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Anticholinergic drug use and risk of mortality for people with dementia
in Northern Ireland

A. J. McMichael, E. Zafeiridi, M. Ryan, E. L. Cunningham, A. P. Passmore and B. McGuinness

Centre for Public Health, Institute for Clinical Sciences Block B, Queens University Belfast, Belfast, Northern Ireland

ABSTRACT
Objective: Anticholinergic burden refers to the cumulative effect of medications which contain
anticholinergic properties. We assessed how anticholinergic burden and different types of anti-
cholinergic medications influence mortality rates among people with dementia in Northern Ireland.
Our secondary aim was to determine what demographic characteristics predict the anticholinergic
burden of people with dementia.
Methods: Data were extracted from the Enhanced Prescribing database for 25,418 people who
were prescribed at least one dementia management medication between 2010 and 2016.
Information was also extracted on the number of times each available anticholinergic drug was
prescribed between 2010 and 2016, allowing the calculation of an overall anticholinergic burden.
Cox proportional hazard models were used to determine how anticholinergic burden influenced
mortality whilst multilevel model regression determined what demographic characteristics influ-
ence overall anticholinergic burden.
Results: Of the 25,418 people with dementia, only 15% (n¼ 3880) had no anticholinergic burden.
Diazepam (42%) and risperidone (18%) were the two most commonly prescribed drugs.
Unadjusted Cox proportional hazard models indicated that higher anticholinergic burden was asso-
ciated with significantly higher mortality rates in comparison to people with dementia who had no
anticholinergic burden (HR ¼ 1.59: 95% CI ¼ 1.07-2.36). In particular, urological (HR ¼ 1.20: 95%
CI ¼ 1.05-1.38) and respiratory (HR ¼ 1.17: 95% CI ¼ 1.08-1.27) drugs significantly increased mor-
tality rates. People with dementia living in areas with low levels of deprivation had significantly
lower anticholinergic burden (HR=-.39: 95% CI=-.47:-30).
Conclusions: Reducing anticholinergic burden is essential for people with dementia. Further
research should address the unfavourable prognosis of people living with dementia in highly
deprived areas.
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Background

Dementia is a major global issue with implications for
health services, social provision and wider society (World
Health Organization, 2012). Dementia is a neurocognitive
disorder which causes a progressive or chronic decline in
cognitive functioning often leading to disturbances in
memory, thinking, language, judgement, and orientation as
well as the ability to learn and calculate. In 2015, over 47
million people worldwide were living with dementia and
this figure is expected to increase to 66 million in 2030
and 115 million in 2050 (Fox, Livingston, et al., 2011). In
Northern Ireland, it is estimated that there are currently
19,000 people living with dementia, a number which could
potentially increase to 60,000 by 2050 (Department of
Health Social Services and Public Safety Northern Ireland,
2011). People with dementia are more likely to be taking
more comorbidity medications than people without
dementia, moreover, some of these comorbidity medica-
tions are likely to have anticholinergic properties (Fox,
Richardson, et al., 2011). Anticholinergic drugs block the
neurotransmitter acetylcholine (which is important for
thinking and memory) in the peripheral and central

nervous system. A well-established link between anticholin-
ergic medication and cognitive decline has been described
in the literature in people without (Fox et al., 2014; Fox,
Richardson, et al., 2011) and with dementia.(Karimi, Dharia,
Flora, & Slattum, 2012) Recently, research showed that in
people with mild to moderate Alzheimer’s disease who
were prescribed anticholinergic medication had signifi-
cantly poorer cognition (Dyer et al., 2020).

Further observational (cohort and case control) studies
have described an associated with anticholinergic medica-
tion and increased mortality in people without dementia
(Cross et al., 2017; Gray et al., 2015) and people with
dementia (Gray et al., 2015; Gray & Hanlon, 2016). For
instance in a study of 25,825 people with dementia,
researchers found that higher anticholinergic burden sig-
nificantly increased mortality rates (Ah, Suh, Jun, Hwang, &
Lee, 2019). Furthermore, anticholinergic burden has been
shown to negatively affect the treatment response to cho-
linesterase inhibitors (Ah et al., 2019; Carnahan, Lund,
Perry, & Chrischilles, 2004; Palmer et al., 2015). The risks of
prescribing both anticholinergic medication and cholin-
esterase inhibitors have also been highlighted in the litera-
ture, as anticholinergic drugs have been found to
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counteract the effects of cholinesterase inhibitors. It is
therefore vital to encourage clinicians to offer alternative
treatments to anticholinergic drugs when prescribing medi-
cation for individuals with dementia. Anticholinergic drugs
can be scored either one, two or three, with higher scores
indicating higher anticholinergic properties. Therefore an
important distinction is that of anticholinergic burden and
anticholinergic drug use. A patient may be using one or
several anticholinergic drugs (Salahudeen, Hilmer, &
Nishtala, 2015). Whereas an individual’s anticholinergic bur-
den refers to the cumulative score of all the prescribed
anticholinergic drugs (Fox, Richardson, et al., 2011).

Previous research using medication data from Northern
Ireland looked at medications prescribed to people with
dementia over a one-year period (2013) found a high rate
of inappropriate prescribing among people with dementia
(Barry et al., 2016). Moreover, the same study also found
that 25% of people with dementia had been prescribed at
least one anticholinergic medication (Barry et al., 2016).
However, it is not clear which demographic characteristics
might influence anticholinergic burden. Our aims for this
study were threefold, firstly to assess how anticholinergic
burden influences mortality rates among people with
dementia in NI. Secondly, to determine which categories of
anticholinergic medication (such as ‘antidepressants’ and
‘antipsychotics’) influence mortality, and thirdly to deter-
mine what demographic characteristics (such as age, gen-
der, area deprivation) influenced anticholinergic burden.

Methods

Study design and population

Similar to the rest of the United Kingdom the NHS is free
at the point of use in Northern Ireland, including prescrip-
tions prescribed by a general practitioner (GP) and dis-
pensed by a pharmacist. In 2008, the Business Service
Organisation in Northern Ireland implemented the
Enhanced Prescribing database (EPD). The EPD adds a bar-
code to each medication prescribed by a GP; when the
medication is dispensed by a pharmacist this information is
then linked to the individual’s health care number and the
GP who prescribed it. On a monthly basis, the information
contained in each bar code is updated and added to the
EPD. Prescriptions in the EPD are coded within the British
National Formulary (BNF) sections allowing researchers to
analyse the number of medications dispensed from each
section of the BNF. Over-the-counter medication is not
recorded in the EPD. The index date for this study was the
first date that a dementia management medication (BNF
section 4.11) was prescribed between January 1st, 2010 and
December 31st, 2016, which was used a proxy for dementia
diagnosis (Barry et al., 2016; McMichael, Zafeiridi, &
McGuinness, 2020) Demographic characteristics such as
gender, marital status, age, and whether the person lives in
a rural or urban area were retrieved through other datasets
and linked to the EPD by using the patient’s unique health
care number. The Northern Ireland Multiple Deprivation
Measure (NIMDM) was also available for most individuals in
the dataset, the NIMDM ranges from 1 to 10 with 1 indicat-
ing the most deprived area and 10 indicating the least
deprived areas, meaning that the NIMDM bracket of 7-10
encompasses the 4 least deprived areas (Northern Ireland

Statistics and Research Agency, 2010). These particular
demographic variables have been shown to influence mor-
tality rates and were therefore included in the present
study to assess whether they predict anticholinergic bur-
den (McMichael, Zafeiridi, & McGuinness, 2020). As we
were using secondary data for our analysis, ethical approval
for the project was not needed. Moreover, due to the ano-
nymity of the data, informed consent was not required.

Anticholinergic drug exposure

Determining the effect of anticholinergic drugs on the
human brain is difficult. Research has shown that bioassays
of serum anticholinergic activity does not necessarily correl-
ate strongly with effects on cognition (Boustani, Campbell,
Munger, Maidment, & Fox, 2008; Salahudeen, Chyou, &
Nishtala, 2016). Due to this, the anticholinergic effect of
drugs is classified using scales developed by literature
reviews and expert consensus (Salahudeen et al., 2015). For
the purpose of this study, we used the 2008 anticholinergic
burden (AB) scale (Fox, Richardson, et al., 2011). Drugs with
potentially anticholinergic effects are assigned a score of 1.
Drugs are assigned a score of 2 if they have well estab-
lished anticholinergic effects and scored a 3 if they have
been associated with cognitive decline (Fox, Richardson,
et al., 2011). Of the 83 drugs on the AB scale, 61 had been
prescribed between 1st January 2010 – 31st December 2016
and were recorded in the EPD, 30 had an anticholinergic
score of 1, six had a score of 2 and 23 had a score of 3.
For each of these drugs we obtained the total number (if
any) of times it was prescribed to each person between
January 1st, 2010 – December 31st, 2016. We therefore cal-
culated an overall anticholinergic burden (if any) for each
person by totalling the scores of the anticholinergic medi-
cation that they had been prescribed and categorised the
overall burden as 0, 1–4, 5–9, 10–14, �15. Using the BNF
version 77 and methodology from past research (Fox,
Richardson, et al., 2011) we further categorised each of the
drugs into one of the following; antidepressants, antipsy-
chotics, gastrointestinal, antiparkinsonian, respiratory, uro-
logical, antihistamines, drugs which did not fit into these
categories were designated as other.

Statistical analysis

The frequencies and means for each of the demographic
characteristics were assessed (Table 1). A series of inde-
pendent t-tests were conducted to assess what demo-
graphic parameters influenced anticholinergic burden. In
order to assess the influence of anticholinergic burden on
mortality we conducted a series of unadjusted and
adjusted cox proportional hazard model, firstly on overall
anticholinergic burden. Secondly on each anticholinergic
drug score (1, 2 or 3) and thirdly on each anticholinergic
drug class (antipsychotics, antidepressants etc.). In each cox
proportional hazard model analysis, the reference group
was people with dementia who had not been prescribed
any anticholinergic medications between 2010 and 2016.
For each model, data from the 1st January 2010 until the
date of death (through ICD10 codes) or follow-up (31st

December 2016) was used. Before conducting the cox
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proportional hazard models, we assessed the assumption
of proportionality.

Due to the hierarchal structure of the data (Hox et al.,
2018), multilevel regression models were used.
Anticholinergic burden was used as a continuous outcome
to assess the influence of demographic characteristics on
anticholinergic burden. All statistical analysis was con-
ducted in Stata version 14 (Statacorp, CollegeStation, TX) at
the safe setting within the BSO and all results received
intermediate and final clearance prior to publication.

Results

The final dataset included 25418 people who were pre-
scribed at least one dementia management medication
between 2010 and 2016. Table 1 highlights that at the
time of analysis, 13289 people were alive. 65% of the study
population was female (n¼ 16537) and the mean age was
77.2 (SD ¼ 8.3) years. 32% of people were married, how-
ever, for 8973 people (35%), information on marital status
was unavailable. Most people lived in an urban area (69%)
and almost half (42%) lived in the least deprived areas.

3880 people were prescribed no anticholinergic medica-
tions between 2010 and 2016. In 56% of the cohort the
anticholinergic burden ranged from 1 to 4; only 89 people
(.35%) had an anticholinergic burden of 15 or above (Table
1). The most commonly prescribed anticholinergic medica-
tions were diazepam (42.4%), risperidone (18.05%), quetia-
pine (16.6%), isosorbride preparations (10.6%) and warfarin
(10%). Independent t-tests showed that there was no sig-
nificant difference in the average anticholinergic burden
between males and females (t(25416)=-1.55; p¼ 0.11); peo-
ple who lived in rural areas had significantly higher anti-
cholinergic burden than those who lived in urban areas
(t(24689)¼8.42; p<.001).

Table 2, model 1 highlights that higher anticholinergic
burden is associated with significantly higher mortality
rates when compared to people with dementia who have
no anticholinergic burden, this trend is also evidence in
Figure 1. Increased age and being of male gender signifi-
cantly increased mortality rates. In comparison to people
who were married, people who were divorced/separated,
single or widowed had significantly higher mortality.
Urban/rural divide and deprivation measure did not signifi-
cantly influence mortality rates. When comparing each anti-
cholinergic medication score (Table 3) we found that only
anticholinergic drugs with a score of 1 significantly
increased mortality (HR ¼ 1.25; 95%CI ¼ 1.20–1.31).
Moreover, when we investigated anticholinergic drug class
(Table 4), we found that ‘respiratory’ (HR ¼ 1.17; 95%C¼
1.08–1.27), ‘urological’ (HR ¼ 1.20; 95%C¼ 1.05–1.38) and
‘other’ (HR ¼ 1.28; 95%C¼ 1.22–1.34) categories signifi-
cantly increased mortality. Multilevel regression modelling
(Table 5) indicated that increasing age was associated with
significantly lower anticholinergic burden. Furthermore,
when compared to people who were married, all other cat-
egories had a lower anticholinergic burden, with those
who were single at the time of analysis having a signifi-
cantly lower anticholinergic burden (despite being married
significantly decreasing mortality rates). Gender or urban/
rural divide did not influence anticholinergic burden.
However, people in the least deprived areas had

significantly lower anticholinergic burden, when compared
to people in the most deprived areas (b=-.39; 95%CI=-.47:-
.30) (Table 5).

Discussion

In this study, we aimed to determine the effect of anti-
cholinergic medication on people with dementia in
Northern Ireland and to determine what demographic
parameters might influence anticholinergic burden. To the
best of our knowledge this is the first study to use data
from the Enhanced Prescribing Database (EPD) in Northern
Ireland to investigate this research question over more
than a one-year period. Previous population-based studies
have indicated that sustained use of anticholinergic drugs
has been associated with an elevated risk of receiving a
dementia diagnosis and increased mortality (Chatterjee
et al., 2016; Fox, Richardson, et al., 2011; Joung, Kim, Cho,
& Cho, 2019). In this study, we also provide evidence that
higher anticholinergic burden significantly increases mortal-
ity rates for people with dementia. Our results also showed
that the majority of people with dementia had been pre-
scribed at least one anticholinergic drug between 2010 and
2016. Indeed, only 15% (n¼ 3880) had no anticholinergic
burden. However, it is also important to note that the
majority of people with dementia had an anticholinergic
burden of between one and four (56.6%) and only .35%
(n¼ 89) had a total anticholinergic burden of 15 or above.
Moreover, of the five most prescribed anticholinergic drugs
in our dataset, four had an anticholinergic score of one
(diazepam, risperidone, isosobride preparations and war-
farin) and one had an anticholinergic score of three (que-
tiapine). Although antipsychotic medications such as
quetiapine were routinely prescribed to treat agitation and
aggression in people with dementia (Corbett, Burns, &
Ballard, 2014), the rates at which these drugs are pre-
scribed has been in sharp decline due to their high anti-
cholinergic properties (Corbett et al., 2014). Indeed, a
growing body of evidence has indicated that antipsychotics
have questionable benefits for people with dementia, but
can have serious side effects (Guthrie, Clark, & Mccowan,
2010; Schneider et al., 2006; Schulze et al., 2013). However,
given the high anticholinergic score of quetiapine, future

Figure 1. Survival function derived from cox proportional hazard regression
adjusted for covariates in Table 3. Y axis denotes estimated survival percen-
tages. X axis is time in years. Increase in aggregate anticholinergic burden
was associated with significantly higher mortality rates among people
with dementia.

AGING & MENTAL HEALTH 3



research could investigate alternative pharmacological or
non-pharmacological treatments in dementia to help man-
age high levels of agitation in dementia. Nevertheless,
these descriptive statistics may suggest that, were possible,
clinicians in Northern Ireland are attempting to keep

overall anticholinergic burden low and prescribing mild
anticholinergic drugs when possible.

Our cox proportional hazard models showed that higher
anticholinergic burden was associated with higher mortality
rates among people with dementia in our cohort. Similar

Table 1. Demographic characteristics of study population.

Number of people (%) Deaths PY at risk Deaths/1000 PY

All 25418 12129 106743 114
Gender
All 25418 12129 106743 114
Male 8881 (35%) 4471 36102 106
Female 16537 (65%) 7658 70641 120
Age
<65 1772 (7%) 385 6061 63
65–74 6643 (26%) 1991 23841 83
75–84 12139 (48%) 6018 51441 116
85 4864 (19%) 3735 25400 147
Mean (SD) 77.2 (8.5)
Marital status
Married 8256 (33%) 3306 31697 104
Single 1633 (6%) 782 6492 120
Divorced (Separated) 504 (2%) 174 1721 101
Widowed 6052 (24%) 3036 24947 121
Unknown 8973 (35%) 4831 41885 115
Urban / Rural (2010)
Rural 7131 (28%) 3157 29116 108
Urban 17560 (69%) 8649 74957 115
Missing 727 (3%)
Anticholinergic burden
0 3880 (15%) 616 5198 118
1–4 14403 (57%) 686 5314 129
5–9 6208 (24%) 540 3918 137
10–14 838 (4%) 476 3514 135
� 15 89 (.35%) 11 88798 110
Northern Ireland Multiple deprivation measure (2010)
1-3 (most deprived) 7021 (27%) 3285 28835 113
4–6 7109 (28%) 3319 29734 111
7–10 (least deprived) 10561 (42%) 5202 45504 114
Missing 727 (3%)

Table 2. Cox proportional hazard model assessing the influence of overall anticholinergic burden and demographic characteristics on mortality.

Model 1 Model 2 Model 3 Model 4 Model 5

Anticholinergic burden
0 1.00 1.00 1.00 1.00 1.00
1–4 1.19 (1.13–1.25)��� 1.19 (1.13–1.26)��� 1.17 (1.11–1.23)��� 1.17 (1.11–1.24)�� 1.17 (1.11–1.24)
5–9 1.28 (1.20–1.36)��� 1.30 (1.23–1.38)��� 1.26 (1.18–1.34)��� 1.26 (1.19–1.34)�� 1.26 (1.18–1.34)
10–14 1.40 (1.25–1.57)��� 1.48 (1.32–1.66)��� 1.42 (1.27–1.60)��� 1.42 (1.26–1.60)�� 1.41 (1.26–1.59)
� 15 1.59 (1.07–2.36)��� 1.69 (1.14–2.52)�� 1.56 (1.05–1.32)�� 1.57 (1.06–1.34)� 1.57 (1.06–2.34)
Age
<65 1.00 1.00 1.00 1.00
65-74 1.20 (1.07–1.34)�� 1.22 (1.09–1.36)��� 1.22 (1.09–1.37)�� 1.22 (1.09–1.37)
75-84 1.50 (1.35–1.67)��� 1.52 (1.37–1.69)��� 1.52 (1.38–1.72)�� 1.52 (1.39–1.72)
�85 1.63 (1.46–1.82)��� 1.68 (1.51–1.88)��� 1.68 (1.53–1.91)�� 1.68 (1.54–1.92)
Gender
Male 1.00 1.00 1.00 1.00
Female 1.25 (1.21–1.30)��� 1.28 (1.23–1.33)��� 1.28 (1.22–1.32) 1.28 (1.22–1.32)
Marital status
Married 1.00 1.00 1.00
Divorced / separated 1.24 (1.07–1.45)�� 1.24 (1.08–1.48) 1.24 (1.08–1.47)
Single 1.18 (1.09–1.27)��� 1.18 (1.07–1.26) 1.18 (1.07–1.26)
Unknown .82 (.79–.86)��� .82 (.78–.86) .82 (.79–.86)
Widowed 1.11 (1.06–1.17)��� 1.11 (1.06–1.17) 1.11 (1.06–1.17)
Urban / rural classification
Rural 1.00 1.00
Urban 1.09 (.96–1.05) 1.09 (.96–1.05)
Deprivation measure
1-3 (most deprived) 1.00
4-6 .95 (.90–.99)
7-10 (least deprived) .94 (.89–.98)

Figures represent hazard ratios and 95% CIs.
Model 1: unadjusted.
Model 2: adjusted for age and gender.
Model 3: plus adjustment for marital status.
Model 4: plus adjustment for urban/rural.
Model 5: plus adjustment for area deprivation.�p<.05, ��p<.01,���p<.0001.
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to past studies assessing mortality rates in dementia, we
also noted that being of male gender and increased age
significantly increases mortality rates (Tan et al., 2018;
Garcia-Ptacek et al., 2014; McMichael, Zafeiridi, &
McGuinness, 2020). On the other hand, being married and
living in some of the least deprived areas, significantly
decreased mortality (Table 3). However, in a somewhat
paradoxical finding, our multi-level regression modelling
suggested that although being married decreased mortal-
ity, married people were more likely to have significantly
higher anticholinergic burden than people with dementia
who were not married. This could be because people who
are married may be more likely to have someone to notice
the early signs of dementia and a carer throughout differ-
ent stages of the disease. However, married people may
also be more likely to have someone who ensures that
they take their prescribed medication, some of which may
be high in anticholinergic properties. We also found that
people who were older than eighty-five had a lower anti-
cholinergic than the younger age categories (Table 5), pos-
sibly suggesting that some anticholinergic medications
may be withdrawn in the later stages of dementia, due to
no longer being beneficial.

Table 3 highlights that only anticholinergic drugs with a
score of 1 significantly increased mortality rates (Table 3),
anticholinergic drugs with a score of 3 also increased mor-
tality rates, but the effect was not significant. Although
counterintuitive, this finding could be explained by noting
the number of drugs in each class, thirty had a score of
one, six drugs had a score of two and twenty-five had a
score of 3, therefore the non-significance significance of
drugs with a score of three may be due to a lack of statis-
tical power. In 2014 Richardson et al (Fox, Richardson,
et al., 2011), found that different classes of anticholinergic

drugs (predominantly urological and respiratory) signifi-
cantly influenced the risk of receiving a dementia diagno-
sis. When the available drugs in our study were categorised
we found that respiratory and urological drugs significantly
increased mortality rates. With this combination of results
in mind, it is essential for future research to determine why
these categories of anticholinergic drugs in particular,
increase both the incidence rates of dementia and mortal-
ity rates of people with dementia. One potential explan-
ation could be the stage of dementia at which urological
and respiratory drugs are prescribed. If such drugs are pre-
scribed in the later stages of dementia to control for incon-
tinence and respiratory difficulties, it is likely that this will
cause an increase in mortality rates. Urinary incontinence is
often a side-effect of cholinesterase inhibitors so clinicians
should be alert to this before prescribing a urological drug
to a patient with dementia on a cholinesterase inhibitor. A
change to Memantine may be more appropriate.

Urban/rural classification did not significantly influence
mortality rates in people with dementia in our cohort.
However, t-test and multi-level regression analysis showed
that in comparison to people living in an urban area, living in
a rural area significantly increased overall anticholinergic bur-
den (Table 3). Access to health resources (such as GP appoint-
ments) may be poorer in rural areas, which may lead to
larger prescriptions of medications, due to the perceived time
before another GP appointment is available. In Northern
Ireland, we have a statistical measure known as the Northern
Ireland Multiple Deprivation Measure (NIMDM) (Northern
Ireland Statistics and Research Agency, 2010). The NIMDM
ranges from one to ten with ten indicating the lowest level
of deprivation and one indicating the highest. As with past
research (McMichael, Zafeiridi, & McGuinness, 2020; van de
Vorst, Koek, Stein, Bots, & Vaartjes, 2016), we found that

Table 3. Cox proportional hazard model assessing the influence of each anticholinergic drug score and demographic characteristics on mortality.

Model 1 Model 2 Model 3 Model 4 Model 5

Anticholinergic drug score
0 1.00 1.00 1.00 1.00 1.00
1 1.25 (1.20–1.31)��� 1.22 (1.20–1.31)��� 1.22 (1.17–1.28)��� 1.23 (1.18–1.28)�� 1.23 (1.17–1.28)���
2 .94 (.84–1.05) .94 (.84–1.05) .94 (.84–1.06-) .93 (.83–1.04) .93 (.83–1.05)
3 1.03 (.99–1.08) 1.01 (.99–1.08) 1.01 (.97–1.06 1.02 (.97–1.06) 1.01 (.97–1.06)
Age
<65 1.00 1.00 1.00 1.00
65–74 1.19 (1.07–1.33)�� 1.21 (1.08–1.35)��� 1.21 (1.08–1.36)�� 1.21 (1.08–1.36)��
75–84 1.48 (1.33–1.64)��� 1.49 (1.34–1.66)��� 1.52 (1.36–1.69)��� 1.52 (1.37–1.70)���
�85 1.61 (1.44–1.79)��� 1.66 (1.49–1.85)��� 1.68 (1.50–1.88)��� 1.69 (1.51–1.89)���
Gender
Male 1.00 1.00 1.00 1.00
Female 1.26 (1.21–1.31)��� 1.28 (1.23–1.33)��� 1.27 (1.22–1.32) 1.27 (1.22–1.32)���
Marital status
Married 1.00 1.00 1.00
Divorced / separated 1.24 (1.07–1.45)�� 1.27 (1.08–1.48)�� 1.26 (1.08–1.47)��
Single 1.18 (1.09–1.28)��� 1.17 (1.08–1.26)��� 1.16 (1.07–1.26)���
Unknown .82 (.79–.86)��� .82 (.78–.86)��� .82 (.78–.85) )���
Widowed 1.11 (1.05–1.17)��� 1.10 (1.04–1.16)��� 1.10 (1.04–1.16) ���
Urban / rural classification
Rural 1.00 1.00
Urban 1.00 (.96–1.05) 1.00 (.96–1.04)
Deprivation measure
1–3 (most deprived) 1.00
4–6 .95 (.90–.1.00)�
7–10 (least deprived) .93 (.89–.98)��
Figures represent hazard ratios and 95% CIs.
Model 1: unadjusted.
Model 2: adjusted for age and gender.
Model 3: plus adjustment for marital status.
Model 4: plus adjustment for urban/rural.
Model 5: plus adjustment for area deprivation.�p<.05, ��p<.01,���p<.0001.
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people with dementia who live in more deprived areas had
significantly higher mortality rates in comparison to people
with dementia who lived in areas with the least deprivation
(Table 3). However, we also showed that people in the most
deprived areas are likely to have a significantly higher anti-
cholinergic burden in comparison to people with dementia in

the least deprived areas. Using data from Northern Ireland,
past research has shown treatment inequalities in the pre-
scription of anti-dementia drugs, with people living in the
least deprived areas being 25% more likely to be initiated on
anti-dementia quicker than people in the most deprived areas
(Cooper et al., 2016). Here we provide initial evidence that

Table 4. Cox proportional hazard model assessing the influence of anticholinergic drug class and demographic characteristics on mortality.

Number of drugs per class Model 1 Model 2 Model 3 Model 4 Model 5

Drug class
Antidepressants 10 1.10 (.93–1.31) 1.14 (.96–1.35) 1.12 (.95–1.33) 1.12 (.96–1.35) 1.12 (.94–1.33)
Antipsychotics 7 .96 (.80–1.16) .94 (.78–1.13) .94 (.78–1.13) .93 (.78–1.13) .93 (.77–1.12)
Gastrointestinal 4 1.04 (.95–1.15) 1.04 (.95–1.15) 1.02 (.93–1.12) 1.02 (.95–1.15) 1.02 (.93–1.12)
Antiparkinson 3 1.12 (.78–1.60) 1.24 (.87–1.77) 1.21 (.84–1.72) 1.18 (.87–1.77) 1.17 (.82–1.69)
Respiratory 9 1.17 (1.08–1.27)��� 1.13 (1.04–1.23)�� 1.12 (1.03–1.21)�� 1.12 (1.04–1.23)�� 1.12 (1.03–1.22)��
Urological 3 1.20 (1.05–1.38)�� 1.22 (1.06–1.39)�� 1.17 (1.03–1.35)�� 1.19 (1.06–1.39)�� 1.18 (1.03-1.36)��
Antihistamines 3 .81 (.54–1.22) .81 (.53–1.22) .77(.51–1.16) .75.53–1.22) .75 (.49–1.15)
Other 22 1.28 (1.22–1.34)��� 1.30 (1.24–1.36)��� 1.26 (1.20–1.32)��� 1.26 (1.24–1.36)��� 1.26 (1.20–1.32)���
Age
<65 1.00 1.00 1.00 1.00
65–74 1.20 (1.08–1.34)��� 1.22 (1.09–1.36) ��� 1.22 (1.08–1.34) ��� 1.22 (1.08–1.34) ���
75–84 1.49 (1.35–1.66)��� 1.51 (1.36–1.68) ��� 1.53 (1.35–1.66) ��� 1.54 (1.35–1.66) ���
�85 1.63 (1.46–1.81)��� 1.68 (1.51–1.87) ��� 1.71 (1.46–1.81) ��� 1.72 (1.46-1.81) ���
Gender
Male 1.00 1.00 1.00 1.00
Female 1.26 (1.22–1.31)��� 1.29 (1.24–1.34) ��� 1.28 (1.22–1.31) ��� 1.28 (1.22-1.31) ���
Marital status
Married 1.00 1.00 1.00
Divorced / separated 1.24 (1.06–1.44)�� 1.25 (1.07–1.47) �� 1.25 (1.07-1.46)��
Single 1.18 (1.09–1.28) ��� 1.17 (1.08–1.26) ��� 1.16 (1.07-1.26)���
Unknown .82 (.79–.86) ��� .82 (.78–.86) ��� .82 (.78-.86) ���
Widowed 1.11 (1.05–1.17) ��� 1.10 (1.04–1.16) ��� 1.10 (1.04-1.16) ���
Urban / rural classification
Rural 1.00 1.00
Urban 1.00 (.96–1.04) 1.00 (.96-1.04)
Deprivation measure
1–3 (most deprived) 1.00
4–6 .95 (.90–1.00)
7–10 (least deprived) .94 (.89-.98)��
Figures represent hazard ratios and 95% CIs.
Model 1: unadjusted.
Model 2: adjusted for age and gender.
Model 3: plus adjustment for marital status.
Model 4: plus adjustment for urban/rural.
Model 5: plus adjustment for area deprivation.�p<.05, ��p<.01,���p<.0001.

Table 5. Multi-level regressions with total anticholinergic burden as the outcome variable and demographic characteristics as predictors.

Model 1 Model 2 Model 3 Model 4

Age
<65 1.00 1.00 1.00 1.00
65–74 �.22 (�.37 to �.07)�� �.22 (�.37 to �.07)��� �.26 (�.41 to �.10)��� �.24 (�.40 to �.09) ���
75–84 �.54 (�.69 to �.40)��� �.54 (�.69 to �.40) ��� �.56 (�.71 to �.42)��� �.53 (�.68 to �.39) ���
�85 �.84 (�1.00 to �.68)��� �.84 (�1.00 to �.68) ��� �.77 (�.93 to �.61)��� �.72 (�.89 to �.56) ���
Gender
Male 1.00 1.00 1.00 1.00
Female �.00 (�.08 to .06) �.00 (�.08 to .06) �.04 (�.11 to .35) �.03 (�.11 to .03)
Marital status
Married 1.00 1.00 1.00
Divorced / separated .24 (�.00 to .50) .28 (�.02 to .54)�� .23 (�.02 to .49)
Single �.30 (�.46 to �.15)��� �.31 (�.47 to �.16)��� �.34 (�.49 to �.18) ���
Unknown �.73 (�.82 to �.50)��� �.71 (�.80 to �.62)��� �.71 (�.80 to �.63) ���
Widowed �.08 (�.18 to .01) �.06 (�.16 to .03) �.08 (�.18 to .02)
Urban / rural classification
Urban 1.00 1.00
Rural �.32 (�.40 to �.25)��� �.33 (�.41 to �.25) ���
Deprivation measure
1–3 (most deprived) 1.00
4–6 �.07 (�.17 to .01)
7–10 (least deprived) �.39 (�.47 to �.30) ���
Figures represent coefficients and 95% CIs.
Model 1: unadjusted.
Model 2: adjusted for age and gender.
Model 3: plus adjustment for marital status.
Model 4: plus adjustment for urban/rural.
Model 5: plus adjustment for area deprivation.�p<.05, ��p<.01,���p<.0001.
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there may be treatment inequalities in the prescription of
anticholinergic drugs, as we found that people who lived in
the most deprived areas have significantly higher anticholiner-
gic burden in comparison to people in the least deprived
areas (Table 5).

In the present study we found that among our demen-
tia cohort, 82% of people had an anticholinergic burden
and preliminary research has now begun to assess the anti-
cholinergic burden among people without dementia. For
instance, the Northern Ireland Cohort of Longitudinal
Ageing (NICOLA) is a longitudinal, representative study,
which is currently following 8,500 people from Northern
Ireland across different waves of data collection to under-
stand the dynamics of ageing in Northern Ireland (O’reilly,
Rosato, Catney, Johnston, & Brolly, 2012). Preliminary ana-
lysis from wave 1 of the NICOLA study has shown that 82%
of people have no anticholinergic burden (McMichael,
Zafeiridi, & McGuinness, 2020), in comparison to 82% of
people with dementia who do have an anticholinergic bur-
den in the present study. This difference in anticholinergic
burden between people in the general population and
people with dementia raises concerns and questions for
future research. In particular, future research needs to
address the underlying reasons as to why anticholinergic
burden increases after a dementia diagnosis, despite the
existing body of evidence attesting to the dangers of pre-
scribing anticholinergic drugs to people with dementia
(Dur�an, Azermai, & Vander Stichele, 2013; Gray & Hanlon,
2016). Moreover, longitudinally following the current wave
1 NICOLA participants over future waves may allow us to
establish whether those exposed to anticholinergic drugs
in wave 1 are more likely to receive a dementia diagnosis.

We propose that de-prescribing may be an eligible
method of reducing the number of medications people
with dementia are being prescribed (Barry et al., 2016;
Scott et al., 2015). As a case in point, ‘drug holidays’,
whereby a medication is withdrawn for a given period of
time to assess its treatment utility or withdrawal symptoms,
could act as the first stepping stone in reducing anticholin-
ergic burden until other potential non-pharmacological
treatments are developed (Barry et al., 2016; Howland,
2009). However, we also appreciate the ethical and compli-
cated considerations in de-prescribing for people with
dementia, as people with dementia are likely to be have an
irreversible capacity to be involved in their treatment deci-
sions. Further research is needed to assess the efficacy of
de-prescribing medications in an attempt to decrease anti-
cholinergic burden.

Limitations

To the best of our knowledge, this is the first study in
Northern Ireland to assess the effects of anticholinergic
drugs on people with dementia in Northern Ireland.
Although, the EPD holds a wealth of data which has great
utility for researchers and whilst we have confidence in our
results, it is important to note some potential limitations of
our study. Due to the nature of the data, we had to use
the first date a dementia management medication was pre-
scribed as a date of diagnosis, although it is likely that the
official date of diagnosis was before any medication was
prescribed. Using our proxy measure, we were unable to

assess the effects of anticholinergic drugs on different
types of dementia. Additionally, using our proxy measure
for date of diagnosis, it is likely that people with vascular
and frontotemporal dementia were not included in our
analysis, as cholinesterase inhibitors are not prescribed for
these dementia subtypes. Although the EPD is a useful
resource for researchers, it currently gathers between 80%
and 90% of all medications dispensed by a pharmacist,
meaning that some people with dementia may not be in
the dataset. It is possible to buy over the counter medica-
tions (OTC) which have varying levels of anticholinergic
properties, however, these medications are not recorded in
the EPD, meaning that there could potentially be an under
estimation of the total anticholinergic medications each
person was taking between 2010 and 2016. Furthermore,
the data for this study did not account for other comorbid-
ity medications or health behaviours such as smoking or
alcohol consumption. Moreover, given the different bene-
fit-risk trade-off of each drug and the interaction between
different drugs it is possible that the people in our study
population may not have fully adhered to their prescribed
treatment. It also must be taken into consideration that
there are numerous different anticholinergic scales avail-
able, some of which give the same drugs different scores
(Dur�an et al., 2013), therefore our results may have been
influenced by our scale selection. Finally, we must empha-
sise for the marital status variable, 35% of the data was
missing, furthermore, the marital status was recorded at
baseline (2010) but at different times between 2010 and
2016, thus our findings with regard to the influence of
marital status on mortality and anticholinergic burden,
should be interpreted with caution.

Conclusions

Higher anticholinergic burden was significantly associated
with higher mortality among people with dementia in
Northern Ireland. Respiratory and urological drugs in par-
ticular significantly increased mortality. Clinicians and
researchers should continue to assess and decrease the use
of anticholinergic drugs among people with dementia.
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