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Objective: Mild bebavioral impairment (MBD) is a syndrome of late-life-onset
persistent neuropsychiatric symptoms. Anticholinergic medication is commonly
prescribed in older adults. Both MBI and anticholinergic exposure are associ-
ated with increased dementia risk. We sought to understand the association of
anticholinergic burden (ACB) with MBI Design, Setting, Participants: We
mapped ratings on the Neuropsychiatric Inventory Questionnaire to the MBI
checklist (MBI-C) using an established algoritbm to define MBI status in cogni-
tively unimpaired individuals in the National Alzbeimer’s Coordinating Center
database. We then assessed the association between time-varying ACB ratings
and risk of incident MBI Results: 4865 participants met inclusion criteria and
were followed for a mean (SD) of 5.64 (3.92) years. ACB scores ranged from 0
to 11. 63.3% of participants bad a score of 0, 27.7% had a score of 1—2, and 9%
bhad a score of >3. Higher maximum total ACB score was associated with a
bigher likelibood of developing MBI (p <0.001). When assessed as a time vary-
ing covariate, ACB score was associated with incident MBI (HR 1.07, 95% CI
1.02—1.14, p = 0.010). This association remained significant when adjusted for
10-year mortality risk, age, sex, education, and race. Conclusions: MBI risk
should be considered when prescribing anticholinergic medication in older
adults. (Am J Geriatr Psychiatry 2026; 34:1019—1030)
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Impact of Anticholinergic Burden

Highlights

¢ What is the main finding of this study?

¢ What is the meaning of the finding?

® What is the primary question addressed by this study?
The association of anticholinergic burden (ACB) with mild behavioral impairment (MBD).

Anticholinergic exposure was associated with risk of incident MBI when adjusting for age, gender, educa-
tion, race and 10-year mortality risk. This increase in risk was dose dependent.

Anticholinergic medication use was found to be associated with incident MBI, we advise that MBI risk be
considered when prescribing anticholinergic medication in older adults.

OBJECTIVE

M ild behavioral impairment (MBI) is a relatively
new construct described by the International
Society to Advance Alzheimer’s Research and Treat-
ment (ISTAART) as “persistent neuropsychiatric
symptoms (NPS) that emerge, de novo, in advance of
or concurrent with mild cognitive impairment
(MCI).”" MBI symptoms can occur in >1 more of the
following 5 domains: decreased motivation, emo-
tional dysregulation, impulse dyscontrol, social inap-
propriateness, and abnormal perception or thought
content.'” These domains have been quantified in the
MBI Checklist (MBI-C), developed to more clearly
characterize MBI symptoms and domains, as well as
quantify MBI severity, thus better enabling clinicians
and researchers to identify a group of patients in a
“predementia” state.’

MBI affects a significant proportion of older adults.
A study of community dwelling, cognitively unim-
paired (CU) older adults reported an MBI prevalence
of 10%.* A memory clinic study found an MBI preva-
lence of 37% in patients with subjective cognitive
decline, and 54% in MCL° MBI can be a prodrome for
cognitive decline, MCI or dementia.”® We reported
that NPS and other behavioral symptoms precede
cognitive manifestations of dementia in as many as
55% of participants.” Others reported a 2.76-fold
greater incidence rate of dementia in individuals with
MBI when compared to those with no NPS.” Individ-
uals with MCI and concurrent MBI have lower rever-
sion rates to CU and higher rates of progression to
dementia.”

Alzheimer’s Dementia (AD) is predicted to affect
13.9 million Americans >65 years of age in 2060, with
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a 2025 cost burden of $781 billion in the USA. It is
important to identify reversible risk factors for
AD.”"" Identifying variables linked to greater MBI
risk may allow earlier recognition of individuals at
higher risk for dementia as well as facilitate earlier
interventions.

Medications with anticholinergic effects are recog-
nized by the Beers Criteria as potentially inappropri-
ate to use in older adults due to links with greater risk
of side effects such as confusion, constipation, ortho-
stasis, falls, and dry mouth.'"1? Anticholinergic medi-
cations are commonly prescribed to the elderly, with
9.1%—52.7% of individuals >65 years of age exposed
to such medications.'”"* Anticholinergic
prescribing is increasing: in >220,000 UK Biobank
participants assessed between 1990 and 2015, anticho-
linergic burden, calculated by a ‘meta-scale” combin-
ing nine different anticholinergic ratings, increased
nine-fold over that 15 year period."”

Long-term anticholinergic exposure is linked to
greater dementia risk.''” A large, nested case-control
study by Coupland et al.'® studied 284,343 General
Practice patients in England >55 years of age. Com-
pared to no anticholinergic drug prescriptions in the
preceding 1—11 years, adjusted OR for dementia was
1.06 (95% CI 1.03—1.09) in the lowest anticholinergic
exposure category versus 1.49 (95% CI 1.44—1.54) in
the highest. This is supported by a case—control study
of 395,397 Japanese individuals >65 years of age.
Exposure to anticholinergic drugs led to significantly
higher risk of developing dementia (adjusted OR
1.50, 95% CI 1.47—1.54)."”

This analysis aimed to assess the association
between anticholinergic medication and development
of MBI in CU subjects. We are aware of no studies to
date assessing the association. This analysis did not
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assess the direct association between anticholinergic
burden or MBI with dementia risk but, given we
know that long-term anticholinergic exposure has
been linked to greater dementia risk, and MBI can be
a prodrome of dementia, establishing any impact of
these medications on the onset of MBI could have a
real-world impact on prescribing practices and guide
future prospective studies.

METHODS
Participants

Participants were volunteers with normal cogni-
tion recruited and then followed up approximately
annually at Alzheimer’s Disease Research Centers
(ADRCs), funded by the National Institute on Aging
and located across the United States. The National
Alzheimer’s Coordinating Center (NACC) maintains
a database of ADRC participants’ neuropathologic
and clinical data.'® To be included, individuals had to
be age 65 and over, CU at baseline, and have a Neuro-
psychiatric Inventory Questionnaire (NPI-Q) score of
0 at their first and second ADRC visits.'” Those with
a history of bipolar disorder, schizophrenia, and post-
traumatic stress disorder were excluded, as were
those with a remote history of depression (>2 years
prior to their initial ADRC visit). We included those
with a depression diagnosis within 2 years of initial
ADRC visit as depressive symptoms overlap with
MBI criteria and may indicate the development of
MBI. Those with neurodegenerative disorders (Hun-
tington’s disease, Parkinson’s disease, amyotrophic
lateral sclerosis, multiple system atrophy and pro-
gressive supranuclear palsy), developmental neuro-
psychiatric disorders (e.g., autism spectrum disorder,
attention-deficit hyperactivity disorder, and dyslexia),
or Down Syndrome were excluded. Written informed

Franklin et al.

consent was obtained from all participants at each
ADRC and overseen by local IRBs.

Data collected by ADRCs accrue by NACC com-
prising a Uniform Data Set (UDS) which includes
demographics, health history, medications, behav-
ioral assessment, and neuropsychological battery.”*!
We examined data collected from ADRC visits
between May 2005 and February 2020.

Measures
Neuropsychiatric inventory questionnaire

The NPS assessment tool in the NACC database is
the Neuropsychiatric Inventory questionnaire (NPI-
Q). This is a widely used, validated, informant-based,
self-report that evaluates the presence or absence of
12 NPS domains with a 0—3 rating of severity: delu-
sions, hallucinations, agitation/aggression, depres-
sion/dysphoria, anxiety, elation/euphoria, apathy/
indifference, disinhibition, irritability/lability, motor
disturbance, night-time behaviors, and change in
appetite/eating."”

MBI diagnosis

To map the NPI-Q to the MBI-C we used the
method of cross-walking described by Sheikh et al.**
shown in Table 1. A score of >1 in any NPI-Q domain
resulted in a score in its corresponding MBI domain.
To meet criteria for a diagnosis of MBI, a participant
had to score >1 in any corresponding MBI domain,
and their symptoms had to be persistent over a 6-
month period. However, as the NPI-Q assesses symp-
toms over only the prior 1-month period, we used the
TCV (two consecutive visits) MBI operational case
definition. This considers MBI to be present if there is
persistence of symptoms on the NPI-Q over two suc-
cessive annual NACC visits.”

TABLE 1. Mapping NPI-Q to MBI

MBI Domains Decreased

Motivation

Emotional/Affective
Dysregulation

NPI-Q domains Apathy/Indifference  Depression/Dysphoria
anxiety
elation/euphoria

Impulse Social Abnormal Perception
Dyscontrol Inappropriateness or Thought Content
Agitation/Aggression Disinhibition Delusions
irritability/liability hallucinations

aberrant motor behavior

MBI: mild behavioral impairment; NPI-Q: neuropsychiatric inventory questionnaire.
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MCI and dementia diagnoses

Diagnoses were made by a consensus panel or an
individual clinical assessment using all available UDS
data.”* Modified Petersen criteria were used to diag-
nose MCL**** NINCSD/ADRDA criteria were used
to diagnose AD, the NINDS/AIREN criteria were
used to diagnose vascular dementia, the Dementia
with Lewy bodies (DLB) consortium criteria were
used to diagnose DLB, and consensus criteria as
described in Neary et al. was used to diagnose fronto-
temporal dementia.”” "

Anticholinergic cognitive burden scale

Individual anticholinergic medication exposure
information was obtained from the NACC database,
where each participant’s current medication list,
including both prescribed and over the counter medi-
cation, is documented at their initial and each follow-
up visit. To quantify anticholinergic exposure, we
used the updated Anticholinergic Cognitive Burden
(ACB) scale.”” The ACB scale was developed in 2008
by researchers at the Indiana University Center for
Aging and Regenstrief Institute for use as a tool to
optimize geriatric pharmacotherapy by reducing anti-
cholinergic burden. It was updated in 2012 with addi-
tional medications reviewed and added.”” Though
multiple similar scales exist, the ACB was chosen as it
lends itself to use in datasets such as the NACC, and
has been widely used in other peer reviewed studies
looking at anticholinergic burden.”**

The ACB scale categorizes medications with a
score of 1 (“evidence from in vitro data that chemical
entity has antagonist activity at muscarinic receptor”),
2 (“evidence from literature, prescriber’s information,
or expert opinion of clinical anticholinergic effect”),
or 3 (“evidence from literature, expert opinion, or pre-
scriber’s information that medication may cause
delirium”).” If an individual was taking no anticho-
linergic medication, they received a score of 0. For a
full list of medications and their ACB scores see Sup-
plemental Table 1.

Charlson Comorbidity Index

The Charlson Comorbidity Index (CCI) calculates
10 year mortality risk by allocating a score to age and
the following comorbidities: history of myocardial
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infarction, peripheral vascular disease, congestive
heart failure, cerebrovascular disease, hemiplegia,
chronic pulmonary disease, dementia, connective tis-
sue disease, liver disease, peptic ulcer disease, diabe-
tes, renal disease, tumor with or without metastases,
leukemia, lymphoma, and AIDS.”> We included CCI
in our multivariate model as a marker of participant
morbidity.

Statistical Methods

We categorized cognitive status as “CU,”
“impaired but not MCL,” “MCL,” or “dementia.” Par-
ticipants who developed MCI were not censored as
MCI can be concurrently diagnosed with MBL' As
described by Wise et al, a diagnosis of MCI or
dementia was considered “sticky,” i.e., once a partici-
pant was diagnosed with dementia they were consid-
ered to have that diagnosis at subsequent visits and,
once a participant was diagnosed with MCI they
were considered to have that diagnosis at subsequent
visits until they were diagnosed with dementia.® Par-
ticipants who developed dementia were censored at
the time of their diagnosis. Participants who died dur-
ing follow-up were censored at their time of death.

To generate a Kaplan-Meier curve, each partici-
pant’s maximum ACB score across all visits was
used.

To assess individual participant’s change in ACB
score, we calculated the maximum difference in each
participant’s ACB score across all visits, i.e., if a par-
ticipant’s maximum difference was 0, their ACB score
remained consistent from their first to last ADC visit.
We then separated participants into groups based on
their baseline ACB score and generated spaghetti
plots looking at each participant’s ACB scores over
time.

In the primary analysis, ACB score was a time-
varying covariate with participant scores calculated
by adding together the ACB score of each medication
they were taking at each ADRC visit during the study
period. We fit a series of separate Cox proportional
hazard models with site clustering and competing
risks for hazard of MBI, with ACB score, non-aspirin
NSAIDs, opioids, benzodiazepines, selective seroto-
nin reuptake inhibitors (SSRIs), non-SSRI antidepres-
sants, antipsychotics, aspirin, diphenhydramine, and
oxybutynin as time-varying predictors. Death was
treated as a competing risk using the STATA

Am J Geriatr Psychiatry 34:8, August 2026

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en agosto 11,
2026. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.



command stcrreg, this model was implemented as
described by Fine and Gray.” Psychoactive medica-
tion classes were chosen to assess for protopathic
bias. In addition, there is some evidence to suggest
that SSRIs may be neuroprotective.” Benadryl and
oxybutynin were chosen as they are commonly used
medications with strong anticholinergic activity.
Aspirin was chosen as a proxy marker of cardiovascu-
lar risk. We completed unadjusted models as well as
models adjusting for age at baseline, sex, race, years
of education, and CCI. We tested the assumption of
proportional hazards via Schonfeld residuals.”

RESULTS

4,865 participants met inclusion criteria. Table 2
shows their baseline characteristics. Most participants
were white (77.3%), female (64.9%), with a mean edu-
cation time of 16.14 years, and a mean age of
73.48 years at their first visit. Participants were fol-
lowed for up to 16 years, for a mean of 5.64 years.
Mean CCI score was low, with most participants hav-
ing <1 comorbidity. 440 individuals developed MBI,
651 developed MCI and 230 developed dementia (see
Supplemental Figure 1). 514 participants died during
the follow-up period.

Figure 1 displays the distribution of baseline ACB
scores. These ranged from 0 to 11. 63.3% of partici-
pants had a score of 0. Of those taking anticholinergic
medication, 21.0% had a score of 1, 6.7% had a score
of 2, and 9% had a score of 3 or greater.

We found that the majority of participant’s ACB
scores did not change over time, with 51.0% of partici-
pants having a maximum ACB score difference of
0 across all their visits, with another 24.0% with a

TABLE 2. Baseline Characteristics of Participants

N Total = 4,865

73.48 (7.00)
3,157 (64.9%)

Characteristic

Age at first visit, mean (SD)
Female, n (%)

Franklin et al.

FIGURE 1. Breakdown of baseline ACB scores. The figure
above each bar represents the percentage of total participants
with the corresponding baseline ACB score. ACB: anticholin-
ergic cognitive burden.

3500
63.31%

21.05%

Number of participants
g
o

8.98%

]

0 1 2 23
Baseline ACB Score

S 6.66%

maximum score difference of 1 (Table 3). When sepa-
rating participants by their baseline ACB score, we
found that participants who had an ACB score of 0 at
baseline, 63.6% stayed at O across all visits, and
another 19.0% increased to a maximum ACB score
difference of 1 (Supplemental Table 2, supplemental
Figures 2—12).

To examine the impact of ACB score on the devel-
opment of MBI, we plotted MBI-free survival proba-
bility in those with max ACB scores of 0, 1, 2, and 3 or
greater (Figure 2). Unlike in the Cox models, we used
a participant’'s maximum ACB score to create the
Kaplan-Meier plot because it was not possible to dis-
play a survival curve with ACB as a time-varying pre-
dictor. Of 440 individuals who developed MBI, 106
(3.44%) had a maximum ACB score of 0, 105 (10.6%)
had a maximum score of 1, 55 (17.0%) had a maxi-
mum score of 2, and 174 (39.8%) had a maximum
score of 3 or more. A log rank test comparing the four
groups was statistically significant (p <0.001),

Race, n (%) TABLE 3. Maximum Change in ACB Score Across All visits
‘White 3,761 (77.3%) . .
Black/African American 1,072 (22.0%) Max Difference in ACB Score N )
Other 32 (0.7%) 0 2,481 (51.0%)
Years of education, mean (SD) 16.14 (5.32) 1 1,168 (24.0%)
Years of follow-up, mean (SD) 5.64 (3.92) 2 351 (7.2%)
Mean CCI score (SD) 0.28 (0.70) 3 482 (9.91%)
- >4 383 (7.9%)
N: number; SD: standard deviation; CCI: Charlson Comorbidity —
Index. ACB: anticholinergic cognitive burden.
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FIGURE 2. Kaplan-Meier plot of MBI-free survival. Maximum ACB score was used to facilitate the production of a Kaplan—Meier
plot. A log rank test comparing the four groups was statistically significant (p <0.001). ACB: anticholinergic cognitive burden.
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TABLE 4. Number of Participants Who Reported Taking
Selected Medication and Medication Classes at

baseline
Drug Class Reported Taking (%)
Non-aspirin NSAIDs 772 (15.9%)
Opioids 89 (1.8%)
Benzodiazepines 99 (2.0%)
SSRIs 169 (3.5%)
Non-SSRI antidepressants 169 (3.5%)
Typical antipsychotics 6 (0.1%)
Atypical antipsychotics 9 (0.2%)
Individual Drug Reported taking (%)
Aspitin 1,420 (29.2%)
Diphenhydramine 53 (1.1%)
Oxybutynin 73 (1.5%)

NSAIDs: nonsteroidal anti-inflammatory drugs; SSRI: selective sero-
tonin reuptake inhibitor.

indicating that a higher maximum total ACB score
was significantly associated with a higher likelihood
of developing MBL

Table 4 shows the number of participants who
reported taking selected medication and medication
classes at baseline. This table includes all medica-
tions in each class that participants reported taking

at baseline, not only those listed in the ACB scale.
338 (7.0%) reported taking antidepressants, those
included in the ACB scale are: bupropion, fluvox-
trazodone, venlafaxine, amitriptyline,
amoxapine, clomipramine, desipramine, doxepin,
imipramine, nortriptyline, paroxetine. 15 (0.3%)
reported taking antipsychotics, those included in
the ACB scale are: aripiprazole, asenapine, haloperi-
dol, iloperidone, paliperidone, loxapine, risperi-
done, methotrimeprazine, molindone, pimozide,
chlorpromazine, clozapine, olanzapine, perphena-
zine, quetiapine, trifluoperazine and thioridazine.
99 (2.0%) reported taking benzodiazepines, those
included in the ACB scale are: diazepam, alprazo-
lam and clorazepate. 89 (1.8%) reported taking opi-
ates, those included in the ACB scale are: codeine,
fentanyl, meperidine, and morphine. 53 (1.1%)
reported taking diphenhydramine, and 73 (1.5%)
reported taking oxybutynin, both medications hav-
ing an ACB score of 3. 772 (15.9%) reported taking
non-aspirin NSAIDs, and 1,420 (29.2%) reported
taking aspirin.

Table 5 shows the hazard ratios for incident MBI
In both unadjusted and adjusted models ACB was

amine,

TABLE 5. Impact ACB Score on the Development of MBI

Adjusted for Baseline Age, Adjusted for Baseline Age,
Unadjusted Model Sex, Education, Race Sex, Education, Race, CCI
Variable
HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value
ACB score 1.07 1.02—1.14 0.010 1.07 1.02—-1.13 0.012 1.07 1.01-1.13 0.019

Unadjusted and adjusted Cox proportional hazard models with co-variates are included. ACB score was treated as a time-varying predictor. ACB:
anticholinergic cognitive burden; HR: hazard ratio; CI: confidence interval; CCI: Charlson Comorbidity Index.
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TABLE 6. Association of Drug Classes and Individual Drugs with Development of MBI

Drug Class

Adjusted for Baseline Age,

Adjusted for Baseline Age,

Unadjusted Model Sex, Education, Race Sex, Education, Race, CCI
Variable
HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value
Non-aspirin NSAIDs 0.87 0.69—1.09 0.218 0.87 0.70—1.09 0.222 0.87 0.69—1.09 0.216
Opioids 1.79 1.26—2.54 0.001 1.80 1.27-2.56 0.001 1.78 1.26—-2.51 0.001
Benzodiazepines 2.17 1.39-3.40 0.001 2.16 1.41-3.29 <0.001 2.14 1.40—3.28 <0.001
SSRIs 2.24 1.64—3.06 <0.001 2.21 1.58-3.10 <0.001 2.21 1.58—3.08 <0.001
Non-SSRI antidepressants 1.37 0.87—2.13 0.171 1.37 0.88—2.13 0.163 1.36 0.87—2.12 0.177
Typical antipsychotics 1.17 0.16—8.53 0.875 1.14 0.15—8.47 0.900 1.01 0.15—6.84 0.995
Atypical antipsychotics 2.39 x 107" 7.71 x 107%° <0.001 5.64 x 1078 1.63 x 1078 <0.001 5.63 x 10°® 1.62 x 1078 <0.001
-7.39 x 107" -1.95x107" -1.96 x 1077
Individual drug
Adjusted for Baseline Age, Adjusted for Baseline Age,
Unadjusted Model Sex, Education, Race Sex, Education, Race, CCI
Variable
HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value
Aspirin 1.29 1.12—1.47 <0.001 1.26 1.11-1.43 <0.001 1.27 1.12—-1.44 <0.001
Diphenhydramine 1.01 0.59—1.72 0.971 1.04 0.61-1.78 0.878 1.04 0.61-1.78 0.884
Oxybutynin 1.55 0.88—2.76 0.132 1.60 0.91-2.78 0.098 1.59 0.90—2.80 0.108

Unadjusted and adjusted Cox proportional hazard models with co-variates are included. Medications and medication classes were treated as a time-varying predictors. Bolded figures repre-
sent statistically significant findings (p=<0.05). ACB: anticholinergic cognitive burden: HR: hazard ratio; CI: confidence interval; CCI: Charlson Comorbidity Index; NSAIDs: nonsteroidal anti-
inflammatory drugs; SSRI: selective serotonin reuptake inhibitor.
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included as a time-varying covariate. In the unad-
justed model, ACB score was significantly associated
with greater hazard of incident MBI (HR 1.07, 95% CI
1.02—1.14, p = 0.010). This association remained sig-
nificant when adjusted for age, sex, education, and
race (HR 1.07, 95% CI 1.02—1.13, p = 0.012), as well as
CCI score (HR 1.07, 95% CI 1.01-1.13, p = 0.019). For
all model parameter estimates for each covariate see
Supplemental Table 3.

Table 6 shows the hazard ratios of taking different
drugs from specific classes, or selected individual
medications, as time-varying covariates regarding
risk of incident MBI. Drug classes with anticholinergic
activity, opioids (HR 1.79, 95% CI 1.26—2.54,
p = 0.001), SSRIs (HR 2.24, 95% CI 1.64-3.06,
p <0.001) and benzodiazepines (HR 2.17, 95% CI 1.39
—3.40, p = 0.001) were associated with a significantly
increased hazard of incident MBI in the univariate
model. Atypical antipsychotics were associated with
a significantly decreased hazard of incident MBI (HR
239 x 107, 95% CI 7.71 x 107°-7.39 x 107%,
p <0.001). Opioids, SSRIs, atypical antipsychotics,
and benzodiazepines remained significantly associ-
ated with development of MBI in both multivariate
models. Non-SSRI antidepressants and typical anti-
psychotics were not associated with incident MBL
The only individual medication significantly associ-
ated with risk of incident MBI was aspirin (HR 1.29,
95% CI 1.12—-1.47, p <0.001), this significance per-
sisted when adjusted for baseline age, sex, education,
race, and CClI score.

CONCLUSIONS

To our knowledge, this is the first study to examine
the impact of anticholinergic medication exposure on
the development of MBI in CU individuals. Anticho-
linergic exposure, as measured by the ACB scale, was
significantly associated with an increased hazard of
MBI in models adjusted for baseline age, sex, educa-
tion, race and 10-year mortality risk. The association
was dose dependent, with increasing ACB ratings
associated with increasing likelihood of developing
MBI

One possible mechanism for this is the choliner-
gic anti-inflammatory pathway, in which the vagus
nerve modulates inflammation through the para-
sympathetic nervous system. Acetylcholine is
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thought to down-regulate inflammation by reduc-
ing the production of pro-inflammatory cyto-
kines.” There have recently been significant
advances in the use of muscarinic receptor ago-
nists, coupled with a peripheral muscarinic recep-
tor antagonist, in the management of psychotic
symptoms in schizophrenia, as well as an increas-
ing interest in studying how the anti-inflammatory
effect of cholinergic agents may improve neuropsy-
chiatric symptoms of dementia.*’*'

When looking at anticholinergic drug classes,
SSRIs were associated with an increased risk of
developing MBI, while non-SSRIs were not. This
conflicts with evidence that SSRIs are neuroprotec-
tive as they are associated with delayed progres-
sion from MCI to AD in individuals with
depressive symptoms, and fewer amyloid plaques
in mouse models and humans.””*> A more recent
observational study of patients with dementia
reported several antidepressants including SSRIs
and non-SSRIs were associated with faster cogni-
tive decline. They addressed the issue of indication
bias by performing a repeat analysis limited to
only those with no history of depression.”” If par-
ticipants were prescribed antidepressants to treat
pre-existing NPS, it is possible that protopathic
bias (i.e., when a medication is prescribed to treat
symptoms of a disease before the disease is diag-
nosed, leading to an incorrect interpretation that
the medication itself caused the disease in ques-
tion) strengthened the association of SSRIs with
risk of MBI. Given both SSRIs and non-SSRIs share
clinical indications, these findings go against the
argument that SSRIs may be associated with
increased MBI risk as a result of protopathic bias.
However, non-SSRIs also have distinct nonpsychi-
atric indications, namely insomnia, decreased
appetite, pain, and smoking cessation. As we do
not know the indications for which each medica-
tion was prescribed, it is difficult to draw firm con-
clusions on the impact of protopathic bias on the
relationship of antidepressants to MBI risk.

Atypical antipsychotics were associated with a
lower risk of developing MBI. However, there were
only nine individuals who reported taking this medi-
cation class at baseline, and the parameter estimates
were extremely small suggesting a very low incidence
of MBI in this group, as well as instability of the esti-
mates. Similarly, only 53 participants were taking
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diphenhydramine, and only 73 were taking oxybuty-
nin at baseline, with neither of these medications
associated with the development of MBI. These find-
ings are most likely due to a lack of statistical power
and are not consistent with prior studies looking at
dementia risk  in those taking these
medications.'®**** In this setting, statistical signifi-
cance should be interpreted with caution.

Opioids were associated with an increased risk
of MBI. The association between opiates and
dementia risk is controversial, with studies show-
ing conflicting results.””** The impact of opioids
may be exaggerated as some of the side effects of
opiates can mimic NPS, namely mood and percep-
tual disturbances.

Though benzodiazepines are not generally thought
of as anticholinergic medications, alprazolam and
diazepam are both included in the ACB scale (Supple-
mental Table 1). Benzodiazepines were associated
with greater hazard of MBI. This may partly explain
the results of prior studies examining the impact of
benzodiazepine use on dementia risk, though these
studies have shown mixed results. Billioti de Gage et
al. found benzodiazepines associated with an
increased risk of AD, while Imfield et al. found no
association.*’**

Study strengths include the large sample size,
systematic assessment of medications and diagno-
ses, systematic follow-up, use of a well-validated
measure of anticholinergic burden, and a mean
duration of 5.64 years follow-up. ACB was exam-
ined as a time-varying covariate in the Cox mod-
els, allowing us to more accurately capture the
effect of a participant’s cumulative anticholinergic
burden.

Several limitations are notable. As with any lon-
gitudinal study, some participants were lost to fol-
low-up and as a result we may have not captured
all cases of MBI that developed. We did not
directly assess for MBI, but mapped NPI-Q to the
MBI-C using a previously described method and
therefore may not be accurately capturing MBI.
Not all MBI-C items are reflected in the NPI-Q,
making it likely that we are under-capturing MBL
NPI-Q assesses symptoms in the past 30 days
whereas NPS must be persistent over a 6-month
period to meet MBI criteria. To mitigate this, we
only considered MBI to be present if there was per-
sistence of symptoms on the NPI-Q over two
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successive annual visits. Given this, we may both
be over-capturing MBI if symptoms are not persis-
tent for 6 months between visits, and under-cap-
turing MBI as we are doubling the time a
participant is required to experience NPS from 6
months to 12. As we did not directly assess for
MBI, we determined binary MBI status. Thus, we
did not perform a sub-analysis to establish if spe-
cific MBI symptom domains are driving the associ-
ation of ACB with MBI. NACC has now begun
assessing MBI directly, allowing sub-domains to be
analyzed in future studies. In terms of medication
data, current medication is captured but not past
medication use. We also don’t capture aspects of
actual medication use (e.g., regular or as needed),
and there is no assessment of adherence. Some
medications in the ACB are over the counter and,
as a result, may not be as accurately reported. This
may have affected our findings as our results indi-
cate that MBI risk increases in a dose-dependent
manner. The ACB scale was last updated in 2012,
8 years prior to the end of our data collection, as a
result, we may not be capturing anticholinergic
exposures to newer medications. By using the
ACB, which encompasses medications with multi-
ple indications, we endeavored to reduce the effect
of certain medications being prescribed to treat
pre-existing neuropsychiatric symptoms (i.e., anti-
depressants, antipsychotics), however protopathic
bias cannot be completely mitigated given these
medications are included in the ACB scale. That
these medications had mixed effects on the likeli-
hood of developing MBI, suggests the effect of pro-
topathic bias may be limited, though we are
unable to conclusively determine this. ADRC par-
ticipants are not a true representation of the gen-
eral population. They are overall more educated,
and healthier (as evidenced by the relatively low
percentage of participants taking antidepressants
or benzodiazepines), and there is a lower propor-
tion of non-White participants. As a result, partici-
pants may have a different anticholinergic burden
and risk of cognitive impairment. Though our
overall sample size was large, some sample sizes
were much smaller in our sub-analyses of medica-
tion class or individual medications, reducing sta-
tistical power. Survivorship bias may have affected
our findings, with 10.6% of participants dying dur-
ing the follow-up period. We have addressed this
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by treating death as a competing risk, though sur-
vivorship bias cannot be fully eliminated.

We report that anticholinergic exposure is associ-
ated with the development of MBI, a known precur-
sor to dementia. Future prospective studies should be
done to look at how cumulative anticholinergic expo-
sure impacts the incidence of MBI, and should include
how long prior to the development of MBI the medi-
cation was started, how long each medication was
taken, at what dose. Anticholinergic medication pre-
scription is a modifiable risk factor, and we suggest
that MBI risk may warrant consideration when
weighing up the use of anticholinergic medication in
older adults.
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