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Abstract

INTRODUCTION: Mixed evidence on how statin use affects risk of Alzheimer’s disease
and related dementias (ADRD) may reflect heterogeneity across sociodemographic
factors. Few studies have sufficient power to evaluate effect modifiers.

METHODS: Kaiser Permanente Northern California (KPNC) members (n = 705,061;
n = 202,937 with sociodemographic surveys) who initiated statins from 2001 to
2010 were matched on age and low-density lipoprotein cholesterol (LDL-C) with non-
initiators and followed through 2020 for incident ADRD. Inverse probability-weighted
Cox proportional hazards models were used to evaluate effect modification by age,
gender, race/ethnicity, education, marital status, income, and immigrant generation.
RESULTS: Statin initiation (vs non-initiation) was not associated with ADRD incidence
in any of the 32 subgroups (p > .05). Hazard ratios ranged from 0.964 (95% ClI: 0.923
to 1.006) among Asian-identified participants to 1.122 (95% Cl: 0.995 to 1.265) in the
highest income category.

DISCUSSION: Sociodemographic heterogeneity appears to have little to no influence
on the relationship between statin initiation and dementia.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
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1 | INTRODUCTION

High cholesterol level may contribute to the development of
Alzheimer’s disease and related dementias (ADRD),! with vascu-
lar pathology being a key factor in disease progression.2® Such
associations may occur through mechanisms involving coronary heart
disease or stroke,* particularly during the middle-aged period.>¢
Therefore, statins, a class of lipid-lowering medications commonly
prescribed to older adults for reducing cholesterol level, are hypoth-
esized to reduce the risk of ADRD by improving cardiovascular
health.”

Previous studies estimating the risk of dementia associated with
statin use have yielded mixed results. Randomized controlled tri-
als (RCTs) have generally indicated no overall effect of statins on
dementia or cognition.8-1% Among large observational studies with
long follow-up periods,1°~2 most studies have suggested that statins
may lower the risk of dementia or cognition’>212526; however,
some studies have reported no association,?223 or reported protec-
tive effects only when statins were initiated at younger ages.?* A
previous systematic review?’ found that earlier studies ruled out
significant short-term effects of statins on dementia and called for
rigorous observational studies to avoid confounding and reverse
causation. Therefore, emulated trial designs, which target the effects
of initiating a medication as if conducting an intent-to-treat (ITT)
analysis in an RCT, are recommended as current best practice for
observational studies on pharmaceutical effects.?® The study by
Zimmerman et al.,2? using an emulated trial design, found that statin
initiation resulted in a less than 3% difference in the hazard of ADRD
after the first year of follow-up. These mixed findings may reflect
heterogeneity in the effects of statin use across populations,’-3°
leading to calls for evidence on effect modifiers using an emulated trial
design.

Sociodemographic  characteristics, including age, gender,
race/ethnicity, education, income, immigration status, and social
connections, have been recognized as important predictors of
ADRD.31-34 Evidence of potential effect modification by statins on

dementia exists, as prior research suggests that baseline cognition sig-

Alzheimer’s disease and related dementias (ADRD), effect modification, emulated trial design,
sociodemographic factors, statins

* The study includes a large and diverse cohort from Kaiser Permanente

* Anemulated trial design of statin initiation on dementia incidence was used.
 Effect modification by sociodemographic factors was assessed.
* There were no significant Alzheimer’s disease and related dementias (ADRD) risk

differences in 32 sociodemographic subgroups (p > 0.05).

nificantly modifies the association between statin use and dementia.3>
However, only limited research has assessed the interaction between
sociodemographic factors and statin use in relation to cognitive out-
comes. This paucity of prior research is due, in part, to the need for very
large samples to achieve informative estimates of effect sizes within
population subgroups. In addition, few data sources have the quality
of measures and diversity of inclusion to support the assessment of
whether sociodemographic factors modify statin effects on dementia
risk. Most research on statins and dementia or cognitive outcomes is
based on relatively small cohorts or electronic health record (EHR)
databases with limited linked sociodemographic information.”-16-2>
Cohort studies often have measures of key sociodemographic
characteristics but are rarely adequately powered to detect effect
heterogeneity.

Sociodemographic variables may modify the effects of statin
treatment on ADRD via multiple mechanisms, including biologi-
cal, clinical, and sociobehavioral processes. Potential age-related
effects of statins on cognition have been suggested, by improv-
ing metabolic and vascular health in older adults while disrupting
cholesterol homeostasis and myelination in younger adults.3¢ In
addition, men and women vary in response to statins due to more
frequent muscle symptoms in women.®” Black Americans expe-
rience earlier hypertension, higher ischemic stroke rates, and a
greater burden of hypercholesterolemia®®~° compared to non-
Hispanic White individuals. Some Asian American subgroups have
elevated levels of diabetes and are more vulnerable to cardiovas-
cular diseases and related complications than other racial groups,

conditional on body mass, #1743

and Hispanic individuals exhibit a
higher prevalence of obesity, diabetes mellitus, and dyslipidemia
than non-Hispanic White individuals.** Finally, higher socioeco-
nomic status (SES) is associated with better access to health care,
improved health literacy, and better management of coexisting health
conditions.*>=47

In this study, we aimed to emulate a target trial to evaluate the
sociodemographic modifiers of the effect of statin initiation on the inci-
dence of dementia, using a uniquely powerful EHR database with a

large, embedded survey cohort.
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2 | METHODS
2.1 | Study population

Our study used data from members of Kaiser Permanente North-
ern California (KPNC), an integrated health care delivery system in
Northern California. The full dataset used in these analyses included
comprehensive pharmacy, laboratory, and diagnostic variables for all
KPNC members from January 1, 1997 to December 31, 2020, pro-
viding a large sample size for robust statistical power. We also used
survey data for a subset of KPNC members who completed one of two
health surveys: the California Men’s Health Survey (CMHS), fielded in
2002-2003 to men 45-69 years of age,*® and the Research Program
on Genes, Environment, and Health (RPGEH) survey, fielded to men
and women in 2007.4?

2.2 | Emulated trial design

RCTs are widely accepted as the gold standard for estimating the
effect of an exposure on an outcome. However, RCTs are often eth-
ically or practically infeasible. When RCT evidence is not available,
best practice entails specifying a hypothetical target trial to guide
the analysis of observational data.28°° The aim of a hypothetical
target trial is to align sample construction in the observational data
with a trial format, accounting for the absence of randomization with
analytic methods. We emulated a series of hypothetical target trials
using observational data, where each day a new trial is launched,
and eligible participants are assigned randomly to initiate statin use
or not initiate statin use and followed for incident ADRD. Table S1
shows the emulated trial framework in comparison with a theoretical
RCT.

2.3 | Inclusion/exclusion criteria

KPNC members were eligible for inclusion if they were born prior to
January 1, 1951, and thus were at least 45 years old during the study
period. We applied a 4-year “washout period,” during which individuals
must have continuously been KPNC members with at least one labo-
ratory test or prescription record and must not have been prescribed
statins or diagnosed with dementia or related cognitive diseases (paral-
ysis agitans/Parkinson’s disease, dementia with Lewy bodies, alcoholic
dementia, other dementia, frontotemporal dementia, amyotrophic lat-
eral sclerosis). For the participants in the survey cohort, along with the
4 years of washout period, they must additionally not have been statin
users prior to the survey completion date. We excluded individuals who
enrolled in KPNC on January 1, 2007 or later to make sure participants,
after 4 years of washout period, would have at least 10 years of pos-
sible follow-up prior to the end of study period (December 31, 2020).
Figure S1 shows an example of eligible/ineligible subjects based on our

inclusion/exclusion criteria.
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RESEARCH IN CONTEXT

1. Systematic review: We searched PubMed for studies on
the association between statin use and Alzheimer’s dis-
ease and related dementias (ADRD). Previous research
shows inconsistent results, with some studies indicating
a protective effect of statins, whereas others show no
effect or increased risk. Variability in findings may be
due to heterogeneity across different sociodemographic
factors.

2. Interpretation: Our study suggests that statin initiation is
not significantly associated with ADRD incidence across
various sociodemographic subgroups. This result indi-
cates that factors such as age, gender, race/ethnicity,
education, marital status, income, and immigrant genera-
tion do not substantially modify the relationship between
statin initiation and ADRD risk.

3. Future directions: Future research should place greater
emphasis on utilizing emulated trial designs to investi-
gate the long-term effects of statins on ADRD. In addition,
examining subcategories such as different doses and
types of statins is crucial to determine if specific subcat-
egories for statin use influence dementia risk differently.

2.4 | Variables

2.4.1 | Exposure: Statin initiation

The exposure of interest was initiation of statin treatment, defined as
the first recorded prescription of any statin type (Table S2) during Jan-
uary 1, 2001~December 31, 2010 for each unique individual. At the
time of each statin initiation, the individual who initiated statin use
(referred to as the “statin initiator”) was matched with five individuals
of the same age (<0.01 years) and low-density lipoprotein cholesterol
(LDL-C) level (categorized as <70, 70-99, 100-129, 130-159, 160-
189, and >190 mg/dL), who either never initiated statins or had not
yet initiated statins, henceforth referred to as “non-initiators.” Follow-
up time for both the statin initiators and their matched non-initiators
began on the day of the statin initiator’s first filled statin prescription.
Within the full cohort, there were 3651 distinct statin initiation dates
(days) among 258,242 initiators, whereas in the survey cohort, there
were 2920 distinct initiation dates (days) among 26,724 initiators. For
each initiation date, five non-initiators were matched to each initiator.
Non-initiators were required to have no prior statin use at the time of
their assigned trial start date. However, after the trial start date, non-
initiators could subsequently initiate statins. On each statin initiation
date, both initiators and their matched non-initiators were unique sub-
jects. However, across different initiation dates, non-initiators could be
selected and matched to different initiators multiple times. Figure 1
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Eligible KPNC Membership
Unique participants with first enroliment before 2007
(n=1,226,244)
Trial-eligible sample Full Cohort Survey Cohort

Excluded in 4-year washout
Total (n=521,183)

Statin initiation before end of washout
(n=217,680)

Dementia diagnosis before end of
washout (n=40,223)

First enrollment ended before end of

Sample potentially eligible for
emulated trial of statin
initiation (after washout)

Total (n=705,061)
Ever used statins (n=334,736)
Never used statins (n=370,325)

Total (n=202,937)
Ever used statins (n=121,830)
Never used statins (n=81,107)

Matched Cohort

Sample screened for one or
more emulated trials (after

n=1,549,452 matched samples
(n=327,818 unique)

e n=258,242 statin initiators
o All unique
e n=1,291,210 non-initiators

n=160,326 matched samples
(n=51,837 unique)

e n=26,724 statin initiators
o All unique
e n=133,602 non-initiators

washout (n=334,267) matching)

Note: Individual subjects may meet

o 5 matched for one initiator
o n=42,624 unique

o 5 matched for one initiator
o n=259,961 unique

multiple exclusion criteria, so counts do 1

not sum to the total excluded sample

Analytic Cohort

sample after excluding
observations with extreme
propensity scores (beyond
the 1st and 99th percentiles)

n= 1,508,276 matched
samples (n=322,358 unique)

n= 154,833 matched samples
(n=51,183 unique)

e n=249,613 statin initiators
o All unique

e n=1,258,663 non-initiators
o n=255,937 unique

e n=25,502 statin initiators
o All unique

e n=129,331 non-initiators
o n=42,155 unique

FIGURE 1 Dataflowchart: Number of subjects in the cohort.
shows the flowchart of the study datasets with numbers of unique par-
ticipants/trial subjects for each step. Prescription data were coded in
KPNC using the American Hospital Formulary Service Drug Informa-
tion classification 2020°! and extracted by generic drug name (Table
S2).

2.4.2 | Outcomes: All-cause dementia and AD

The study has two primary outcomes: ADRD and AD alone. Both out-
comes were ascertained through EHRs from any encounter type (e.g.,
inpatient, outpatient, ambulatory) other than lab-only or radiology-
only encounters. We considered all encounters occurring after the
start of the emulated trial and before the end of the study period
(December 31, 2020). ADRD was defined as AD, vascular dementia,
and nonspecific dementia. Specific International Classification of Dis-
eases (ICD) codes used in outcome definitions can be found in Table
S3. Diagnosis of other types of dementia (paralysis agitans/Parkinson’s
disease, dementia with Lewy bodies, alcoholic dementia, other demen-
tia, frontotemporal dementia, and amyotrophic lateral sclerosis) were

considered censoring events because they may reduce the likelihood

that the individual subsequently receives an ADRD diagnosis. In analy-
ses using only AD as the outcome, vascular dementia and nonspecific
dementia were also included as censoring variables. To account for
possible misclassification of the first diagnosis of the outcome (ADRD
or AD), all first occurrences of censoring dementias were re-coded as
ADRD or AD if a diagnosis of an outcome of interest—either ADRD
or AD respectively—occurred within 1 year of the initial outcome
diagnosis.

2.4.3 | Possible modifiers: Sociodemographics

Age and gender were obtained from the KPNC EHR. Age was
operationalized into the following categories: “below 60,” “60 to
<65, “65 to <75, and “75 or older.” Race and ethnicity were
obtained from self-report and administrative records and categorized
as non-Hispanic Black, Hispanic, non-Hispanic Asian, non-Hispanic
White, other racial/ethnic identity, or unknown. The survey subsample
included self-reported educational attainment (grade school [grades
1-8], some high school [grades 9-11], high school or GED, techni-

cal/trade school, some college, college, graduate school, other, or as a
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binary variable: lower education [grade school, some high school, high
school or GED, other] and higher education [technical/trade school,
some college, college, graduate school]), income (less than $20,000,
$20,000-$39,999, $40,000-$59,999, $60,000-$99,999, $100,000 or
more), marital status (never married, married or living as married, sep-
arated/divorced, widowed, or as a binary variable: not married [never
married, separated/divorced, widowed] and married [married or liv-
ing as married]), and participant and parental U.S. nativity (yes, no,
unknown) (Table S4).

244 | Covariates

For each participant who initiated statins and their matched non-
initiators, covariates were obtained from the EHR at the date of
the statin initiator’s first recorded prescription of statins. Covari-
ates included comorbidities, lab measures, and health care utilization.
Comorbidities included stroke, cardiovascular disease, hypertension,
diabetes of any type, major depressive disorder, and head injury (refer
to Table S3 for corresponding ICD codes). Lab measures included
LDL-C, high-density lipoprotein cholesterol (HDL-C), and glycated
hemoglobin (HbA1c), which represent the most recent values docu-
mented before the initiation of the trial. Lab values for individuals with
no recorded values before the date of emulated trial initiation were
imputed based on the conditional mean of lab values (HbA1c by dia-
betes status, and LDL-C and HDL-C by cardiovascular disease [CVD]
status). Health care utilization was operationalized as four variables
defined as the natural log-transformed, that is, log(1+count), yearly
count of visits (inpatient, outpatient, and telehealth), or prescriptions
(pharmacy) 1 year before trial initiation.

2.4.5 | Censoring variables

Individuals were censored at the earliest of the first occurrence of the
outcome of interest, the first occurrence of another type of demen-
tia likely to reduce the chance of later diagnosis of ADRD or AD,
the end of their KPNC membership, death, or the end of the study
period (December 31, 2020). For participants with multiple periods of
KPNC membership, we restricted the sample to data from their first
enrollment of KPNC membership. Mortality data from the KPNC mor-
tality database was combined with clinical and administrative records,
the National Death Index, California State death records, and Social

Security Administration records.

2.5 | Analysis

We conducted descriptive analyses comparing baseline characteris-
tics of statin initiators to non-initiators for the full and survey cohort.
In addition, we summarized the baseline characteristics of the origi-
nal population of eligible individuals, that is, prior to selecting statin

initiators and matching non-initiators for the emulated trials.
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2.5.1 | Estimation of inverse probability of
treatment weighting

We used stabilized inverse probability of treatment weighting (IPTW)
inall outcome models, developed from a statin initiation model. Logistic
regression models estimated the probability of statin initiation given
race, gender, year of initiation, depression, hypertension, stroke, head
injury, diabetes, and, among the survey cohort—the survey in which
individuals participated (Figure S2). Stabilized IPTW was calculated as
the proportion of the exposed over the inverse of the propensity score
for statininitiators, or the proportion of the unexposed over the inverse
of 1 minus the propensity score for non-initiators. We excluded individ-
uals with extreme propensity scores (below the 1st or above the 99th
percentile of all propensity scores) to meet the positivity assumption.
We also evaluated the feasibility of developing time-updated
weights to account for treatment switching, that is, individuals who
were randomized to the initiator group ceasing use over the course of
follow-up or individuals randomized to the non-initiator group begin-
ning statins over the course of the follow-up. Such weights would allow
us to estimate a per-protocol estimand corresponding with the effects
of consistent statin use. However, the treatment censoring weighting
model for the time-varying analysis did not achieve a good statistical
fit (Table S5), and there was evidence that cessation of statin use was
likely influenced by unmeasured predictors of dementia (Table S6). We

therefore did not pursue per-protocol estimates.

2.5.2 | First-year indicators

Initiation of statins may coincide with an increase in medical utiliza-
tion and thus is likely to result in a higher possibility of detection of
prevalent dementia regardless of whether there is a biological effect of
statins on dementia. Our result showed an exceptionally higher associ-
ation of statin initiation with dementia diagnoses within the first year
after statin initiation (Figure S3). We believe that this short-term ele-
vation reflects that statin initiators have a higher probability of being
diagnosed with dementia due to their more frequent medical care uti-
lization compared to non-initiators. Furthermore, statins may lead to
short-term memory complaints that later resolve but may be recorded
using dementia codes in the medical record. Therefore we divided
follow-up time into periods before and after 1 year of follow-up, by
creating an indicator variable for the first year of follow-up in the anal-
ysis models to capture the effect only “after each subject’s first year of

follow-up.”

2.5.3 | Outcome models

In the full cohort and then the survey cohort, we estimated two types
of Cox proportional hazard models for each of our outcomes (ADRD,
AD): (1) initial models including a binary variable of statin initiation,
an interaction between statin initiation and an indicator for the first

year of follow-up, an interaction between statin initiation and the
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hypothesized sociodemographic modifier of interest, age categories,
and the quartile of LDL values; (2) models additionally adjusted for the
decile of propensity score along with all the variablesin (1). All outcome
models were weighted for the stabilized IPTW.

254 | Interaction

Our analysis examined the multiplicative interaction between statin
initiation and various sociodemographic factors on the risk of
ADRD/AD. For the full cohort, we evaluated age categories, gender, and
race/ethnicity as possible modifiers. Using the survey cohort data, we
evaluated age categories, gender, race/ethnicity, and additional survey
variables including education (both as categorical or binary), mari-
tal status (both as categorical or binary), income level, U.S. nativity,
and mother’s U.S. nativity (Table S4). Equation 1 summarizes a typical

model:

(aprD/AD(t) = ho (b) * exp(By * Statin_initiation
+ B, = Statin_initiation « first_year
+ --- B3 * sociodemographic_factor
+ B4 * Statin_initiation * sociodemographic_factor
+ -+ 85 * deciles_of_propensity_scores

+ B¢ * categories_of_age + 37 * quartiles_of LDL) (1)

Equation 1: Hazard Function for ADRD/AD Risk with Statin Initia-
tion and Sociodemographic Factors

Our primary coefficients of interest were the interaction terms
between statin initiation and the sociodemographic modifier (B4),
corresponding to the hazard of ADRD/AD among statin initiators
compared to statin non-initiators within a certain stratum of a sociode-
mographic variable after the first year of follow-up. Analysis of the
survey cohort used the same initial and adjusted models, but to avoid
immortal person-time, follow-up time for analyses in the survey cohort
was restricted to begin no earlier than the survey completion date.

This study follows the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guideline for cohort
studies.>? Human subjects approval for this study was granted by the
University of California San Francisco Institutional Review Board (IRB),
the Boston University IRB, and the KPNC and Mid-Atlantic States IRBs.
All analyses were conducted using R version 4.1.3.53 Statistical signif-
icance was set at p < 0.05; since no results met this threshold, we did

not implement any multiple comparison corrections.

3 | RESULTS

Our full analytic cohort sample included 258,242 individuals who
received a first statin prescription between January 2001 and Decem-
ber 2010, matched to 1,291,210 individuals who either never initiated

statins or had not initiated statins at the first statin prescription date
of their matched statin initiator (Figure 1). The survey analytic cohort
included 26,724 individuals who received a first statin prescription
after completing the survey and before December 2010, matched
to 133,602 individuals (Figure 1). The average age at statin initiation
was 67.40 (SD = 9.14) years for the full cohort and 69.09 (SD = 8.56)
years for the survey cohort (Table 1). Statin initiators in the full cohort
were more likely to have prior diagnoses of major depressive disorder,
hypertension, cardiovascular disease, stroke, and diabetes. The demo-
graphics and mean follow-up time in the full cohort were similar to
the those in the survey cohort (11.79 years [SD = 5.21] vs 10.67 years
[SD = 4.04]). In the survey cohort, the social characteristics of statin
initiators were generally similar to those of non-initiators (Table 2).
The description for the full and the survey cohort when excluding
individuals with extreme propensity scores (below the 1st or above
the 99th percentile of all propensity scores) can be found in Tables S7
and S8.

Average propensity scores for statin initiation were higher among
statin initiators than their matched non-initiators (0.22 [SD = 0.11] vs
0.16 [SD = 0.08]) but substantial overlap in propensity score distribu-
tions for initiators and non-initiators was attained (Figure S2). After
applying IPTW, the distributions of most covariates were similar for
statin initiators and their matched non-initiators, except for LDL-C,
which showed a larger standardized difference in the weighted sample
compared to the crude sample (Tables S9-S12, Figures S4-S7).

Using the full cohort, adjusted hazard ratios (HRs) for dementia
were close to the null and statistically indistinguishable from the null
for all gender, age, and race/ethnicity groups examined (p > 0.05;
Figure 2, left, Table S13, left). Estimated effects of statin initiation
were lowest—but still nearly null—for Asian-identified individuals
(HR = 0.964, CI: 0.923-1.006), Black individuals (HR = 0.966, ClI:
0.927-1.006) and the youngest age (below 60 years; HR = 0.966, Cl:
0.915-1.02). Trend tests for age suggested no significant effect modifi-
cation by age category for the full cohort (p = 0.766). The patterns for
AD were generally similar to those for ADRD and showed no clinically
meaningful difference from the null for the overall samples as well as
across age, gender, and race/ethnicity (Figure S8, left, Table S13, left).

In the survey cohort, adjusted HRs for dementia were within 12%
of the null (i.e., HR 0.95 to 1.12) in every subgroup examined, with no
significant difference from the null across age, gender, race/ethnicity
(Figure 2, right, Table S13, right) or education, income, nativity, or
maternal nativity (Figure 3, Table S14). The estimated effects of statin
initiation were lowest—but again close to null—for Asian (HR = 0.955,
95% Cl: 0.816-1.119) and Black (HR = 0.967, 95% Cl: 0.812-1.151)
individuals. Trend tests for age indicated no significant effect mod-
ification by age category (p = 0.206). The estimated effects were
highest for the highest income group (HR = 1.122, 95% Cl: 0.995-
1.265), but there was no trend across levels of income (p = 0.912).
The patterns for AD were similar to those for ADRD and showed
no clinically meaningful difference from the null across age, gender,
and race/ethnicity subgroups (Figure S8, right, Table S13, right), and
for other sociodemographic variables in the survey cohort (Figure S9,
Table S14).
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TABLE 1 Demographic characteristics of subjects in the full and survey-matched cohorts.
Full cohort Survey cohort
Statin Statin Statin Statin
Total initiators non-initiators  Total initiators non-initiators

Baseline sample characteristics (n=1,549,452) (n=258,242) (n=1,291,210) (n=160,326) (n=26,724) (n=133,602)
Age, years, mean (SD) 67.40(9.14) 67.40(9.14) 67.40(9.14) 69.09 (8.56) 69.09 (8.56) 69.09 (8.56)
Propensity score for statin initiation, mean 0.17 (0.09) 0.22(0.11) 0.16 (0.08) 0.17(0.07) 0.20(0.10) 0.16 (0.06)
(SD)
Gender (Male), n (%) 687,918 (44.4) 11,9181(46.2) 568,737 (44.0) 94,304(58.8) 15,223(57.0) 79,081(59.2)
Race, n (%)

Non-Hispanic White 1,013,405 (65.4) 160,580 (62.2) 852,825(66.0) 116,334(72.6) 18,861(70.6) 97,473(73.0)

Non-Hispanic Asian 159,878 (10.3) 28,144 (10.9) 131,734(10.2) 14,337(8.9) 2462 (9.2) 11,875(8.9)

Non-Hispanic Black 104,330 (6.7) 19,513(7.6) 84,817 (6.6) 6767 (4.2) 1235 (4.6) 5532 (4.1)

Hispanic 164,519 (10.6) 30,201 (11.7) 134,318(10.4) 13,865(8.6) 2515(9.4) 11,350 (8.5)

Other 91,367 (5.9) 15,984 (6.2) 75,383 (5.8) 8220 (5.1) 1474 (5.5) 6746 (5.0)

Unknown 15,953 (1.0) 3820 (1.5) 12,133(0.9) 803(0.5) 177(0.7) 626 (0.5)
Major depressive disorder, n (%) 241,857(15.6) 43,833(17.0) 198,024(15.3) 25899(16.2)  4566(17.1) 21,333(16.0)
Hypertension, n (%) 890,932(57.5) 178,755(69.2) 712,177(55.2)  95,473(59.5) 17,936(67.1) 77,537(58.0)
Cardiovascular disease, n (%) 212,632(13.7) 56,773(22.0) 155,859(12.1) 33,287(20.8)  5594(20.9) 27,693(20.7)
Stroke, n (%) 36,475 (2.4) 12,601 (4.9) 23,874 (1.8) 3117(1.9) 1181 (4.4) 1936 (1.4)
Head injury, nN (%) 11,356 (0.7) 1975(0.8) 9381(0.7) 1540(1.0) 276(1.0) 1264 (0.9)
Diabetes, n (%) 197,674 (12.8) 69,347 (26.9) 128,327(9.9) 14,250 (8.9) 4590 (17.2) 9660 (7.2)
Low-density lipoprotein (mg/dL), mean (SD) 137.92(36.72) 147.82(38.20) 135.95(36.09) 125.34(31.13) 139.48(35.55) 122.51(29.36)
Imputed low-density lipoprotein, n (%) 159,389 (10.3) 4090(1.6) 155,299 (12.0) 6621 (4.1) 148 (0.6) 6473 (4.8)
High-density lipoprotein (mg/dL), mean (SD) 53.29(14.84) 51.06(14.28) 53.73(14.91) 52.50(15.22) 51.44(14.73) 52.71(15.31)
Imputed high-density lipoprotein, n (%) 101,872 (6.6) 2605 (1.0) 99,267 (7.7) 4327 (2.7) 114 (0.4) 4213 (3.2)
HbA1c (mg/dL), mean (SD) 5.99(0.85) 6.27 (1.25) 5.93(0.73) 5.85(0.57) 5.98(0.86) 5.82(0.49)
Imputed HbA1c, n (%) 980,909 (63.3) 124,194 (48.1) 856,715(66.3) 95,267 (59.4) 13,389(50.1) 81,878(61.3)
Outpatient visits, mean (SD) 8.21(10.19) 8.98(10.74) 8.06(10.07) 9.02(10.56)  9.22(10.85) 8.97 (10.50)
Inpatient visits, mean (SD) 0.09 (0.38) 0.11(0.45) 0.08 (0.36) 0.09 (0.39) 0.10(0.41) 0.09 (0.39)
Telehealth visits, mean (SD) 0.19 (1.04) 0.23(1.21) 0.19(1.01) 0.64(1.81) 0.67 (1.88) 0.63(1.79)
Prescription visits, mean (SD) 8.72(8.09) 10.00(8.61) 8.46(7.96) 9.25(8.15) 9.72(8.29) 9.15(8.12)
Qutcomes accrued during follow-up

ADRD, n (%) 254,910(16.5) 39,245(15.2) 215,665(16.7) 20,442(12.8)  3193(11.9) 17,249(12.9)

AD, n (%) 66,636 (4.3) 9847 (3.8) 56,789 (4.4) 5780 (3.6) 934(3.5) 4846 (3.6)

Years followed, mean (SD) 11.79 (5.21) 10.16 (5.82) 12.11(5.02) 10.67 (4.04) 9.66 (4.63) 10.87(3.88)

Abbreviation: ADRD, Alzheimer’s disease and related dementias; HbA1c, hemoglobin Alc; SD, standard variation.

4 | DISCUSSION

In this study, we aimed to emulate a target trial to evaluate sociode-
mographic modifiers of the effect of statin initiation on the incidence
of dementia, leveraging a uniquely robust EHR database that includes
up to 20 years of follow-up and a large, embedded survey cohort.
Our findings suggested that the association of statin initiation
with ADRD/AD incidence was close to null across all sociodemo-
graphic groups evaluated, including by age, sex, racial/ethnic identity,
education, marital status, income, U.S. nativity, and maternal U.S.

nativity.

Our findings suggest that statin initiation does not significantly
impact ADRD/AD incidence across various sociodemographic groups.
This inference is bolstered by the observation of no significant effects
for statin initiation on ADRD/AD overall,2? and no statistically or clin-
ically significant estimated associations within any of the evaluated
sociodemographic groups, with results consistent in both the full and
the survey cohorts. This lack of association suggests that the protective
cardiovascular effects of statins may not extend to reducing dementia
risk.

Previous studies on the risk of dementia associated with statin
use have produced inconsistent results. RCTs with short follow-up
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TABLE 2 Survey characteristics of subjects in the survey-matched cohort.

Survey cohort
Statin non-initiators
Sample characteristics Total (n = 160,326) Statin initiators (n = 26,724) (n=133,602)
Education level, n (%)
Grade school (grades 1-8) 3383(2.1) 617(2.3) 2766 (2.1)
Some high school (grades 9-11) 6421 (4.0) 1191 (4.5) 5230(3.9)
High school or GED 23,125 (14.4) 4189 (15.7) 18,936 (14.2)
Technical/trade school 5158(3.2) 936 (3.5) 4222(3.2)
Some college 41,114 (25.6) 6964 (26.1) 34,150 (25.6)
College 34,667 (21.6) 5573(20.9) 29,094 (21.8)
Graduate school 36,346 (22.7) 5452 (20.4) 30,894 (23.1)
Other 696(0.4) 120(0.4) 576(0.4)
Missing 9416 (5.9) 1682 (6.3) 7734 (5.8)
2Education (Higher, binary), n (%) 11,7285 (73.2) 18,925 (70.8) 98,360 (73.6)
Missing 9416 (5.9) 1682 (6.3) 7734 (5.8)
Marital status, (N (%)
Never married 6861 (4.3) 1114 (4.2) 5747 (4.3)
Married or living as married 11,2957 (70.5) 18,599 (69.6) 94,358 (70.6)
Separated/divorced 19,285 (12.0) 3255(12.2) 16,030 (12.0)
Widowed 17,604 (11.0) 3141 (11.8) 14,463 (10.8)
Missing 3619(2.3) 615(2.3) 3004 (2.2)
bMarital status (Married, binary), n (%) 112,957 (70.5) 18,599 (69.6) 94,358 (70.6)
Missing 3619(2.3) 615(2.3) 3004 (2.2)
Income level, n (%)
<$20,000 11,559(7.2 2140(8.0) 9419(7.1)
$20,000-$39,999 24,627 (15.4) 4395(16.4) 20,232 (15.1)
$40,000-$59,999 28,796 (18.0) 4851(18.2) 23,945 (17.9)
$60,000--$99,999 41,986 (26.2) 6751(25.3) 35,235(26.4)
$100,000+ 35,945 (22.4) 5600 (21.0) 30,345 (22.7)
Missing 17,413(10.9) 2987(11.2) 14,426 (10.8)
Bornin USA, n (%)
No 25,479 (15.9) 4461 (16.7) 21,018(15.7)
Yes 129,126 (80.5) 21,294(79.7) 107,832 (80.7)
Unknown 592(0.4) 104 (0.4) 488 (0.4)
Missing 5129(3.2) 865(3.2) 4264 (3.2)
Born in USA (mother), n (%)
No 40,771(25.4) 6970 (26.1) 33801 (25.3)
Yes 114468 (71.4) 18883(70.7) 95585 (71.5)
Unknown 1124 (0.7) 200(0.7) 924 (0.7)
Missing 3963(2.5) 671(2.5) 3292 (2.5)

aEducation “lower” category includes “grade school (grades 1-8), some high school (grades 9-11), high school or GED; other,” “higher” category includes
“technical/trade school, some college, college, graduate school.”

bMarital status “currently not married” category includes “never married, separated/divorced, widowed”; “currently married” category includes “married or
living as married.”
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FIGURE 2 HR (hazard ratio) estimates of statins on ADRD by demographic subgroups in the full (left) and survey (right) cohort. The estimates
show the HR of statins on dementia for the corresponding reference groups, after each subject’s first year of follow-up. The estimates are from the
adjusted model that controls for deciles of propensity score, age categories, and quartiles of LDL-C. Stabilized IPTW has been applied. The age
category was set based on “below 60,” “60 to <65,” “65 to <75,” and “75 or older.” for both the full and the survey cohort. p-Values represent the
significance of heterogeneous effects across different levels. Specifically: for gender, comparing female versus male; for age, the significance of a
linear trend across four levels on an ordinal scale; and for race, comparing each racial group against the reference group, non-Hispanic White. The
effects for Race = Unknown were excluded. ADRD, Alzheimer’s disease and related dementias; HR, hazard ratio; IPTW, inverse probability of

treatment weighting; LDL-C, low-density lipoprotein cholesterol.

periods have generally suggested no overall effect of statins on demen-
tia or cognitive outcomes.8~14 RCTs are often limited by small sample
size, short follow-up periods, and participant characteristics that differ
significantly from the typical clinical populations. High-quality obser-

vational studies have achieved much larger samples than RCTs,15-2¢

15-21,25,26

and generally have suggested protective effects of statins for

cognition and dementia, although results have been mixed, supporting

no association, 2223

or protective effects only when initiated at younger
ages.?* A previous emulated trial of statin initiation on dementia risk
found no ITT effect of statin initiation on dementia incidence using
pooled logistic regression in a sample of 6373 participants with up to
10 years of follow-up. However, with only 622 statin initiators and
63 dementia cases among those initiators, the sample in the previous
emulated trial was too small to rule out important effects or evaluate
heterogeneity.”* Our emulated trial design included over 400 times

more statin initiators in the full cohort and 43 times as many statin

initiators in the survey cohort, with slightly longer average follow-up,
allowing for precise effect estimates even in subgroups.

Several studies have investigated demographic modifiers of the
effect of statins on dementia or cognition, including age, gender, and
race/ethnicity with mixed findings.3% Although some studies showed
insignificant evidence of age as an effect modifier of the relation-
ship between statins and dementia/cognitive outcomes,”>>¢ others
suggested potential interactions, where higher age would result in a
reduced hazard of statins on dementia or cognitive outcomes com-
pared to lower age.3¢°7->8 However, many these of studies focused on
different cognitive test scores rather than time-to-diagnosis of demen-
tiaor AD,%¢ evaluated the efficacy of statins in delaying the progression
of AD in already diagnosed individuals,?” or included only high-risk
patients >65 years of age with preexisting ischemic heart disease.”®
Fairly few prior studies include both large samples and high-quality

data on both lab values and social determinants of health. Previous
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studies investigating gender as a modifier of the relationship between
statin use and dementia or cognitive outcomes have also produced
varied results.1#°8-60 Among studies that focused on dementia, esti-
mated interactions with gender were inconsistent across statin types
dementia,®® or were observed only for vascular dementia.>? A study
examining race/ethnicity as an effect modifier found that simvastatin
was associated with lower AD risk for White men and women, Hispanic
men and women, and Black women, whereas pravastatin and rosu-
vastatin were associated with reduced AD risk for White women.2®
Our study found no heterogeneity in the effects of statin initiation on
dementia by race/ethnicity.

Several strengths of this study contribute to the reliability and gen-
eralizability of our findings. First, we used a large and diverse database,
with the unusual strength of detailed measures on a wide range of
sociodemographic characteristics in a routine clinical care setting. This

allows for better representation of the population, which increases the

external validity of our results and allows us to evaluate confound-
ing and heterogeneity by covariates that are rarely available in EHR
databases. Second, we employed the emulated trial design, which simu-
lates an RCT setting. This approach helps mitigate confounding, avoids
the potential for immortal time-bias, and provides the best feasible
support for causal inference in the absence of actual randomization.
Finally, we employed rigorous statistical models, including restricting
follow-up to after the first year, applying stabilized inverse probabil-
ity of treatment weighting, and additionally adjusting for propensity
score deciles in the outcome modeling. These methodological choices
strengthen the internal validity of our study.

However, several limitations should be acknowledged. The ITT anal-
ysis likely attenuates the true effect of remaining on statins because
some participants who initiated treatment subsequently stopped using
statins, whereas some participants classified as non-initiators at base-

line subsequently began statin treatment. Such changes in treatment
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would dilute the observed effect of initiating status compared to the
effect of using statins, potentially leading to estimates closer to the
null.®1-63 |n our full matched cohort, nonadherence is present in both
the initiator and non-initiator groups during follow-up (Figure S10).
However, the two groups showed a substantial difference in cumu-
lative exposure, with an average difference of ~5 statin years over
a 20-year follow-up period. Although the emulated trial method is
a powerful tool, it depends on assumptions of exchangeability that
are conditional on observed covariates. Although our list of covari-
ates is more comprehensive than that of most studies, some factors
such as personality or undocumented health concerns, may nonethe-
less contribute to unmeasured confounding. Per-protocol analysis was
not conducted due to the models’ poor fit for predicting treatment
switching and the lack of necessary variables needed to accurately cap-
ture the complexity of the treatment switching mechanism. Finally, we
did not evaluate different statin types, dose variations, or duration of
statin use in this analysis due to complexities arising from changing
prescribing trends and adherence patterns over time.

Future studies should implement emulated trial designs on large-
scale datasets with extended follow-up periods, employing rigorous
methodologies to investigate the impact of statins on dementia. Identi-
fying both the neuropsychological and sociodemographic mechanisms
underlying treatment censoring will enable the application of per-
protocol analyses using IPCW, providing insights into the causal
relationship between continued statin use and dementia outcomes. In
addition, it is essential to explore distinct subcategories, such as the
dosage and type of statins, to determine if these factors differentially
affect the risk of developing dementia.

In conclusion, this study is the first emulated trial design that aimed
to assess the potential effect modification of sociodemographic fac-
tors on the association of statin initiation on dementia incidence.
No significant effect modification of sociodemographic factors on the

association between statin initiation and dementia was observed.
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