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1 | INTRODUCTION
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Abstract

Background: Previous studies on the relationship between anticholinergic drugs and
dementia have reported heterogeneous results. This variability could be due to differ-
ent anticholinergic scales and differential effects of distinct classes of drugs.
Methods: Using Cox proportional hazards models, we computed the association
between annual anticholinergic burden (AChB) and the risk of dementia in UK Biobank
with linked general practitioner prescription records between the years 2000 and
2015 (n=171,775).

Results: AChB according to most anticholinergic scales (standardized odds ratio range:
1.027-1.125) and the slope of the AChB trajectory (hazard ratio = 1.094; 95% confi-
dence interval: 1.068-1.119) were predictive of dementia. However, the association
between AChB and dementia held only for some classes of drugs, especially antide-
pressants, antiepileptics, and antidiuretics.

Discussion: The heterogeneity in previous findings may partially be due to different
effects for different classes of drugs. Future studies should establish differences in
more detail and further examine the practicality of a general measure of AChB relat-

ing to the risk of dementia.
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Anticholinergic drugs block muscarinic acetylcholine receptors in

the nervous system, which are important in the innervation of brain

The number of people with dementia is predicted to increase in the UK
by 50% from the year 2016 to 2040 and worldwide from 50 million
today to 152 million in 30 years.! Considering the lack of treatment
options, the specification of risk factors to reduce the incidence of the
disease is crucial. It is estimated that ~40% of risk factors for dementia
are preventable! and that the decreases in the incidence of dementiain
some countries are partially attributable to reductions in some of these
risk factors.?

areas involved in cognitive function and in the pathophysiology of
Alzheimer’s disease (AD).2 Due to their mechanism of action, sus-
tained use of these medicines might impair cognitive function later in
life. Anticholinergic burden (AChB)—a measure of anticholinergic drug
use—has indeed been linked to an increased risk of cognitive impair-
ment and dementia in older people.*> Recent studies have focused
on the long-term effects of anticholinergic drugs when taken before
advanced age: both Coupland et al.® and Richardson et al.” studied the
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associations between anticholinergic use in middle-aged patients from
general practices in the UK and the risk of late-life dementia. For cer-
tain anticholinergic drugs, these studies reported an increased rate of
dementia after their use decades before the diagnosis. This suggests a
potential for AChB as a marker for cognitive decline or as a causative
risk factor. In other words, AChB could be indicative of comorbidities
that themselves affect cognition or could—through the drugs’ mecha-
nism of action—contribute to cognitive decline as an independent risk
factor. However, the status of anticholinergic medication in dementia
prevention is unclear, as several recent reviews on the topic report het-
erogeneous findings.*%?

The variability in previous findings can be partially explained by dif-
ferences in study design, the characteristics of the samples, the covari-
ates in the models, and the choice of anticholinergic scales that assign
drugs their anticholinergic potency. There is no widely accepted pro-
cedure to score anticholinergic potency'® and anticholinergic scales
were constructed in distinct regions and contexts, and validated in
different samples. Additionally, likely due to their propensity to cross
the blood-brain barrier, drugs differ in their ability to cause effects in
the central nervous system as opposed to the periphery. Because anti-
cholinergic scales are constructed with different outcomes in mind,
they will not all place the same focus on centrally acting compounds.
The above differences between scales lead to poor agreement between
them and to uncertainty when choosing a scale for medical practice or
research.t12

Moreover, the associations between anticholinergic drugs and
dementia may hold only for some classes of drugs. Recent stud-
ies exploring class-based associations reported effects especially for
antidepressants, urological drugs, and antipsychotics.®” Thus, while
general recommendations of (de-)prescribing of anticholinergic drugs
are often made,>% 1 they might not always be appropriate. This is espe-
cially the case because drugs are prescribed to manage underlying con-
ditions that themselves decrease the quality of life and in cases when
drug alternatives that exhibit fewer side effects are unavailable.

To elucidate the proposed association between AChB and demen-
tia, well-powered replication studies and detailed inspections of the
effects of different anticholinergic scales and drug classes are neces-
sary. In this paper, the aims were threefold: (1) compare different anti-
cholinergic scales in their propensity to predict dementia, (2) study the
association between AChB at baseline and the longitudinal evolution of
AChB and dementia, and (3) compare AChB due to different classes of

drugs and the risk of dementia.

2 | METHODS

2.1 | Hypotheses

We expected AChB to be positively associated with dementia across
anticholinergic scales and the association to be stronger than the asso-
ciation between dementia and polypharmacy. Furthermore, we antici-
pated the increase of AChB over time to be positively associated with

dementia. Finally, based on previous studies,®’” we hypothesized that

RESEARCH IN CONTEXT

1. Systematic Review: The authors used recent systematic
reviews and manual search on PubMed to explore the
extant literature. While there is research on the topic, the
results are heterogeneous and only two studies probe the
association between anticholinergic drug use in middle
life and dementia in older age.

2. Interpretation: In this cohort study of 2124 participants
diagnosed with dementia and 169,651 controls from
UK Biobank, anticholinergic burden was associated with
dementia risk across most scales used. However, only
some drug classes were associated with dementia, espe-
cially antidepressants, antiepileptics, and antidiuretics.
Anticholinergic potency did not show a clear relationship
with dementia risk.

3. Future Directions: The relationships between various
anticholinergic drugs and dementia should be clari-
fied, and broad recommendations spanning several drug
classes re-evaluated.

AChB due to antidepressants, antihistamines, antiepileptics, urological,
and antipsychotic drugs would show a positive association with demen-
tia. The association between other classes of drugs and dementia and
the analysis of latencies between AChB and dementia was not based

on prior hypotheses.

2.2 | Sample

UK Biobank is a prospective study of > 500,000 participants that were
recruited across the UK from 2006 to 2010.1# For ~230,000 of these
participants, primary-care electronic prescription entries are avail-
able until September 2017. The entries contain the drugs prescribed,
dates of prescriptions, and Read codes (https://isd.digital.nhs.uk'®)
that act as dictionaries for medicines. Diagnoses were obtained from
two sources: (1) primary care electronic prescription records and (2)
inpatient records. The former are prescriptions written on the com-
puter by the primary care provider, while the latter are prescriptions
issued during hospital stays. Dementia diagnoses and diagnoses used
as covariates (see below) were ascertained using both primary care
(UK Biobank field 42040) and hospital (UK Biobank fields 41270 and
41271) records (Table S1 in supporting information). In cases of multi-
ple entries for a disorder, we retained the earliest record.

2.3 | Anticholinergic burden and drug class

16-26

Eleven anticholinergic scales were chosen as previously

identified?” and two?82? were identified through a recent
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systematic review.?? All anticholinergic scales used in this study,
including full names and potential reasons for exclusion from the
analyses, are listed in Table S2 in supporting information. One scale?’
was modified to include newer drugs as before;®! for two scales,”1?
updated versions were used (Aging Brain Care;*2 Carnahan, 2014,
personal communication on October 21, 2019). For one scale,!
drugs classified by the authors as having “improbable anticholinergic
action” were assigned an anticholinergic burden of 0.5 (between “no
anticholinergic potency” and “weak anticholinergic potency”) as has
been done before.2’

Using the British National Formulary (https:/bnfnice.org.uk3?),
brand names of anticholinergic drugs in the sample were substituted
with generic names. Combination prescriptions containing several
anticholinergic compounds were separated into multiple entries, each
containing a single anticholinergic compound.

Each prescription was assigned anticholinergic scores based on the
ratings from anticholinergic scales. Prescriptions of drugs with oph-
thalmic, otic, nasal, or topical routes of administration were assigned
an anticholinergic score of 0, as before.23-2¢ |n the analysis comparing
anticholinergic scales, for each scale, AChB was estimated by four sep-
arate means. First, the total yearly number of anticholinergic drugs was
determined (count-based scale). Second, each drug was assigned the
anticholinergic value as listed in the anticholinergic scale and the val-
ues were summed for each year (value-based scale). Third, a standard-
ized dosage was calculated for each prescription by dividing the pre-
scribed dose by the defined daily dose (DDD, https://www.whocc.no34)
and then multiplying it by the anticholinergic score (dosage-adjusted
scale). Fourth, the quantity of the prescribed drug (e.g., volume or
number of tablets) was accounted for by multiplying the prescribed
dose with the quantity, divided by the DDD, and then multiplied by
the anticholinergic score (quantity-adjusted scale). To compare anti-
cholinergic scales, separate models were run for each scale, result-
ing in 52 models. Additionally, two separate models were run for
which polypharmacy was the main predictor. For the dosage-adjusted
and quantity-adjusted scales, years in which any anticholinergic pre-
scription was missing information on dosage or quantity, respectively,
were removed for that participant (751 observations for the dosage-
adjusted scale and 8008 observations for the quantity-adjusted scale).
For all other analyses (i.e., when anticholinergic classes were not com-
pared to one another), the scale by Duran et al.2! was used to cal-
culate AChB, as it exhibited the strongest association with the risk
of dementia (see below). Each drug was assigned to a class based
on the Anatomical Therapeutic Chemical (ATC) classification system
(https://www.whocc.no/atc_ddd_index/3*; Table S3 in supporting infor-
mation) and to a group of anticholinergic potency (groups 0, 0.5, 1, 2;
a higher value indicates a greater presumed anticholinergic potency)

according to the anticholinergic scale by Duran et al.2?

2.4 | Covariates and statistical analysis

The predictor in most models was the cumulative AChB in year O (the

sum of anticholinergic scores of prescriptions for a participant). Due to

Clinical Interventions

the low ascertainment of prescriptions in the early years of sampling,2”
year O was for each participant defined as the first full year of having
been included in the prescriptions’ register after the year 1999.

Because the rate of dementia increases with age, participants
younger than 60 years at the time of diagnosis or at the end of the
prescriptions sampling period (June 30, 2020)—whichever came first—
were excluded from the analyses. Additionally, participants who before
year 0 or within a cut-off period after year 0, had been diagnosed with
dementia or prescribed a cholinesterase inhibitor (donepezil, galan-
tamine, or rivastigmine) or memantine were excluded from the anal-
yses. For all analyses in the main text, the cut-off period above was 1
year. Based on comments by the reviewers, we varied this cut-off and
repeated the analysis on the association between AChB according to
the scale by Duran et al.2! and dementia for every possible value of this
cut-off (1 year to 20 years; Figure S4 in supporting information). Peo-
ple diagnosed with certain disorders are more likely to develop demen-
tia. For this reason, we also excluded participants diagnosed at any
point with Parkinson’s disease, Huntington disease, Creutzfeldt-Jacob
disease, or multiple sclerosis from our analyses. Finally, the prescrib-
ing period after the year 2015 was incomplete?” and was removed.
The data cleaning process is described in Figure S1 in supporting
information.

Models were adjusted for age at year O, sex (reference: female), data
provider (region-specific providers of prescriptions: The Phoenix Part-
nership [TPP] England, Vision England [reference], Vision/EMIS Health
Scotland, Vision/EMIS Health Wales), education (binary; reference: no
graduate degree), socioeconomic deprivation based on census data
(scale range: -12 to 12; range in sample: -6.3 to 7.4; bigger number
indicates greater deprivation),> body mass index (BMI in kg/m2, cat-
egorized: < 18.5, 18.5-25 [reference], 25-30, 30-35, 35-40, > 40),
self-reported smoking status (smoker, non-smoker [reference], former
smoker), self-reported alcohol consumption frequency (daily or almost
daily [reference], three or four times a week, once or twice a week,
one to three times a month, only on special occasions, never), self-
reported physical activity (mild [reference], moderate, strenuous),3¢
number of comorbidities (number of all unique diagnosis codes) by
year 0, depression by year O (reference: no depression), stroke by year
0 (reference: no stroke), diabetes by year O (reference: no diabetes),
hypercholesterolemia by year O (reference: no hypercholesterolemia),
hypertension by year O (reference: no hypertension), apolipoprotein E
(APOE) carrier status (reference: £2), and polypharmacy. The latter was
determined separately for each anticholinergic scale by subtracting the
yearly number of anticholinergic drugs according to that scale from
the total yearly drug count. APOE genotype was determined based on
the nucleotides at single nucleotide polymorphism positions rs239358
and rs7412; APOE carrier status was denoted as €3 for participants
with the £3/e3, €1/¢3, or €2/¢4 haplotype, €2 for participants with the
€2/e2 or €2/e3 haplotype, and €4 for participants with the e3/¢4 or ¢4/c4
haplotype.

For the association between AChB and dementia, Cox proportional
hazards models were used, and effects are expressed as hazard ratios
(HRs) with accompanying 95% confidence intervals (Cls). For study-

ing time-to-event latencies, logistic regression was used, and effects
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are expressed in odds ratios (ORs). The association between the lon-
gitudinal evolution of AChB and dementia accounted for the compet-
ing risk of death and was assessed with the joint model for longitudinal
and time-to-event data using the R library JM.%’ For all other analyses
using only asingle anticholinergic scale, the value-based scale by Duran
et al.2! was used, as it exhibited the strongest association with demen-
tia. Models for which AChB was the main predictor were additionally
controlled for polypharmacy. The two models for which polypharmacy
was the main predictor differed from each other in the included covari-
ates: (1) one was controlled for all covariates described above except
for polypharmacy, and (2) the other (termed “polypharmacy plus”) was
additionally controlled for the total number of anticholinergic drugs
(according to any anticholinergic scale).

Numerical values three or more standard deviations beyond the
mean were defined as outliers and removed from the analytical sam-
ple prior to analysis. Due to zero inflation for AChB, the number of pre-
scriptions, and the number of comorbidities, null values were removed
before calculating means and standard deviations for outlier removal
for these variables. Cases with missing values were removed prior
to analysis and constituted up to 16.9% of the sample, depending on
the model. When exploring the AChB attributable to different drug
classes, only drug classes were included that were in year O prescribed
to at least 10 participants that later developed dementia. The propor-
tional hazards assumption was satisfied, but the assumption of linear-
ity between the predictor and the log hazard was sometimes violated
(Figure S2 in supporting information). In models in which that was the
case, the covariates were transformed, and the type of transformation
isindicated in the results. When a distinct model was run for each pre-
dictor, the Bonferroni correction was used. When all predictors were
included in a single model, no adjustment for multiple comparisons was
done. Numerical variables were scaled to have a mean of O and a stan-
dard deviation of 1. Results are reported as standardized effect sizes.
All analyses were performed in R version 4.1.0 and Python 3.7.10. The
code is available at https://github.com/JuM24/UKB-ACB-dementia.

3 | RESULTS

3.1 | Characteristics of the sample

After data cleaning, the final sample consisted of 171,775 participants.
Among the participants, 2124 (1.2%) were diagnosed with dementia
(Table S4 in supporting information), with diagnoses dating between
July 2002 and June 2020. The median age of participants at year O was
55years (Q1 =49 years, Q3 = 59 years) and the median age of diagno-
sis with dementia was 72.6 years (interquartile range [IQR] = 7.2). The
average follow-up—defined as the median number of years between
year 0 and the year of censoring—was 20 years for participants with-
out dementia (Q1 = 14 years, Q3 = 20 years) and 14 years for partic-
ipants diagnosed with dementia (Q1 = 11 years, Q3 = 17 years). The
characteristics of variables for year O are presented in Table 1 and Table
S5 in supporting information. Depending on the scale used, anticholin-

ergic drugs constituted between 2.5% and 21.8% of all prescriptions
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FIGURE 1 Hazard ratios (HRs) for the association between
anticholinergic burden (top panel) or drug count (bottom panel) and
dementia. The names on the y-axis of the top panel refer to the first
names of the authors of the original anticholinergic scales;
“polypharmacy plus” was additionally controlled for the total number
of anticholinergic drugs. Cl, confidence interval

between the years 2000 and 2015, with 0.24 to 2.12 anticholinergic
prescriptions per person in year O (Table S6 in supporting information).
The characteristics of anticholinergic prescribing in UK Biobank have

been described in greater detail elsewhere.?”

3.2 | Anticholinergic scales comparison

Most anticholinergic scales showed positive associations with demen-
tia and with greater effect size estimates than for general polyphar-
macy (Figure 1). HRs for standardized AChB ranged from 1.027
to 1.125 (count-based: median = 1.087, IQR = 0.044; value-based:
median = 1.087, IQR = 0.019; dosage-adjusted: median = 1.078,
IQR = 0.009; quantity-adjusted: median = 1.065, IQR = 0.032; Tables
S7 and S8 in supporting information). The overlap in Cls was substantial
both between scales and within scales; similar results were observed
for models with log- and rank-inverse normally transformed predictors
(Figure S3 in supporting information). The value-based scale by Duran
et al.2! exhibited the strongest association with dementia (Tables S7
and S9 in supporting information) and was used in all subsequent anal-
yses. The effect of AChB on dementia was relatively invariant among
the models with different exclusion cut-offs for the period of demen-

tia diagnosis (Figure S4 in supporting information). When death was


https://github.com/JuM24/UKB-ACB-dementia

MURET AL.

TABLE 1 :Descriptive statistics of variables used in the models

Variable
Age

Sex
Education
Deprivation

Alcohol consumption

Smoking

Physical activity

BMI

Data provider

Dementia diagnosis
Prior depression
Prior stroke

Prior diabetes

Prior hypercholesterolemia

Prior hypertension

Number of prior comorbidities

Total number of prescriptions”

APOE carrier

Level

Female

No graduate degree

Daily or almost daily

Three or four times a week

Once or twice a week

Once to three times a month

Only special occasions
Never

Current smoker
Previous smoker
Non-smoker
Strenuous
Moderate

Light

<18.5

18.5-25

25-30

30-35

35-40

>40

England (Vision)
Scotland
England (TPP)
Wales

£2
3
&4

Translational Research 50f9
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Median (IQR) or
n (%)

55(10)
94,310 (54.9)
118,191 (69.7)
-2.3(3.8)
35,989 (21.0)
39,747 (23.2)
43,815 (25.6)
18,149 (10.6)
19,673 (11.5)
14,024 (8.2)
16,412 (9.6)
63,372 (37.1)
91,091 (53.3)
13,577 (8.5)
103,121 (64.7)
42,777 (26.8)
768(0.45)
3372(2.0)
51,649 (30.2)
74,192 (43.4)
31,807 (18.6)
9070(5.3)
14,036 (8.2)
18,758(10.9)
123,133 (71.7)
15,848 (9.2)
2124(1.2)
13,136 (7.6)
1598(0.9)
4034 (2.3)
4901 (2.9)
16,152(9.4)
18 (40)

3(12)

21,626 (12.9)
102,740 (61.3)
43,199 (25.8)

*The total number of prescriptions was used along the number of anticholinergic drugs to calculate the scale-specific non-anticholinergic drug count.

Abbreviations: APOE, apolipoprotein E; BMI, body mass index; IQR, interquartile range; TPP, The Phoenix Partnership.

modeled as a competing outcome, a one standard deviation increase 3.3 |
in AChB was associated with a 12.0% (95% Cl: 7.1%-17.2%) increase

in the incidence of dementia, and a 6.0% (95% Cl: 3.5%-8.5%) increase

in the incidence of all-cause mortality.

Time-to-event latency

We compared the risk of dementia occurring within 12 years, between

12 and 14 years, between 14 and 16 years, 16 and 18 years, or more
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TABLE 2 :ORsfor the risk of dementia within different time
periods since the measurement of anticholinergic burden
Latency (years
since 2000) OR 95% CI N cases
0-12 1.20 1.05-1.34 250
12-14 1.06 0.90-1.22 257
14-16 1.11 1.00-1.22 446
16-18 1.21 1.10-1.33 375
18-20.5 1.07 0.98-1.15 813

Abbreviations: Cl, confidence interval; OR, odds ratio.

than 18 years (effectively 18-20.5) after year 0. ORs did not differ
between most of the different latencies, nor was a pattern discernible
in the relationship between latency and effect size (Table 2).

3.4 | Change in AChB and dementia

The estimate for the association between the individual longitudinal
evolution of AChB and dementia was positive (HR = 1.094; 95% Cl:
1.068-1.119). When the rate of dementia was modeled as a function
of the individual longitudinal evolution of AChB in a competing risk
model (competing risks: dementia, death), the effect was also positive
(death: HR =1.066,95% Cl = 1.042-1.089; dementia: HR = 1.056, 95%
Cl=1.008-1.11).

3.5 | Drug classes and categories of AChB

Several drug classes exhibited a positive association between
AChB and dementia, including drugs for treating the nervous-,
gastrointestinal-, and cardiovascular systems (Figure 2; Tables S10,
S11insupporting information). The effect was strongest for antiepilep-
tic drugs, antidepressants, and diuretics (furosemide). While many
drugs exhibited a positive tendency for an association between
AChB and dementia, the effect sizes were small, and the Cls mostly
overlapped with HR = 1. When the individual yearly drug counts for
each group of anticholinergic potency were used to predict dementia
(Figure 3; Table S12 in supporting information), only the number of
drugs with an anticholinergic potency of 1 was predictive of dementia.

4 | DISCUSSION

41 | Interpretation of the findings

In this study, we used electronic prescription data from 171,775 par-
ticipants in UK Biobank to study the relationship between AChB and
dementia risk. In line with our hypotheses, AChB was associated with
dementia across most anticholinergic scales and the best effect esti-

mate for most scales tended to be greater than that for polyphar-

macy. The data also supported our hypothesis that the trajectory
of AChB over time was predictive of dementia, even after account-
ing for the competing risk of death. The hypotheses regarding class-
specific effects were mostly upheld, with AChB due to antidepressants,
antiepileptics, and antihistamines positively associated with dementia
risk. However, the effects for antipsychotics and for urological drugs
were not significant. We also found associations between additional
classes of drugs and risk of dementia, especially high-ceiling diuretics
(furosemide). Finally, the strength of the association between AChB
and dementia remained unchanged, regardless of the latency between
time of measurement and time of diagnosis.

Our results support an association between AChB and dementia
across anticholinergic scales, a finding observed previously using self-
reported medicine use in UK Biobank.3¢ This relationship persisted
after controlling for several covariates. Across most anticholinergic
scales, AChB was a stronger predictor than the total number of pre-
scribed drugs, suggesting that anticholinergic medicines may represent
arisk factor distinct from polypharmacy. When applying the anticholin-
ergic scale?! that exhibited the strongest association with dementia,
AChB also predicted all-cause mortality. Furthermore, not only cumu-
lative AChB measured over 1 year, but the intra-individual longitudinal
trajectory in AChB over the course of 15 years was associated with the
risk of dementia. In other words, steeper slopes in the increase of AChB
over time were associated with an increased risk of dementia.

However, despite the association between AChB and demen-
tia, several caveats need consideration. First, in contrast to previ-

ous findings®’38

suggesting a dose-response relationship, including
dosage and quantity in the computation of AChB did not increase
model precision or the strength of the association between AChB
and dementia. The same was true for the inclusion of anticholinergic
scores: simply counting anticholinergic drugs (as opposed to assign-
ing a potency value or weighing by dosage) was equally predictive of
dementia. Second, the association between AChB and dementia was
limited to AChB attributable to certain classes of drugs. This is con-
sistent with previous findings®” that reported that AChB attributable
to antidepressants, antihistamines, and antiepileptic drugs was associ-
ated with dementia; this consistency was not found for antipsychotics
and urological drugs. Third, findings here and elsewhere’ indicate that
a higher anticholinergic potency of a drug does not always correspond
to a higher risk of dementia.

The consistency in effect sizes for the association between AChB
and dementia for different time-to-event latencies has been observed
before®’ and suggests that the value of AChB as a potential marker
of later cognitive decline does not vary with time. This could indicate
the longitudinal consistency in differences in AChB between individu-
als. While some authors’ understand this finding as strengthening the
case for causality, it could also—along with the primary finding of an
association between AChB and dementia—be explained by confound-
ing by indication: dementia could be caused by the indication for which
anticholinergic drugs were prescribed. Indeed, the drugs classes linked
to dementia in our study and others®” are used to treat cardiovascular
problems, epilepsy, depression, and schizophrenia, which themselves

correlate with neuroanatomical changes or may act as risk factors for
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confidence interval
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FIGURE 3 Hazard ratios (HRs) for the association between the
numbers of anticholinergic drugs (rank-based inverse normal
transformation) of different levels of potency and dementia. Cl,
confidence interval

dementia.2 3743 However, the lack of differences in effect size for vari-
ous latencies does not preclude causality between AChB and dementia.
As opposed to increasing the rate of cognitive decline (i.e., the slope of
longitudinal cognitive function), the results could be explained by AChB
producing a fixed degree of cognitive impairment (i.e., change the inter-

cept of longitudinal cognitive function).

4.2 | Strengths and weaknesses

The main strengths of our study are the size of the sample, the depth of
available data, and the high accuracy of UK Biobank for ascertainment
of dementia.** Furthermore, our analyses examined AChB from multi-
ple perspectives, including comparing different scales and drug classes.
However, we acknowledge several limitations. The participants in UK
Biobank are on average healthier and live in less deprived areas than
the UK population.*> Additionally, linked data do not include informa-
tion on over-the-counter drugs and dietary supplements. Thus, AChB
in the UK is likely higher than estimated in our study. Also, due to
the low average age of the participants, UK Biobank has relatively
few cases of dementia. Next, our analytical approach exhibits weak-
nesses. First, the dosages and quantities of medicines used in the cal-
culation of the dosage- and quantity-adjusted scales required substan-
tial manual cleaning and may not have been completely accurate. Sec-
ond, the assumption of linearity between the predictor and the log haz-
ard was sometimes not satisfied and transformations of the data were
required to reliably run the models. Third, comparing the effects of dif-
ferent potencies of anticholinergic drugs, prescriptions with the high-
est potency were much less common than other groups of drugs. This

could have affected the accuracy of our estimate.

5 | CONCLUSIONS AND FUTURE DIRECTIONS

Inconsistencies in the literature, uncertainty of dose-response- or
potency-response relationships, a strong drug-class dependency,
and the difficulty of excluding confounding by indication, have led
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some”® to suggest that a different common denominator—other than
anticholinergic effect—is responsible for the observed association
between anticholinergic drugs and dementia. If correct, the first goal
should be the elucidation of the proposed association. Instead of
studying the relationship of a general measure of AChB and cogni-
tive decline, researchers could specify and describe the role of distinct
classes of anticholinergic medicines—or even individual drugs.
Considering the role of the cholinergic system in the development
of AD,® a biological underpinning for the effect of anticholinergic drugs
in dementia is intuitive. However, further evidence is needed to deter-
mine the brain regions associated with the action of these drugs and
the biological pathways likely involved in their proposed effects.
Finally, while previous studies assessed and/or compared anticholin-

ergic scales,2:3047-50

questions about their relevance and potential
utility remain unanswered. Scales are most often constructed based
on expert opinions rooted in past practice and propound established
views that might be dated. The contents of anticholinergic scales may
certainly reflect a facet of inappropriate prescribing that could help
in medical decision-making. However, their heterogeneity and lack
of a clear potency-outcome relationship point to an urgent need for

reappraisal.
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