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Association of cardiovascular disease
management drugs with Lewy body dementia:
a case—control study

[®Sonja W. Scholz,"2 Brian E. Mor'oz,3 Sara Saez-Atienzar,4 ®Ruth Chia,4
Elizabeth K. Cahoon,? Clifton L. Dalgard,>® The American Genome Center International
Lewy Body Dementia Genomics Consortium, Daryl. Michal Freedman® and Ruth M. Pfeiffer?

Lewy body dementia is the second most common neurodegenerative dementia after Alzheimer’s disease. Disease-modifying therapies
for this disabling neuropsychiatric condition are critically needed. To identify drugs associated with the risk of developing Lewy body
dementia, we performed a population-based case—control study of 148 170 US Medicare participants diagnosed with Lewy body de-
mentia between 1 January 2008 and 31 December 2014 and of 1 253 043 frequency-matched controls. We estimated odds ratios and
95% confidence intervals for the association of Lewy body dementia risk with 1017 prescription drugs overall and separately for the
three major racial groups (Black, Hispanic and White Americans). We identified significantly reduced Lewy body dementia risk
associated with drugs used to treat cardiovascular diseases (anti-hypertensives: odds ratio =0.72, 95% confidence interval = 0.70-
0.74, P-value = 0; cholesterol-lowering agents: odds ratio = 0.85, 95% confidence interval = 0.83-0.87, P-value = 0; anti-diabetics:
odds ratio =0.83, 95% confidence interval = 0.62-0.72, P-value = 0). Notably, anti-diabetic medications were associated with a
larger risk reduction among Black Lewy body dementia patients compared with other racial groups (Black: odds ratio=0.67,
95% confidence interval = 0.62-0.72, P-value = 0; Hispanic: odds ratio =0.86, 95% = 0.80-0.92, P-value = 5.16 x 10~°; White:
odds ratio =0.85, 95% confidence interval = 0.82-0.88, P-value =0). To independently confirm the epidemiological findings, we
looked for evidence of genetic overlap between Lewy body dementia and cardiovascular traits using whole-genome sequence data gen-
erated for 2591 Lewy body dementia patients and 4027 controls. Bivariate mixed modelling identified shared genetic risk between
Lewy body dementia and low-density lipoprotein cholesterol levels, Type 2 diabetes and hypertension. By combining epidemiological
and genomic data, we demonstrated that drugs treating cardiovascular diseases are associated with reduced Lewy body dementia risk,
and these associations varied across racial groups. Future randomized clinical trials need to confirm our findings, but our data suggest
that assiduous management of cardiovascular diseases may be beneficial in this understudied form of dementia.
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Introduction

Lewy body dementia (LBD) is a neurological disease charac-
terized by fluctuating cognition, parkinsonism, visual halluci-
nations and rapid eye movement sleep behaviour disorder."
This form of dementia affects ~1.4 million people in the
USA, substantially burdening the healthcare system and rais-
ing major public health concerns. Despite increased attention
to LBD, current treatments focus on symptomatic manage-
ment, and there are no therapies that slow disease progression

or delay onset. Aside from ageing and a few genetic variants,’
the risk factors for LBD remain elusive. Additionally, little is
known about LBD occurrence in Blacks, Hispanics and other
racial/ethnic groups because accurate data on these popula-
tions have been lacking. Consequently, there is a need to iden-
tify modifiable risk factors and medications that reduce LBD
risk or slow progression after symptom onset.

The main objective of the present study was to identify
protective drugs that could be repurposed to lower LBD
risk and potentially be used as treatments. In the process,


mailto:sonja.scholz@nih.gov
mailto:pfeiffer@mail.nih.gov

Cardiovascular drugs and Lewy body dementia

BRAIN COMMUNICATIONS 2024: Page 3 of 12 | 3

STAGE 1: Prescription drug evaluation STAGE 2: Genetic correlation
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Figure | Study design. This graphical representation showcases the two-stage study design. Stage | consisted of a prescription drug evaluation
using LBD cases and controls sampled from the US Medicare database. In Stage 2, we studied the polygenic overlap between cardiovascular disease

traits and LBD using genomic data.

we also aimed to shed further light on LBD aetiology, the risk
factors driving the disease and possible racial differences. We
used a two-stage approach to identify drugs and their corre-
sponding conditions associated with LBD risk (Fig. 1). First,
we conducted a large drug screen using a case—control study
sampled from the US Medicare claims database. Then, to in-
dependently corroborate associations of LBD risk with the
conditions treated by the prescription drugs identified in
Stage 1, we looked for evidence of genetic overlap between
these conditions and LBD. Combining the epidemiological
and genomic approaches lessened the impact of possible un-
measured confounders and allowed a mechanistic interpret-
ation of the empirical findings.

Materials and methods
Study population

We studied LBD cases and frequency-matched controls en-
rolled in the Medicare claims database between 1 January
2008 and 31 December 2014. Medicare was established in
19635 as a federal health insurance programme for disabled
adults and elderly persons living in the USA. We focused
on the 2008-14 period because Medicare Part D supplemen-
tal plans (covering prescription drugs) became available on 1
January 2006, and Medicare data were not available to us
for the time after 2015. To be eligible for the present study,
the subjects had to have at least 13 months of Medicare plans
Part A/B insurance (covering hospital and medical insurance)
and supplementary plan Part D insurance.

Selection of study participants

We identified LBD cases wusing the International
Classification of Diseases-9-CM (ICD-9-CM) code 331.82.
Each patient was required to have at least one hospital claim
or two outpatient claims 30 days or more apart. Cases were

restricted to those with a first LBD claim between 1 January
2008 and 31 December 2014, with ages 66 through 89. We
aimed to randomly select 10 control subjects per case (actually
matching ratio = 8.5), frequency-matched based on sex, calen-
dar year of case selection and age group at diagnosis/selection
(66-69, 70-74, 75-79, 80-84 and 85-89 years).”> Controls
were assigned 30 June as the selection date for their selection
year. Individuals with claims for the following conditions
were ineligible as controls: primary and secondary dementias,
mild cognitive impairment, age-related neurodegenerative dis-
eases, psychiatric or organic diseases that may mimic LBD, se-
vere sleep disorders and HIV/AIDS (see Supplementary
Table 1 for the exclusion codes). Supplementary Fig. 1 outlines
the study participant selection process.

Drug exposure definition and outcome measures
Drug exposure was defined as having a prescription drug
claim under the Medicare Prescription Drug Plan (Part D).
In each study participant, we examined drug use for up to
1 year and up to 3 years (primary outcome measure) prior
to the LBD diagnosis/selection date. We chose these time
lags to capture medication use in the disease’s prodromal
stages when therapeutic interventions would be most benefi-
cial. As an example of the 3-year lag model, only the avail-
able prescription data up to 70 years of age would be
analysed in a patient diagnosed with LBD at the age of 73.
This approach minimized the possibility of detecting drugs
commonly used to treat LBD symptoms (reverse causality).
Medications prescribed to fewer than 100 study participants
were excluded. Overall, 1321 drugs were tested for associa-
tions in the 1-year lag analysis and 1017 in the 3-year lag
analysis, with substantial overlap between drugs in the two
lag groups (Supplementary Tables 2 and 3).

Statistical analysis

Race/ethnicity was derived using the Research Triangle
Institute algorithm.* Conditions and comorbidities were
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Figure 2 Conditional quantile-quantile (Q-Q) plots and shared variant estimates. The conditional Q-Q plots show the relationship
between the expected (x-axis) versus the observed (y-axis) —log)o P-values of the single nucleotide polymorphism (SNP) associations in the primary
phenotype (e.g. LDL cholesterol) stratified by the P-values in the conditional trait (e.g. LBD). We show four strata: all SNPs, SNPs with two-sided
P-values <0.1 (orange lines), P-values <0.01 (green lines) and P-values <0.001 (red lines). The dashed, diagonal line indicates the expected Q—Q plot
under the null hypothesis for genome-wide associations. The increasing degree of leftward deflection from the null in the conditional phenotypes
indicates polygenic overlap. Using MiXeR modelling of polygenic overlap, all three tested traits [LDL cholesterol, Type 2 diabetes (T2D) and primary
hypertension] show genetic overlap when conditioned on LBD. The log-likelihood plots illustrate the goodness-of-model-fit, plotting the negative
log-likelihood function against the 7, parameter (number of influencing variants shared between two tested traits).

identified using Part B claims and ICD-9-CM codes (restricted
to claims at ages >65 years, 1 January 2006 and up to the
timepoint 1 year before selection). They included dyslipidae-
mia (ICD-9CM code 272), diabetes (250), stroke (434.91),
renal disease (585), hypertension (401), acute myocardial in-
farction (410) and chronic obstructive pulmonary disease
(490, 491, 492, 494 and 496). Obesity was derived from

the Chronic Conditions Data Warehouse obesity definition,
based on diagnostic and procedural codes (including V85.3
and V85.4). As the frequency of health care visits is likely to
affect health outcomes, we accounted for medical surveillance
intensity by calculating the average number of physician visits
per 6-month interval between 2006 and the selection date,
omitting the first and last intervals. We excluded claims
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from specialists with limited patient contact (radiologists,
anaesthesiologists and pathologists).

We used logistic regression models to assess associations
[odds ratios (ORs), 95% confidence intervals (CIs)] between
the individual-level prescription drugs and LBD risk. Models
were adjusted for diagnosis/selection year, age at diagnosis/
selection (categorized as 66-69, 70-74, 75-79, 80-84 and
85-89 years), sex, race (White, Black, Hispanic and other/
unknown), duration of Medicare Part D coverage divided
into quintiles (<30, 31-42, 43-54, 55-78 and >79 months),
the average number of physician visits per 6 months period
(quintiles: cut points <0.75, <2.06, <5.92 and >5.92 visits),
Medicaid eligibility (yes/no), limited income subsidy (yes/no)
and conditions/comorbidities (dyslipidaemia, diabetes,
stroke, renal disease, hypertension, acute myocardial infarc-
tion, obesity and chronic obstructive pulmonary disease).’
To limit the number of false-positive findings, we applied
Bonferroni multiple testing corrections with significance
thresholds of 3.78 x10™° (=0.05/1321 drugs tested) and
4.92%x107° (=0.05/1017 drugs) for the 1- and 3-year lag
models, respectively.

To assess the combined effects of drugs within the same
pharmacologic group, we fitted a two-stage hierarchical lo-
gistic regression model separately to the three medication
groups for which many individual drugs were significantly
associated with lower LBD risk, namely (i) anti-hypertensive
drugs, (ii) anti-diabetic drugs and (iii) cholesterol-lowering
drugs. Models were also stratified by limited-income sub-
sidy/Medicaid eligibility and/or race/ethnicity. Further de-
tails on these models are given in the Supplementary
Materials. All analyses were implemented using the SAS/
STATS software (version 9.4, SAS Institute Inc., Cary, NC,
USA). The study’s use of de-identified Medicare claims was
exempt from review by an Institutional Review Board.

For the second stage of the study, we used summary statistics
from a genome-wide association study (GWAS) of 2591
well-characterized LBD cases and 4027 controls. These co-
horts have been described elsewhere.? Briefly, LBD patients
were diagnosed with pathologically definite (69% of the co-
hort) or clinically probable disease (31%) according to con-
sensus criteria.””® The control participants were selected
based on a lack of evidence of cognitive decline in their clin-
ical history and the absence of neurological deficits on neuro-
logical examination. Pathologically confirmed control
individuals (z=605) had no evidence of notable neurode-
generative disease on histopathological examination. All
study participants were of European ancestry and underwent
150-bp, paired-end whole-genome sequencing using a uni-
form sequencing, alignment, variant calling and quality con-
trol pipeline, as described elsewhere.”

The summary statistics of the GWAS for low-density lipo-
protein (LDL) cholesterol (study identifier: ieu-b-110), Type
2 diabetes (ebi-a-GCST006867) and essential (primary)
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hypertension (ukb-b-14177) were obtained from the MRC
IEU Open GWAS Project (https:/gwas.mrcieu.ac.uk/).””
We applied bivariate causal mixture modelling (as imple-
mented in MiXeR, version 1.3)'" to the summary statistics.
This statistical method estimates the number of shared and
unique trait-influencing variants between complex traits
(i.e. a cardiovascular trait and LBD in the present study)
and determines the genetic correlation of the shared variants.
The best model with polygenic overlap estimated with
MiXeR was compared with models with the least and max-
imum possible overlap. The best model fit was determined
from the lowest point on the negative log-likelihood curve
(Fig. 2). A model was considered acceptable when it had a
positive minimum and maximum Akaike information criter-
ion compared with the best model, indicating sufficient
power in each GWAS dataset to distinguish the estimated
polygenic overlap from the constrained models based on
minimal and maximum polygenic overlap. '’

Results

We included 148170 LBD cases diagnosed between 1
January 2008 and 31 December 2014 in the Medicare claims
database for analysis. Demographic characteristics of the
cases and their 1253 043 matched controls are summarized
in Table 1. Approximately half of the study subjects were
male [7n=75442 (50.92%) cases; n=632990 (50.52%)
controls]. The mean age at the time of the first LBD claim
was 79.50 years [standard deviation=5.91 years, range =
66-89 years], with a similar mean selection age for controls
of 79.33 years (standard deviation = 5.97 years, range 66—89
years). The majority of the study participants were
non-Hispanic, White individuals [#=119856 (80.89%)
LBD cases; 7=1000 875 (79.88%) controls]. The remain-
ing participants were Black [#=11542 (7.79%) cases;
n = 96910 (7.73%) controls], Hispanic [#=11679
(7.88%) cases; n =99 539 (7.94%) controls] or had ‘other’
or unknown racial/ethnic backgrounds [7=5093 (3.44%)
cases; n=55719 (4.45%) controls]. LBD cases had notice-
ably higher prevalences of comorbidities compared with con-
trols (Table 1; e.g. 36.82 versus 27.51% had diabetes, 7.51
versus 0.88% had a history of stroke). More Black and
Hispanic than White individuals received the limited-income
subsidy and were eligible for Medicaid (Supplementary
Table 4). The prevalence of diabetes, stroke, hypertension,
renal disease and obesity was higher among Black indivi-
duals than among White people (Supplementary Table 4).

To accommodate the potentially long period from symptom
onset to establishing the diagnosis, we focused on prescrip-
tion data from the 3-year lag analysis, i.e. excluding medica-
tions prescribed during the 3 years prior to the LBD
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Table | Demographic characteristics of selected study participants

Characteristics

Total Category

Sex Male
Female
6669
70-74
75-79
80-84
85-89
White, non-Hispanic
Black, non-Hispanic
Hispanic
Other/unknown
2008
2009
2010
2011
2012
2013
2014
Low-income subsidy
Medicaid® eligibility
Dyslipidaemia
Diabetes
Stroke
Renal disease
Hypertension
Acute myocardial infarction
Obesity
COPD

Age at selection®

Race/ethnic group

Selection year

Socio-economics

Comorbidities

LBD cases Controls

n % n %
148 170 100% 1253 043 100%
75442 50.92 632990 50.52
72728 49.08 620053 49.48
9552 6.45 85582 6.83
22961 15.50 199 579 15.93
36 464 24.61 296 600 23.67
44 100 29.76 328702 26.23
35093 23.68 342580 27.34
119856 80.89 1 000 875 79.88
11542 7.79 96910 7.73
11679 7.88 99539 7.94
5093 3.44 55719 4.45
18 187 12.27 154411 12.32
19011 12.83 166 406 13.28
20244 13.66 179 449 14.32
23737 16.02 209 608 16.73
22627 15.27 190 883 15.23
22062 14.89 176 526 14.09
22302 15.05 175760 14.03
77 843 52.54 393320 31.39
76 325 51.51 358 189 28.59
98 838 66.71 797 227 63.62
54560 36.82 344713 27.51
11121 751 10992 0.88
22 468 15.16 115285 9.20
116898 78.89 868 944 69.35
6559 4.43 37 686 3.01
11050 7.46 74449 5.94
35870 24.21 205 940 16.44

COPD, chronic obstructive pulmonary disease. *Age at selection in LBD cases refers to the age at first LBD diagnosis. "Medicaid is a federal state health insurance programme providing

health care coverage to low-income and disabled individuals.

diagnosis (or selection date for matched controls). Overall,
1017 drugs were tested in the 3-year model. Medications pre-
scribed to fewer than 100 study participants were excluded
from the analysis. As expected, we identified significant asso-
ciations for the medications used to treat common prodromal
features of LBD (Supplementary Table 5). These included
anti-depressants and anti-psychotics (e.g. quetiapine OR
for the 3-year model=12.32, 95% CI=12.27-12.37,
P-value =0), anti-parkinsonian drugs (e.g. carbidopa/levo-
dopa OR=109.9, 95% CI=109.86-109.95, P-value =0),
cognition-enhancing drugs (e.g. donepezil OR =16.0, 95%
CI=15.98-16.04, P-value = 0) and medications used to treat
constipation, sleep dysfunction, dysautonomia or neurogenic
bladder symptoms. The use of these medications was in-
creased in patients with LBD, confirming that most patients
had been symptomatic 3 years before receiving a formal
neurological diagnosis of LBD.

In contrast, several cholesterol-lowering, anti-hypertensive
and anti-diabetic medications were associated with a signifi-
cantly reduced risk for LBD after Bonferroni adjustment in
the 3-year lag model (Tables 2 and 3; Supplementary
Table 6; Fig. 3). We also found evidence for significantly
reduced LBD risk with the use of anti-inflammatory agents,
glaucoma medications and others. However, we focused the

remaining investigations on modifiable cardiovascular risk
factors that have been implicated in Alzheimer’s disease, a
common form of dementia that has many similarities with
LBD.>"" Similar to the 3-year lag model, the 1-year lag model
identified drugs used to treat prodromal LBD symptoms and
cardiovascular risk factors as associated with LBD risk with
generally the same directions of effects as in the 3-year lag
model (Supplementary Table 5). The 1-year lag model showed
the overall robustness of the associations in the prodromal
phase of LBD and demonstrated that the effect directions
were stable over time (Supplementary Fig. 2).

Hierarchical modelling for drug groups based on the
3-year lag model found a consistent reduction in LBD risk
for all classes of anti-hypertensives (e.g. beta-blockers, cal-
cium channel antagonists; Supplementary Table 7), all
lipid-lowering drug groups (e.g. fibrates, B-Hydroxy B-
methylglutaryl-CoA [HMG-CoA] reductase inhibitors;
Supplementary Table 8) and all classes of anti-diabetics
(e.g. dipeptidyl peptidase-4 inhibitors, sulphonylureas;
Supplementary Table 9). Results were similar for models
stratified by limited income subsidy/Medicaid eligibility
(yes/no; Supplementary Tables 10-12).

When we stratified the hierarchical analysis of cardiovas-
cular drugs by racial groups (Black, Hispanic and White),
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Figure 3 Associations of cardiovascular drugs with LBD. (A) This plot shows the adjusted logistic regression results of cardiovascular
disease treatment drugs associated with LBD risk (n = 64). The ORs are plotted on the x-axis and the —log,o P-values are on the y-axis. The
threshold for significance is indicated by a dashed line. The green background colour highlights drugs associated with decreased LBD risk, and the
red background colour highlights drugs with increased LBD risk. Among the drugs with increased LBD risk, we point out propranolol, an
anti-hypertensive drug that is commonly prescribed for LBD patients due to anti-tremor properties. We also noted insulins as associated with
increased risk for disease, which may indicate that metabolic impairment is optimized when prodromal LBD patients seek medical care for
cognitive changes. We attributed the increased risk of propranolol and insulins reflecting reverse causality to LBD patients seeking medical care for
symptomatic management of neurological changes. (B) Plot showing the effect of the cholesterol-lowering drugs (number of group members g =22),
anti-diabetics (g = 35) and anti-hypertensives (g = 92) on LBD risk based on the 3-year lag model of the US Medicare prescription database.

they were associated with lower LBD risk across all three
groups. However, anti-diabetic drugs had a larger protective
effect in Black patients (OR =0.67, 95% CI=0.62-0.72,
P-value = 0) than in Hispanic (OR =0.86, 95% CI=0.80-
0.92, P-value = 5.16 x 10™°) and White participants (OR =
0.85, 95% CI=0.82-0.88, P-value=0; Supplementary
Table 8). To assess the potential effect modification of anti-
diabetic drug use by socio-economic factors, we further
stratified all hierarchical models by race and limited-income
subsidy/Medicaid eligibility (Supplementary Tables 10-12).
Among White people, there was no difference in the anti-
diabetic estimates, but for Black individuals, the OR was
0.84 (95% CI=0.72-0.99) for those who did not receive
the subsidy and 0.62 (95% CI=0.57-0.68) for those with
limited income subsidy (Supplementary Table 12). Taken to-
gether, these findings suggest that racial differences may play
arole in the risk for developing LBD, and Black patients may
benefit more from stringent glycaemic control.

We next investigated the shared genetic risk among the car-
diovascular traits: hyper-cholesterolaemia, Type 2 diabetes,
essential hypertension (as implicated by our epidemiological
analyses) and LBD. To do so, we performed bivariate
Gaussian mixture modelling of polygenicity using MiXeR,
which calculates the genetic overlap independent of the

direction of effect, enabling it to capture mixtures of risk ef-
fects. The best model fit was ascertained from the lowest
point on the negative log-likelihood curve. A model was con-
sidered acceptable when it had a positive minimum and max-
imum Akaike information criterion compared with the best
model. We applied this MiXeR methodology to (i) GWAS
summary statistics of 2591 well-characterized LBD cases
and 4027 controls who had previously undergone whole-
genome sequencing” and (ii) summary statistics of GWASs
on LDL cholesterol, Type 2 diabetes and essential (primary)
hypertension.””

In our data, we found polygenic overlap influencing LBD
for the following traits: LDL cholesterol (17 shared variants
with a correlation of effect size in the shared polygenic
component, p1» = 0.49), Type 2 diabetes (25 shared variants,
p12 =0.69) and hypertension (34 shared variants, p1, = 0.86;
Fig. 4). Conditional analyses examining the relationship be-
tween LBD and cardiovascular traits were indicative of
shared polygenicity (Fig. 2). Model details are presented in
Supplementary Table 13.

Discussion

In our large, population-based case-control study, drugs
used to treat cardiovascular conditions were associated
with a lower risk of LBD, a common and fatal neurodegen-
erative disease. Specifically, we found a significantly reduced
risk for developing LBD among individuals treated with


http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcad346#supplementary-data
http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcad346#supplementary-data
http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcad346#supplementary-data
http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcad346#supplementary-data
http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcad346#supplementary-data
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Figure 4 Polygenic overlap between cardiovascular traits and LBD. Venn diagrams based on MiXeR modelling from GWASs of
cardiovascular traits and LBD (n = 2591 cases and 4027 controls) illustrate the polygenic overlaps between (A) LBD and LDL cholesterol, (B) LBD
and T2D and (C) LBD and hypertension. The estimated number of causal variants shared between LBD and each respective cardiovascular trait are
shown in the grey intersection. The estimated number of influencing variants that are unique to LBD are shown in blue, while variants uniquely
influencing each cardiovascular trait are shown in orange. Standard errors are shown in parentheses. The size of each circle reflects the extent of
polygenicity of each trait, with larger circles indicating a bigger number of causal variants. The estimates of genetic correlation, as measured by r,
values, are shown at the bottom of each panel. The red bars highlight the significant positive correlations between LBD and each of the three

tested cardiovascular traits. T2D, Type 2 diabetes mellitus.

cholesterol-lowering, anti-diabetic and anti-hypertensive
drugs (Tables 2 and 3; Supplementary Table 6). We focused
on drug prescriptions up to 3 years prior to diagnosis to iden-
tify medications that might delay the onset or slow the pro-
gression of LBD in the prodromal disease stages. We found
additional supportive evidence of polygenic overlap with
cardiovascular risk factors using a whole-genome sequence
dataset obtained from an independent LBD case—control
study and summary statistics of cardiovascular traits. Over
two-thirds (69%) of the cases in our genetic studies had
pathologically confirmed LBD, and the remaining cases
were diagnosed with clinically probable LBD (the highest
clinical category).” This is the first study to examine the asso-
ciations of a broad set of medications with LBD risk and their
effects across racial groups based on data from a large
population-representative healthcare database.

LBD is a spectrum disorder that shares molecular, genetic
and clinicopathological features with both Parkinson’s disease
and Alzheimer’s disease, the most common form of dementia
in the general population.” Previous studies of Parkinson’s dis-
ease and Alzheimer’s disease implicated cardiovascular fac-
tors as potentially modifiable contributors to disease
risk.'>'? Additional studies on dementia in general (without
differentiating the specific forms of the disease) yielded the
same results.'*'* The incidence and prevalence of dementia
in the population have been decreasing over the last three dec-
ades, primarily due to improved cardiovascular risk factor
management.'® Similarly, Type 2 diabetes mellitus has been
associated with an increased risk for Parkinson’s disease
that may be mitigated by anti-diabetic treatment.'”"’
Current evidence on how these insights apply to understudied
dementia types, such as LBD, is scarce. Our data represent an
important step towards filling this knowledge gap and identi-
fying risk factors that are potentially modifiable drivers in the
pathogenesis of this complex form of dementia.

We used genomic analyses to confirm the findings arising
from the epidemiological part of our study. Applying MiXeR

to our recently published GWAS of LBD and summary statis-
tics from cardiovascular traits identified shared genetic risk
(Fig. 2). The temporal pattern whereby the cardiovascular
risk factors precede LBD onset by decades supports their
causal effect. Although more extensive genetic studies are re-
quired to confirm these findings, the combination of epi-
demiological and genetic data implicating cardiovascular
factors as determinants for LBD is compelling, especially be-
cause of the modifiable nature of these risk factors. Our data
suggest that clinical trials testing the efficacy of assiduous
cardiovascular risk management in delaying onset and slow-
ing disease progression among LBD patients should be
prioritized.

Data on the occurrence of LBD in diverse populations are
limited. Notably, our dataset included over 10 000 Black
LBD patients, representing 7.74% of participants, which is
lower than expected, given that Black people comprise 9%
of the US population over 65 years of age.”” Medicare enrol-
ment is relatively complete among racial groups, and the
lower percentage could be explained by a lower incidence
of LBD among the Black population, as previously suggested
in an autopsy study.?' Lower health care utilization may also
contribute.”>* In addition to suggesting that LBD is less
common among Black Americans, the associations for car-
diovascular medications differed across racial groups in
our case—control study. For example, anti-diabetic medica-
tions were associated with a 33% lower LBD risk in Black
Americans, while they were associated with 15 and 14%
lower risk in the White and Hispanic populations, respect-
ively. However, we adjusted models for the number of phys-
ician visits and found similar differences when we
additionally stratified the analysis by low-income subsidy/
Medicaid eligibility within racial groups, indicating that
healthcare access alone does not explain the observed racial
pattern.

The strengths of our study include the very large number of
incident LBD cases; the population-based, US representative
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design; the inclusion of multiple races/ethnicities; the careful
accounting for health care utilization and underlying condi-
tions; the use of hierarchical modelling to elucidate correla-
tions among drugs in the same class; and the use of genomic
data to assess the shared molecular drivers between LBD
and cardiovascular traits. Furthermore, the genomic analysis
helps to alleviate the concern that our findings in the
Medicare data are solely due to unmeasured confounding.

Several limitations should be mentioned. First, data de-
rived from electronic health records can be incomplete.
Second, the accuracy of the clinical diagnosis across health-
care institutions may vary, and unmeasured confounders
are likely present, as the Medicare claims database is de-
signed for administrative rather than research purposes. To
mitigate the influence of confounders in this study, we care-
fully controlled for confounding factors in our analysis by in-
cluding an extensive list of covariates. However, unmeasured
confounding could partly explain differences in associations
for anti-diabetic drugs we found for Black participants. As
biases (e.g. survival bias, collider bias) can never be entirely
dismissed in observational studies, well-designed rando-
mized controlled trials are needed to confirm the findings.
Third, another limitation is that we used only S-year age
groups for matching. Fourth, we limited our investigations
to the 3-year lag model, examining prescription drug expo-
sures in the prodromal phase of the disease. Longer lag per-
iods should be assessed in future studies to understand the
long-term effects of these exposures from the preclinical to
the symptomatic stages of the natural history of LBD.
Fifth, the sensitivity and specificity of the ICD-9-CM code
311.82 for the diagnosis of LBD is unknown. Sixth, vascular
dementia is a common form of dementia that often co-exists
with neurodegenerative dementias. It is possible that the pro-
tective effect of vascular risk factor management drugs on
LBD risk could in part be due to reducing cerebrovascular
co-pathologies. Nonetheless, expanding investigations of
this understudied disease may be of great public health inter-
est, and these risk factors have not been definitively shown to
play a prominent role in this form of dementia. Finally, the
power to detect disease associations with less commonly pre-
scribed drugs was limited. To lessen the multiple testing bur-
den by eliminating very rarely prescribed drugs, we excluded
medications prescribed to fewer than 100 participants.

Using a hierarchical modelling analysis approach, we
found that the LBD risk was lowered not due to a specific
cardiovascular risk management drug class (e.g. beta-
blockers within the anti-hypertensive drug group) but by
all medication classes. This observation supports the veracity
of our claims and implies that the observed beneficial effect is
not mediated through a secondary effect of a particular treat-
ment subgroup.

Conclusion

Medications treating hypercholesterolaemia, diabetes melli-
tus and hypertension were associated with lower LBD risk in

S. W. Scholz et al.

the US elderly population. Furthermore, based on genomic
evaluations, LBD causally shares risk with cardiovascular
traits (LDL cholesterol, Type 2 diabetes and hypertension).
Our results highlight the utility of combining epidemiologic-
al data with genomic information to identify drugs that may
modify complex neurodegenerative conditions. Taken to-
gether, our findings underline the importance of treating car-
diovascular risk factors in LBD patients and suggest that
clinical trials or large-scale population studies examining
the effects of careful risk factor management on disease onset
and progression should be prioritized.

Supplementary material

Supplementary material is available at Brain Communications
online.
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