific diagnoses done in the last 20 years, according to the 

information given by the participants of the survey. A Data obtained on the number of ataxia 

families. B Data obtained on the number of ataxia subjects
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