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Abstract

Background—¥or a variety of sporadic neurodegenerative diseases such as Alzheimer’s disease,
Parkinson’s disease and amyotrophic lateral sclerosis, it is well-established that ethnicity do affect
the disease phenotypes. However, how the ethnicity could contribute to the clinical symptoms and
disease progressions in monogenetic disorders, such as spinocerebellar ataxia type 3 (SCA3),
remains less studied.

Methods—We used multivariable linear and logistical regression models in 257 molecularly-
confirmed SCA3 patients (66 Caucasians, 43 African Americans, and 148 Asians [composed of
131 Chinese and 17 Asian Americans]) to explore the influence of ethnicity on age at onset
(AAO), ataxia severity, and non-ataxia symptoms (i.e. depression, tremor, and dystonia).

Results—We found that Asians had significantly later AAO, compared to Caucasians (p = 4.75,
p = 0.000) and to African Americans (B = 6.64, p = 0.000) after adjusting for the pathological
CAG repeat numbers in ATXN3. African Americans exhibited the most severe ataxia as compared
to Caucasians (f = 3.81, p = 0.004) and Asians (p = 4.39, p = 0.001) after taking into
consideration of the pathological CAG repeat numbers in A7X/N3and disease duration.
Caucasians had a higher prevalence of depression than African Americans (p = 1.23, p = 0.040).
Ethnicity had no influence on tremor or dystonia.

Conclusions—Ethnicity plays an important role in clinical presentations of SCA3 patients,
which could merit further clinical studies and public health consideration. These results highlight
the role of ethnicity in monogenetic, neurodegenerative disorders.

Keywords
spinocerebellar ataxia type 3; neurodegeneration; ethnicity; cerebellum; depression

Introduction

In a variety of sporadic neurodegenerative diseases, it is well-established that ethnicity can
affect disease phenotypes in Alzheimer’s disease (AD), Parkinson’s disease (PD), and
amyotrophic lateral sclerosis (ALS).[1-7] These studies provided a unique window to probe
the interplay of factors of gene, environment, socioeconomic status, and access to care, in
late onset, sporadic neurodegenerative disorders. While a recent study has demonstrated that
ethnicity may influence disease penetrance in LRRK2-PD,[8] it remains unclear whether
ethnicity also plays a key role in monogenetic, ataxic disorders.
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ganetal.

Page 3

CAG-repeat disorders, including spinocerebellar ataxias (SCAs) and Huntington’s disease
(HD), are a group of neurodegenerative disorders with a strong genetic influence. Often, the
length of pathological CAG repeats inversely correlates with AAQ. Thus, CAG repeat
diseases are often considered as prototypical disorders of neurodegeneration with a robust
genetic predisposition.[9] Our overarching aim is to investigate the contribution of ethnicity
in monogenetic, neurodegenerative disorders. We choose SCA3 as a disease model because
SCA3 is the most common of the CAG-repeat ataxias, and occurs across different
ethnicities.[10] SCA3 is caused by an expanded CAG repeat in exon 10 of ATXN3[11] We
recruited a multi-ethnicity cohort that consisted of Caucasians, African Americans and
Asians in multi-center settings in order to compare clinical presentations in SCA3 patients of
different ethnicities. This will inform the contribution of ethnicity in monogenetic,
neurodegenerative disorders.

Patients and Methods

Patients

257 molecularly-confirmed SCAS3 patients were included in the present study with two large
cohorts: 1) the Clinical Research Consortium for Spinocerebellar Ataxias (CRC-SCA)
natural history study in the North America [12] with 66 Caucasians, 43 African Americans,
and 17 Asian Americans and 2) the SCA3 study in China with 131 native Han Chinese. The
clinical data of Caucasians, African Americans and Asian Americans were from the CRC-
SCA cohort constitutes patients from 12 medical centers across North America, who were
longitudinally followed every 6 months for 2 years during July 2009 to May 2012. The
Chinese patients were recruited from the First Affiliated Hospital of Fujian Medical
University, Fuzhou, China, during October 2014 to April 2017 and there were total 74
families among 131 Chinese patients. All participants exhibited clinical symptoms of
cerebellar ataxia at the baseline visit and we excluded asymptomatic carriers. All study
subjects had a blood draw at baseline for the genetic analyses. The uniform study protocol
was approved by the local institutional review boards and informed consent was obtained
from each participant.

Clinical Assessment

Each patient received face-to-face interviews and neurological examinations by ataxia
specialists, either by CRC-SCA ataxia specialists in the United States or by Dr. Shi-Rui Gan,
an ataxia specialist, in China. Ethnicity was identified by self-report or family informants.
AAO was defined as the age for which gait ataxia occurred. Whenever possible, the AAO
was corroborated by close relatives or care providers. The severity of ataxia was measured
using the Scale for Assessment and Rating of Ataxia (SARA), a continuous variable (0-40)
with a higher number indicating more severe ataxia.[13]

Three non-ataxia symptoms of SCAs was assessed, specifically depression, a common non-
motor symptom of SCAs[14], as well as dystonia and postural tremor, two common
associated motor symptoms in SCAs.[15, 16] Depressive symptoms were assessed by the 9-
item Patient Health Questionnaire (PHQ-9), which has been extensively studied as a tool to
measure the severity of depression.[17] Clinically relevant depression was defined as PHQ-9
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> 10.[18] Postural tremor and dystonia were assessed by ataxia specialists at the baseline
clinical visit as previously described.[19], [20] Peripheral neuropathy, defined by the loss of
vibration sensation in the feet, and restless leg syndrome[21] were also investigated as non-
ataxia symptoms. We did not have measurement of these non-ataxia symptoms in the
Chinese SCA3 patients (n=131), therefore, the analyses of non-ataxia symptoms were only
conducted in SCAS3 patients from the CRC-SCA.

Genetic Analyses

The length of CAG repeats (CAG repeat numbers) for both alleles in ATXN3 for the 126
SCA3 patients from the CRC-SCA was determined via multiplex polymerase chain reaction
combined with capillary electrophoresis with internal standards in Dr. Stefan Pulst’s
laboratory, using the standardized procedure described previously.[22] For verification of
CAG repeat length, 10% of all samples were re-genotyped using DNA Sanger sequencing.
For participants whose blood samples were not available in the research lab, the data for
CAG repeat numbers by commercial labs was used. Furthermore, the length of CAG repeats
of both alleles in ATXN2and HTT was also investigated to adjust for the effects of these
genetic modifiers on AAQO of SCAS3, as it has been suggested that the CAG repeats in
ATXNZ2and HTT (responsible genes for SCA2 and HD, respectively) might influence the
AAO of SCAS3; The length of the CAG repeats of both alleles in ATXN3, ATXNZ, and HTT
in the Chinese cohort was determined by DNA Sanger sequencing at Dr. Ning Wang’s
laboratory, as previously described.[23]

Statistical Analyses

For analyses of basic demographics between the three ethnicities (Caucasians, African
Americans, Asians), two-way analysis of variance followed by Tukey’s post hoc analyses
and independent samples Kruskal-Wallis tests were used, for normally and non-normally
distributed variables, respectively. The normal distribution of the data was determined by
Kolmogorov-Smirnov tests. For analyses of basic demographics between two ethnicities
(Caucasians vs. African Americans, Caucasians vs. Asians, and African Americans vs.
Asians), Student's independent samples t-test and Mann-Whitney U tests were used for
normally and non-normally distributed variables, respectively. Chi-squared tests were used
to compare the gender distribution between ethnicities.

To determine the influence of ethnicity on AAO, a multivariable linear regression model was
constructed, for which AAO was the dependent variable, and ethnicity, gender (binary), the
length of expanded CAG repeats in ATXN3 were independent variables. Studies have shown
that “normal” CAG repeat allele of ATXN3 can also influence AAO;[24] therefore, we
additionally include this variable as another independent variable in the linear regression
model. We additionally constructed a multivariable linear regression model to investigate
whether the influence of ethnicity on AAO in SCAS3 is related to CAG repeats in ATXNZ2
and HT7T. In this model, AAO served as the dependent variable, and ethnicity, the length of
CAG repeats in both alleles of ATXN2and HTT, along with gender (binary), the length of
normal and expanded CAG repeats in ATXN3were independent variables.
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To analyze the influence of ethnicity on the severity of ataxia, we established another
multivariable linear regression model, for which SARA score was the dependent variable,
and ethnicity, gender (binary), age at the first visit, disease duration, and the length of
normal and expanded CAG repeats in ATXN3were independent variables.

Given that the cohort of Asians in this study is consisted of Asian Americans and native Han
Chinese, we further conducted a subgroup analysis using two multivariable linear regression
models, for which the dependent and independent variables were the same as those
aforementioned analyses to study the influence of ethnicity on AAO and on the severity of
ataxia, except that ethnicity was replaced by population (binary, Asian Americans vs.
Chinese) as an independent variable.

To further analyze the influence of ethnicity on ataxia progression, repeated-measures linear
regression (an exchangeable working within-subject correlation model by a generalized
estimating equation [GEE]) was constructed with time-varying SARA as an dependent
variable, and independent variables were ethnicity, gender (binary), the age at the first visit,
the length of expanded CAG repeats in ATXN3, and interaction terms ([African-Americans
vs. Caucasians] x time, [Asian Americans vs. Caucasians] x time, and [Asian Americans vs.
African-Americans] x time) to assess the longitudinal patterns of progression in three pairs
of two ethnicities during the 2-year observation. Coefficients of the interaction terms
reflected how the rate of progression differed in different ethnicities. As the Chinese SCA3
patients only had the baseline visit, this GEE model only included CRC-SCA patients.

For the non-ataxia symptoms, we compared the prevalence of depression, dystonia, postural
tremor, restless leg syndrome, and peripheral neuropathy between different ethnicities using
chi-square tests. Given that depression, dystonia, and postural tremor in SCA3 can be
influenced by multiple factors,[18-20] a multivariate logistic regression model was used to
explore inter-ethnicity effects on these three symptoms. The presence or absence of 3 types
of non-ataxia symptoms (binary) were the dependent variables, respectively, and ethnicity,
along with gender (binary), age at the first visit, SARA scores, disease duration, and the
length of normal and expanded CAG repeats in ATXN3were independent variables. We
included SARA scores in these models because the degree of ataxia might confound
symptoms of depression[18] and tremor[25].

Ethnicity was considered as a categorical variable: Caucasians and African Americans
comparing to Asians, respectively, were set as dummy variables successively in all analyses.
All statistical analyses were performed using R (version 3.2.2, 2015, The R Foundation for
Statistical Computing). The results were considered statistically significant at p < 0.05.

The demographic features of SCA3 patients

The basic demographics of the SCA3 participants were shown in Table 1. There were no
significant differences in SCAS3 patients of different ethnicities with respect to gender, AAO,
and depression symptoms. Compared to Caucasians and African Americans, Asians had the
youngest age at the baseline enrollment and the shortest disease duration. Asians also had
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significantly lower SARA scores than Caucasians or African Americans. Interestingly, in
contrast to their low SARA scores, Asians had the longest expanded CAG repeat length with
a similar AAQO.

The influence of ethnicity on ataxia severity

To examine the influence of ethnicity on AAO, we performed multivariable linear regression
models controlling for age at first visit, gender, the length of normal and expanded CAG
repeats in A7TXN3. We found that Asians had, on average, 4.75 years and 6.64 years later
AAO than Caucasians and African Americans, respectively (Asians vs. Caucasians: p =
4.75, p=0.000; Asians vs. African Americans: g = 6.64, p=0.000, Table 2). Caucasians
and African Americans were not different in AAO (Caucasians vs. African Americans: p =
1.88, p=0.226, Table 2). To further adjust the effects of CAG repeats in ATXN2and HTT
on AAO in SCAS3, we conducted a multivariable linear regression model. In this model, the
length of longer CAG repeats of ATXN2was inversely related to AAO of SCA3
(Supplemental Table 1), which was consistent with previous studies.[22] After adjusting the
genetic effects of ATXN2and HTT, we still found significant differences in AAO between
ethnicities (Asians vs. Caucasians: p = 4.46, p= 0.004; Asians vs. African Americans: § =
6.40, p=0.000, Supplemental Table 1).

We next examined the influence of ethnicity on ataxia severity (SARA score), and we
applied multivariable linear regression models controlling for age of the first visit, gender,
the length of normal and expanded CAG repeats in ATXN3, and disease duration. Whereas
there was no significant difference in ataxia severity between Asians and Caucasians (Asian
vs. Caucasian: p = —0.59, p=0.597, Table 2), African Americans had significantly more
severe ataxia than either Asians or Caucasians (Caucasians vs. African Americans: p =
-3.81, p=0.004; Asians vs. African Americans: § = -4.39, p=0.001, Table 2).

To test whether the Asian group is a relatively homogeneous group, we investigate the
differences of AAO and ataxic severity between Chinese and Asian Americans, we thus
established multivariable linear regression models between the subgroups. Neither of these
models demonstrated significant differences between Asian Americans and Chinese for
AAOQO (Chinese vs. Asian Americans: p = 2.93, p = 0.123, Supplemental Table 2) or ataxic
severity (Chinese vs. Asian Americans: § = -1.25, p = 0.463, Supplemental Table 2),
suggesting that it was reasonable to pool these two cohorts together to analyze AAO and
ataxic severity and to compare with the other two ethnicities.

To further investigate the influence of ethnicity on the progression of ataxia, GEE models
were performed between Caucasians, African Americans, and Asian Americans. However,
we did not find any significant differences in the progression of ataxia between these groups
(Supplemental Table 3).

The influence of ethnicity on non-ataxia symptoms

For five non-ataxia symptoms, the occurrence of each symptom was assessed. Compared to
the other two ethnicities, Asian Americans had significantly lower prevalence of dystonia
(Asian Americans: 5.88%, Caucasians: 24.24%, African Americans: 34.88%, p = 0.046,
Table 3). Except for the restless syndrome, the prevalence of the other four non-ataxia
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symptoms were trending lower in Asian Americans, though the differences were not
consistently significant (Table 3).

Given potential confounding factors that can contribute to depression, dystonia, and postural
tremor in different ethnicities, we conducted multivariable logistic regression to analyze the
effect of ethnicity on the occurrence of each three non-ataxia symptom, controlling for
gender, age at the first visit, SARA score, disease duration, and the length of normal and
expanded CAG repeats in ATXN3. In these models, we did not observe any ethnic
differences in terms of postural tremor or dystonia (Table 4). Interestingly, Caucasian SCA3
patients were more likely to have depression than African American patients (Caucasians vs.
African Americans: p = 1.23, p = 0.040, Table 4).

Discussion

We found that Asians have the latest AAO, compared to African Americans and Caucasians,
whereas African Americans have the most severe ataxia, compared to Asians and
Caucasians, suggesting that Asians appear to have the mildest ataxia phenotypes while
African Americans have the most severe phenotypes in SCA3. On the other hand, Caucasian
SCA3 patients more commonly have depression. We also found that Asians have the shortest
disease duration at the enrollment, which might suggest the ethnic differences for seeking
medical attention. These data suggest that ethnicity could have distinct impact on motor and
non-motor symptoms associated with cerebellar dysfunction. Moreover, these influence of
ethnicity is independent of known genetic modifiers for SCA3, including the normal allele
of ATXN3, and also repeat length of A7XN2and HTT. Our current study highlights the role
of ethnicity in SCA3, a monogenetic, neurodegenerative disorder.

The contribution of ethnicity just begins to be understood in monogenetic disorders. A study
of a moderate sized HD cohort (84 cases) concluded no genetic and phenotypic differences
within different Jewish populations within Israel.[26] Other studies showed that SCA3
patients of African descent exhibited parkinsonism more often than their European
counterparts,[27] and SCA3 patients from Southern Brazil and Taiwan have a later AAO
than those from Europe.[28] Another study reported that the progression of ataxia in SCA3
is similar between Chinese and Caucasians based on the retrospective analysis of literature
data.[29] Along with our current study, which constitutes a large multi-center cohort of
SCA3 patients from multiple countries and multiple ethnic origins, these studies collectively
advance our understanding of the role of ethnicity in monogenic neurodegenerative diseases.

Our study does highlight clear ethnic differences among multiple SCA3 phenotypes, with
clinical implications. For example, our findings might be relevant to the design of future
clinical studies. Moreover, in countries like the United States and Europe which have multi-
ethnic populations, our findings of particularly early AAO and more severe ataxia in SCA3
patients of African descent are likely to improve the accuracy of SCA3 diagnosis and the
impact of genetic counselling if this ethnic-specific disease expression has been taken into
consideration. In addition, attention should be paid to depressive symptoms in SCA3
patients, especially among Caucasians who more commonly have depression. This approach
of studying the impact of ethnicity on clinical phenotypes could be further applied to other
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monogenetic disorders, which will likely to have a broad impact in clinical care and
research.

The mechanism underlying ethnic differences in SCA3 patients is not known. The important
consideration for ethnic differences in SCA3 patients is the disparity of socioeconomic
status in different ethnicities. Others have noted that in PD, African Americans are less
likely to be diagnosed and more likely to under-report PD related-disability.[30] Poor access
to health care could lead to low incidence and prevalence of ALS in non-European/North
American regions.[31] In addition, in PD as well as other medical conditions there are
numerous examples for disparities in advanced care and mortality between African
Americans and Caucasians.[32, 33] These disparities in access to medical care, report of
clinical features, and mortality due to differences in the socioeconomic status could play an
important role for ethnic differences in monogenetic disorders such as SCA3.

The current study has some limitations. First, the self-reported ethnicity has accuracy
limitations. However, the determination of ethnicity by self-report was widely used in
studies on the role of ethnicity in late onset, sporadic neurodegenerative diseases,[1, 2, 6, 7]
and thus could serve as a starting point for future, more defined study design. Second, we
only had a small number of Asians in the CRC-SCA cohort, which might make some
analyses under-powered to detect differences between Asians and other ethnic groups, for
instance, the longitudinal analysis for ataxia progression. Moreover, the lack of longitudinal
data and some non-ataxia phenotypes for 131 Chinese SCA3 patients clearly limited the
scope of several of our comparisons. While the Chinese participants are all of the Han
ethnicity, the lack of more specific ethnicity information for the Asian American patients in
CRC-SCA cohort can complicate data interpretations. We also did not assess parkinsonism
features and pyramidal symptoms, which can be prominent in some SCA patients, and we
do not know whether some participants are from the same family for separate familial
analyses, which will be an important future direction. Finally, we were unable to take into
account the impact of socioeconomic status and racial disparities on AAO and disease
severity. The etiology of these disparities in care is likely multifactorial and with the current
investigation we are unable to take into account these differences.

In conclusion, we have demonstrated ethnicity-dependent SCA3 phenotypic variations,
which merit future clinical research and also public health consideration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1. Ethnicity plays a role in clinical presentations of SCA3.

2. Asian SCA3 patients have significantly older age of disease onset.

3. African American SCAS3 patients have more severe ataxia.

4, Caucasian SCA3 patients more commonly have depression.

5. Ethnicity has distinct impact on motor and non-motor symptoms of SCA3.
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