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Abstract

Objectives: The purpose of the study was to test the hypothesis that anticholinergic drug
exposure is associated with cognitive decline in the Wisconsin Registry for Alzheimer’s
Prevention (WRAP) study. Secondary aims were to assess if the effects of anticholinergic drugs on
different domains of cognitive functioning varied for the entire sample and by apolipoprotein 4
status.

Methods: The WRAP study includes a sample of 1,573 subjects who self-reported medication
use and were administered several cognitive tests four times over a decade. Partial correlations
assessed relationships between reported days of definite anticholinergic drug exposure with
changes in cognitive performance. Linear mixed models were conducted tested main effects for
anticholinergic drug use and interaction effects between anticholinergic drug use, apolipoprotein
e4 status, and time on neuropsychological assessment performance.

Results: Partial correlations indicated that days of anticholinergic drug exposure was associated
with a decline in mental status for the entire sample (r=-.043, p=.011), and immediate verbal
memory (r=-.066, p=.043), delayed verbal memory (r=-.077, p=.018), psychomotor speed
(r=—-.066, p=.043), and cognitive flexibility (r=-.067, p=.040) of apolipoprotein e4 carriers only.
The linear mixed model results suggested that anticholinergic drug users had a greater decline
than non-users in delayed memory, psychomotor speed, and cognitive flexibility. Apolipoprotein
e4 carrier, anticholinergic drug users performed worse in delayed memory than non-users and
non-carrier, anticholinergic drug users.

Conclusions: Anticholinergic drug use may have deleterious effects on the cognitive
functioning of subjects in populations at risk for dementia, especially among apolipoprotein e4
carriers.
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Introduction

Anticholinergic drugs are used to treat allergies, depression, psychosis, muscle and
gastrointestinal problems, vertigo, Parkinson’s disease, bladder incontinence, arrhythmia,
and other cardiopulmonary issues (Pfistermeister et al., 2017). Approximately 34% of older
adult populations have used anticholinergic medications (Britt & Day, 2016). Given their
widespread use, it is important to understand their effects on cognitive functioning. Studies
have linked anticholinergic drug use to increased risk of falls, bone fractures, poorer grip
strength, slower walking speed, reduced appetite, and mobility in elderly populations (Attoh-
Mensah et al., 2020; Chatterjee et al., 2016; Lim et al., 2019; Marcum et al., 2016; Wouters
et al., 2020).

Recent research studies have supported the hypothesis that anticholinergic medications are
associated with a higher risk for dementia (Bottiggi et al., 2006; Britt & Day, 2016; Cai
etal., 2013; Chuang et al., 2017; Campbell et al., 2018; Dyer et al., 2020; Fortin et

al., 2011; Fox et al., 2011; Jessen et al., 2010; Papenberg et al., 2017; Wu et al., 2017;

Ziad et al., 2018). A large majority of studies relied on cut-off scores from a mental

status exam among other neuropsychological assessments to substantiate a dementia or

Mild Cognitive Impairment (MCI) diagnosis (Fox et al., 2011; Lechevallier-Michel et al.,
2004). For example, Naharci et al., (2017), Ancelin et al., (2006), and Chuang et al.,

(2017) using mental status exam cutoff scores to substantiate dementia diagnoses, found that
anticholinergic drug exposure was associated with increased dementia risk. A significant
limitation of using cutoff scores of neuropsychological assessments to determine dementia is
their susceptibility to both false negatives and positives. For example, Mitchell (2009) found
that in a memory clinic, the MMSE has a 77% sensitivity and an 91% specificity, which
suggests that a significant portion of the sample may be misdiagnosed. Furthermore, there
may be considerable variance in cognitive functioning among the groups diagnosed with and
not diagnosed with dementia or Mild Cognitive Impairment (MCI). As a result, it may be
more beneficial to assess the effects of anticholinergic drug use on a comprehensive battery
of neuropsychological test scores directly.

Several studies also used insurance or medical records associating filling a prescription with
anticholinergic properties and healthcare provider diagnosis of dementia to draw linkages
(Cai et al., 2013; Campbell et al., 2018; Han et al., 2008). Specifically, Cai et al., (2013),
using records from a primary care office, found that anticholinergic drug users were 50%
more likely to be diagnosed with dementia than non-users. A limitation of using medical
records to draw connections between medication and dementia status is that a diagnosis is
commonly made by a single provider, typically in the absence of cognitive testing (Han

et al., 2008). As a result, studies that use these methodologies may have underestimated
the amount of dementia cases in the population. In a more thorough design, Campbell

et al., (2018) reviewed registered prescriptions and found that anticholinergic drugs were
associated with an increased likelihood of an MCI diagnosis in a predominantly African
American population. The previous findings provide a consensus that anticholinergic drug
use is associated with greater likelihood of cognitive decline in certain populations.
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The apolipoprotein e4 allele (APOe4) is a genetic risk factor for AD, but few studies have
directly assessed differences in the effects of anticholinergic drug use on APQOe4 carrier
status using a sample with high risk for AD. Montagne et al., (2020) notes that the APOe4
allele has a role in augmenting the effects of AD pathology, which includes neurofibrillary
tangles and buildup of amyloid plaques. The APOe4 allele is also associated with other
cardiovascular risk factors, which may weaken the blood brain barrier thus enhancing the
effects of anticholinergic medications (Montagne et al., 2020). Nebes et al., (2012) found
that anticholinergic drug use had a negative effect on the cognitive functioning of APOe4
carriers. Conversely, two recent studies did not find any evidence to support interaction
effects between anticholinergic drug use and APOe4 carrier status on cognitive functioning
(Dyer et al., 2019; Limback-Stokin et al., 2018). However, these two studies did not control
for familial risk factors for AD.

The purpose of the current study was to use data from the Wisconsin Registry for
Alzheimer’s Prevention (WRAP) to test the hypothesis that anticholinergic medication use
and exposure is associated with cognitive decline in a population with familial risk factors
for dementia. A secondary goal of the study was to investigate the effects of anticholinergic
drug use and exposure on different domains of cognitive functioning. In turn, it was
hypothesized that anticholinergic drug use would have negative effects on working memory,
phonemic fluency, auditory verbal learning and delayed memory, psychomotor speed, and
cognitive flexibility. Finally, a tertiary aim of the current research study was to explore
differences in the effects of anticholinergic drugs on the cognitive functioning of APOe4
carriers and non-carriers. As such, it was predicted that APOe4 carrier, anticholinergic drug
users would have worse performance and show greater declines in neuropsychological test
scores than non-carriers, and APOe4 carrier, non-users.

The current research study analyzes data from the WRAP study, which is one of the

largest and most comprehensive longitudinal studies of cognitive functioning over time. The
dataset includes approximately 1,573 subjects who were ages 36 to 73 at the start of the
study. Nearly three in four of the studies participants had a parent or close relative with

a confirmed case of dementia determined via medical or autopsy reports and all non-AD
related causes were ruled out (Johnson et al., 2018). It should be noted that none of the
subjects had cognitive impairment at the baseline. The attrition rate was estimated at 33%
from visits one to four. Johnson et al., (2018) estimates that over 99% of the original WRAP
sample has a high school degree and 54% to 66% had a bachelor’s degree.

Participants were recruited through their affiliation with certain clinics associated with the
study, attendance of educational presentations, and other resources in the community. Each
subject was paid $50 per visit in compensation for their participation in the study. The
current analysis includes observations from the first four study visits which started the data
collection process in 2001, 2006, 2009, and 2012 respectively. During each visit, subjects
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completed questionnaires, gave blood for testing, and were administered a wide range of
neuropsychological assessments by trained examiners (Johnson et al., 2018). Permission to
obtain and analyze the dataset was approved by a research ethics committee at a university
in the midwestern United States and was subsequently approved by the WRAP study board.

Anticholinergic Drug Use.—Participants self-reported their prescription and non-
prescription drugs during each visit, which was used to determine the anticholinergic
properties of medications. It should be noted that subjects were not required to take any
medications as a part of the WRAP study. The Anticholinergic Cognitive Burden Scale
(ACBS) is a list of medications classified by their anticholinergic properties. According to
the ACBS, drugs listed as a level one is labeled as possessing ‘possible” anticholinergic
properties, whereas drugs classified as a level two or three have definite anticholinergic
properties (Aging Brain Care, 2012).

Health Variables.—During the first visit, subjects provided a saliva sample that was

used to determine their apolipoprotein E genotype. Participants were asked during each

visit if they had ever been diagnosed by a medical provider with heart disease, diabetes,
depression, anxiety, head injury, stroke, Parkinson’s disease, multiple sclerosis, lung disease,
liver disease, AIDS, and kidney disease. Frequency of physical activity was assessed by
asking subjects how often they engage in physical exercise on a scale of 1(rarely or never)
to 4(more than once a week). Smoking behavior was determined by asking about their daily
cigarette use on a scale of 1 (hon-smoker) to 6 (30 or more cigarettes).

Psychological Assessments

The Center for Epidemiological Studies-Depression (CES-D) was used as a measure

of depressive symptomology during each study visit (Radloff et al., 1977). The Verbal
Intelligence Quotient (VIQ) of the Wechsler Abbreviated Scale of Intelligence (WASI) was
used as an assessment of verbal intelligence during the first study visit (Wechsler et al.,
1999). Given that years of education was not included in the dataset, VIQ was used as

a proxy for years of education since the two variables are highly correlated (Abad et al.,
2016). The Mini-Mental State Exam (MMSE) was used as a measure of mental status and
severity of cognitive impairment (Folstein et al., 1983). In turn, the Digit Span subtest of the
Wechsler Adult Intelligence Scale — Third Edition (WAIS-I11) was used as an assessment

of working memory capacity (Wechsler, 1997). Phonemic fluency was assessed using

the Benton Controlled Oral Word Association (COWA) test (Benton, Hamsher, & Sivan,
1994), whereas immediate (AVLTI) and delayed (AVLTD) verbal learning and memory was
assessed using the Auditory Verbal Learning Test (AVLT) (Schmidt et al., 1996). Finally, the
Trail Making Test, Part A (TMTA) was used as an assessment of psychomotor speed and
Part B (TMTB) was used as an indicator of cognitive flexibility (Reitan, 1958)

Data Analysis

Data Selection and Classification.—Subjects who were using a definite anticholinergic
drug (level two or three anticholinergic drug according to the ACBS) were classified as
anticholinergic drug users for the purposes of the study. To reduce the effects of possible
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anticholinergic drugs on the outcome (level one anticholinergic drugs according to the
ACBS), the sample excluded observations of non-users who reported using two or more
possible anticholinergic drugs. The effects of non-users who reported using one possible
anticholinergic drug was accounted for in the statistical models, and it should also be noted
that the significance of the statistical tests did not change when all possible anticholinergic
drug users were removed from the dataset.

Observations of subjects who reported using definite anticholinergic drugs that were not
intended for regular use (i.e. diphenhydramine) were also excluded from the analysis.
Furthermore, subjects who reported a history of head injuries, stroke, Parkinson’s

disease, multiple sclerosis, kidney disease, liver disease, lung disease, and AIDS were
also not included. Specific observations in which participants who reported use of
narcotic analgesics, benzodiazepines, acetylcholinesterase inhibitors, and psychostimulant
medication use were also not included to limit the influence of non-anticholinergic
psychotropic medications that may influence cognitive functioning.

Partial Correlations.—Partial correlations were conducted to test the hypothesis that days
of anticholinergic drug exposure was associated with neuropsychological test performance.
Partial correlations were chosen over alternative methods because of their ability to compare
two continuous variables that adjusted for covariate effects and provide an estimate of

effect size. The first set of partial correlations assessed relationships between reported days
of anticholinergic drug exposure and raw neuropsychological test scores. Each correlation
controlled for heart disease, diabetes, depression, anxiety, prevalence of physical activity,
cigarette use, reported days on a possible anticholinergic, CESD ratings of depression,
gender, age, and verbal intelligence.

A second set of partial correlations was conducted to test the hypothesis that reported

days of anticholinergic drug exposure is associated with a decline in neuropsychological
test performance. Specifically, these correlations tested the relationships between change
in neuropsychological test scores and reported days of anticholinergic drug use during the
most recent visit. The change in neuropsychological test scores variable was computed by
subtracting the raw score during the earlier visit from the score during the most recent visit
for all tests except TMTA and TMTB. Since TMTA and TMTB are timed tests, the scores
during the recent visit were subtracted from the scores during the earlier visit so positive
values would suggest an improvement in performance.

A limitation with assessing differences in repeated administrations of heuropsychological
tests is that subjects who score high on a prior visit may have less opportunity to

increase scores in comparison to those who scored lower. To control for this effect,
neuropsychological assessment scores during the earlier visit were included as a covariate
in correlations with change in performance as a dependent variable. It should be noted
that partial correlation values were reported for the entire sample, APOe4 carriers, and
non-carriers separately to assess the hypothesis that anticholinergic drug exposure has a
more detrimental effect on the cognitive functioning of APOe4 carriers than non-carriers.
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Linear Mixed Models.—Linear mixed models were conducted using the same covariates
as the partial correlations to test the second set of hypotheses that definite anticholinergic
drug users would perform worse and show greater decline in neuropsychological functioning
than non-users. Specifically, each model assessed main effects for time, APOe4 carrier
status, anticholinergic drug use, and an interaction effect between anticholinergic drug use
and time. To assess the hypothesis that APOe4 carrier status has an impact on the influence
of anticholinergic drugs on cognitive functioning, the models also tested interaction effects
between anticholinergic drug use and APOe4 carrier status, along with anticholinergic drug
use, APOe4 carrier status, and time on neuropsychological test performance.

A second set of linear mixed models was conducted testing the same effects and covariates
with change in neuropsychological assessment scores as the dependent variable. Consistent
with the partial correlations, the linear mixed models with change scores as the dependent
variable included scores during the earlier visit as a covariate to control for extreme scores
regressing toward the mean. Each model was tested at an alpha level of .05 and false
discovery rate (FDR) corrections were applied to adjust for multiple testing (Benjamini &
Yekutieli, 2005). The data was analyzed using IBM SPSS Statistics, Version 26.0 (IBM
Corp, Armonk, NY, 2019).

Missing Values.: Little’s MCAR test was significant for all models, which suggests

that missing values were not at random. As a result, a chained equations imputation

was conducted using SPSS to fill the missing values. The chained equations imputation
algorithm uses logistical and linear regression to fill in the missing values in the dataset
(Azur et al., 2011). Five imputations were used, and the statistical significance of the results
across the five imputations were compared to that of the original dataset. Overall, all the
imputations yielded consistent results with the original sample and as such the original
dataset was used in the analysis.

Analysis of the Sample

During visits one through four, the sample included 67, 61, 60, and 35 subjects using

one or more definite anticholinergic medications respectively. Anticholinergic drug users
made up 6.8% of the sample during visit one (non-users, n=1056), 1% during visit two (non-
users, n=924) and three (non-users, n=872), and 4% during visit four (non-users, n=569).
Chi-squares tests, t-tests, and non-parametric Mann-Whitney U tests were conducted to
determine if any differences in the covariates existed between anticholinergic drug users and
non-users using the baseline observations. Non-parametric tests were used due to the small
percentage of anticholinergic drug users compared to non-users.

Table 1 highlights the count and percentage of anticholinergic drug users by categorical
covariate along with chi-square test results during the first study visit. During the baseline
observation, there was no significant differences between anticholinergic drug users and
non-users in prevalence of APOe4 carriers, monthly physical exercise, cigarette use,
reported history of heart disease, and diabetes. Conversely, anticholinergic drug users had
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a significantly greater proportion of females and were more likely to report a history of
depression and anxiety disorders than non-users.

Table 2 includes the mean, standard deviation, minimum, maximum of raw
neuropsychological test scores and continuous covariates along with independent samples
t-test and Mann-Whitney U results by anticholinergic use during the baseline visit (and visit
two for MMSE since it was not administered during visit one). According to the t-test and
Mann-Whitney U results, there was no significant differences between anticholinergic drug
users and non-users in Digit Span, AVLTI, AVLTD, TMTA, TMTB, and MMSE scores,
age, and verbal intelligence during the baseline observation and visit two for the MMSE.
However, definite anticholinergic drug users had significantly better COWA performance,
higher CESD scores, and reported more days on a level one anticholinergic drug than
non-users during visit one.

Partial Correlations

Partial Correlations Between Duration of Anticholinergic Drug Use and
Neuropsychological Test Scores.—Table 3 shows the partial correlations between
reported days of exposure to a definite anticholinergic and neuropsychological assessment
performance by APOe4 carrier status. As indicated in Table 3, anticholinergic drug
exposure was significantly associated with poorer performance on the MMSE, AVLTI,
AVLTD, TMTA, and TMTB for the entire sample. For APOe4 carriers, anticholinergic
drug exposure was significantly correlated with worse performance on the AVLTI, AVLTD,
TMTA, and TMTB, whereas reported exposure was only significantly associated with
poorer performance on the AVLTI and AVLTD among non-carriers. As indicated in Table 3,
the negative effect of anticholinergic exposure on TMTA and TMTB performance appears
strongest for APOe4 carriers.

Partial Correlations Between Duration of Use and Change in
Neuropsychological Test Scores.—Table 3 also highlighted the correlations between
duration of anticholinergic drug exposure and change in performance throughout the
duration of the study. As indicated from Table 3, reported days exposure to anticholinergic
drugs was associated with a significant decline in MMSE among all subjects and non-
carriers, but did not reach statistical significance for APOe4 carriers. In contrast, reported
days of anticholinergic drug exposure was associated with significant declines in AVLTI,
AVLTD, TMTA, and TMTB scores among APQOe4 carriers only. Supplementary Figures
1,2,3,4, and 5 include scatter plots of change scores for MMSE, AVLTI, AVLTD, TMTA,
TMTB respectively by number of reported days on an anticholinergic medication.

Linear Mixed Models

Neuropsychological Test Scores as a Dependent Variable.

Main Effects for Anticholinergic Drug Use.: The results for the first set of linear

mixed models that used raw neuropsychological test scores as the dependent variable are
highlighted in Table 4. As indicated in Table 4, the findings suggest that anticholinergic
drug use was not associated with performance on the Digit Span and COWA. However, the
findings from Table 3 show significant differences between anticholinergic drug users and
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non-users on the AVLTI, AVLTD, TMTA, and TMTB. Supplemental Table 1 highlights the
model predicted means for anticholinergic users, and non-users on each neuropsychological
assessment by study visit. The model predicted means suggest that anticholinergic users had
significantly worse overall performance (regardless of study visit) than non-users on AVLTI,
AVLTD, TMTA, and TMTB.

Anticholinergic Use and Time.—For the first set of models, anticholinergic drug

use interacted significantly with time on MMSE scores. Figure 1 highlights the model
predicted mean scores, 95% upper bound confidence intervals for anticholinergic drug users,
and the 95% lower confidence interval scores for non-users. As displayed in Figure 1,
anticholinergic drug users’ MMSE scores declined from visits three to four, whereas the
scores remained consistent for non-users. As indicated in Table 4, anticholinergic drug use
interacted significantly with time on TMTB. Figure 2 highlights the model predicted mean
TMTB scores along with the 95% confidence interval lower bound scores for non-users

and upper bound scores for anticholinergic drug users by visit. As evident by Figure 2,
non-users’ model predicted mean TMTB finish times improved at a greater pace during visit
one and continued to improve from visits two to four. In contrast, anticholinergic drug users’
performance improved less than non-users from visits one to two, and model predicted mean
TMTB finish times increased from visits two to four suggesting worse performance with
repeated trials. In contrast to the findings for MMSE and TMTB, anticholinergic use did not
interact significantly with time on Digit Span, COWA, AVLTI, AVLTD, and COWA.

Anticholinergic Drug Use and APOe4 Carrier Status.: As evident from Table 4,
anticholinergic drug use did not interact significantly with APOe4 carrier status on
MMSE, Digit Span, COWA, AVLTI, TMTA, and TMTB. However, there was a significant
association between AVLTD scores and APOe4 carrier status, but not after adjusting for
FDR.

Anticholinergic Drug Use, APOe4 Carrier Status, and Time.: As indicated in Table 4,
anticholinergic drug use did not significantly interact with APOe4 carrier status and time on
performance on any of the neuropsychological tests.

Models with Change in Performance as Dependent Variable.—The second model
assesses change in neuropsychological assessment scores while controlling for performance
during the previous visit. Table 5 highlights the FDR corrected p-values, the model predicted
mean change scores, and the 95% confidence intervals by anticholinergic drug use and
APOe4 carrier status.

Anticholinergic Drug Use.: As indicated in Table 4, anticholinergic use was associated
with a greater decline in performance on the MMSE, AVLTD, TMTA, and TMTB than
non-users. In contrast to these significant findings, there was no associations between
anticholinergic drug use and change in performance on Digit Span, COWA, and AVLTI.

Anticholinergic Use and APOe4 Carrier Status.: Anticholinergic drug use interacted
significantly with APOe4 carrier status on the AVLTD. Figure 3 highlights the model
predicted mean and 95% confidence interval change in AVLTD scores by APOe4 carrier
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status and anticholinergic drug use. As indicated in Figure 3, APOe4 carrier anticholinergic
drug users showed greater decline in performance over the course of the study than non-
carrier, non-users; APOe4 carrier, non-users; and non-carrier, anticholinergic drug users.

Anticholinergic Use, APOe4 Carrier Status, and Time.: Anticholinergic drug use and
APOe4 carrier status interacted significantly with time on AVLTD scores. Supplementary
Figure 6 highlights the model predicted mean scores by APOe4 carrier status and the 95%
upper bound confidence interval AVLTD scores for APOe4 carrier, anticholinergic drug
users. As indicated in Supplementary Figure 6, APOe4 carrier, anticholinergic drug users
had similar AVLTD change scores from visits one to two and greater decline from visits two
to three and three to four than the other three groups.

Discussion

The primary aim of the current study was to use WRAP data to test the hypothesis

that anticholinergic exposure is associated with lower and reduced performance on
neuropsychological tests. As hypothesized, the findings suggested that anticholinergic drug
exposure was associated with declines in cognitive performance in certain domains of
cognitive functioning. In turn, a secondary aim of the study was to investigate the effects
of anticholinergic drug use and exposure on different domains of cognitive functioning,
which included tests of mental status, working memory, phonemic fluency, verbal learning
and memory, psychomotor speed, and cognitive flexibility. The study hypothesized that
anticholinergic drug use and exposure would be associated with lower and reduced
performance in all measured domains of cognitive functioning. However, the results of

the study did not support this hypothesis as neither anticholinergic drug use or exposure
was associated with lower or reduced performance in working memory or phonemic
fluency. Conversely, the results confirmed the hypothesis that anticholinergic drug use

and exposure was associated with significantly greater declines in mental status, delayed
memory, psychomotor speed, and cognitive flexibility. The results echo the findings of
Bottiggi et al., (2006) and Lanctot et al., (2014) who found negative associations between
anticholinergic use, mental status, psychomotor speed, and cognitive flexibility. The findings
also parallel those of Uusvaara et al., (2013), Wouters et al., (2020), Han et al., (2008), and
Papenberg et al., (2017) who found that anticholinergic drug use was associated with lower
performance in verbal memory.

The cholinergic system in the basal forebrain is believed to communicate with the parietal
regions, the limbic system, and the prefrontal cortex to regulate which sensory stimuli pass
through the filter of selective attention into working memory (Bentley et al., 2011). Given
that TMTA and TMTB may foster reliance on the cholinergic system (identifying the next
appropriate item while ignoring other items), it is plausible that anticholinergic interference
with these attention processes may explain anticholinergic drug users’ lower performance
on tasks of psychomotor speed and cognitive flexibility. In concert with their influence

on attention, cholinergic systems may play an instrumental role in encoding processes,
specifically through communications between the basal forebrain, hippocampus, and
entorhinal cortex (Bentley et al., 2011). As a result, the association between anticholinergic
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drug use and declines in delayed verbal memory performance may be due to interference
with these encoding processes.

Conversely, the selective attention and encoding skills that are necessary for optimal
performance on TMTA, TMTB, and AVLTD are not as essential on Digit Span and

COWA, which may explain the insignificant associations between anticholinergic drug use
or exposure and working memaory or phonemic fluency found in this study. However, it

is important to note that the lack of associations between anticholinergic use and working
memory does contradict other studies (Motley et al., 2018). Specifically, studies associating
acetylcholine with working memory performance focus on nicotinic receptors, while most
of the medications used in this study block synaptic transmission at muscarinic receptors
(Motley et al., 2018). As a result, it is possible that the type of anticholinergic medications
used by the participants in this study did not have a substantial influence on working
memory. The lack of negative associations between anticholinergic drug use and phonemic
fluency is consistent with other studies (Pompeia et al., 2012). Although cholinergic activity
enhances the encoding processes, high levels of acetylcholine have appeared antagonistic to
the consolidation and retrieval processes (Bentley et al., 2011). Therefore, its plausible that
by lowering levels of acetylcholine, anticholinergic drugs may, as in the case of Pompeia

et al., (2012) facilitate or in the current study, at least not attenuate performance on word
retrieval tasks like the COWA.

The current study adds to the literature by suggesting that anticholinergic drug use

is associated with reduced mental status, executive functioning, and verbal memory
performance in a population with familial risk factors for developing AD. Neuroimaging
studies suggest the basal forebrain is one of the sites first impacted by neurofibrillary tangles
associated with AD (Jessen et al., 2010; Liu et al., 2015). As a result, blocking cholinergic
activity in the basal forebrain with long-term anticholinergic drug use may play a role

in development of amyloid pathology in individuals susceptible to development of AD.
However, studies suggest that anticholinergic drugs do not accelerate the process of AD,

but individuals with AD may be more susceptible to the negative cognitive effects of the
medications (Jessen et al., 2010).

A tertiary aim of the current study was to test the hypothesis that anticholinergic drug use
and exposure would have more deleterious effects on the cognitive functioning of APOe4
carriers than non-carriers. APOe4 carrier status is a genetic risk factor for Alzheimer’s
disease and has been linked, although not consistently across studies, to lower performance
on tasks assessing delayed memory, psychomotor speed, and cognitive flexibility in older
adults (O’Donoghue et al., 2018). Coincidentally, the findings from the current study
suggested that days of drug exposure was associated with a more deleterious effect on
verbal memory, psychomotor speed, and cognitive flexibility of APOe4 carriers than
non-carriers. However, when anticholinergic users were compared to non-users directly,
anticholinergic drug use was only associated with a decline in delayed verbal memory.
Nebes et al., (2012), who found similar results, argues that APOe4 carriers’ blood brain
barriers are more sensitive to the effects of anticholinergic drugs. In addition, it was
stated that APOe4 carriers have less acetyltransferase enzymes than non-carriers, which
may result in lower acetylcholine levels. For example, a study by Allen et al., (1997)
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who examined brains postmortem found that APOe4 carriers without evidence of AD had
reduced acetylcholine activity than non-carriers. As a result, APOe4 carriers may be more
sensitive to anticholinergic medications than non-carriers, which provides support for the
hypothesis that individuals with a genetic predisposition to AD may be more likely to
experience negative cognitive effects from taking anticholinergic medications.

The results of this study support the well-established finding that acetylcholine activity

is important to the processes of learning and memory (Hasselmo, 2006). In addition, it
should be noted that the clinical presentation of early stage AD often involves memory
deficits prior to other domains of cognitive functioning (Lezak et al., 2012). In contrast

to the significant findings for delayed memory, there was insufficient evidence to suggest
that anticholinergic drugs affected APOe4 carriers and non-carriers differently in working
memory and phonemic fluency.

The present study utilized a sample drawn from a population of individuals with a

probable family history of AD. Examining the potential effect of anticholinergic medication
of an at-risk population is a unique aspect of this study. Additional strengths include

the study’s longitudinal design, which includes four observations over a 12 to 15-year
period. Furthermore, the study addressed and controlled for non-prescription anticholinergic
medication use (i.e. diphenhydramine). The study also excluded observations when
subjects reported using definite anticholinergic drugs that were not used on a regular and
consistent basis, other medications were also controlled for that affect cognitive functioning
like acetylcholinesterase inhibitors, psychostimulants for ADHD, benzodiazepines, anti-
parkinsonians, and narcotic analgesics. The study also addressed self-reported history of
depression, rating of depression during each visit, accounted for multiple comparisons bias,
and controlled for baseline neuropsychological assessment results. Although the current
study has some key strengths, it is important to note this is not a randomized controlled
study, so it is still difficult to identify causation despite the longitudinal design. In addition,
there was a small number of APOe4 carriers and definite anticholinergic drug users.
However, the percentage of anticholinergic drug users in the current study compared to
non-users was consistent with estimates of potent anticholinergic drug use reported in

other studies (Grossi et al., 2020). Furthermore, medications were self-reported so it is
possible that participants forgot to report a medication during a study visit and, as a result,
the sample may underrepresent anticholinergic use. The dose strength of anticholinergic
medications was also not considered in the analysis. In turn, it should be noted that repeated
administrations of the neuropsychological assessments can result in improvements due to
practice effects. Although practice effects could not be fully addressed in the statistical
models, the linear mixed models assessing change in performance controlled for scores
during the earlier visit which addressed extreme scores regressing back to the mean. In
turn, the study did not include measurements of amyloid or tau pathology, which should be
considered in future studies assessing the effects of anticholinergic drugs on the cognitive
functioning of APOe4 carriers and non-carriers. The analysis did not include educational
level, however VI1Q was used as a proxy for years of education since they are highly
correlated (Abad et al., 2016). As highlighted in the results, there was no significant
difference between anticholinergic drug users and non-users in VIQ. Furthermore, more
than 99% of the sample of WRAP subjects had at least a high school diploma, which
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reduces the variation in years of education among the study sample. It is also important

to note that even though years of education has been associated with higher premorbid
scores on cognitive tests, there is insufficient evidence to suggest years of education explains
or is predictive of changes in cognitive performance independent of its association with
premorbid scores, which was controlled for by the current study design (Wilson et al., 2009;
Nishita et al., 2013). Given all these considerations, it is unlikely that years of education
explained the differences in changes in cognitive functioning between anticholinergic drug
users and non-users found in this study.

Future research is needed to address the limitations of this study beginning with a larger and
more diverse sample of subjects using anticholinergic medications. Given that much of the
medication data was self-reported, future researchers may want to consider using medication
databases that are confirmed and supplemented by self-report data. As mentioned, the dose
was not considered with the current design, future research should consider measuring
serum anticholinergic activity to determine anticholinergic burden rather than the ACBS
(Mulsant et al., 2003). Finally, future studies should also consider giving alternative forms
of neuropsychological assessment measures to help adjust for practice effects from repeated
testing administrations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

. Question: Does anticholinergic drug use influence the cognitive functioning
of subjects with familial and genetic risk factors for Alzheimer’s disease?

. Findings: Anticholinergic drug exposure was associated with declines in
mental status, verbal learning and memory, psychomotor speed, and cognitive
flexibility, especially among apolipoprotein e4 carriers.

. Importance: Medical providers may want to consider anticholinergic drug
burden when prescribing definite anticholinergic drugs to patients with
familial and genetic risk factors for Alzheimer’s disease.

. Next Steps: Future research is needed to test a link between anticholinergic
drug use and measured tau or amyloid activity in populations with increased
risk for Alzheimer’s disease.
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Figure 1.

Model Predicted Mean and 95% Confidence Interval Mini Mental State Examination Scores
by Anticholinergic Drug Use and Visit
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Model Predicted Mean, 95% Upper Bound for Non-users (AC-), and Lower Bound for
Anticholinergic Drug Users (AC+) on the Trail Making Test, Part B16

16 Trail Making Test, Part B (TMT-B) is a timed test, so lower scores suggest better
performance.
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Model Predicted Mean and 95% Confidence Interval Auditory Verbal Learning Test Delayed
Recall Scores for Apolipoprotein €4 Carrier (e4+) and Non-apolipoprotein 4 carrier,
Anticholinergic Drug Users (AC+) and Non-users (AC-)
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Description of the Sample of Anticholinergic Drug Users (AC+) and Non-users (AC-) by Demographic and
Health Related Variables During Baseline Visit

Variable1 AC Use2 N %3 x2 P
AC- 83 7.9

Heart Disease .02 .884
AC+ 8 11.9
AC- 44 4.2

Diabetes .04 .581
AC+ 3 45
AC- 181 17.2

Depression 56.95 <.001**
AC+ 35 522
AC- 60 5.7

Anxiety 20.66 <.001**
AC+ 15 22.4
AC- 788 748

Phys Act 3.93 .269
AC+ 43 64.2
AC- 76 7.2

Cigarette Use 1.73 .786
AC+ 3 45
AC- 381 361

APQOe4+
AC+ 29 433

.95 .330

AC- 637 604

APQOe4~
AC+ 38 56.7
AC- 322 306

Male
AC+ 10 14.9

10.90 .001**

AC- 732 694

Female
AC+ 57 851
AC- 1054 100

Total
AC+ 67 100

lHeart Disease=Reported history of heart disease, Diabetes=Reported history of diabetes, Depression=Subject reported history of depression,
Anxiety=Subject reported a history of anxiety disorders, Phys Act=Subject reported that they engaged in physical activity four times a month or
greater, Cigarette Use=Subjects reported that they had smoked cigarettes in the previous month, APOe4+= APOe4 carrier, APOe4—=non-carrier

2 T
AC-=non-user, AC+=anticholinergic drug user

3 . T .
%=the percentage of subjects who belonged to that group among anticholinergic drug users or non-users. For example, 7.9% in the AC- row of

heart disease in the visit one column suggests that 7.9% of non-users reported a history of heart disease.
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Descriptive Statistics of Raw Neuropsychological Test Scores and Continuous Covariates for Anticholinergic

Drug Users (AC+) and Non-users (AC-) During Baseline Observation

Variable4 AC Use X SD Min Max t5 p U6 p
AC- 29.38 .95 23 30

MMSE7 12 .906 32301 672
AC+ 29.36 .87 27 30
AC- 17.29 391 8 30

DS -1.51 133 44888 .220
AC+ 17.99 411 9 29
AC- 44.29 10.79 11 85

COWA -2.12 .035* 47386 .018*
AC+ 47.00 9.96 24 68
AC- 50.49 8.29 23 75

AVLTI .98 .328 38370 .255
AC+ 49.53 8.42 30 69
AC- 10.32 2.95 0 15

AVLTD 1.81 .071 36213 .057
AC+ 9.68 2.89 3 15
AC- 26.83 8.89 10 88

TMTA -.42 675 41724 .067
AC+ 27.28 9.47 16 66
AC- 64.14 28.99 25 352

TMTB .034 973 41819 .910
AC+ 64.03 25.96 33 195
AC- 53.62 6.73 36 73

Age 1.80 .072 46675 .076
AC+ 55.04 6.03 36 67
AC- 6.13 6.62 0 44

CESD -38 <.001** 49589  .004**
AC+ 9.18 9.84 0 51
AC- 109.36 10.87 62 137

VIQ .82 412 43330 291
AC+ 110.43 10.91 78 129
AC- 201.08  868.90 0 9790

L1 Dur -3.04 .002** 47823 <.001**
AC+ 532.24  1455.82 0 9547

AC Dur AC+ 2118 2261 2 16308

4MMSE:Mini—MentaI State Examination Total Score, DS=Wechsler Adult Intelligence Scale Third Edition, Digit Span subtest, COWA=Benton
Controlled Oral Word Association test (COWA), AVLTI=Combined score of the first five trials on the Auditory Verbal Learning Test,
AVLTD=Delayed Recall Portion of the Auditory Verbal Learning Test, TMTA=Trail Making Test, Part A; TMTB=Trail Making Test, Part B;
CESD=Center for Epidemiological Studies — Depression, Total Score; Age=Reported Age During Visit, L1 Dur=Number of days subject reported
using a level one anticholinergic drug on the Anticholinergic Cognitive Burden Scale; AC Dur=Number of reported days using a level two or three
anticholinergic drug on the Anticholinergic Cognitive Burden Scale

5 .
Independent Samples t-test statistic

6, . . -
Non-parametric Mann-Whitney U test statistic

7.

The MMSE was not administered during visit one, so the means and analyses represent MMSE scores during the second study visit.
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Partial Correlations Between Reported Days of Definite Anticholinergic Exposure and Total and Change in

Neuropsychological

Test Performance by Apolipoprotein e4 Carrier Status

Model Test Stat Total ed— ed+
r _o43* 045 .044
MMSE
p 011 .070 181
r .007 .018 -.006
DS
p .668 .389 .826
r .023 .015 .046
COWA
p 175 4T3 .092
r _ ** _ * A _ Hk
Days of Exposure to Definite Anticholinergic and Neuropsychological Assessment AVLTI 075 075 092
Performance p <.001 <.001 <.001
r -081*" -082"" -.004™*
AVLTD
p <.001 <.001 <.001
r 05177 021 gg5™*
TMTA
p .002 .315 <.001
r .039% 013 o76™
TMTB
p .021 534 .005
r -080"" -093™" 059
MMSE
p .001 .003 .156
r .034 -.026 .040
DS
p .078 291 220
r .003 .001 .019
COWA
p .876 .968 .560
Days of Exposure to Definite Anticholinergics and Change in Neuropsychological AVLTI r -.034 015 -.066 "
A t Perf
ssessment Performance b o077 543 043
r -.034 -.001 -.077 *
AVLTD
p 077 .968 .018
r -040" 016 _0g6™
TMTA
p .038 516 .043
r -.035 -.003 -.067 *
TMTB
p .069 .903 .040

p<.05
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Hok

p<.01
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Table 4.

Linear Mixed Model Results by Neuropsychological Assessment

Model Scores at Visit Change in Scores
Test8
Effect AC ed*AC T*AC T*ed*AC AC AC*ed AC™*ed*T
df 1,2383 1,2378  2,1530 1,2378 1,1498  1,1494 3, 1400
F 3.30 .01 4.80 .01 7.68 .01 .53
MMSE .069 .942 .008** .942 .006** .934 .587
* 3
FDRg 138 .942 .032 .587 .018 .934 .881
df 1, 2004 1,1970 1,1105 1,1122 1,2079 1, 2076 4, 1386
DS F .29 .89 .90 .95 1.22 .22 2.79
P .593 .345 443 459 .270 .636 .025*
FDR 712 .565 .636 .636 405 .636 .075
df 1,1685 1,1652  1,1079 1,1092 1,1978 1,1975 4,1277
.55 .68 .25 1.24 19 .92 .35
COWA
459 410 .861 .282 .660 .337 .847
FDR 751 .738 .962 .564 847 .847 .847
df 1, 1926 1,1892 1,1118 1,1134 1,2049 1,2048 4, 1369
8.78 1.9 2.32 77 2.34 1.10 1.32
AVLTI
.003** .168 074 592 126 .294 .259
FDR .009** .233 121 .592 294 .294 .294
df 1,2010 1,1976  1,1118 1,1135 1,2075  1,2076 4,1397
19.34 4.94 2.19 .85 11.6 8.75 3.62
AVLTD
<.001** .026* .087 .530 .001** .003** .006**
FDR <.001** .059 131 .681 .003** .005** .006**
df 1, 2073 1, 2041 1,1107 1,1132 1,2054 1, 2053 4, 1409
9.39 72 171 .78 7.04 .25 2.16
TMTA
.002** .396 .163 .588 .008** .616 .071
FDR .007** .509 .293 .706 .024* .616 .107
df 1,1937 1,1903  1,1091 1,1111 1,2052 1,2050 4, 1453
12.79 1.77 3.80 1.53 13.39 2.23 1.62
TMTB
<.001** .184 .010* .163 <.001** 135 .168
FDR <.001** 221 .026* 219 <.001** .168 .168

Page 24

3MMSE=Mini-MentaI State Examination, DS=Digit Span subtest from the Wechsler Adult Intelligence Scale-Third Edition, COWA=Benton
Controlled Oral Word Association test, AVLTI=Total number of words recalled from the first five trials or Rey’s Auditory Verbal Learning Test,
AVLTD=the total number of words recalled after the delayed period on Rey’s Auditory Verbal Learning Test, TMTA=Trail Making Test, Part A,

TMTB=Trail Making Test, Part B.

gP-vaIue adjusted for False Discovery Rates (FDR)

Neuropsychology. Author manuscript; available in PMC 2022 February 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Collin et al.

Table 5.

Page 25

Model Two Predicted Mean Change Scores and 95% Confidence Interval Scores by Anticholinergic Drug

use™’and Apolipoprotein e4 Carrier Status™

Group Total APOe4- APOe4+
Test™? FORYS FORY
15 AC- AC+ AC- AC+ AC- AC+
Stat
X -07 -3l -0l -26 -13 -36
*
MMSE L -34 -6 018 ~29  -59 40 -7 %
H 20 -01 26 08 14 -0l
X 17 -07 27 -08 .08 -06
DS L “31 -ee S _» 7 s -ge 8%
H 65 55 76 62 57 73
X 74 104 79 45 70 163
COWA L ~73 -1 ™ 7 168 -s1  -s0 Y
H 221 295 230 258 221 405
X -9 -171 -108 -134 ~-72 -2.08
AVLTI L 207 -323 528 303 -192 -400
H 26 -19 11 34 48 -15
X -49 112 -52 -6l -46 -164
Ak Ak
AVLTD -90 -165 003 -94 -120 -8 -231 005
H -08 -59 -10 -02 -04 -96
X  -10 -172 8 -184 28  -160
*
TMTA L 144 -326 0% _130 378 -166 -3s2 °O1°
H 124 03 146 11 110 .62
X -494 -1081 -423 -772 565 -13.89
Ak
™TB L -846 -1540 <901 784 _1p83 -g927 -1973 68
H  -141 -622 -6l -262 -203 -805
*
p<.05
*A
p<.01
10

AC-=Non-user, AC+=Definite Anticholinergic Drug Users

ﬂApoIipoprotein e4 non-carrier=APOe4-, Apolipoprotein 4 carrier=APOe4+

12

MMSE=Mini-Mental State Examination, DS=Digit Span subtest from the Wechsler Adult Intelligence Scale-Third Edition, COWA=Benton
Controlled Oral Word Association test, AVLTI=Total number of words recalled from the first five trials or Rey’s Auditory Verbal Learning Test,
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AVLTD=the total number of words recalled after the delayed period on Rey’s Auditory Verbal Learning Test, TMTA=Trail Making Test, Part A,
TMTB=Trail Making Test, Part B.

13, .. . . . . . S .
Adjusted p-value for False Discovery Rates (FDR) for linear mixed models assessing main effects for anticholinergic drug use on change in
neuropsychological performance

14, . . . . A . . . .
Adjusted p-value for False Discovery Rates (FDR) for linear mixed models assessing interaction effects of anticholinergic drug use and
apolipoprotein e4 carrier status on change in neuropsychological assessment scores

15)_(=Linear Mixed Model Predicted Mean, L=Lower Bound 95% Confidence Interval, H=Upper Bound 95% Confidence Interval
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