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Abstract

Alzheimer’s disease (AD) carries significant clinical and financial consequences. Evidence links
socioeconomic and demographic factors (eg, income, education) to AD risk and progression.
Regional disparities in AD mortality are not well-characterized. We examined the association
between U.S. geographic region, income, education, and Alzheimer’s mortality among adults aged
>65. Using publicly-available, aggregated CDC Wonder and U.S. Census data (2021-2023), we
analyzed randomly-selected Pacific and Southern states. Weighted regional income and education
metrics were calculated; multiple linear regression assessed correlations with state-level AD
mortality rates. Results showed a weak positive association between income and mortality in Pacific
states (3 = 0.0013; p = 0.0001) and a weak non-significant negative association in Southern states (5 =
-0.0118; p = 0.2647). Educational attainment demonstrated a stronger negative correlation with
mortality in both regions, reaching statistical significance in the Pacific cohort (3 =-1.3695; p = 0.0005).
There was a non-significant, negative association with educational attainment for the Southern cohort
(B =—0.0322; p = 0.9839). While higher education may be protective against Alzheimer’s mortality,
regional differences and unmeasured confounders (eg, state-level cost of living, healthcare access,
reporting variability) may influence the relationship between income and AD outcomes.
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1. Introduction

Dementia is a neurodegenerative condition that encompasses many forms of cognitive
degeneration that impair an individual’s everyday activities. Such changes include alterations in
personality and a decline in memory, problem-solving, and spatial understanding, which impact
daily life. Alzheimer’s Disease accounts for 60-80% of dementia cases [1]. Alzheimer’s symptoms
result from the buildup of proteins in the form of amyloid plaques and neurofibrillary tangles in the
brain [2], which cause brain cells to die and the brain to shrink. An individual with the disease has a
life expectancy of up to 20 years after diagnosis, depending on when the disease is identified [3].
Along with the physical manifestations, the financial burden can also take a toll. Annual estimated
cost for an individual over 65 years of age, including healthcare and unpaid care, is approximately
$81,000, four times the cost to similarly-aged individuals without the disease [4]. The caregiver
experience has been linked to adverse effects; the most-common reported emotions are sadness,
worry, frustration, and difficulty coping [5].

Research shows physiological risk factors (eg, age, exercise) associated with the development of
Alzheimer’s. In addition, mental exercises for cognitive function have been demonstrated to prevent
dementia and delay dementia progression [6], suggesting high-order cognitive exercises (such as
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attained through higher education) might have a protective effect on developing or progressing with
dementia. However, there has yet to be a deep dive into the association between Alzheimer’s
mortality, United States geography, socioeconomic status, and educational attainment.

We hypothesized that both income and educational attainment would be negatively correlated
with Alzheimer’s mortality rates (eg, higher income and education would be associated with lower
Alzheimer’s mortality rates), regardless of geographic region.

2. Material and Methods

Alzheimer’s mortality data between 2021 and 2023 were obtained from the CDC Wonder
database, and economic and education data were from the U.S. Census Bureau, both of which are
publicly-available, anonymized, and aggregated. We selected two disparate U.S. regions to compare.
From the Pacific region, the randomly-selected states were Alaska, California, Hawaii, Oregon, and
Washington. From the Southern region, the randomly-selected states were Alabama, Kentucky,
Mississippi, and Tennessee.

For Alzheimer’s mortality rates, the CDC Wonder database was queried and filtered by state
and region. Rates were listed as deaths from Alzheimer’s Disease per 100,000 population age >65. For
demographic data, from each randomly-selected state, the populations of people aged 265 years and
older were selected from the Census data, and, within this population, the household annual income
and educational attainment (percent of population with a bachelor’s degree or higher) were found.
To analyze an entire regions’ (Pacific vs. Southern) average income, we multiplied each state in that
region’s average household income by that states” population >65. The regions’ total state incomes
were summed and then divided by the sum of the region’s population >65. To obtain a region’s
weighted education rates, for each state, we multiplied the total population 265 by the percent of
people 265 with a bachelor’s degree or above; we added those numbers and divided by the region’s
total population >65.

Multiple linear regression was used to determine the association between Alzheimer’s mortality
and: 1) geography (Pacific vs. Southern), 2) income, and 3) education level.

Microsoft Excel (Redmond, WA; 2021) was utilized for data management. Statistical significance
was set as a priority at p <0.05.

This research was reviewed and deemed not to meet the definition of research by the Northwell
Health Institutional Review Board’s (IRB’s) Human Research Protection Program (HSRD24-0133),
indicating that formal IRB approval was not required for this study. All observations were collected
in compliance with institutional guidelines for patient privacy and data security.

3. Results

Table 1 shows the associations (among those age >65) between each state’s Alzheimer’s
mortality rate, average income, and educational attainment, grouped by region. Multiple linear
regression analysis was performed to clarify the association between region, income, and Alzheimer’s
mortality for persons age 265 (Table 2).
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Table 1. Alzheimer’s mortality rate, income, education, Pacific vs. South states.
Alzheimer's mortality rate (per
State 100,000), age 265 Average income % with bachelor’s degree or above, age 265

Pacific states
Alaska 29.5 $66,292 38%
California 9.3 $56,038 42.2%
Hawaii 26.8 $69,380 42.4%
Oregon 24.7 $58,852 33.5%
Washington 13.8 $54,080 37.6%
Combined 20.8 $60,928 38.74%
Southern states
Alabama 19.7 $48,232 22%
Kentucky 44.5 $46,646 25.2%
Mississippi 23 $46,953 22.5%
Tennessee 22.7 $47,501 30.5%
Combined 27.5 $47,333 25.1%
Table 2. Linear regression analysis of Alzheimer’s mortality, income, and bachelors, by region of states.
Income B P value Interpretation

Higherincome is associated with higher mortality, a weak
Pacific 0.0013 0.0001 association that's statistically-significant

Lower income is associated with higher mortality, a weak
Southern -0.0118 0.2647 association that was not statistically-significant
Bachelor’s B P value Interpretation

Lower educational attainment is associated with higher mortality, a
Pacific -1.3695 0.0005 strong association that's statistically-significant

Lower educational attainment is associated with higher mortality, a
Southern -0.0322 0.9839 medium-strength association that's not statistically-significant

Regarding the association between income and Alzheimer’s mortality for persons age >65:
among the Pacific states, there was a slight positive correlation (ie, higher income associated with
higher mortality), inconsistent with our hypothesis. This was a very weak association (3 =0.0013) that
was statistically-significant (p = 0.0001) (Figure 1). Among Southern states, there was a slight negative
correlation (ie, a higher income associated with lower mortality), concordant with our hypothesis.
This was a weak association ([ =-0.0118) that was not statistically-significant (p = 0.2647). (Figure 2)
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Pacific states: Annual income (x $1,000) vs. Alzheimer's
mortality rate (per 100,000)
== Annual income (x $1,000) == Alzheimer's mortality rate (per 100,000)
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Figure 1. - Pacific states - Annual income (x $1,000) vs. Alzheimer’s mortality rate (per 100,000).

Southern states: Annual income and Alzheimer's mortality
rate (per 100,000)
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Figure 2. - Southern states - Annual income (x $1,000) vs. Alzheimer’s mortality rate (per 100,000).

Regarding the association between educational attainment and Alzheimer’s mortality for
persons age 265: among the Pacific states, there was a negative association between educational
attainment and Alzheimer’s mortality (ie, higher education associated with lower mortality),
concordant with our hypothesis. This was a moderate association ({3 =-1.3695) that was statistically-
significant (p = 0.0005). (Figure 3) Among the Southern states, a negative correlation (i.e., higher
education associated with lower mortality) was observed, consistent with our hypothesis. This was
a weak association (8 =-0.0322) that was not statistically-significant (p = 0.9839). (Figure 4)
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Pacific states: % with Bachelors or above vs. Alzheimer's
mortality rate (per 100,000)

== % with Bachelors or above == Alzheimer's mortality rate (per 100,000)
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Figure 3. - Pacific states - Education vs. Alzheimer’s mortality rate (per 100,000).

Southern states: % with Bachelors or above vs.
Alzheimer's mortality rate (per 100,000)
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Figure 4. - Southern states - Education vs. Alzheimer’s mortality rate (per 100,000).

4. Discussion

Overall, our data was consistent with our hypothesis that both income and educational
attainment would be negatively correlated with Alzheimer’s mortality rates (ie, higher income and
education would be associated with lower Alzheimer’s mortality rates). While, among Pacific states,
there was a slight positive correlation between income and Alzheimer’s mortality (ie, higher income
associated with higher mortality), inconsistent with our hypothesis, this was only a very weak
association (3 = 0.0013).

The positive, but weak, correlation found between Pacific states and income and Alzheimer’s
mortality crude rate could be due to several possible contributing factors. The Pacific data sets include
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Hawaii and Alaska, which are not connected to the contiguous United States, and also, on average,
have higher incomes compared to other mainland states [7]. This is due to several factors, such as
Hawaii’s strong tourism industry and a higher cost of living, leading to a correlation of people with
higher income being able to afford living in Hawaii, driving up the average income [8]. Alaska’s
higher income can be attributed to similar factors, such as higher costs of living and a higher
distribution of wealth due to oil reserves found in Alaska and people receiving universal, passive
income, such as permanent fund dividends (PFD) [9]. Additional confounders might be persons with
lower income having less access to healthcare, leading to fewer reported deaths or inaccurately-
reported cause of deaths [10].

Limitations

This study has several limitations. First, comparing only (randomly-selected) Pacific vs.
Southern states’” data could have skewed data results. Had we included a greater sampling of states,
results may have been different. Another limitation is the number of years (2021-2023) in the analysis;
we chose these because they were expediently available in the CDC Wonder database, whereas other
years were not. Another possible confounding variable is exposure to the natural environment; this
varies greatly by state and is associated with greater cognitive function, but we were unable to
explore exposure to the natural environment at the individual level [11]. Additionally, we focused
only on senile dementia (=65-years-old), and were unable to adjust for gender differences; this may
have been important, as there are significant gender discrepancies in Alzheimer’s prevalence among
persons 265 (1 in 6 women vs. 1 in 11 men) [12]. Finally, this multivariate analysis only considered 3
variables: state location, income, and education level.

Our results are consistent with previous findings, though none compared specific geographic
regions within the United States. Many Alzheimer’s risk factors have been identified. In one study,
midlife obesity, physical inactivity, and low education were found to be the most-prominent [13].
The low education risk factor has also been correlated to Alzheimer’s mortality, such as in a 2018
retrospective Slovakian observational study comparing the Alzheimer’s mortality and socioeconomic
factors, Gross Domestic Product, wage, and education [14]. A 2023 prospective cohort study
compared level of socioeconomic status (SES), lifestyle, and incidence of dementia found that
participants with higher SES and with a mostly-healthy lifestyle had a significantly-lower risk of
incident dementia, Alzheimer’s disease, and vascular dementia compared to participants of lower
SES and less-healthy lifestyle [15]. A retrospective cross-sectional analysis from 2020 using the brains
of deceased Alzheimer’s dementia patients found a 2.18 times increase between brains of persons
from disadvantaged neighborhoods compared to the rest of the sampled donated brains [16]. Such
literature helped point us in the direction of this study as well as suggest future questions.
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