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Abstract.
Background: Alzheimer’s disease (AD) poses a growing public health challenge, particularly with an aging population.
While extensive research has explored the relationships between AD, socio-demographic factors, and cardiovascular risk
factors, a notable gap exists in understanding these connections within the Asian American elderly population.
Objective: This study aims to address this gap by employing the Classification and Regression Tree (CART) approach to inves-
tigate the intricate interplay of socio-demographic variables, cardiovascular risk factors, sleep patterns, prior antidepressant
use, and AD among Asian American elders.
Methods: Data from the 2017 Uniform Data Set, provided by the National Alzheimer’s Coordinating Center, were analyzed,
focusing on a sample of Asian American elders (n = 4,343). The analysis utilized the Classification and Regression Tree
(CART) approach.
Results: CART analysis identified critical factors, including levels of independence, specific age thresholds (73.5 and 84.5
years), apnea, antidepressant use, and body mass index, as significantly associated with AD risk.
Conclusions: These findings have far-reaching implications for future research, particularly in examining the roles of gender,
cultural nuances, socio-demographic factors, and cardiovascular risk elements in AD within the Asian American elderly
population. Such insights can inform tailored interventions, improved healthcare access, and culturally sensitive policies to
address the complex challenges posed by AD in this community.

Keywords: Alzheimer’s disease, Asian American, classification and regression tree, National Alzheimer’s Coordinating
Center

INTRODUCTION

Alzheimer’s disease (AD) represents a distinc-
tive form of dementia characterized by progressive
memory loss and a decline in communication skills
and responsiveness [1]. The escalating prevalence
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of AD has thrust it into the forefront of scientific
inquiry, warranting concerted research efforts. The
CDC highlights a concerning trajectory, revealing
that approximately 5.8 million Americans were liv-
ing with AD in 2020, with projections indicating a
tripling of this number to nearly 14 million individ-
uals by 2060 [1]. Of even more significant concern,
this surge is particularly pronounced among minor-
ity older populations, with a focus on understanding
AD within the context of Asian American older
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adults. Wong and colleagues [2] pointed to the under-
researched nature of this demographic, their limited
exposure to information about AD, and the dearth
of culturally tailored services to cater to their needs.
However, despite the rising prevalence, the challenge
of achieving accurate and timely AD diagnoses per-
sists. This critical gap can hinder the implementation
of timely interventions that are most effective during
the initial stages of the disease. An investigation into
the factors influencing this diagnostic delay reveals
pronounced disparities [3]. Recent studies highlight
that Asian American older adults experience a higher
AD burden than other racial groups [4]. This disparity
is multifaceted, rooted in various socio-cultural and
healthcare access factors.

As awareness of healthcare disparities grows, there
is a need for additional research to understand the
extent of this issue thoroughly. AD and race are
interconnected, making examining specific variables
related to this association and assessing their statisti-
cal significance essential [4].

A significant research gap becomes apparent
within the aim of the current study, which seeks
to explore the intricate association between socio-
demographic variables, cardiovascular risk factors,
antidepressant use, apnea, and AD among Asian
American elders. While existing literature acknowl-
edges the rising AD prevalence and disparities across
racial groups, there is a distinct dearth of comprehen-
sive investigations explicitly delving into the Asian
American community. Predominantly centered on
AD prevalence and risk factors among diverse pop-
ulations, studies often amalgamate various ethnic
groups into broader categories. This amalgamation
overlooks unique socio-cultural, genetic, and envi-
ronmental factors contributing to AD manifestation
among Asian American older adults [4, 5]. Conse-
quently, the current research body may need more
granularity to comprehend the nuanced relationships
between socio-demographic variables, cardiovascu-
lar risk factors, and AD within this racial group.

This study employs an advanced analytical tech-
nique, the CART approach, to fill this knowledge gap.
It aims to untangle the intricate interplay between
socio-demographic variables, cardiovascular risk fac-
tors, obstructive sleep apnea, prior antidepressant
usage, and AD within the Asian American elderly
population. By identifying crucial predictors and
their intricate relationships, this research aspires
to provide valuable insights. These insights inform
the development of customized interventions, the
shaping of policies, and the enhancement of health-

care strategies. Ultimately, this holistic approach
aims to reduce the burden of AD within the often-
underserved Asian American elderly community,
aligning with the objectives of previous research [4,
5].

The aim of the study is to explore the intricate asso-
ciation between socio-demographic variables, car-
diovascular risk factors, obstructive sleep apnea, prior
antidepressant usage, and AD among Asian Ameri-
can elders. The study employs the CART approach to
analyze these associations and provide insights that
can inform the development of customized interven-
tions, policy shaping, and the enhancement of health-
care strategies. This holistic approach aims to reduce
the burden of AD within the often-underserved Asian
American elderly community. The study’s objectives
include identifying crucial predictors and their intri-
cate relationships, thereby offering valuable insights
for tailored interventions and culturally sensitive pol-
icy development to address the challenges posed by
AD in this community.

Socio-demographic characteristics and AD

According to a previous study, a compelling
gender-related disparity emerges, with women con-
stituting more than half of the diagnosed AD cases
[6]. Intriguingly, this discrepancy tends to material-
ize in older age groups, as AD rates for men and
women remain comparable until age 79, after which
women’s rates exhibit elevation. Nevertheless, much
of the literature delving into AD and race predomi-
nantly focuses on elucidating specific biological and
neurological underpinnings contributing to the diver-
gence between genders.

A prevailing consensus within existing literature
emphasizes AD as an age-associated cognitive dis-
order. With the worldwide growth of the elderly
population, there has been a marked rise in cogni-
tive disorders, including AD [7–9]. Future projections
suggest a continued increase in AD cases, attributed
to the global rise in life expectancy [7, 9, 10].
Data supports this projection, indicating that approx-
imately 6.5 million Americans aged 65 and older
were diagnosed with AD, with an expected growth
in the number of older adults diagnosed with AD and
related cognitive impairments [11–13]. Given the sig-
nificant correlation between age and AD, it is crucial
to conduct a detailed examination of age-related fac-
tors when studying AD. Age remains a pivotal factor
intricately linked to AD, underscoring the need for
its thorough examination.



S.S. Moon et al. / Alzheimer’s disease risk in Asian American elders 519

The role of education as a demographic variable of
interest garners substantial attention in the literature.
Educational attainment emerges as a potential pro-
tective factor against AD and cognitive impairment,
capable of mitigating the risk of its development
or aiding in managing its symptoms [14–17]. The
findings illustrate a consistent protective effect of
education against the risk of developing AD, with
a dose-dependent relationship prevailing across gen-
ders and age groups [16, 17]. Similarly, in a few
studies, it was underscored that education may play
a pivotal role in bolstering brain reserve and forti-
fying cognitive coping strategies, not just in healthy
individuals but also in patients diagnosed with AD
[18–20]. Notably, Asian Americans exhibit higher
education levels, potentially attributed to immigra-
tion trends and the “model minority” stereotype,
reinforcing the importance of studying this group in
the context of AD [21].

The independence level constitutes another salient
dimension to explore in AD and its trajectory. AD’s
impact on functional capacity underscores its sig-
nificance in assessing health status. Encouraging
patients’ independence is vital, as observed in a
study that demonstrated varying levels of depen-
dence among AD-diagnosed or dementia-diagnosed
patients [22–24]. In a few studies, assistive tech-
nologies can foster independence and autonomy,
alleviating caregiver burden [25, 26]. Within the
Asian American context, familial caregiving norms
and “familial obligation” emphasize preserving
independence, aligning with culturally embedded
practices.

Cardiovascular risk factors and AD

AD has established intricate connections with car-
diovascular risk factors, including smoking history,
body mass index (BMI), and stroke history. While the
impact of smoking history on AD remains debated, it
is noteworthy that smoking is a globally pervasive
habit recognized for its propensity to induce neu-
robiological and neurocognitive abnormalities. Such
anomalies, including hippocampal volume loss and
cognitive deficits, align with AD risk factors [8, 26,
27]. Strikingly prevalent worldwide, smoking’s asso-
ciations with AD warrant scrutiny.

Asian Americans, constituting 7.0% of American
smokers, are a demographic with notable smoking
prevalence [14]. Further examination reveals a gen-
der dichotomy, with 12.0% of Asian men smoking
compared to 2.6% of Asian women [14]. This distinc-

tive pattern underscores the importance of dissecting
smoking’s influence on AD within the Asian Ameri-
can context, where gender and cultural nuances may
interplay.

Similarly, BMI is a salient factor shaping AD
risk. There is a correlation between BMI decline and
heightened AD risk in later life [29–31]. One study
attributed this relationship to compromised repair
mechanisms leading to tissue dysfunction and sub-
sequent weight loss [29]. However, the extent of this
phenomenon within the Asian American population
remains inadequately explored, signifying a research
gap necessitating attention.

The association between stroke history and AD
adds another layer of complexity. Stroke occur-
rences resulting from halted blood flow disrupt the
oxygen supply to neurons, a phenomenon impli-
cated in AD neuropathological alterations like brain
atrophy and protein accumulation [16]. Astonish-
ingly, Asian Americans confront unique challenges
concerning stroke care, with disparities in out-
comes and limited research attributed to barriers in
care, education, and research [17]. This underscores
the critical need to address stroke-related comor-
bidities within Asian American populations, where
attention and intervention can potentially reshape
outcomes.

Antidepressants and AD

The association between antidepressant use and
AD has been examined in several studies. A group
of researchers conducted a case-control study com-
paring the prevalence of depressive symptoms and
antidepressant use in Chinese American and white
subjects with and without cognitive impairment [18].
They found that Chinese American subjects with
cognitive impairment were less likely to receive treat-
ment for depression compared to white subjects with
cognitive impairment, indicating potential dispari-
ties in antidepressant use in the context of cognitive
impairment.

In another study, a complex case of progressive
supranuclear palsy (PSP) accompanied by depres-
sion and anxiety, was presented. The patient showed
extrapyramidal symptoms and major depression,
leading to impaired movement [19]. Antidepres-
sant therapy was initiated, resulting in a reduction
of depressive symptoms and somatic complaints.
While this study focused on PSP, it highlights the
potential effectiveness of antidepressant treatment
in improving emotional and cognitive symptoms in
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neurodegenerative diseases, including those with fea-
tures of dementia.

One study investigated the relationship between
depression and incident cognitive impairment pro-
gression across ethnic and racial groups [20]. They
found that depression independently predicted a
faster progression to incident cognitive impairment,
with Hispanics and Asian participants having a higher
progression hazard than non-Hispanic whites. While
this study primarily focused on the relationship
between depression and cognitive impairment, it indi-
rectly suggests that the use of antidepressants, which
is a common treatment for depression, may have
implications for the risk of cognitive impairment.

Apnea and AD

Obstructive sleep apnea (OSA) has gained atten-
tion in recent research due to its potential association
with AD. OSA is characterized by repeated episodes
of interrupted breathing during sleep, leading to inter-
mittent drops in oxygen levels and disrupted sleep
patterns. Guay and colleagues conducted a system-
atic review and meta-analysis of cohort studies to
investigate the association between sleep apnea and
different etiologies of dementia, including AD [21].
The meta-analysis revealed that patients with sleep
apnea had an increased risk of developing neurocog-
nitive disorders, including AD, as indicated by hazard
ratios. This finding suggests that sleep apnea may be a
modifiable risk factor for dementia, particularly AD.

In a prospective cohort study, the focus was on
patients with severe OSA requiring surgical treat-
ment [22]. They measured AD biomarkers in the
plasma of OSA patients and evaluated cognitive func-
tion and sleepiness. The study found significantly
higher levels of AD biomarkers, including Ab40, t-
tau, and p-tau, in OSA patients compared to healthy
controls. However, after surgical intervention for
OSA, plasma AD biomarker levels decreased signif-
icantly after uvulopalatopharyngoplasty. Moreover,
cognitive function and sleepiness improved follow-
ing surgery and were correlated with changes in AD
biomarkers.

These findings collectively suggest that there may
be a link between OSA and AD. OSA could con-
tribute to increased AD biomarkers and potentially
impact cognitive function. The studies highlight the
importance of addressing OSA as a potential modifi-
able risk factor in AD prevention and management.

However, it is important to note that while these
studies provide valuable insights, more research is

needed to fully understand the complex relationship
between OSA and AD, especially considering differ-
ent populations and potential confounding variables.
Additionally, the literature does not currently include
specific studies on Asian Americans, indicating a
need to address this gap in knowledge within diverse
populations.

The literature review provides a comprehensive
overview of factors associated with AD and reveals
critical gaps in knowledge. Existing research high-
lights gender-related disparities, emphasizing that
women constitute most AD cases, particularly in
older age groups. Age is recognized as a significant
factor, with AD closely associated with increasing
age. Educational attainment, a potential protective
factor, garners attention, especially in the context of
Asian Americans with higher education levels. Inde-
pendence level is a salient dimension for assessing
AD’s impact on functional capacity. At the same
time, cardiovascular risk factors, including smok-
ing history, BMI, and stroke history, exhibit complex
relationships with AD. Antidepressant use in AD and
the potential link between OSA and AD are also
explored, with some preliminary evidence suggesting
associations.

Several research gaps emerge from the literature
review. These gaps include a lack of focused studies
on Asian American elderly adults, limited exploration
of the nuanced relationship between apnea and AD,
a need to understand smoking patterns and their gen-
der disparities within this demographic, inadequate
investigation into the role of BMI in AD among
Asian Americans, insufficient attention to stroke-
related comorbidities in this population, and gaps in
understanding the implications of antidepressant use
in AD. Furthermore, while there is emerging interest
in the association between OSA and AD, especially
in diverse populations, more research is needed to
comprehensively understand this relationship and its
potential modification in different ethnic groups.

To address these recognized gaps, this study lever-
ages advanced analytical techniques, such as the
CART approach, to examine the intricate interactions
between socio-demographic variables, cardiovascu-
lar risk factors, sleep behavior, past antidepressant
history, and AD, specifically within the Asian Amer-
ican elderly population. By narrowing the focus to
this unique demographic, the research aims to provide
insights into disparities and risk factors relevant to
Asian American elderly adults. The study’s nuanced
exploration of the role of apnea in AD, the analysis
of unique smoking patterns and gender disparities,
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the investigation of BMI’s relationship with AD in
this population, and the emphasis on stroke-related
comorbidities align with the identified gaps in the
literature. Additionally, the study contributes to the
emerging field of OSA and AD research, shedding
light on this relationship and its potential implications
for diverse populations.

MATERIALS AND METHODS

Study sample

We used the 2017 Uniform Data Set (UDS)
from the National Alzheimer’s Coordinating Cen-
ter (NACC; naccdata.org). The NACC data includes
clinical data from participants across 39 past and
present AD research centers in the United States. All
contributing AD research centers were required to
obtain approvals from their respective institutional
regulatory boards and informed consent from their
participants before submitting data to the NACC.

For the current study, the sample consisted of
4343 Asian American elders. The distribution of
gender in the sample was approximately balanced,
with a slightly higher percentage of females (58.2%)
compared to males (41.8%). The mean age of the
participants was consistent with the older adult popu-
lation (Mean = 73.61) with a relatively large standard
deviation (10.38) indicating some variability in the
participants’ age. The average years of education in
the sample were 16.29 years, suggesting a relatively
well-educated cohort. Regarding the level of indepen-
dence, 3031 participants (69.8%) were classified as
independent, while 1288 participants (29.8%) were
classified as dependent.

Measures

In our study, the dependent variable is AD sta-
tus, determined by the following response values:
0=“No,” 1 = “Yes,” and 8=“No cognitive impair-
ment.” However, for our analysis, we treated response
8, “No cognitive impairment,” as “No,” the same as
the category represented by 0=“No.” A diagnosis of
AD was confirmed by a consensus team or physi-
cian using the results of a structured clinical history,
neuropsychology testing, and validated assessments
of symptoms and function. Dementia of the AD
type was diagnosed according to the criteria set by
the National Institute of Neurological and Commu-
nicative Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association prior to

2015. Post-2015, the diagnostic criteria from the
National Institute on Aging and the Alzheimer’s
Association were applied. Participants were diag-
nosed with AD if it was the primary or contributing
cause of cognitive impairment, which included par-
ticipants who had probable or possible dementia of
the AD type.

Socio-demographic characteristics include gender
(1 = “Male” and 2 = “Female”), age (in years), edu-
cation (in years), and independence in activities of
daily living. In this study, the age variable represents
the age at first assessment for all participants, both
cases and controls, due to the unavailability of uni-
form data on the exact age of diagnosis of AD for the
cases. This approach provides a standardized base-
line for comparison across the dataset. However, it is
acknowledged as a limitation compared to using age
at diagnosis for cases and age at last visit for controls.
Participants’ level of independence was assessed
using the following response options: 1 = “Able to live
independently,” 2 = “Requires some assistance with
complex activities,” 3 = “Requires some assistance
with basic activities,” and 4 = “Completely depen-
dent.” In the analysis, we grouped categories 2, 3,
and 4 as “Dependent life,” while category 1 was des-
ignated as “Independent life.”

Cardiovascular risk factors include smoking his-
tory, BMI, and stroke history. Smoking history was
quantified in terms of years, spanning from 0 to
87. BMI values ranged from 10 to 100. Regard-
ing stroke history, the response categories were
as follows: 0 = “Absent,” 1 = “Recent/Active,” and
2 = “Remote/Inactive.” For analytical purposes, cate-
gories 1 and 2 were combined into a single category
labeled “Yes.”

Regarding the use of antidepressants, partici-
pants had the following response options: 0 = “No,”
1 = “Yes.” As for apnea, the response categories
were as follows: 0 = “Absent,” 1 = “Recent/Active,”
2 = “Remote/Inactive.” For analytical purposes,
response categories 2 and 3 were combined into a
single category labeled “Yes.”

Data analysis

Chi-square tests for categorical variables: Ini-
tially, we employed chi-square tests to assess the
associations between each categorical predictor vari-
able and the binary outcome variable, denoting AD
status (0 = No, 1 = Yes). This step was crucial for dis-
cerning any significant relationships or dependencies
among these variables.
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Independent t-tests for continuous variables: For
continuous variables such as age and BMI, we uti-
lized independent t-tests. This approach enabled us
to identify statistically significant differences in these
variables between individuals with and without AD.

Multivariate analysis using CART: Subsequently,
we embarked on a more advanced multivariate analy-
sis using the CART algorithm. In choosing the CART,
we aimed to employ a tool that aligns with the specific
research objectives of our study. CART is a robust and
interpretable machine learning technique that identi-
fies complex, non-linear relationships within data. It
is well-suited for our exploration of AD susceptibil-
ity in the context of Asian American older adults.
We acknowledge that various statistical and machine
learning approaches are available for data analysis,
and the nature of the research question and dataset
should guide the selection of a particular method. In
our case, the CART method was chosen due to its
ability to reveal intricate interactions among predic-
tors and its suitability for creating easily interpretable
decision trees. While we recognize the value of other
approaches, adopting CART was motivated by our
aim to uncover vulnerable subgroups and provide
insights tailored to our study population. Our study
employed Minitab 23 for CART analysis, focusing
on AD in Asian American elders. Minitab, known
for its robust data analysis capabilities, allowed us to
approach the analysis with methodological rigor. We
maintained equal prior probabilities for all classes
and used the Gini index to split nodes. The mini-
mum misclassification cost determined the optimal
tree, validated through 10-fold cross-validation. Our
analysis utilized 4,343 rows, identifying eight impor-
tant predictors out of nine, leading to seven terminal
nodes. We emphasized transparency and accuracy
by providing detailed performance metrics like log-
likelihood, AUC, lift, misclassification cost, and a
confusion matrix highlighting key rates for training
and test datasets.

Handling of collinearity in CART analysis:
Although collinear variables can distort results in
linear models, CART independently evaluates each
predictor’s contribution to the model’s predictive
power at every split. This unique approach allows
CART to navigate collinear relationships among
variables [32–34]. However, we conducted a multi-
collinearity analysis using traditional regression to
provide additional assurance and transparency. The
results of this analysis indicate that multicollinear-
ity is not a significant concern in our dataset, as
variance inflation factor (VIF) values for all pre-

dictor variables were well within acceptable limits
(typically VIF < 10). Therefore, collinearity did not
unduly influence our CART analysis results. This
inherent handling of collinearity underscores the
robustness of CART in analyzing complex datasets
where collinearity is common.

Computational aspects of the study: Our study uti-
lized Minitab 23 software, run on a computing system
equipped with Intel i9, 16GB RAM, and operating on
Windows 10. The CART algorithm, while robust, is
known for its computational efficiency, especially in
handling medium-sized datasets like ours. The algo-
rithm’s complexity is primarily influenced by the
number of predicting variables and the size of the
dataset. Our analysis involved nine predicting vari-
ables and a dataset comprising 4,343 rows, which
falls within the manageable range for CART analy-
sis in Minitab. One of the computational challenges
faced was ensuring efficient handling of the dataset
without compromising the system’s performance. To
mitigate this, we optimized the data by removing
irrelevant variables and streamlined the analysis pro-
cess by focusing on key predictors. No significant
software limitations impacted the analysis.

RESULTS

Bivariate analysis

Table 1 provides compelling evidence of sig-
nificant associations between AD and various
sociodemographic variables. Notably, gender exhib-
ited a significant association (χ2 = 7.48, p < 0.01),
suggesting that gender may play a role in influenc-
ing susceptibility to AD. Similarly, age emerged as
a crucial factor, showing a significant correlation
(χ2=–19.88, p < 0.001), emphasizing the pivotal role
of age in the prevalence of AD. As an indicator of cog-
nitive enrichment, years of education showed a robust
relationship with AD (t = 9.04, p < 0.001), under-
scoring its potential as a protective factor against
the disease. Independence level, reflecting functional
autonomy, demonstrated a profound linkage with
AD (χ2 = 1,223.75, p < 0.001). This result aligns with
the understanding that AD significantly affects func-
tional capacity, making this variable essential in
assessing disease progression. Years of smoking, a
potentially modifiable behavior, displayed a notable
relationship with AD (t=–2.52, p < 0.001). This con-
nection highlights the intricate interplay between
lifestyle choices and the risk of developing AD.
Conversely, BMI exhibited a significant inverse asso-
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Table 1
Characteristics of demographic and independent variables

Variables No AD Yes AD χ2 or t-value

Sex
Male 1,151 (40.4) 666 (44.7) 7.48∗∗
Female 1,701 (59.6) 825 (55.3)
Total 2,852 (100) 1,491 (100)
Age 71.44 (9.88) 77.76 (10.06) –19.88∗∗∗
Years of education 16.61 (2.99) 15.67 (3.67) 9.04∗∗∗

Independence level
Independence 2,494 (87.7) 537 (36.4) 1,223.75∗∗∗
Dependence 349 (12.3) 939 (63.6%)
Total 2,843 (100) 1,476 (100)
Years of smoking 4.93 (10.98) 6.14 (13.28) –2.52∗∗∗
BMI 24.11 (3.75) 23.30 (3.54) 5.98∗∗∗

Antidepressant
Yes 315 (11.3) 399 (26.9) 170.1∗∗∗
No 2,474 (88.7) 1,082 (73.1)

Apnea
Yes 46 (13.7) 22 (14.5) 0.05
No 289 (86.3) 130 (85.5)

Stroke history
Yes 1,213 (95.8) 748 (94.6) 1.71
No 53 (4.2) 43 (5.4%)
Total 1,266 (100) 791 (100)

AD, Alzheimer’s disease; BMI, body mass index. ∗p ≤ 0.05; ∗∗p ≤ 0.01;
∗∗∗p ≤ 0.001.

ciation with AD (t=–3.33, p < 0.001), suggesting that
body composition may play a role in influencing
disease susceptibility. Furthermore, there is a sig-
nificant association between antidepressant use and
AD (χ2 = 170.1, p < 0.001). However, no significant
association was found between AD and stroke his-
tory or apnea. This unexpected finding sheds light
on the complex nature of AD’s multifactorial etiol-
ogy, hinting at distinct pathways contributing to its
development.

We employed a significance level (alpha) of 0.05
for our statistical tests in this study. This choice
of alpha represents a standard threshold for statis-
tical significance in hypothesis testing and is widely
accepted in social science research. We considered
p-values less than 0.05 statistically significant, indi-
cating strong evidence against the null hypothesis.

Decision tree results

Our study employed Minitab 23 for CART analysis
and emphasized accuracy and transparency by detail-
ing comprehensive performance metrics. The average
log-likelihood values were observed at 0.4855 for
the training set and 0.4921 for the test set, suggest-
ing that the model provides a reasonably good fit
to the data, with a marginally better performance
on the training set. The area under the ROC curve

(AUC) was 0.8031 in the training set and 0.7912
in the testing set, indicating a strong ability of the
model to distinguish between cases with and with-
out AD. These values reflect a good discriminative
capacity, essential in medical or diagnostic models.
Furthermore, our model demonstrated a true positive
rate (sensitivity) of 71.9% in training and 69.3% in
testing, implying that it correctly identified approx-
imately 70% of AD cases. The true negative rate
(specificity) stood at 81.9% in training and 82.6% in
testing, indicating a robust capability for identifying
individuals without AD. These metrics collectively
suggest that our CART model achieves a good bal-
ance between sensitivity and specificity, making it
effective in predicting AD among Asian American
elders. The slight variation between the training and
testing metrics implies that the model generalizes
well to new data, minimizing the risk of overfitting.
Overall, the performance of our model is indicative of
its practical utility in a clinical setting, offering valu-
able insights for the early detection and management
of AD.

The CART model, aimed at identifying key fac-
tors associated with AD in Asian American elders,
is represented in Fig. 1. The model’s root node indi-
cates 34.3% of respondents with AD and 65.7% do
not. This root node led to seven levels of node splits,
illustrating the decision-making process of the model.
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Fig. 1. Classification and Regression Tree of Alzheimer’s Disease among Asian Americans. rINDEPEND, level of independence;
NACCAGE, subject’s age; APNEA, sleep apnea history; NACCADEP, use of antidepressant; NACCBMI, body mass index.

The initial split of all respondents was based on their
level of independence in life. Of those participants
who reported that they were able to live indepen-

dently, 18% (n = 547) reported having AD, whereas
among those participants who reported living depen-
dently, 72.7% (n = 944) reported having AD. This is
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the first and most significant factor in relation to AD
among Asian American elderly people.

The second split was based on age. Among partic-
ipants who reported living independently and whose
age was less than or equal to 73.5 years, 11.1%
(n = 178) reported having AD, while of those partic-
ipants who reported that their age was greater than
73.5, 25.5% (n = 369) reported having AD, which
branched down to the right. These results indicate
that 73.5 years is a kind of yardstick related to AD. It
is important to note that while 73.5 years serves as a
useful reference point, the choice of cutoffs in CART
analysis is data-driven and intended to identify mean-
ingful subdivisions in the data. In our case, this age
threshold effectively distinguished two groups with
significantly different AD risks, facilitating a more
precise understanding of age-related AD susceptibil-
ity within the Asian American elderly population.

The branch to the right was based on apnea. Of
those respondents reporting without apnea, 25.2%
(n = 360) reported having AD, which branched down
to the left. However, in the case of respondents who
reported having apnea, 64.3% (n = 9) reported having
AD. These results suggest that apnea is an impor-
tant factor in relation to AD among Asian American
elderly people.

The fourth split was divided based on the use of
antidepressants. Of those participants who reported
using an antidepressant, 44.4% (n = 52) reported hav-
ing AD, while among those respondents reporting
not using an antidepressant, 23.4% (n = 308) reported
having AD, which branched to the left. These results
indicate that the use of an antidepressant is related to
AD.

The fifth split was based on the age of 84.5 years.
Of those respondents whose age was less than or
equal to 84.5 years, 20.8% (n = 216) reported having
AD, whereas among the participants whose age was
greater than 84.5 years, 33.6% (n = 92) reported hav-
ing AD, which branched to the right. Based on these
results, the age of 84.5 years is another touchstone
related to AD.

The final split was divided based on the BMI of
23.95. Among the participants whose BMI was less
than or equal to 23.95, 42.1% (n = 67) reported hav-
ing AD, while of those respondents whose BMI was
greater than 23.95, 21.7% (n = 25) reported having
AD. The two branches resulted in the terminal nodes.
These results indicate that BMI is a significant factor
related to AD.

Figure 1 also illuminates the distinct vulnerabil-
ity profiles for AD within our study population. It

Table 2
Relative variable importance

Variables Relative Importance (%)

Level of independence 100
Age 34
Use of antidepressant 16.1
Years of education 4.8
Body Mass Index 3.7
Apnea 3.5
Sex 1.0
Years of smoking 0

is evident that various combinations of predictors
contribute to varying levels of susceptibility to AD.
The most vulnerable group, identified in Terminal
Node 7, comprises individuals living dependently,
among whom a striking 72.7% reported AD. Follow-
ing closely, the second vulnerable group, situated in
Terminal Node 6, consists of those living indepen-
dently, aged over 73.5, and affected by apnea, with
64.3% reporting AD. Notably, the third vulnerable
group, found in Terminal Node 5, encompasses indi-
viduals living independently, aged over 73.5, without
apnea, but with a history of antidepressant use, with
44.4% reporting AD. Lastly, the fourth vulnerable
group, residing in Terminal Node 3, encompasses
those living independently, aged between 73.5 and
84.5, without apnea, without a history of antidepres-
sant use, and with a BMI less than 23.95, among
whom 42.1% reported AD.

Lastly, the CART reports “variable importance
scores” to determine variable selection. The variable
with a score of 100 is indicated as the most influential
independent variable for predicting AD, followed by
other variables based on their relative importance.
Based on these variable importance scores, level
of independence was the most influential variable
(100%), followed by age (34%), the use of an antide-
pressant (16.1%), years of education (4.8%), BMI
(3.7%), apnea (3.5%), and sex (1%) (see Table 2).

DISCUSSION

This study comprehensively analyzed factors asso-
ciated with AD among Asian American elderly
adults, employing a CART model. The investigation
unveiled several key factors significantly linked to the
likelihood of AD development in this population.

First and foremost, the level of independence in
daily life emerged as the most influential factor
concerning AD risk. Participants reporting living
dependently faced a substantially higher AD risk,
with a prevalence rate of 72.7%, in stark contrast to
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a significantly lower rate of 18% among those living
independently (see Fig. 1). These findings show the
intricate interplay between functional independence
and AD. While AD is traditionally characterized by
cognitive decline [1], our results hint at the level of
independence as a potential precursor or marker of
the disease [22].

Age proved to be another pivotal factor. An age
threshold of 73.5 years was identified, and partici-
pants older than this threshold were more likely to
report AD (25.5%) compared to their younger coun-
terparts (11.1%). Subsequently, another age-related
threshold emerged at 84.5 years, with participants
older than this threshold exhibiting a higher risk of
AD (33.6%) compared to those younger (20.8%).

The presence of apnea was found to be a crucial
AD risk factor. Participants without apnea had a lower
likelihood of AD (25.2%), while those with apnea
faced a substantially higher risk (64.3%). Addition-
ally, the use of antidepressants was associated with
a higher risk of AD, with 44.4% of users reporting
the condition, compared to 23.4% among non-users.
These findings emphasize the multifaceted nature of
AD risk factors.

Moreover, this study focuses on the often-
underrepresented demographic of Asian American
elderly adults, offering unique insights into poten-
tial disparities and risk factors relevant to this group.
One distinctive finding is the nuanced exploration of
apnea’s role in AD among Asian Americans. While
traditional bivariate analysis failed to reveal a signifi-
cant association, a more sophisticated CART analysis
identified apnea as a crucial AD risk factor, shedding
light on the complex relationship between the two.

The study also highlights unique smoking patterns
among Asian Americans, particularly gender dispar-
ities. Notably, 12.0% of Asian men smoke compared
to only 2.6% of Asian women, challenging con-
ventional understandings of smoking’s influence on
AD. This underscores the importance of conducting
gender-specific analyses within this demographic.

Furthermore, the investigation into the associa-
tion between BMI and AD risk adds complexity
to existing literature. Unlike some previous studies
highlighting the role of BMI in AD risk, our study
did not provide conclusive evidence of this associ-
ation within the Asian American population. This
suggests that the relationship between BMI and AD
may not be uniform across all demographic groups,
emphasizing the need for further research.

The study’s attention to stroke-related comorbidi-
ties within Asian American populations offers a

unique perspective. This emphasis highlights the crit-
ical need to address stroke-related issues within this
population, potentially reshaping outcomes, and care
strategies.

Furthermore, the exploration of antidepressant
uses in the context of AD builds on existing research,
emphasizing the potential role of antidepressant treat-
ment in managing emotional and cognitive symptoms
among Asian Americans with neurodegenerative
diseases. This underscores the importance of con-
sidering mental health interventions and treatments
in the context of AD within this demographic, high-
lighting the need for comprehensive care approaches
addressing cognitive and emotional well-being.

Finally, the results depicted in Fig. 1 offer valuable
insights into the complex landscape of AD vulnera-
bility within our study population of Asian American
older adults. It is abundantly clear that the risk of
AD is not solely determined by individual factors
but rather by intricate interactions among predictors.
These findings highlight the need for a more nuanced
understanding of AD risk assessment and underscore
the importance of considering multifaceted relation-
ships among predictors in this demographic. The
most vulnerable group, as identified in Terminal Node
7, consists of individuals living dependently, with an
alarming 72.7% reporting AD. This underscores the
critical role of independence in daily life as a primary
marker of AD susceptibility. However, the interac-
tions between independence and other factors must be
considered. The second vulnerable group in Termi-
nal Node 6 includes individuals living independently,
aged over 73.5, and affected by apnea, with 64.3%
reporting AD. This finding emphasizes the signif-
icance of considering age and sleep-related factors
when assessing AD risk. The third vulnerable group,
found in Terminal Node 5, comprises individuals liv-
ing independently, aged over 73.5, without apnea,
but with a history of antidepressant use, with 44.4%
reporting AD. This highlights the potential impact of
mental health treatments in the context of AD risk,
warranting further investigation into the interplay
between antidepressant use and other risk factors.
The fourth vulnerable group, residing in Terminal
Node 3, encompasses those living independently,
aged between 73.5 and 84.5, without apnea, without a
history of antidepressant use, and with a lower BMI,
among whom 42.1% reported AD. This suggests that
the intricate interplay of factors can substantially
elevate AD susceptibility, even within a seemingly
lower-risk group. These findings emphasize the need
for a holistic approach to AD risk assessment within
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the Asian American elderly population. Recogniz-
ing the interactions among predictors can enhance
risk stratification, guide early detection efforts, and
inform tailored interventions to mitigate the impact
of AD in this community.

Our study’s findings on AD among Asian Ameri-
can elders align with recent research emphasizing the
critical role of socio-demographic factors and health
conditions in AD risk. Consistently with Wong et
al. [2], we observe limited exposure to AD informa-
tion within this community, underscoring the need
for culturally tailored healthcare services. Our results
also resonate with Keohane et al. [3], highlighting
disparities in AD diagnoses across different racial
groups. However, our study uniquely identifies spe-
cific age thresholds, apnea, antidepressant use, and
BMI as key factors linked to AD risk in Asian Ameri-
cans, expanding the current understanding within this
demographic. Contrasting with some existing studies,
our findings did not strongly correlate stroke history
with AD, suggesting the variability of AD’s risk fac-
tors across different ethnic populations. This points
to the need for further research on the intricate rela-
tionships between these variables, specifically within
the Asian American older population.

Future directions and application in practice and
policy

The insights from our CART model present several
avenues for future research and practical application
in the medical field. One significant direction involves
the integration of our model into clinical decision-
support systems. By incorporating our predictive
model, healthcare providers can more accurately
identify individuals at higher risk of AD, particularly
within the Asian American elderly population. This
could facilitate early intervention strategies, tailored
patient education, and targeted screening programs.
Additionally, future research could refine the model
by including a broader range of variables, such as
genetic markers or environmental factors, to enhance
its predictive accuracy.

Another promising direction is using our model
as a tool for personalized medicine. By understand-
ing the specific risk factors and their interactions
in predicting AD, clinicians can develop more cus-
tomized care plans that consider the unique risk
profiles of individual patients. This individualized
approach could lead to better patient outcomes and
more efficient use of healthcare resources.

The findings of our study also have signifi-
cant implications for healthcare policy, especially in
addressing the needs of the aging Asian American
population. Policymakers can use the insights from
our model to develop targeted health promotion cam-
paigns and preventive strategies aimed at reducing the
prevalence of AD in this demographic. Moreover, our
study highlights the need for policies that support the
integration of advanced predictive analytics in health-
care settings, which can lead to more proactive and
preventive healthcare strategies.

Furthermore, the study underscores the importance
of considering cultural and demographic factors in
healthcare policy formulation. Policies that support
research into specific minority groups, like Asian
American elders, can lead to more equitable health-
care outcomes and address disparities in healthcare
access and treatment. By tailoring healthcare poli-
cies to the needs of diverse populations, policymakers
can ensure more inclusive and effective healthcare
systems.

Study limitations

While this study contributes valuable insights into
the associations between socio-demographic vari-
ables, cardiovascular risk factors, and AD among
Asian American older adults, several limitations
should be considered when interpreting the findings.

First, the cross-sectional design employed in this
study still needs to be revised to establish causal
relationships between predictor variables and AD,
even though the CART analysis provided a more
nuanced understanding of the factors influencing AD.
The inability to track changes over time restricts our
knowledge of the temporal sequence of events and
hinders the establishment of causality. Longitudinal
data would be more appropriate for exploring the
dynamic relationships identified by the CART anal-
ysis and confirming the potential predictors of AD
development among Asian American older adults.

Second, we identified a limitation regarding the
use of age data. Specifically, the age variable in our
analysis denotes the age at first assessment for all par-
ticipants, rather than the age at AD diagnosis for cases
or the age at the last visit for controls. This approach
was necessitated due to the lack of uniformly avail-
able data on the exact age of AD diagnosis for our
cases. While using the age at first assessment ensures
a consistent and standardized comparison across the
dataset, it may not fully capture the nuances that the
age of diagnosis or last visit age could provide. We
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acknowledge this as a limitation of our study, as it
might affect the interpretation and generalizability
of our findings. Future research could benefit from
incorporating these specific age metrics to yield dif-
ferent insights into the progression and risk factors
associated with AD.

Third, despite the CART analysis, this study still
relies on self-reported measures, including smoking
history and stroke history. Self-reported data might
introduce recall bias, as participants could underre-
port or misreport their behaviors or medical history
due to memory lapses or social desirability. This lim-
itation might affect the accuracy of the associations
observed between these variables and AD. The poten-
tial bias in reporting could continue to contribute to
discrepancies between the reported and actual preva-
lence of risk factors.

Fourth, while the CART analysis offered a more
sophisticated examination of the data, it did not
eliminate the possibility of omitted or unmeasured
confounding variables that might have influenced
the observed associations between predictor vari-
ables and AD. Factors such as socioeconomic status,
genetic predisposition, and environmental exposures,
which were not included in the CART analysis,
could still confound the relationships. The inability
to account for all possible confounders, even with
CART analysis, might limit the accuracy of our esti-
mates of the associations.

Fifth, we employed Minitab for statistical analy-
sis, valuing its strengths in handling complex datasets
and its user-friendly interface. While Minitab is pro-
ficient in many statistical procedures, it’s important
to note its limitations in advanced machine learning
tasks, particularly in hyperparameter optimization for
tree-based models. Hyperparameter optimization is
pivotal in refining machine learning models, ensur-
ing they are robust and accurately tuned to the dataset.
This process is critical in preventing overfitting, espe-
cially with tree-based models inherently prone to this
issue if not carefully calibrated. The inability to per-
form hyperparameter optimization in Minitab means
that our models were built with default or manu-
ally selected parameters, which might not represent
the optimal settings. This limitation raises concerns
about the potential overfitting of our models, which
could impact the generalizability and validity of our
findings. While we took measures to mitigate this risk
through careful model selection and validation tech-
niques, the absence of a formal optimization process
might limit the precision of our predictive modeling.
We acknowledge this as a constraint of our study and

suggest that future research, aiming to build upon our
findings, consider utilizing more specialized machine
learning software capable of extensive hyperparame-
ter tuning. This would enhance the model’s accuracy
and reliability, providing a more robust foundation
for understanding and addressing the complexities of
AD in Asian American elders.

Finally, the observed relationships between predic-
tor variables and AD, as the CART analysis reveals,
do not necessarily imply causality. For instance, while
the CART analysis identified independence level
as a significant factor, it is still plausible that AD
progression itself could lead to a decline in inde-
pendence, and the CART analysis does not address
causality directly. The complex bidirectional rela-
tionship between AD and specific predictors, such
as independence level, continues to warrant caution
in interpreting the direction of causality, emphasizing
the need for further longitudinal research.
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