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Introduction
�e major neurodegenerative diseases, i.e., “the big three”, 

Alzheimer’s disease (AD), Parkinson’s disease (PD) and amyotrophic 
lateral sclerosis (ALS), account for considerable morbidity and mortality 
in the United States elderly population. �e elderly has been forecast to 
be the fastest growing segment of the population, and among them the 
fastest growing will be minority (non-white) groups. Between 1992 and 
2040, the Census bureau projects an increase from 42.3 to 96.6 million 
minorities (126% increase), while the minority elderly population 
will increase from 3.3 to 14.1 million (327% increase) [1]. �e annual 
number of neurodegenerative diseases deaths among minorities is 
projected to increase by 524% between 1990 to 2040, with the largest 
increase in death from PD and like diseases with a smaller projected 
increase from ALS [2]. Since data collection for this study, done in 
1992, there have been only a few studies looking at the incidence and 
prevalence of major neurodegenerative diseases among minority groups 
both within and outside of the USA [3-9]. �ese studies focused on 
the prevalence and characteristics of the study population for these 
diseases. �ere have been, however, no studies that have assessed 
symptoms within minority or ethnic (minority/ethnic) groups, for 
speci�c neurodegenerative diseases or determined whether symptoms 
di�er across various minority/ethnic groups. Furthermore, there is no 
data published on speci�c minority groups, for example, patients from 
the Middle East. 

In this study we assessed typical and atypical (meaning less typical) 
presenting signs and symptoms among di�erent minority/ethnic 
groups, and also compare signs/symptoms across the di�erent racial/
ethnic groups within each of the three major neurodegenerative diseases 
(AD, PD and ALS). We hypothesize that the frequency of typical and 
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atypical signs/symptoms associated with all three neurodegenerative 
diseases will di�er across the di�erent minority/ethnic groups. 

Methods
Study design

We conducted a retrospective review of all the patients who 
presented to Mayo Clinic, Rochester (MN), with a diagnosis of any 
neurodegenerative disease between 1/1/2000 and 12/31/2015. Patients 
were identi�ed using our electronic data search system and con�rmed 
by manual review of the medical records. Demographic data for all 
patients was ascertained. In order to be included in this study, the 
patient had to be a minority, de�ned as any category of race or ethnicity 
that is di�erentiated from the social majority. �e study was approved 
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diseases, i.e., AD, PD and ALS. An Alzheimer’s disease diagnoses 
for this study was based on criteria recommended by the National 
Institute of Aging and the Alzheimer’s Association work group [10]. A 
Parkinson’s disease diagnosis was based on the most recently modi�ed 
Queen Square Brain Bank Criteria [11,12]. �e revised El Escorial 
criteria were used for ALS [13]. 

Categorization of patients into di�erent races

�e classi�cation system that we utilized for the di�erent races 
and ethnicity for this study was motivated by the United Kingdom’s 
classi�cation of races/ethnicity [14], with some modi�cations made 
based on the races/ethnicity of other racial groups in the USA, as well 
as other racial groups that have not been previously studied, but were 
identi�ed in our cohort. As a result, we divided our study population 
into seven groups: Black (African American, African, Afro-Caribbean), 
Asian (Chinese, Japanese, all or other Asian racial/ethnic groups), 
South Asian (India, Pakistan, Bangladesh, Sri Lanka, any other South 
Asian background), Hispanic/Latino, American Indian/Alaskan 
Native, Native Hawaiian/Paci�c Islander and Middle eastern. We 
included a Middle Eastern race as a separate category in our cohort 
because of the large number of patients that were evaluated at our 
institution from the Middle East, as well as to explore this speci�c 
subset of patient population given that there is no published data in 
the western literature on this race, to the best of our knowledge. We 
combined American Indian/Alaskan Native, and Native Hawaiian/
Paci�c Islander, due to the small number of patients representing these 
races. We also combined patients of similar races born in di�erent 
countries (e.g. we combined Asian patients who were born in USA with 
Asian patients born in a country from Asia).

Inclusion/exclusion criteria

Patients were only included in our study if they satis�ed the 
following criteria: 1) Con�rmed clinical diagnosis of AD, PD or ALS 
a�er being seen by a neurologist at Mayo Clinic, during every visit 
based on the de�nitions above. If the diagnosis of the patients changed 
during follow-up (based on the development of new signs/symptoms 
or new radiographic features), then the �nal diagnosis of the patients 
was the one during their last follow up in order to get the most accurate 
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3 (75%) of the American Indian/Native Hawaiian group while none 
of the patients from the Middle eastern group had a history of AD. 
Detailed demographics are presented in Table 1. 

Of the patients diagnosed with AD 100% presented with episodic 
memory loss. Other typical and atypical symptoms were much less 
frequent. �e typical symptoms that di�ered across races/ethnicity 
were executive dysfunction (present in all the Black/African American 
and Middle Eastern groups, while least in the American Indian/
Native Hawaiian groups) and visual spatial changes (most common 
in Middle Eastern group while least in the Asian group). None of the 
atypical signs and symptoms di�ered among races/ethnicity although 
the Black/African American and Middle Eastern groups accounted for 
the majority. Detailed signs/symptoms are presented in Supplementary 
Table 2 and Figure 2. 

Amyotrophic lateral sclerosis

�e median age of the patients was 56.7 years (IQR: 47.9-64) and 
the Black/African American group was the youngest at presentation, 
53.1 years (IQR 46.3-62.5). �e majority of patients were males, except 
for the Asian and American Indian/Native Hawaiian groups in which 
MND was present in 10 (43.5%) and 3 (17.7%) of males. �e median 
duration of symptoms before they present to the hospital was 1.5 
years (IQR 1-2.6) and again did not di�er by race/ethnicity. A family 
history of ALS was very rare. All patients had widespread chronic active 
neurogenetic changes consistent with ALS on their EMGs. Detailed 
demographics are presented in Table 1.

Of the ALS patients, the most common spinal cord related symptom 
was limb weakness occurring in almost all patients 158 (97.5%). Bulbar 
signs/symptoms were much less common the most frequent being 
dysarthria 84 (51.9%). �e spinal cord related symptoms that di�ered 
across the di�erent races/ethnicity were muscle atrophy (present in all 

the South Asian and Middle eastern patients while least common in the 
Asian, Hispanic and American Indian/Native Hawaiian groups), limb 
fasciculation (present in all the South Asian and Middle east patients and 
least common in the Asian group) and inability to walk (most common 
in from the Middle Eastern group while least in the South Asian 
group). Bulbar symptoms that varied across di�erent races/ethnicity 
were tongue fasciculation (most common in the Middle Eastern group 
and least in the American Indian/Native Hawaiian group), choking 
episodes (most common in the Hispanic group while least in the South 
Asian group) and dysphagia (most common in Hispanics while South 
Asians were least a�ected). Detailed signs/symptoms are presented in 
Supplementary Table 3 and Figure 3. 

Discussion
�is study highlights the prevalence of, and di�erences between 

presenting signs/symptoms among minorities diagnosed with one of 
the three major neurodegenerative diseases (AD, PD and ALS). We 
show that patients from di�erent races and ethnicities with comparable 
disease duration from onset have varied symptom presentations. 
�e �ndings are signi�cant as they provide relevant information to a 
large proportion of the USA, and worlds populations, for which such 
information is not known.  

It has been currently estimated by the World Health Organization 
(WHO) that by 2025, about 75% of the estimated 1.2 billion people aged 
60 years and older will reside in developing countries [16,17]. �e rate 
of growth will be highest (around 336%) in India, China, South Asia 
and the Western Paci�c regions, 235-393% in Latin America and Africa, 
and the lowest (100%) in developed regions [18]. In addition, with an 
increase in foreign born individuals immigrating to the USA each year 
(India, China, Mexico, Canada and the Philippines being the leading 
countries of origin for the new immigrants), it becomes extremely 

Figure 2: Prevalence of typical and atypical signs and symptoms among different races and ethnic groups in Alzheimer’s disease.
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Figure 3: Prevalence of spinal cord related and bulbar signs and symptoms among different races and ethnic groups in Motor Neuron disease.
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considered atypical for the disease. It should be pointed out that typical 
and atypical are solely based on studies in non-minority populations. 

�e other four races and ethnicity, Blacks/African Americans, 
Asians, American Indian/Alaskan Native/Native Hawaiian/Paci�c 
Islander, and Hispanics/Latinos are more commonly reported in 
studies from the western world, although information regarding 
neurodegenerative diseases is still lacking. In our study we noted that 
overall the most common group was Black/African American which 
was also true for two of the three diseases, AD and ALS. However, 
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