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Abstract
Hereditary ataxias are rare cerebellar disorders. Population level mortality patterns in the United States in the previous 
decades remain insufficiently described. We quantified national mortality trends associated with hereditary ataxias and 
described stratified trends by sex, race, census region, and urbanization. We analyzed U.S. Multiple Cause of Death 
data from CDC WONDER for 2000 to 2020. Decedents were identified using ICD-10 code G11 for hereditary ataxias. 
Age-adjusted mortality rates (AAMRs) per 100,000 were computed using the 2000 U.S. standard population, with 95% 
confidence intervals. Temporal trends were evaluated using joinpoint regression to estimate annual percent change (APC). 
Forecasts through 2050 were generated using ARIMA, with sensitivity analysis using linear regression. National AAMR 
increased significantly from 2000 to 2020. Rising rates were observed in both sexes, with consistently higher mortality 
among males. The largest relative increases occurred among Black or African American individuals and in the West cen-
sus region. Trends were directionally consistent across urbanization categories, and the forecast analyses also indicated 
increasing overall mortality. Sensitivity analyses produced qualitatively similar patterns, with wider uncertainty within 
strata. Mortality associated with hereditary ataxias increased in the United States between 2000 and 2020, highlighting 
growing clinical and public health needs related to cerebellar disease. Improved phenotyping and coding, earlier diagnosis, 
and registry-linked surveillance may refine estimates and support service planning.
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Introduction

Hereditary ataxias (HAs) comprise a phenotypically and 
genetically heterogeneous set of progressive neurodegener-
ative disorders in which cerebellar and brainstem dysfunc-
tion leads to gait and limb incoordination, dysarthria, and 
abnormal eye movements [1, 2]. Recent epidemiologic syn-
theses estimate the overall prevalence of autosomal domi-
nant spinocerebellar ataxias (SCAs) at approximately 5.6 
per 100,000 [3]. Autosomal recessive conditions, including 
Friedreich ataxia and ataxia telangiectasia, typically pres-
ent in childhood or adolescence and remain uncommon at 
the population level, although prevalence varies by ances-
try and geography. Friedreich ataxia is the most prevalent 
inherited ataxia among individuals of European ances-
try, with reported prevalence generally around 3 to 4 per 
100,000 across many cohorts [4, 5], whereas ataxia telan-
giectasia is usually estimated at roughly 1 in 40,000 to 1 in 
100,000 live births [6].

Despite their low prevalence, hereditary ataxias are 
associated with substantial morbidity and early mortality. 
In FRDA, hypertrophic cardiomyopathy and arrhythmias 
commonly accompany neurological deterioration. These 
cardiac complications are major contributors to premature 
death, and survival is strongly shaped by cardiac involve-
ment and genetic severity [7–11]. Several autosomal reces-
sive forms, including ataxia with vitamin E deficiency, 
cerebrotendinous xanthomatosis, Refsum disease, and pri-
mary coenzyme Q₁₀ deficiency, can be treated with dietary 
or biochemical replacement, but most hereditary ataxias 
still lack disease-modifying therapies [12, 13]. As a result, 
symptom-focused rehabilitation remains central to manage-
ment, and research continues to face challenges related to 
small cohorts and slowly progressive trial endpoints [14]. 
One notable advance is the NRF2 activator omaveloxolone, 
the first agent shown to slow neurological decline in FRDA 
[9]. However, historical mortality analyses remain limited. 
For example, Spanish national data from 1981 to 2008 
reported rising hereditary ataxia mortality, higher rates in 
males, and geographic clustering, demonstrating the value 
of death-certificate surveillance for assessing rare disease 
burden at scale [15].

Despite therapeutic advances, survival remains limited. 
In the EUROSCA cohort, 10-year survival was 57% for 
SCA1 and 73% to 87% for SCA2, SCA3, and SCA6 [16]. 
n addition, a prospective registry including 631 individu-
als with FRDA reported a cumulative 10-year survival of 
87%, and found that arrhythmia, advanced disability, and 
diabetes independently increased mortality risk by approxi-
mately two fold to three fold [10]. These estimates highlight 
the need for population-based surveillance that goes beyond 
referral bias and small sample sizes. The U.S. Centers for 

Disease Control and Prevention’s Wide-ranging Online 
Data for Epidemiologic Research (CDC WONDER) Mul-
tiple Cause of Death database is publicly available and pro-
vides county-level counts and age-adjusted rates for deaths 
since 1999, coded using ICD-10, including hereditary atax-
ias (G11.0–G11.9), with stratification by age, sex, race or 
ethnicity, and geography [17]. These data therefore provide 
a distinct opportunity to quantify national mortality patterns 
and to benchmark the population-level impact of emerging 
interventions.

Using CDC WONDER, we report a 21-year analysis 
(2000 to 2020) of U.S. mortality attributable to heredi-
tary ataxias, characterizing temporal trends, age-adjusted 
death rates, and demographic and regional disparities. We 
also applied autoregressive integrated moving average 
(ARIMA) models to project rates through 2050, in line with 
established public health time-series approaches to mortal-
ity forecasting [18, 19]. Establishing this population-level 
baseline is important for contextualizing clinical trial out-
comes, identifying higher-risk subgroups, and informing 
future public health and therapeutic strategies.

Materials and methods

This study was registered on the Open Science Framework 
(OSF) on 23 June 2025 ​(​​​h​t​​t​p​s​​:​/​/​d​​o​i​​.​o​r​g​/​1​0​.​1​7​6​0​5​/​O​S​F​.​I​O​/​
P​R​D​4​U​​​​​)​.​​

Study Setting

Death certificate data were obtained from the publicly avail-
able CDC WONDER Multiple Cause of Death (MCD) data-
base [17]. The dataset includes all deaths registered in the 50 
U.S. states and the District of Columbia from 2000 to 2020. 
We limited the analytic period to 2000 to 2020 because 1999 
contained unreliable information for several variables.

Study Design and Population

Deaths in which a hereditary ataxia was listed as the under-
lying cause of death (UCOD) or as a contributing cause 
were identified using ICD-10 code G11, which captures all 
subtypes within this classification. In the CDC WONDER 
query interface, the underlying cause of death field was 
left as “All causes of death,” while G11 (Hereditary ataxia) 
was entered in the multiple cause of death field, thereby 
capturing deaths in which hereditary ataxia was recorded 
anywhere on the death certificate, either as the underlying 
cause or as a contributing condition. Data were stratified 
by sex (male, female), race (Black or African American, 
White), census region (Northeast, Midwest, South, West), 

https://doi.org/10.17605/OSF.IO/PRD4U
https://doi.org/10.17605/OSF.IO/PRD4U
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and urbanization (Large Central Metro, Large Fringe Metro, 
Medium Metro, Small Metro, Micropolitan, NonCore). All 
available data points from 2000 to 2020 were included. 
Data were extracted in June 2025 and initially imported into 
Microsoft Excel. Joinpoint regression was used to identify 
significant temporal trends and to estimate annual percent 
change (APC). Results were reported as age-adjusted mor-
tality rates (AAMR) per the 2000 U.S. standard population, 
with 95% confidence intervals (CI), and statistical signifi-
cance was defined as p < 0.05. Exact CDC WONDER query 
parameters were given in Supplementary File 5.

Statistical analysis

Descriptive trend analysis

To assess temporal patterns in hereditary ataxia related mor-
tality, we calculated age-adjusted mortality rates (AAMRs) 
per 100,000 population with 95% confidence interval (CI). 
Trends were evaluated using the National Cancer Institute’s 
Joinpoint Regression Program (version 4.9.0.0) to estimate 
annual percent change (APC) in AAMR with 95% CI [20]. 
The software fits log-linear regression models to the AAMR 
time series data, connecting successive straight-line seg-
ments at identified “joinpoints.” Each joinpoint represents 
a calendar year in which the rate of change shifts signifi-
cantly. For each segment, we derived the APC and its 95% 
CI. An APC was classified as increasing or decreasing when 
the slope differed significantly from zero based on a two-
tailed t test. Statistical significance was defined as p < 0.05 
throughout.

Forecast modelling for AAMR from 2021 to 2050

An optimal ARIMA model was determined using the auto 
ARIMA function based on the Bayesian Information Crite-
rion (BIC) and was then fitted to the data. The residuals of 
the model were assessed for white noise using the Ljung–
Box test [21]. Visual trend identification and Augmented 
Dickey-Fuller tests indicated non-stationarity data (all P > 
0.10), forecasts were generated with ARIMA models. The 
auto arima function (pmdarima 2.0) employed step wise 
AICc selection with limits p, q ≤ 3 and d ≤ 2 to prevent 
overfitting; seasonal terms were disabled (annual data). 
The Overall ARIMA (0,1,1) Male ARIMA (0,1,1), Female 
ARIMA (2,2,1), Black ARIMA (2,2,1), and White ARIMA 
(1,2,4), Northeast ARIMA (1,2,2), Midwest ARIMA (0,1,1), 
South ARIMA (2,1,2), West ARIMA (0,2,2), Large Central 
Metro (2, 2, 1), Large Fringe Metro (0, 2, 2), Medium Metro 
(0, 2, 2), Small Metro (0, 1, 1), Micropolitan (1, 2, 1), Non-
core (0, 2, 2) were used based upon respective data. Thirty 
years ahead steps (2021–2050) were produced. Medians and 

two-sided 95% prediction intervals (PI) were derived from 
the parametric distribution of future innovations. Sensitiv-
ity analysis was also performed that compared our ARIMA 
forecasts with those from a simple linear regression (OLS) 
trend benchmark. The results of linear regression for all the 
strata are shown in Supplementary Fig. S6–S10 online. All 
analyses used Python 3.11 (Pandas 2.2, NumPy 1.26, SciPy 
1.12, Statsmodels 0.14, pmdarima 2.0) within PyCharm 
2024.1. Figures were produced with Matplotlib 3.9. To 
assess short-term forecast validity, ARIMA models fit on the 
2000 to 2020 series were compared with newly available 
observed CDC WONDER age-adjusted mortality rates for 
2021 to 2024. Validation was performed for the overall, sex-
stratified, and census region-stratified series by comparing 
forecasted and observed AAMRs and calculating absolute 
prediction error. For the overall series, coverage of the 95% 
prediction intervals was also examined.

Standard protocol approvals, registrations, and 
patient consents

This study was considered exempt from institutional review 
board approval because it used deidentified, publicly avail-
able government data and was conducted and reported in 
accordance with the STROBE (Strengthening the Reporting 
of Observational Studies in Epidemiology) guidelines. Data 
points suppressed in the CDC WONDER database for con-
fidentiality reasons were excluded from analysis.

Results

According to Multiple Cause of Death (MCOD) dataset 
(all ages combined), 8,039 people with hereditary ataxia 
died from 2000 to 2020 in United States. A steady rise was 
observed across these years with a prominent increase from 
2015 to 2020. The age-adjusted mortality rate (AAMR) 
of hereditary ataxias showed a significant increase from 
0.0805 in 2000 to 0.157 in 2020 (APC: 3.16; 95% CI: 2.61 
to 3.71). Trends were further evaluated by sex, race, and 
census region (Figs.  1, 2 and 3), and APC estimates are 
summarized in Table 1. Yearly AAMRs and the underlying 
extracted data are provided in Supplementary Files S1 and 
S2. Urbanization-stratified trends are shown in Supplemen-
tary Figure S1.

Gender

Sex stratified analysis showed increased AAMRs in both 
males and females from 2000 to 2020 where males had 
shown higher AAMR than the females. Females showed sig-
nificant increase in AAMR from 0.0867 in 2000 to 0.1325 
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in 2020 (APC: 2.24; 95% CI: 1.46 to 3.04). Similarly, males 
also reported rise in AAMR over time from 0.0927 in 2000 
to 0.1862 in 2020 (APC: 2.78; 95% CI: 1.92 to 3.64), as 
shown in Fig. 1. In descriptive between-group comparisons, 
male AAMR remained higher than female AAMR through-
out the study period, with the absolute male-female differ-
ence widening from 0.0060 per 100,000 in 2000 to 0.0537 
per 100,000 in 2020, and the male-to-female rate ratio 
increasing from 1.07 to 1.41.

Race

Race stratified analysis also showed increased AAMRs in 
both White individuals as well as Black or African Ameri-
can individuals from 2000 to 2020. In early years, AAMRs 
were initially higher among White individuals, but in later 
years the AAMR in Black or African American popula-
tion surpassed them. White individuals showed significant 
increase in AAMR from 0.0820 in 2000 to 0.1571 in 2020 

Fig. 2  Hereditary Ataxia Related AAMRs per 100,000 Stratified by Race or Ethnic Groups in the United States, from 2000–2020

 

Fig. 1  Overall and Sex-stratified Hereditary Ataxia Related AAMRs per 100,000 in the United States, from 2000–2020

 



1 3

Page 5 of 11    101 The Cerebellum          (2026) 25:101 

(APC: 2.77; 95% CI: 2.21 to 3.32). Similarly, Black or Afri-
can American individuals also reported rise in AAMR over 
time from 0.0745 in 2000 to 0.1757 in 2020 (APC: 4.47; 
95% CI: 3.19 to 5.76), as shown in Fig.  2. In descriptive 
comparisons by race, White AAMR was slightly higher 
than Black or African American AAMR in 2000, with an 
absolute difference of 0.0075 per 100,000 and a rate ratio 
of 1.10; however, by 2020, Black or African American 

AAMR exceeded White AAMR, with an absolute difference 
of 0.0186 per 100,000 and a rate ratio of 1.12, indicating a 
reversal in the relative burden over time.

Region

In all U.S. census regions, AAMR increased significantly 
from 2000 to 2020. The Midwest and West reported highest 

Table 1  Annual Percentage Changes (APCs) in Hereditary Ataxia Mortality in the USA from 2000 to 2020
Variable Lower Endpoint Upper Endpoint APC (95% CI) P-Value
Overall 2000 2020 3.16% (2.61–3.71) < 0.001
Sex
Male 2000 2020 2.78% (1.92–3.64) < 0.001
Female 2000 2020 2.24% (1.46–3.04) < 0.001
US Census Region
Northeast 2000 2020 3.51% (2.39–4.64) < 0.001
Midwest 2000 2020 1.84% (0.90–2.78) < 0.001
South 2000 2020 3.26% (2.34–4.20) < 0.001
West 2000 2020 4.08% (2.93–5.24) < 0.001
Race
Black/African American 2000 2020 4.47% (3.19–5.76) < 0.001
White 2000 2020 2.77% (2.21–3.32) < 0.001
Urbanization
Large Central Metro 2000 2020 4.49% (CI: 3.16–5.82) < 0.001
Large Fringe Metro 2000 2020 3.35% (CI: 2.34–4.36) < 0.001
Medium Metro 2000 2020 3.16% (CI: 2.02–4.31) < 0.001
Small Metro 2000 2020 2.41% (CI: 1.13–3.71) < 0.001
Micropolitan (Nonmetro) 2000 2020 2.41% (1.35–3.49) < 0.001
Non-core (Nonmetro) 2000 2020 2.15% (CI: 0.41–3.92) 0.018

Fig. 3  Hereditary Ataxia Related AAMRs per 100,000 Stratified by Census Region in the United States, from 2000–2020
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AAMR rates. In the Northeast, AAMR increased from 0.07 
in 2000 to 0.1411 in 2020 (APC: 3.51; 95% CI: 2.39 to 
4.64). In the Midwest, AAMR increased from 0.0949 in 
2000 to 0.205 in 2020 (APC: 1.84; 95% CI: 0.90 to 2.78). 
In the South, AAMR increased from 0.0664 in 2000 to 0.14 
in 2020 (APC: 3.26; 95% CI: 2.34 to 4.20). In the West, 
AAMR increased from 0.0878 in 2000 to 0.1618 in 2020 
(APC: 4.08; 95% CI: 2.93 to 5.24), as shown in Fig.  3. 
State-level AAMRs for 2000 to 2020 are presented in Fig. 4. 
In descriptive regional comparisons, the Midwest had the 
highest AAMR and the South the lowest at both time points 
examined. The absolute regional difference widened from 
0.0285 per 100,000 in 2000 to 0.0650 per 100,000 in 2020, 
while the highest-to-lowest regional rate ratio increased 
modestly from 1.43 to 1.46. Although the Midwest had 
the highest absolute AAMR by 2020, the West showed the 
steepest relative increase over time, consistent with its high-
est APC.

ARIMA based forecast of AAMRs from 2021 to 2050

All strata were modeled using univariate auto ARIMA. 
Results are presented as median projections with 95% 

prediction intervals (PIs). The overall AAMR was best fit 
by an ARIMA (0, 1, 1) model and met all diagnostic criteria. 
Using the observed 2020 rate of 0.157 per 100,000 as the 
starting point, the model projects an increase to 0.196 (PI: 
0.161 to 0.231) in 2035 and to 0.243 (PI: 0.196 to 0.289) 
in 2050. Forecasts indicated a continued rise in AAMRs 
through 2050 as shown in Fig. 5. Forecasts stratified by sex, 
race, census region, and urbanization are provided in Supple-
mentary Figures S2 to S5, and ARIMA specifications with 
yearly forecast values are detailed in Supplementary File S2. 
Sensitivity analyses using linear regression yielded median 
projections within ± 5% of the ARIMA medians across all 
strata but produced narrower 95% PIs that were unchanged 
for most strata (Supplementary Figures S6 to S10), sug-
gesting that the auto ARIMA approach captures additional 
uncertainty inherent to rare-event time series within each 
stratum. To assess short-term forecast performance, pre-
dicted AAMRs from models trained on the 2000 to 2020 
data were compared with observed CDC WONDER rates 
for 2021 to 2024. For the overall series, forecasted AAMRs 
were 0.1522, 0.1553, 0.1585, and 0.1616 per 100,000 for 
2021, 2022, 2023, and 2024, respectively, compared with 
observed values of 0.1432, 0.1581, 0.1601, and 0.1749. The 

Fig. 4  Hereditary Ataxia Related AAMR Stratified by States in the United States, from 2000–2020
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mean absolute error was 0.0067, and all observed values fell 
within the corresponding 95% prediction intervals. Valida-
tion of sex-stratified and region-stratified forecasts showed 
similar overall directional agreement but greater year-to-
year deviation, particularly in smaller strata, consistent 
with the higher variability expected in rare-event subgroup 
series. The data for overall mortality from 2021 to 2024 has 
been uploaded in Supplementary File S3 while exact CDC 
WONDER query has been uploaded in S4.

Discussion

Hereditary ataxias comprises of many different and diverse 
types of neurodegenerative disorders that are rare but col-
lectively have contributed to global disease burden [22]. 
Life expectancy varies widely: SCA6 patients have 10-year 
survival of 87%, whereas SCA1 patients fall to 57% over 
the same interval [16]. Death is seldom the direct result of 
cerebellar failure; instead, aspiration pneumonia, sepsis, or 
cardiomyopathy claim most lives [23]. Dysphagia inter-
ventions, including compensatory swallowing therapy and 
prophylactic tube feeding, improve nutritional status but 
do not abolish risk, 30 day post-gastrostomy mortality still 
approaches 11% in advanced ataxia cohorts [24, 25]. Recent 
physiologic studies confirm profound cough impairment in 
cerebellar disease, explaining the high prevalence of lower 
airway infection [26]. This is a CDC based retrospective 
study which analyzes the mortality rates from 2000 to 2020. 

This study observed that the mortality from hereditary 
ataxias is continuously rising significantly in these years. 
In United States, it has been recognized as a cause of pre-
mature deaths over the last two decades as the overall age-
adjusted mortality rate (AAMR) increased from 0.0805 in 
2000 to 0.157 in 2020 (APC: 3.16%, CI: 2.61–3.71), and an 
acceleration after 2015. These findings extend and update 
earlier evidence. Leone and colleagues, using U.S. death 
certificates from 1971 to 1973 to 1978, reported higher age-
adjusted mortality in men and whites with frequent cardiac 
causes recorded [27], while our analysis shows similar rise 
in men also, constant significant increases across all strata 
and a marked accelerated rise late after 2015 in overall 
population.

This upward trajectory is similar to the 54% increase in 
deaths due to Alzheimer from 1999 to 2014 [28] and another 
study also reported same rise in mortality for the next 4 
years until 2018 [29]. This upward trajectory also reported 
for multiple sclerosis in which mortality rise occurred from 
1999 to 2018 and then a sharp increase in mortality until 
2020 [30]. Similar trends for overall rise were observed for 
mortality related to arterial fibrillation and dementia [31], 
and Parkinson’s disease [32]. The only prior U.S. popula-
tion study, based on 1970s ICD-8/9 data, reported a mortal-
ity rate of 0.33 but did not examine trends [27]. Our findings 
indicate a sustained increase in recorded hereditary ataxia 
mortality on U.S. death certificates over the study period. 
The persistent upward trend may reflect a combination of 
authentic disease burden and improved ascertainment, 

Fig. 5  ARIMA Modelling Based Forecast of Overall Hereditary Ataxia Related AAMRs per 100,000 in the United States, from 2021 to 2050
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including broader access to molecular testing and higher 
diagnostic yields with next-generation sequencing panels 
and exome sequencing in suspected genetic ataxias [33]. 
Because we used multiple-cause coding, our approach 
aligns with CDC guidance for capturing both underlying 
and contributing causes, which improves sensitivity for rare 
disorders on death certificates.

In this study, it has been observed that males have a 
higher AAMR compared with females which is a key 
determinant showing sex-based disparity. Male mortality 
increased almost two times, rising from 0.0927 in 2000 
to 0.1862 in 2020 (APC: 2.78%, CI: 1.92–3.64).), while 
female mortality increased from 0.0867 in 2000 to 0.1325 
in 2020 (APC: 2.24%, CI: 1.46–3.04). Experimental studies 
in knockout mice demonstrate severe cardiac remodeling 
and earlier death in males than females, and human imag-
ing studies report sex-linked differences in left ventricular 
geometry and function in Friedreich ataxia cohorts [34, 35]. 
Cardiac dysfunction accounts for most deaths in Friedreich 
ataxia cohorts, which supports higher male mortality if men 
experience greater cardiac involvement, although definitive 
population-level sex-specific cause-of-death partitions for 
all hereditary ataxias remain sparse [11]. Although many 
hereditary ataxias are autosomal, these data suggest that sex 
specific biological or health care factors may influence out-
comes. The narrowing difference in APCs between sexes in 
our series warrants attention to potential diagnostic delays 
or care access barriers in women, but that interpretation 
should be tested in linked clinical datasets. There is further 
research needed in the future to assess these differences 
which can also be due to severity of disease, difference in 
diagnosis patterns, or other health conditions that can affect 
one sex more than the other.

Racial mortality patterns reversed over two decades. In 
early years, highest AAMR was observed in White indi-
viduals while by 2020 the AAMR became higher in the 
Black or African American population. Black/African 
Americans rate increased from 0.0745 in 2000 to 0.1757 
in 2020 (APC: 4.47%, CI: 3.19–5.76), leaving behind the 
White rate, which increased from 0.082 in 2000 to 0.1571 in 
2020 (APC: 2.77%, CI: 2.21–3.32). Black/African Ameri-
can rates surpassed white rates, with APC 4.47% in Black/
African Americans versus 2.77% in Whites. Several mecha-
nisms may contribute. Founder effects and subtype distribu-
tions vary by region and ancestry, which can shift observed 
mortality when ascertainment improves across diverse com-
munities [36, 37]. In the 1970s, White mortality exceeded 
non-White mortality [27], indicating historical under ascer-
tainment among minority populations. The increase in mor-
tality in Blac/African Americans might be due to improved 
diagnostics over the years, broader access to genetics-based 
testing and rising awareness among the Black/African 

American communities who were underdiagnosed in early 
years. However, the steeper increase also indicates ongoing 
disparities in access to multidisciplinary care and supportive 
services [38]. It is also possible that in early years the Black 
or African Americans were not so aware of these disease 
patterns and less aware of these causes and disorders con-
tributing to mortality rates that showed the lower mortal-
ity rates. Because we analysed MCOD rather than registry 
diagnoses, improved certification of hereditary ataxia as a 
contributing cause among African American decedents may 
also increase observed rates. These hypotheses should be 
evaluated with linked clinical, genetic, and vital records.

Geographic trends in all U.S. major census regions 
showed that AAMR was notably increased. The West expe-
rienced the fastest growth increased from 0.0878 in 2000 
to 0.1618 in 2020 (APC: 4.08%, CI: 2.93–5.24), followed 
by the Northeast increased from 0.07 in 2000 to 0.1411 in 
2020 (APC: 3.51%, CI: 2.39–4.64), South increased from 
0.0664 in 2000 to 0.14 in 2020 (APC: 3.26%, CI: 2.34–
4.20), and Midwest increased from 0.0949 in 2000 to 0.205 
in 2020 (APC: 1.84%, CI: 0.90–2.78). Geographic structure 
is expected in hereditary ataxias because of founder effects 
and migration patterns. For instance, regional clustering has 
been documented in Spain for hereditary ataxia mortality 
and in the Americas for specific SCA founders, while SCA6 
has been reported as one of the most common autosomal 
dominant cerebellar ataxias in the North of England. Such 
heterogeneity can affect regional mortality profiles when 
ascertainment improves or when subtype mixtures differ 
by region [15, 37, 39]. Regions with major academic and 
genomic centres may have seen more rapid recoding of 
cerebellar disorders into hereditary ataxia diagnoses, while 
areas with established ataxia clinics like the Midwest may 
have reached diagnostic saturation earlier. This could be 
due to better healthcare infrastructure over the years and 
improved health policies. However, it is not easy to compare 
the results of this study with previous studies as there is very 
less nationwide data present on hereditary ataxias.

These population trends when aligned with genotype 
specific studies clarifies the overall picture. Recessive early-
onset forms such as ataxia telangiectasia maintain a median 
survival under 25 years [40], and Friedreich’s ataxia remains 
fatal by the late 30s despite improved cardiac care [11]. In 
contrast, Autosomal dominant spinocerebellar ataxias typi-
cally manifest in midlife and progress slowly, with median 
survival between 57 and 87 years [16]. As genetic recogni-
tion of both early and late onset subtypes has widened, more 
deaths have been appropriately coded under ICD-10 G11* 
which were categorized somewhere else before, showing 
an observed increase in mortality rate but in actual over-
all change in mortality rate has not really changed. This 
highlights the importance of early diagnosis and disease 
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management in these individuals. These trends could be a 
result of three major factors. First, the genomic revolution 
after 2010 that has improved the diagnostic precision, shift-
ing many deaths from nonspecific “cerebellar degeneration” 
codes into hereditary ataxia categories. Secondly, Despite 
progress in some subtypes, including FRDA, disease-
modifying options remain unavailable for most hereditary 
ataxias. Experimental approaches, repeat-silencing oligo-
nucleotides, AAV-mediated frataxin replacement, dentate-
nucleus deep-brain stimulation, are promising but remain 
investigational [41–43]. So enhanced diagnosis did not 
translate into prolonged survival. Third, structural inequities 
in health care continue to influence who receives genetic 
testing and specialized management, effecting demographic 
and regional disparities.

Looking forward, the stratified Auto-ARIMA projec-
tions indicate that national hereditary-ataxia mortality 
will rise from 0.157 deaths/100,000 in 2020 to 0.24 by 
2050 and sensitivity analyses with linear models produc-
ing similar medians. ARIMA methods are established for 
short to medium-term mortality and incidence forecasting 
in public health, including injury and communicable disease 
outcomes, and the use of differencing to achieve stationar-
ity with moving average terms is common in monotonic 
mortality series [18, 44]. The short-term validation against 
observed 2021 to 2024 mortality rates supports reason-
able performance of the overall model, although subgroup 
forecasts were less stable, reinforcing the need for caution 
when interpreting long-range projections in smaller strata. 
Because hereditary ataxias are rare and certification prac-
tices can evolve, wider prediction intervals from ARIMA 
are reasonable and likely capture uncertainty better than 
simple linear extrapolation. Therapeutic developments are 
unlikely to reverse population mortality in the near term.

Limitations

Several limitations merit emphasis. Death-certificate data 
are susceptible to misclassification and underreporting of 
rare genetic conditions. The MCOD approach mitigates this 
by including both underlying and contributing causes, but it 
cannot disaggregate by genotype or age at onset. Changes 
in diagnostic practice and certifier awareness over time can 
influence observed trends. Nonetheless, national coverage, 
standardized age adjustment, and the internal consistency of 
increasing rates across sex, race, region, and urbanization 
provide strong evidence for a rising burden of hereditary 
ataxia mortality. Because the study used stratified aggre-
gated death-certificate data from CDC WONDER, the 
observed differences by sex, race, and region are descrip-
tive and unadjusted. These strata are not independent in the 
underlying population, and regional patterns may partly 

reflect differences in demographic composition. Accord-
ingly, these findings should not be interpreted as mutually 
adjusted or causal associations.

Next steps include linkage of MCOD data to clini-
cal registries and genetic databases to resolve subtype-
specific risk, and equity-focused implementation research 
to improve access to genetic testing and multidisciplinary 
management in underserved communities, including rural 
areas. Together, these data argue for sustained surveillance, 
targeted referral pathways to ataxia centers, and trials that 
incorporate cardiac outcomes in Friedreich ataxia given 
the central role of cardiomyopathy in mortality. The inclu-
sion of 2020 also merits caution. The COVID-19 pandemic 
substantially altered U.S. mortality patterns and may have 
affected both care pathways and death-certificate coding 
practices. Accordingly, the 2020 endpoint may partly reflect 
pandemic-related system effects rather than hereditary 
ataxia-specific changes alone. However, short-term valida-
tion against newly observed 2021 to 2024 CDC WONDER 
data showed that the overall forecast remained reasonably 
aligned with post-2020 rates, suggesting that the increasing 
trajectory was not solely an artifact of the pandemic year. 
Because our analysis is based on death-certificate data, it 
cannot disentangle direct hereditary ataxia-related mortality 
from indirect pandemic effects such as disrupted access to 
care, changes in certification, or competing causes of death.

Conclusion

Mortality due to hereditary ataxias in the United States 
increased from 0.0805 to 0.157 per 100,000 between 2000 
and 2020, an annual percentage change of 3.16%. Increases 
were steeper among men, Black or African American 
populations, and residents of the West, while the Midwest 
reached the highest AAMR by 2020. These patterns may 
reflect improved diagnostic recognition, minimal therapeu-
tic progress at the population level, and persistent dispari-
ties in access to specialty care. Limitations include potential 
misclassification or underreporting on death certificates 
even in multiple cause analyses, lack of genotype and age at 
onset data, secular changes in coding and diagnostic prac-
tice, and small counts in some strata that widen uncertainty. 
These findings underscore the need for timely diagnosis, 
coordinated multidisciplinary management, and equitable 
access to services. Priorities include ataxia focused clin-
ics, telemedicine for high burden regions, culturally tai-
lored outreach across racial communities, and coverage for 
genetic testing and counselling. Clinical programs should 
integrate cardiac surveillance for Friedreich ataxia, rehabili-
tation, and palliative support, and should track quality met-
rics such as time to diagnosis, adherence to guideline-based 
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care, and retention in follow up. By providing the first strati-
fied national forecast, with an overall AAMR projected at 
0.243 in 2050, this study offers a quantitative baseline for 
planning and a benchmark to measure the impact of targeted 
interventions, while recognizing that forecasts remain sensi-
tive to model assumptions and future changes in therapy and 
certification practices.

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​1​2​3​1​1​-​0​
2​6​-​0​2​0​4​6​-​7​​​​​.​​

Author contributions  - Conceptualization: Muhammad Junaid Iqbal- 
Methodology: Muhammad Junaid Iqbal, Fiza Wali, Hanzala Ahmed 
Farooqi, Areeba Kabir- Formal analysis & investigation: Muhammad 
Junaid Iqbal, Laraib Israr, Noor Ullah Khan, Fatima Naveed, Hanzala 
Ahmed Farooqi- Writing – original draft: Muhammad Junaid Iqbal, 
Fiza Wali, Laraib Israr, Noor Ullah Khan, Hanzala Ahmed Farooqi, , 
Fatima Naveed, Areeba Kabir- Writing – review & editing: Muham-
mad Junaid Iqbal, Laraib Israr, Anastasia Ricci, Gianluca Morganti, 
Michele Menotta- Supervision: Muhammad Junaid Iqbal, Michele 
Menotta.

Funding  Open access funding provided by Università degli Studi di 
Urbino Carlo Bo within the CRUI-CARE Agreement. This study was 
partially supported by FanoAteneo and Associazione Nazionale Ataxia 
Telagencatsia (ANAT). Also, partially by the financial assistance of 
the European Union “POR MARCHE FESR 2014/2020. Asse 1, OS 
2, Azione 2.1 - Intervento 2.1.1 – Sostegno allo sviluppo di una pi-
attaforma di ricerca collaborativa negli ambiti della specializzazione 
intelligente”. Thematic Area: “Medicina personalizzata, farmaci e 
nuovi approcci terapeutici”. Project acronym: Marche BioBank www.
marchebiobank.it. The content of the paper is the sole responsibility of 
the authors and can under no circumstances be regarded as reflecting 
the position of the European Union and/or Marche Region authorities.

Data Availability  Analytic code was executed in Jupyter Notebook and 
is available from the corresponding author on reasonable request.

Declarations

Competing interests  The authors declare no competing interests.

Supplementary data and materials  Aggregated mortality data are 
available from CDC WONDER. The processed dataset and study ma-
terials supporting the conclusions of this article are available in Sup-
plementary Files online.

Ethics Statement  This study was considered exempt from institutional 
review board approval because it used deidentified, publicly available 
government data and was conducted and reported in accordance with 
the STROBE (Strengthening the Reporting of Observational Studies in 
Epidemiology) guidelines. Data points suppressed in the CDC WON-
DER database for confidentiality reasons were excluded from analysis.

Declaration of Generative AI and AI-assisted technologies in the writ-
ing process  During the preparation of this manuscript, the authors 
used ChatGPT model 5.2 to in order to improve the readability and 
language of the manuscript. The authors reviewed, edited, and veri-
fied the content and all citations, and take full responsibility for the 
integrity of the work.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​​p​:​/​/​​c​r​e​​a​t​i​​v​e​c​o​m​m​o​n​s​.​o​
r​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/​​​​​.​​

References

1.	 Perlman S. (2023) Hereditary ataxia overview. 
Genereviews®[internet].

2.	 Cui Z-T, Mao Z-T, Yang R, Li J-J, Jia S-S, Zhao J-L, Zhong F-T, 
Yu P, Dong M. Spinocerebellar ataxias: From pathogenesis to 
recent therapeutic advances. Front NeuroSci. 2024;18:1422442.

3.	 Bregant E, Betto E, Dal Secco C, Zucco J, Baldan F, Allegri L, 
Lonigro IR, Faletra F, Verriello L, Damante G. The molecular 
landscape of hereditary ataxia: a single-center study. Hum Genet. 
2025;144(5):545–57.

4.	 Reetz K, Dogan I, Hilgers R-D, Giunti P, Mariotti C, Durr A, 
Boesch S, Klopstock T, de Rivera FJR, Schöls L, Klockgether T, 
Bürk K, Rai M, Pandolfo M, Schulz JB, Nachbauer W, Eigentler 
A, Depondt C, Benaich S, Charles P, Ewenczyk C, Monin M-L, 
Dafotakis M, Fedosov K, Didszun C, Ermis U, Giordano IA, 
Timmann D, Karin I, Neuhofer C, Stendel C, vom Müller J, 
Wolf J, Panzeri M, Nanetti L, Castaldo A, Arpa J, Sanz-Gallego 
I, Parkinson MH, Sweeney MG. Progression characteristics 
of the European Friedreich’s Ataxia Consortium for Transla-
tional Studies (EFACTS): a 2 year cohort study. Lancet Neurol. 
2016;15:1346–54.

5.	 Schulz JB, Boesch S, Bürk K, Dürr A, Giunti P, Mariotti C, Pous-
set F, Schöls L, Vankan P, Pandolfo M. Diagnosis and treatment 
of Friedreich ataxia: a European perspective. Nat Reviews Neu-
rol. 2009;5(4):222–34.

6.	 Rothblum-Oviatt C, Wright J, Lefton-Greif MA, McGrath-Mor-
row SA, Crawford TO, Lederman HM. Ataxia telangiectasia: a 
review. Orphanet J Rare Dis. 2016;11(1):159.

7.	 Hanson E, Sheldon M, Pacheco B, Alkubeysi M, Raizada V. Heart 
disease in Friedreich’s ataxia. World J Cardiol. 2019;11(1):1–12.

8.	 Pousset F, Legrand L, Monin ML, Ewenczyk C, Charles P, Koma-
jda M, Brice A, Pandolfo M, Isnard R, Tezenas du Montcel S, 
Durr A. A 22-Year Follow-up Study of Long-term Cardiac Out-
come and Predictors of Survival in Friedreich Ataxia. JAMA 
Neurol. 2015;72(11):1334–41.

9.	 Gunther K, Profeta V, Keita M, Park C, Wells M, Sharma S, 
Schadt K, Lynch DR. Safety Monitoring of Omaveloxolone in 
Friedreich Ataxia: Results from One Year of Clinical Treatment. 
Neurol Therapy. 2025;14:3:1105–14.

10.	 Indelicato E, Reetz K, Maier S, Nachbauer W, Amprosi M, Giunti 
P, Mariotti C, Durr A, de Rivera Garrido FJ, Klopstock T. Predic-
tors of survival in Friedreich’s ataxia: a prospective cohort study. 
Mov Disord. 2024;39:510–8.

11.	 Tsou AY, Paulsen EK, Lagedrost SJ, Perlman SL, Mathews KD, 
Wilmot GR, Ravina B, Koeppen AH, Lynch DR. Mortality in 
Friedreich ataxia. J Neurol Sci. 2011;307:1–2.

12.	 Stezin A, Pal PK. Treatable ataxias: how to find the needle in the 
haystack? J Mov disorders. 2022;15(3):206.

https://doi.org/10.1007/s12311-026-02046-7
https://doi.org/10.1007/s12311-026-02046-7
www.marchebiobank.it
www.marchebiobank.it
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


1 3

Page 11 of 11    101 The Cerebellum          (2026) 25:101 

13.	 Bremova-Ertl T, Hofmann J, Stucki J, Vossenkaul A, Gautschi M. 
Inborn errors of metabolism with ataxia: Current and future treat-
ment options. Cells. 2023;12:2314.

14.	 Brooker SM, Edamakanti CR, Akasha SM, Kuo SH, Opal P. Spi-
nocerebellar ataxia clinical trials: opportunities and challenges. 
Ann Clin Transl Neurol. 2021;8:1543–56.

15.	 Alonso V, Villaverde-Hueso A, Hens MJ, Morales-Piga A, 
Abaitua I, de la Posada M. Epidemiology of Hereditary Ataxias in 
Spain: Hospital Discharge Registry and Population-Based Mor-
tality Study. Neuroepidemiology. 2013;41(1):13–9.

16.	 Diallo A, Jacobi H, Cook A, Labrum R, Durr A, Brice A, Charles 
P, Marelli C, Mariotti C, Nanetti L. Survival in patients with spi-
nocerebellar ataxia types 1, 2, 3, and 6 (EUROSCA): a longitudi-
nal cohort study. Lancet Neurol. 2018;17:327–34.

17.	 CDC. Multiple Cause of Death, 1999–2020. 2025 [cited 2025 19 
June]; Available from: https:/​/wonder​.cdc.go​v/mcd​-icd10.html

18.	 Lin Y, Chen M, Chen G, Wu X, Lin T. Application of an autore-
gressive integrated moving average model for predicting injury 
mortality in Xiamen, China. BMJ Open. 2015;5(12):e008491.

19.	 Ali H, Jahagirdar V, Blaney H, Dahiya DS, Gangwani MK, Patel 
P, Hayat U, Jaber F, Simonetto DA, Satapathy SK. Forecasting 
Alcohol-Related Liver Disease Mortality Trends in Younger 
Populations Using Advanced Time‐Series Models: A 1999–2030. 
Anal JGH Open. 2024;8(12):e70057.

20.	 Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for 
joinpoint regression with applications to cancer rates. Stat Med. 
2000;19(3):335–51.

21.	 Zhu B, Wu X, An W, Yao B, Liu Y. The systematic analysis and 
10-year prediction on disease burden of childhood cancer in 
China. Front Public Health. 2022;10:908955.

22.	 Fogel BL, Perlman S. Clinical features and molecular genet-
ics of autosomal recessive cerebellar ataxias. Lancet Neurol. 
2007;6:3:245–57.

23.	 Isono C, Hirano M, Sakamoto H, Ueno S, Kusunoki S, Nakamura 
Y. Differences in dysphagia between spinocerebellar ataxia type 
3 and type 6. Dysphagia. 2013;28:413–8.

24.	 Vogel AP, Keage MJ, Johansson K, Schalling E. Treatment for 
dysphagia (swallowing difficulties) in hereditary ataxia. Cochrane 
Database Syst Rev. 2015 Nov 13;2015(11):CD010169. ​h​t​t​​​​p​​s​:​​/​​/​d​​o​i​​
.​o​​r​g​/​1​​0​.​1​0​0​2​/​1​4​6​5​1​8​5​8​.​C​D​0​1​0​1​6​9​.​p​u​b​2​V​o​g​e​l​​​​​​​

25.	 Lefton-Greif MA, Crawford TO, McGrath-Morrow S, Carson 
KA, Lederman HM. Safety and caregiver satisfaction with gas-
trostomy in patients with Ataxia Telangiectasia. Orphanet J Rare 
Dis. 2011;6:1–10.

26.	 Lowell ER, Borders JC, Perry SE, Dakin AE, Sevitz JS, Kuo S-H, 
Troche MS. Sensorimotor cough dysfunction in cerebellar atax-
ias. Cerebellum. 2024;23(4):1338–47.

27.	 Leone M, Chandra V, Schoenberg BS. Patterns of mortality from 
hereditary ataxias in the United States, 1971 and 1973–1978. 
Neuroepidemiology. 1989;8:193–9.

28.	 Taylor CA. (2017) Deaths from alzheimer’s disease—United 
States, 1999–2014. MMWR. Morbidity and mortality weekly 
report 66.

29.	 Zhao X, Li C, Ding G, Heng Y, Li A, Wang W, Hou H, Wen J, 
Zhang Y. The Burden of Alzheimer’s Disease Mortality in the 
United States, 1999–2018. J Alzheimers Dis. 2021;82(2):803–13.

30.	 Nadeem ZA, Ashraf H, Nadeem A, Kareem R, Ashfaq H, Majid 
Z, Ashraf A. Trends in mortality due to multiple sclerosis in the 
United States: A retrospective analysis from 1999 to 2020. Mul-
tiple Scler Relat Disorders. 2024;89:105765.

31.	 Sohail MU, Batool RM, Saad M, Waqas SA, Noushad MA, 
Sohail MO, Bates M, Ahmed R, Ripley D. Trends in mortality 
related to atrial fibrillation and dementia in older adults in the 
United States: a 2000–2020 analysis. J Cardiovasc Electrophys. 
2025;36:1234–43.

32.	 Tharwani ZH, Deepak FNU, Arshad MS, Zaheer S, Kumar R, Bhi-
mani RK, Jabbar M, Habib Z, Raja A, Shivani R. Temporal trends 
in Parkinson’s disease among older adults in the United States 
from 1999 to 2020: Retrospective analysis from CDC WONDER 
database. Parkinsonism Relat Disord. 2024;127:107110.

33.	 Tenorio RB, Camargo CHF, Donis KC, Almeida CCB, Teive 
HAG. Diagnostic Yield of NGS Tests for Hereditary Ataxia: a 
Systematic Review. Cerebellum. 2024;23:1552–65.

34.	 Peverill RE, Romanelli G, Donelan L, Hassam R, Corben LA, 
Delatycki MB. Left ventricular structural and functional changes 
in Friedreich ataxia - Relationship with body size, sex, age and 
genetic severity. PLoS ONE. 2019;14(11):e0225147.

35.	 Salinas L, Montgomery CB, Figueroa F, Thai PN, Chiamvi-
monvat N, Cortopassi G, Dedkova EN. Sexual dimorphism in a 
mouse model of Friedreich’s ataxia with severe cardiomyopathy. 
Commun Biology. 2024;7(1):1250.

36.	 Paradisi I, Ikonomu V, Arias S. Spinocerebellar ataxias in Ven-
ezuela: genetic epidemiology and their most likely ethnic descent. 
J Hum Genet. 2016;61:3:215–22.

37.	 Sullivan R, Yau WY, O’Connor E, Houlden H. Spinocerebellar 
ataxia: an update. J Neurol. 2019;266(2):533–44.

38.	 Best S, Vidic N, An K, Collins F, White SM. A systematic review 
of geographical inequities for accessing clinical genomic and 
genetic services for non-cancer related rare disease. Eur J Hum 
Genet. 2022;30:645–52.

39.	 Rodríguez-Labrada R, Martins AC, Magaña JJ, Vazquez-
Mojena Y, Medrano-Montero J, Fernandez-Ruíz J, Cisneros B, 
Teive H, McFarland KN, Saraiva-Pereira ML, Cerecedo-Zapata 
CM, Gomez CM, Ashizawa T, Velázquez-Pérez L, Jardim LB. 
Founder Effects of Spinocerebellar Ataxias in the American Con-
tinents and the Caribbean. Cerebellum. 2020;19:446–58.

40.	 Crawford TO, Skolasky R, Fernandez R, Rosquist K, Lederman 
H. Survival probability in ataxia telangiectasia. Arch Dis Child. 
2006;91:610–1.

41.	 DuBreuil DM, Fleming M, Parikh Y, Woo M, Bu J, Ayloo S, Lan-
gohr IM, Bangari DS, Mueller C, Ramachandran S. Development 
of a secretable frataxin for enhanced efficacy in treating Fried-
reich’s Ataxia. Mol Therapy Adv. 2026;34(1):201661.

42.	 Mozafari N, Milagres S, Umek T, Rocha CSJ, Vargiu CM, 
Freyberger F, Saher O, Napierala M, Napierala JS, Blomberg 
P, Jørgensen PT, Punga T, Smith CIE, Wengel J, Zain R. Anti-
gene oligonucleotides targeting Friedreich’s ataxia expanded 
GAA⋅TTC repeats increase Frataxin expression. Mol Therapy 
Nucleic Acids. 2025;36(2):102541.

43.	 Benussi A, Batsikadze G, França C, Cury RG, Maas RP. The ther-
apeutic potential of non-invasive and invasive cerebellar stimula-
tion techniques in hereditary ataxias. Cells. 2023;12:1193.

44.	 Earnest A, Evans SM, Sampurno F, Millar J. Forecasting annual 
incidence and mortality rate for prostate cancer in Australia until 
2022 using autoregressive integrated moving average (ARIMA) 
models. BMJ Open. 2019;9(8):e031331.

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

https://wonder.cdc.gov/mcd-icd10.html
https://doi.org/10.1002/14651858.CD010169.pub2Vogel
https://doi.org/10.1002/14651858.CD010169.pub2Vogel

	﻿Trends and Disparities in Mortality from Hereditary Ataxia in United States, 2000–2020: A Retrospective Analysis with Projections to 2050
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study Setting
	﻿Study Design and Population
	﻿Statistical analysis
	﻿Descriptive trend analysis
	﻿Forecast modelling for AAMR from 2021 to 2050


	﻿Standard protocol approvals, registrations, and patient consents
	﻿Results
	﻿Gender
	﻿Race
	﻿Region
	﻿ARIMA based forecast of AAMRs from 2021 to 2050

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


