Journal of Alzheimer’s Disease 89 (2022) 563-570 563
DOI 10.3233/JAD-220278
10S Press

Importance of Accounting for Regional
Differences in Modifiable Risk Factors for
Alzheimer’s Disease and Related
Dementias: The Case for Tailored
Interventions

Coles M. Hoffmann®', Roch A. Nianogob*c* ! Kristine Yaffe®d-¢f Amy Rosenwohl-Macks,
Anna Carrasco® and Deborah E. Barnes®®f*

aDepartment of Psychiatry & Behavioral Sciences, University of California, San Francisco, San Francisco,
CA, USA

bDepartment of Epidemiology, Fielding School of Public Health, University of California, Los Angeles,
Los Angeles, CA, USA

€California Center for Population Research, University of California, Los Angeles, Los Angeles, CA, USA
dDepartment of Neurology, University of California, San Francisco, San Francisco, CA, USA
€Department of Epidemiology & Biostatistics 550, University of California, San Francisco, San Francisco,
CA, USA

fSan Francisco Veterans Affairs Health Care System, San Francisco, CA, USA

&School of Nursing, University of California, San Francisco, San Francisco, CA, USA

Handling Associate Editor: Ruth Peters

Accepted 29 June 2022
Pre-press 30 July 2022

Abstract.

Background: We recently estimated that 36.9% of Alzheimer’s disease and related dementias (ADRD) cases in the US may
be attributable to modifiable risk factors, but it is not known whether national estimates generalize to specific states or regions.
Objective: To compare national estimates of modifiable risk factors of ADRD to California, overall and by sex and
race/ethnicity, and to estimate number of cases potentially preventable by reducing the prevalence of key risk factors by
25%.

Methods: Adults >18 years who participated in the Behavioral Risk Factor Surveillance Survey in California (n =9,836) and
the US (n=378,615). We calculated population attributable risks (PARs) for eight risk factors (physical inactivity, current
smoking, depression, low education, diabetes mellitus, midlife obesity, midlife hypertension, and hearing loss) and compared
estimates in California and the U.S.
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Results: In California, overall, 28.9% of ADRD cases were potentially attributable to the combination of risk factors,
compared to 36.9% in the U.S. The top three risk factors were the same in California and the U.S., although their rela-
tive importance differed (low education [CA:14.9%; U.S.:11.7%], midlife obesity [CA:14.9%; U.S.:17.7%], and physical
inactivity [CA:10.3%; U.S.:11.8%]). The number of ADRD cases attributable to the combined risk factors was 199,246 in
California and 2,287,683 in the U.S. If the combined risk factors were reduced by 25%, we could potentially prevent more

than 40,000 cases in California and 445,000 cases in the U.S.

Conclusion: Our findings highlight the importance of examining risk factors of ADRD regionally, and within sex and

race/ethnic groups to tailor dementia risk reduction strategies.
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INTRODUCTION

There are currently 6.2 million people in the United
States (U.S.) who are living with Alzheimer’s disease
and related dementias (ADRD) [1]. By the year 2050,
it is expected that there will be a dramatic increase
in ADRD prevalence due to longer life expectancies
paired with demographic trends, with an estimated
13.8 million cases in the U.S. [1]. While age is
the single strongest risk factor for late life cogni-
tive impairment and ADRD, we recently estimated
that up to 1 in 3 cases (37%) of ADRD in the U.S.
are potentially attributable to eight modifiable risk
factors [2]. In order of importance, these included
midlife obesity, physical inactivity, low education,
depression, diabetes mellitus, midlife hypertension,
smoking, and hearing loss. In addition, the contribu-
tion of these modifiable risk factors to dementia risk
differed by sex and race/ethnicity, with a greater bur-
den of disease observed in men versus women and in
Black, Native American/Alaska Native, and Hispanic
subpopulations than non-Hispanic White and Asian
subpopulations [2].

California is the most populous and most diverse
state in the U.S. (58.8% Hispanic and/or non-White)
[3]. In addition, California has a lower health behav-
ior risk profile overall, with lower rates of smoking,
midlife obesity, depression, midlife hypertension,
diabetes mellitus, physical inactivity, and hearing
loss compared to national trends [4]. There are cur-
rently 690,000 people in California who are living
with ADRD [5]. Given these differences in demo-
graphics and risk factor prevalence, it is important to
determine whether our national estimates generalize
to individual states such as California. In addition,
it is important to estimate how many cases may be
potentially preventable if risk factors are reduced.

In this study, we estimated the proportion of ADRD
cases that are potentially attributable to eight modi-
fiable risk factors in California, overall and within

sex and racial/ethnic sub-populations compared to
the U.S. In addition, we estimated the total number
of ADRD cases that are potentially preventable if the
prevalence of risk factors were reduced by 25% in
California and the U.S. These estimates may inform
the need for tailored public health messaging and
interventions related to ADRD risk reduction [5, 6].

METHODS

Data sources

We determined risk factor prevalence for eight pre-
viously established modifiable ADRD risk factors
using data from the nationally representative Behav-
ioral Risk Factor Surveillance System Data (BRFSS;
https://www.cdc.gov/brfss/index.html). The BRFSS
is an annual survey and publicly available data system
of health-related telephone surveys that collect state
data on U.S. residents regarding their health-related
risk behaviors, chronic health conditions, and use of
preventive services. According to the Centers for Dis-
ease Control (CDC) [4], these data are representative
of the U.S. as a whole and of each state individually.
Beginning in 2011, the CDC updated their methods
to maintain representativeness, including making sur-
vey calls to cell-phone numbers, and adopting an
advanced weighting method. This update allowed for
the CDC to better capture lower-income and minority
populations [4]. These data include information for
all 50 states as well as the District of Columbia and
three U.S. territories [4].

We obtained relative risk estimates for the associa-
tions between each modifiable risk factor and ADRD
by searching the Cochrane Database of Systematic
Reviews and PubMed to identify English-language
systematic reviews and recent meta-analyses exam-
ining effect/associations between each risk factor and
AD or dementia in terms of the relative risk (i.e., risk
ratio or odds ratio) [4, 5]. The search strategy details
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can be found in a previous paper [2]. Briefly, we used
the following keywords or their synonyms (“phys-
ical inactivity”, “smoking”, “depression”, “low
education”, “diabetes”, “obesity”, and ‘“hyperten-
sion”) AND (“Alzheimer”, “dementia”, “cognitive
decline). We selected the most recent and com-
prehensive meta-analysis available. Relative risk
estimates for AD were used when available; other-
wise, estimates for all-cause dementia were used.

This study was reviewed by the Institutional
Review Board at the University of California, San
Francisco and was classified as exempt (IRB #20-
31363). All individuals who contributed to data
analyses signed Data Use Agreements.

Variables

In the BRFSS, participants provided sociodemo-
graphic information including age, sex, race, and
ethnicity. We categorized self-reported race and eth-
nicity into mutually exclusive categories of Hispanic
(any race), Black, Asian, White, and Native Ameri-
can/Alaska Native. In addition, the eight modifiable
factors (physical inactivity, smoking, depression, low
education, diabetes mellitus, midlife obesity, midlife
hypertension, and hearing loss) were assessed using
self-reported behavioral, physiologic, and clinical
information. Details on how each risk factor was
assessed and coded can be found in Supplementary
Table 1.

Statistical analysis

Estimation of the population attributable risk
(PAR)

To estimate the PAR for the different modifiable
risk factors specific to California, we undertook steps
similar to those undertaken in our prior studies [2, 7,
8]. More details can be found in the respective stud-
ies. First, we estimated the weighted prevalence for
each modifiable risk factors using information from
the 2018 California BRFSS including the raw propor-
tion, the sampling unit, the stratification information,
and the sampling weight. Second, we calculated the
weighted correlation between the modifiable risk fac-
tors using a similar strategy. Third, we estimated
the unique variance explained by each risk factor.
To do so, we extracted the principal components
of the inter-risk-factor tetrachoric correlation matrix
and the corresponding communality (i.e., explained
variance shared with the other factors) among the
different risk factors using the weighted correlation.

As in similar studies [2, 8], the number of compo-
nents were determined by the Kaiser method [9] (in
this study, two components were extracted). We then
estimated the “uniqueness”—or the unique contribu-
tion of each factor to dementia risk not explained by
the other factors as one minus the communality. The
uniqueness was then used as a weight in the esti-
mation of the combined PAR. Fourth, we estimated
the individual PAR using Levin’s formula [10], i.e.,
PAR;dividual = % where P is the weighted
prevalence of the individual risk factor, and RR the
individual relative risk estimate for the association
between each modifiable risk factor and AD. In addi-
tion, we estimated the combined PAR due to the eight
modifiable risk factors using the following formula:
PARcombineda = 1 — [[(1 — w; PAR;) where PAR; is
the individual PAR and w; is the individual weight or
“uniqueness” factor for each risk factor obtained from
the principal components analysis. Confidence lim-
its of the PARs were estimated using the confidence
limits of the weighted prevalence estimates.

Estimation of the total number of ADRD cases
due to the presence of the modifiable risk factors
We estimated the total number of ADRD cases due
to the presence of the modifiable risk factors by mul-
tiplying the PAR estimates by the current number of
cases of ADRD in California and the U.S. We also
determined the number of cases that could potentially
be prevented if the risk factor prevalence were 25%
lower than current levels. To do so, we first reduced
the weighted prevalence estimates (and confidence
limits) by 25%. We then re-calculated a new PAR
using the above formulas and new prevalence esti-
mates. Lastly, we multiplied the new PARs by the
current number of ADRD cases in California and the
U.S and divided that number by 10,000 to obtain the
point estimates and confidence limits of the number
of cases of ADRD that could be prevented per 10,000
cases if the prevalence of one or more modifiable risk
factors were reduced by 25%.

RESULTS

Sample characteristics

In California and the U.S., about half of the sam-
ple was male (CA: 48.7%; U.S.: 49.4%) and about
one-fifth of the population was 65 and older (CA:
21.1%; U.S.: 19.4%) (Table 1). In California, over
half of the population was non-white (59%) com-
pared to about one-third of the population in the U.S.
(35.7%) (Table 1).
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Table 1

Weighted sample characteristics, Behavioral Risk Factor Surveillance System data (BRFSS),

2018, California versus U.S

Characteristics US weighted CA weighted
prevalence, 95%CI prevalence, 95%CI
Demographics
Age 65 and older 21.1% (20.9, 21.3) 19.4% (18.4, 20.5)
Male sex 48.7% (48.3, 49.0) 49.4% (48.0, 50.7)

Non-White subpopulation
Asian, Non-Hispanic
Black, Non-Hispanic
Hispanic
Native American/Alaska
Native, Non-Hispanic
Other, Non-Hispanic
White, Non-Hispanic
Risk Factors
Current smoking
Midlife obesity®
Depression
Midlife hypertension
Diabetes mellitus
Low education
Physical inactivity
Hearing loss

ab

35.7% (35.4, 36.1)
51% (4.9,5.3)
11.7% (11.5, 12.0)
16.0% (15.6, 16.3)

0.9% (0.9, 1.0)
2.0% (1.9, 2.1)
64.3% (63.9, 64.6)

15.7% (15.4, 15.9)
36.0% (35.5, 36.5)
18.7% (18.4,18.9)
37.1% (36.6, 37.6)
11.4% (11.1, 11.6)
12.8% (12.5, 13.1)
23.9% (23.6, 24.2)
6.5% (6.4, 6.7)

59.0% (57.7, 60.2)
15.3% (14.0, 16.6)
5.6% (4.9, 6.2)
34.9% (33.6, 36.1)

0.5% (0.3, 0.6)
2.8% (2.4,3.1)
41.0% (39.8, 42.3)

11.3% (10.5, 12.2)
29.1% (27.3, 31.0)
15.9% (14.9, 16.8)
33.9% (31.8, 36.1)
10.5% (9.6, 11.4)
16.9% (15.8, 17.9)
20.6% (19.5,21.7)
5.3% (4.7,5.9)

aMidlife included ages 40—-64. "Midlife hypertension data were collected in 2017.

Table 2
Unadjusted and combined population attributable risk (PAR) for 8 modifiable dementia risk factors overall, 2018, California and U.S

Risk factor Relative Risk Uniqueness® PAR California PAR U.S.
Current smoking 1.4 (1.2, 1.6) 36.10% 44% (4.1,4.7) 6.0% (5.9, 6.1)
Midlife obesity® 1.6 (1.1,2.3) 68.60% 14.9% (14.1, 15.7) 17.7% (17.5, 18.0)
Depression 1.5 (1.1, 2.0) 45.00% 7.3% (6.9,7.7) 8.5% (8.4, 8.6)
Midlife hypertension® 1.3(1.1,1.4) 21.20% 8.1% (7.6, 8.6) 8.8% (8.7, 8.9)
Diabetes mellitus 1.7(1.5,1.9) 42.60% 6.8% (6.2,7.3) 7.3% (7.1,7.4)
Low education 2.0 (1.6,2.6) 47.00% 14.9% (14.1, 15.7) 11.7% (11.5, 12.0)
Physical inactivity 1.6 (1.3, 1.8) 47.20% 10.3% (9.8, 10.8) 11.8% (11.7,11.9)
Hearing loss 1.4 (1.1, 1.7) 74.60% 1.9% (1.7,2.1) 2.3% (2.2,2.3)

Combined

28.9% (27.4,30.3)

36.9% (36.5, 37.3)

aMidlife included ages 40—-64. ®Midlife hypertension data were collected in 2017. “The unique contribution of each factor to dementia risk
not explained by the other factors (defined as one minus the communality).

Overall population attributable risk

In California, 28.9% (95% CI. 27.4, 30.3) of
ADRD cases were potentially attributable to the com-
bination of eight modifiable risk factors evaluated
in this study, compared to 36.9% (95% CI: 36.5,
37.3) in the U.S. (Table 2). The top 3 dementia risk
factors were the same in the U.S. and California,
although their relative importance differed slightly.
For example, the risk factors that contributed to the
largest proportion of ADRD cases in order of relative
importance were low education (PAR: 14.9%, 95%
CI: 14.1, 15.7), midlife obesity (PAR: 14.9%, 95%
CI: 14.1, 15.7), and physical inactivity (PAR: 10.3%,
95% CI: 9.8, 10.8) in California compared to midlife

obesity (PAR: 17.7%, 95% CI: 17.5, 18.0), physical
inactivity (PAR: 11.8%,95% CI: 11.7, 11.9), and low
education (PAR: 11.7%, 95% CI: 11.5, 12.0) in the
U.S. (Table 2). All but one of the risk factors (low
education) were lower in California compared to the
U.S. (Table 2 and Fig. 1).

PAR among racial/ethnic and sex subpopulations

In both California and the U.S., the combined PAR
was higher in Hispanic adults (CA: PAR: 35.1%,
95% CI: 33.1, 37.0; U.S.: PAR: 34.2%, 95% CI:
33.0, 35.3) compared to Non-Hispanic White adults
(CA: PAR: 27.5%, 95% CI: 25.0, 29.9; U.S.: PAR:
28.5%, 95% CI: 28.1, 28.9) and was lowest in Asian
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adults (CA: PAR: 14.7%, 95% CI: 10.5, 18.6; U.S.:
PAR: 15.8%, 95% CI: 13.8, 17.8). However, the com-
bined PAR for Black adults was substantially lower
in CA (PAR: 29.5%, 95% CI: 23.6, 34.8) than the
U.S. (PAR: 39.8%, 95% CI: 38.6, 41.0) (Supplemen-
tary Figure 1). The combined PAR for ADRD was

Cases prevented with 25% reduction: US vs CA

0 -.I

fy'f g4 e

Cases prevented
per 10,000 cases attributed

HUS B CA

Fig. 1. Number of dementia cases prevented per 10,000 cases with
25% risk factor reduction.

lower in men in California compared to the U.S. (CA:
PAR: 28.4%, 95% CI: 26.4, 30.3; U.S.: PAR: 35.9%,
95% CI: 35.3, 36.5), but was similar in women (CA:
PAR: 32.4%, 95% CI: 30.1, 34.5; U.S.: PAR: 30.1%,
95% CI: 29.6, 30.6) (Supplementary Figure 1). In the
U.S., the combined PAR was higher in Native Amer-
icans/Alaska Native adults (PAR: 39.2%, 95% CI:
36.1, 42.0) compared to Non-Hispanic White adults,
but the same conclusions could not be drawn for
California, due to the large confidence intervals in
estimates for Native American/Alaska Native adults
(PAR: 35.2%, 95% CI: 15.8, 48.5).

Estimated cases attributable and preventable in
California and the U.S.

The total number of ADRD cases that may cur-
rently be attributable to combined risk factors in
California was estimated to be 199,246 in California
and 2,287,683 in the U.S. (Table 3). If the combined
risk factors were reduced by 25%, we could poten-
tially prevent approximately 40,665 cases in CA and
445,737 cases in the U.S. (Table 3). The proportion of
cases that could be potentially prevented per 10,000
cases if risk factors were reduced by 25% would be
589 per 10,000 cases in CA and 719 per 10,000 cases
inthe U.S (Fig. 1). The top three risk factors (low edu-
cation, midlife obesity, physical inactivity) account
for the largest number of attributable cases (CA:
102,955; 102,708; 71,337; U.S.: 726,974; 1,100,363;

Estimated number of ADRD cases attributable to modifiable risk factors and potentially preventable with 25% risk factor reduction

Risk Factors Cases Cases Cases Cases Cases Cases
attributable attributable attributable prevented prevented prevented
point estimate lower 95% CI higher 95% CI (25% reduction) lower 95% CI higher 95% CI

California
Current smoking 30,587 28,404 32,756 7,390 6,879 7,894
Midlife obesity 102,708 97,249 108,067 22,700 21,649 23,714
Depression 50,668 47,937 53,377 11,956 11,349 12,555
Midlife hypertension 55,953 52,722 59,153 13,120 12,410 13,816
Diabetes mellitus 46,590 43,020 50,121 11,048 10,244 11,835
Low education 102,955 97,582 108,232 22,747 21,713 23,745
Physical inactivity 71,337 67,881 74,754 16,415 15,687 17,128
Hearing loss 12,877 11,417 14,331 3,174 2,819 3,527
Combined 199,246 189,174 209,018 40,665 39,084 42,144

u.s.
Current smoking 374,413 368,836 379,978 89,299 88,033 90,560
Midlife obesity 1,100,363 1,087,455 1,113,205 236,774 234,461 239,063
Depression 529,466 522,873 536,044 123,704 122,272 125,129
Midlife hypertension 545,022 538,434 551,594 127,070 125,647 128,488
Diabetes mellitus 450,592 442,613 458,549 106,394 104,621 108,159
Low education 726,974 712,514 741,358 165,278 162,321 168,206
Physical inactivity 732,497 724,320 740,649 166,404 164,737 168,062
Hearing loss 142,162 138,822 145,497 34,926 34,119 35,730
Combined 2,287,683 2,260,631 2,314,480 445,737 442,166 449,226
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732,497) and the most potentially preventable cases
with a 25% reduction in each risk factor (CA: 22,747,
22,700; 16,415; U.S.: 165,278; 236,744; 166,404)
(Table 3). See Supplementary Table 2 for the number
of cases attributable and potentially preventable with
a 10% risk factor reduction.

DISCUSSION

In this study we found that the proportion of ADRD
cases potentially attributable to eight modifiable risk
factors is lower in California (28.9%) than in the U.S.
as a whole (36.9%). This is likely due to the lower
prevalence of all but one of the risk factors (low edu-
cation) in California, suggesting an overall healthier
population. Although the overall PAR for ADRD was
lower in California, the top three risk factors were the
same (low education, midlife obesity, and physical
inactivity), suggesting that these may be important
dementia risk reduction targets in most U.S. regions.

This study also shows that, in both the U.S. and
California, the proportion of ADRD cases poten-
tially due to these eight modifiable risk factors was
relatively higher among Hispanic and Black adults
compared to non-Hispanic White adults and was sub-
stantially lower in Asian adults. This appears to be
largely explained by differences in risk factor preva-
lence within these populations. For example, the
higher prevalence of low education within Califor-
nia and especially within the Hispanic population,
which makes up a much greater majority of the pop-
ulation compared to the U.S., may contribute to low
education being the number one risk factor in Cal-
ifornia. Although the proportion of modifiable risk
factors was relatively higher among Hispanic and
Black adults compared to White and Asian adults in
both California and the U.S., men and Black adults in
California had lower ADRD PARs compared to the
U.S. This is likely due to lower risk factor prevalence
within these groups in California.

Overall, our findings highlight the importance of
understanding both similarities and differences in fac-
tors that contribute to ADRD risk in specific regions
and sub-populations, which may help inform when
tailoring of public health messaging may be needed.
For example, ADRD risk reduction strategies appear
to be especially needed in Hispanic, Native Ameri-
can/Alaska Native, and Black populations who tend
to have higher prevalence of certain risk factors and
higher burden of disease. In addition, our research
suggests that prevalence of risk factors within each

subpopulation within specific regions should be con-
sidered when tailoring public health messaging.

In California, beyond targeting each of the eight
modifiable risk factors and especially low education,
midlife obesity, and physical inactivity, it may be
beneficial to target certain risk factors within spe-
cific subpopulations (e.g., low education in Hispanic
adults) for a higher potential impact on prevention
of ADRD cases. Previous studies that have exam-
ined PARs globally and by country for ADRD have
shed light on differences in risk factors by region and
subpopulation. For example, in a study that exam-
ined PARs of ADRD globally, they reported that the
top three PARs were low education, hearing loss,
and smoking [11]. In another study that examined
PARs in low income and middle income countries,
including India, China, and six Latin American coun-
tries, they reported that the top five PARs were low
education, hypertension, hearing loss, obesity, and
physical inactivity [12]. They also reported that the
relative importance of risk factors differed by coun-
try/region and compared to global estimates. These
studies further highlight the importance of examining
differences by region and subpopulation.

California may also serve as a 1) model for the
direction of the U.S. population, as the most diverse
state, and 2) as a potential model of improvement,
given the lower prevalence of all but one risk factor
(low education) and the lower proportion of ADRD
cases attributable to modifiable risk factors in the state
overall. California is consistently ranked number one
for public health, based on several factors (collected
by the CDC) including mental health, low obesity
rate, low smoking rate, and low suicide rate [13].
The lower risk factor profile in California may be
due to a number of factors, including policies, indi-
vidual behaviors, health care, and other determinants
of health. For example, the California Tobacco Con-
trol Program established in 1989, aimed to change
social norms and reinforce nonsmoking. It had a
substantial effect on reducing smoking prevalence
and cigarette consumption, which in turn reduced
healthcare expenditures [14]. Previous research has
indicated that health improvement requires invest-
ment in the following three major areas: health care,
behavior change, and socioeconomic factors [15].
While different states will have different patterns of
modifiable and nonmodifiable determinants of health,
California may serve as a window into the future of
the U.S. and as a good model for reducing risk factors
and lowering overall dementia prevalence in a diverse
population of adults.
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In addition, our research highlights the public
health implications of how targeting and reducing
modifiable risk factors may impact rates of ADRD.
For example, a 25% reduction in combined risk
factors could potentially prevent over 20% of the
attributable cases in California and the almost 20%
in the U.S. It may be beneficial to prioritize the top
three risk factors as targets for ADRD risk reduction,
as they account for the greatest number of attributable
cases.

Our study is not without limitations. First, it
used self-reported data to estimate the prevalence of
risk factors, which could result in the presence of
measurement and misclassification errors. Second,
the relative risk estimates used for the calculation
of the PARs, which came primarily from meta-
analyses of observational studies, do not necessarily
reflect causal associations. Therefore, the validity
of our estimates would depend on the extent to
which relative risk estimates from the original studies
were also valid. However, using these associational
estimates to estimate PAR may represent the best
evidence in the absence of randomized controlled tri-
als. Third, similarly to previous papers [2, 8], we
accounted for uncertainty in the relative risk esti-
mates, but not for the prevalence estimates, which
could result in an overestimation of precision in
the PAR estimates. Future studies may benefit from
using simulation to incorporate confidence intervals
for both. Fourth, there was variability in how risk
factors were operationalized across studies included
in the meta-analyses that provided the relative risk
estimates used in this study, which differ from how
the risk factors were defined here (e.g., low edu-
cation, depression). For example, the meta-analysis
that we used to inform the relative risk estimate for
low education included studies in which the defini-
tion of low education ranged from <7 years to <15
years, whereas in the present study, low education was
defined as anyone who was classified as not gradu-
ating high school, based on self-report (< 12 years).
Definitions of “low education” also vary across coun-
tries. For example, a study that included participants
in Jamaica identified “low education” as a key risk
factor associated with proportion of dementia cases
and defined “low education” as having attended pri-
mary and/or secondary school education (based on
self-report) [16]. In addition, the prevalence of low
education is low in California (16.9%) and the U.S.
(12.8%), compared to other countries. For example,
in a similar study done in Jamaica, the majority of
participants (72%) reported attending primary school

at most [16]. In another study done in Brazil, the
participants reported an average of 4.56 +4.0 years
of education [17]. As such, caution should be taken
when generalizing these results to other populations.
Fifth, the sample was not age adjusted, and age may
drive prevalence of risk factors. However, preva-
lence of risk factors by age categories were similar
in California compared to the U.S. In addition, the
age structure (proportion of people in different age
categories) can vary across studies and countries,
therefore caution should be taken when comparing
these results to other studies or countries. Lastly,
there are potential modifiable risk factors that were
not included in our estimates (e.g., social isolation,
sleep, diet, leisure activities, occupation, etc.) [18,
19]. The risk factors included were based on risk fac-
tors included in previous papers, risk factors that are
well-established, and were limited by what was avail-
able in the BRFSS. We acknowledge that as more data
become available our estimates may change. These
estimates are intended to guide policy and decision-
making strategies to prevent ADRD by highlighting
modifiable risk factors that will most likely have the
greatest impact on ADRD prevalence in California
and the U.S. and in specific sex and race/ethnic sub-
populations.

Conclusions

The trends and estimates of modifiable ADRD
risk factors in California included similarities and
differences when compared to the national trends
in the U.S., further confirming the importance of
examining the sex- and race/ethnicity-specific and
regional contributors to ADRD burden to inform
tailored public health strategies. More importantly,
this study suggests that policymakers and clinicians
should consider increasing efforts to prevent ADRD
by focusing on the most prevalent modifiable risk
factors and highest-risk groups in a given region or
subpopulation. Public health campaigns should aim
to target primary education and increase high school
graduation rates, especially in certain subpopulations
(e.g., Hispanic adults). Public health initiatives that
target top risk factors, such as reducing midlife obe-
sity and increasing physical activity levels across
the lifespan, can also serve to impact other modifi-
able risk factors of ADRD (e.g., depression, midlife
hypertension, and diabetes mellitus). In addition, risk
factor specific initiatives (e.g., California’s smok-
ing cessation program) may be particularly helpful
to address region- and subpopulation-specific risk
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factor prevalence. Given California’s diverse popu-
lation, and lower overall PAR for ADRD potentially
attributable to modifiable risk factors compared to the
U.S., California may serve as a model to understand
and drive future initiatives to decrease risk factor
prevalence. In summary, strategies to prevent ADRD
are critically needed, and public health campaigns
and tailored interventions are promising avenues to
mitigate risk factors of ADRD.
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