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Abstract
Background Anticholinergic burden (ACB) is associated with an increased risk of delirium in the older population outside 
of the acute hospital setting. In acute settings, delirium is associated with increased mortality, and this association is greater 
with full syndromal delirium (FSD) than with subsyndromal delirium (SSD). Little is known about the impact of ACB on 
delirium prevalence or subtype in hospitalized older adults or the impact on mortality in this population.
Objectives Our objectives were to determine whether ACB moderates associations between the subtype of delirium expe-
rienced by hospitalized older adults and to explore factors (including ACB) that might moderate consequent associations 
between delirium and mortality in hospital inpatients.
Methods We conducted a retrospective analysis of a cohort of 784 older adults with unplanned admission to a North London 
acute medical unit between June and December 2007. Univariate regression analyses were performed to explore associations 
between ACB, as represented by the Anticholinergic Burden Scale (ACBS), delirium subtype (FSD vs. SSD), and mortality.
Results The mean age of the sample was 83 ± standard deviation (SD) 7.4 years, and the majority of patients were female 
(59%), lived in their own homes (71%), were without dementia (75%), and died between hospital admission and the end of 
the 2-year follow-up period (59%). Mean length of admission was 13.2 ± 14.4 days. Prescription data revealed an ACBS 
score of 1 in 26% of the cohort, of 2 in 12%, and of ≥ 3 in 16%. The mean total ACBS score for the cohort was 1.1 ± 1.4 
(range 0–9). Patients with high ACB on admission were more likely to have severe dementia, to have multiple comorbidities, 
and to live in residential care. Higher ACB was not associated with delirium of either subtype in hospitalized older adults. 
Delirium itself was associated with increased mortality, and greater associations were seen in FSD (hazard ratio [HR] 2.27; 
95% confidence interval [CI] 1.70–3.01) than in SSD (HR 1.58; 95% CI 1.2–2.09); however, ACB had no impact on this 
relationship.
Conclusions ACB was not found to be associated with increased delirium of either subtype or to have a demonstrable impact 
on mortality in delirium. Prior suggestions of links between ACB and mortality in similar populations may be mediated by 
higher levels of functional dependence, greater levels of residential home residence, or an increased prevalence of dementia 
in this population.
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1  Background

Delirium is a complex neuropsychiatric syndrome character-
ized by acute onset of fluctuating inattention and cognitive 
deficits [1]. These deficits include disorganized thinking, 
perceptual disturbances, altered levels of consciousness, and 
changes in social and physical behaviors [2]. Delirium can 
be categorized based on variability in motor and arousal 

presentations (hyper- and hypoactive subtypes) or by sub-
types such as full syndromal delirium (FSD) and subsyndro-
mal delirium (SSD). Acute onset and inattention, in addition 
to disorganized thinking or altered consciousness, indicate 
FSD. The presence of one or more, but not all of these symp-
toms, indicates SSD [3].

Delirium is common in hospitalized older adults, par-
ticularly those admitted on an unplanned or emergency 
basis (60–87%) [4]. Delirium has consistently been shown 
to increase mortality risk, doubling mortality during and 
beyond the initial period of hospitalization [5–7]. This could 
be because delirium indicates underlying disease severity, or 
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Key Points 

Anticholinergic medication use is not associated with 
delirium of any subtype.

In older adults admitted to hospital, delirium is associ-
ated with greater mortality.

Of these individuals, those who are also prescribed 
anticholinergic medication are no more or less likely to 
die.

whether ACB moderated consequent associations between 
delirium and mortality in hospital inpatients.

2  Methods

2.1  Study Design, Setting, and Population

This was a retrospective analysis of prospectively collected 
cohort data. Data were analyzed from a cohort of 784 older 
adults with an emergency unplanned admission (via the 
emergency department or clinic) to a North London acute 
medical unit between June and December 2007. Participants 
were aged ≥ 70 years and were admitted for at least 48 h. 
We excluded participants with no available information on 
medications prescribed on admission. Within 72 h of admis-
sion, participants underwent clinical assessments by trained 
clinicians (old age psychiatrists) to gather relevant baseline 
data. Prior to assessment, verbal consent was gained from 
the participant or, where the participant lacked capacity, 
their carer. Ethical approval was provided by the Royal Free 
Hospital NHS Trust Ethics Committee (06/Q0501/31).

2.2  Ascertainment of Delirium

Delirium was evaluated using the Confusion Assessment 
Method short-form (s-CAM) [38], which assesses common 
features of delirium, specifically acute onset, inattention, 
disorganized thinking, and altered level of consciousness. 
The s-CAM has high sensitivity (95%) and specificity (89%) 
for delirium when delivered by trained researchers [39]. The 
s-CAM can also be used to effectively diagnose delirium 
in people with dementia [40]. Based on the number of fea-
tures present within this diagnostic assessment, a subtype of 
either FSD (three or more features) or SSD (two features) 
was assigned, a method previously found to have high accu-
racy for subtype differentiation [3].

2.3  Ascertainment of Anticholinergic Burden 
on Admission

Total ACB was calculated and categorized (0, 1, 2, ≥ 3) 
using the Anticholinergic Cognitive Burden Scale (ACBS), 
which scores individual medications based on their likeli-
hood of a clinically relevant anticholinergic effect from 0 
(no effect) to 3 (suggestive of anticholinergic effect caus-
ing delirium) [41]. While other measures of anticholinergic 
activity exist, the ACBS was chosen because of its frequency 
of use in existing literature on associations with delirium 
and because anticholinergic medications within the scale 
are graded on their potential to cause cognitive rather than 
peripheral effects [42].

it could be related to other issues independently associated 
with increased mortality in older people, such as demen-
tia [8], frailty [6], and infection [9]. Factors that increase 
delirium risk include preexisting cognitive impairment or 
dementia, physical and mental comorbidities, functional 
dependence, infection, and polypharmacy [4, 10–14]. For 
polypharmacy, medications with anticholinergic properties 
are particularly relevant.

Anticholinergic drugs are prescribed to 20–50% of older 
people to treat a range of medical illnesses affecting auto-
nomic smooth muscle, neuromuscular, or central nervous 
system function. These include urinary incontinence [15], 
Parkinson’s disease, respiratory disorders [16], and depres-
sion [17]. Age-related physiological changes, including 
increased blood–brain barrier permeability, and reduced 
renal and hepatic clearance, result in the use of these medi-
cations being associated with a cumulative anticholinergic 
burden (ACB) [18]. ACB is associated with increased risk 
of incident delirium in the older population [4, 19–23], with 
estimates for experiencing delirium increasing incrementally 
by up to 40% for each additional anticholinergic medication 
taken [20]. ACB is also associated with impaired physical 
function [24] and mortality [25].

The relationship between ACB and a higher lifetime risk 
of incident delirium has been previously noted across differ-
ent countries [4, 19, 21, 26], clinical diagnoses [22, 27], and 
residential settings [21, 28], yet existing studies have found 
no evidence for a relationship between delirium during 
hospital admission and ACB [29–32]. In addition, studies 
exploring the relationship between delirium and mortality 
in hospitals neglect ACB as a potential mediator [33–36], 
despite its known association with mortality. With the 
exception of one study [37], existing studies have explored 
delirium prevalence as a binary outcome. Little research has 
examined the influence of ACB upon different subtypes of 
delirium. We had two aims: (1) to determine whether ACB 
was associated with the subtype of delirium (FSD vs. SSD) 
experienced by hospitalized older adults and (2) to explore 
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2.4  Ascertainment of Mortality

Mortality data were linked to the UK Office for National Sta-
tistics, which allowed for automatic notification of a partici-
pant’s death for up to 2 years following the beginning of the 
study. We chose 2 years a priori as delirium has strong pre-
dictive value for 1-year mortality [43] and limited evidence 
for associations with mortality up to 2 years post discharge 
[44]. Survival time was from the date of hospital admission 
to the date of death or until censoring on 9 July 2009.

2.5  Covariates

Demographic data associated with both delirium and mor-
tality were collected from participants’ hospital records, 
including age, sex, place of residence, ethnicity, marital sta-
tus, smoking status, and level of education. Data for other 
medical conditions that might impact both delirium and 
mortality were collected. These included severity of acute 
illness measured using the Acute Physiology and Chronic 
Health Evaluation (APACHE-II) [45], patient burden of 
comorbidities measured using the Charlson Comorbidity 
Index (CCI) [46], pressure ulcer risk measured using the 
Waterlow Scale [47], total medication count and the Func-
tional Assessment Staging Tool (FAST) [48] to examine 
stage of dementia prior to admission to hospital. These 
measures were treated as continuous variables for statis-
tical analysis, bar the FAST, which used a score of ≥ 6a 
to represent the highest degrees of functional impairment. 
Researchers ascertained dementia status using a structured 
clinical assessment based on operationalized Diagnostic and 
Statistical Manual of Mental Disorders, 4th edition (DSM-
IV) criteria [49] incorporating the Mini-Mental State Exami-
nation [50], a review of medical notes, and a discussion with 
the participant and their carers. Length of hospital admission 
was assessed via hospital records.

2.6  Statistical Analyses

Demographic and clinical characteristics of the cohort were 
described using measures of central tendency and variabil-
ity to explore differences per ACBS category. Analysis of 
variance (ANOVA), Kruskal–Wallis, and Pearson’s chi-
squared tests were used, as appropriate, to test for relation-
ships between continuous and categorical outcome varia-
bles and ACBS category. Histograms were plotted to assess 
normality so we could select the appropriate test. We used 
univariable logistic regressions to test associations between 
ACB and delirium subtype. A series of multinomial logistic 
regressions were estimated to assess independent associa-
tions between all covariates (detailed in Sect. 2.5) and both 
delirium subtypes. Cox proportional hazard regressions were 
used for all covariates and mortality outcomes. ANOVA, 

Kruskal–Wallis, and Pearson’s chi-squared tests were used, 
as appropriate, to test for relationships between continuous 
and categorical outcome variables and between delirium sta-
tus and mortality status. All analyses were performed using 
STATA version 15 [51] on a complete-case basis, includ-
ing only participants with full data on delirium status and 
medication.

3  Results

3.1  Participant Eligibility

During the study period, 784 potential participants were 
admitted to hospital and met inclusion criteria. Of these, 
577 participants had full admission data, including s-CAM 
screening and medication data (74% of original sample), and 
were included for final analysis (Fig. 1).

3.2  Cohort and Clinical Characteristics

Demographic and clinical characteristics of the cohort cat-
egorized by ACBS score are provided in Table 1. The mean 
age of the sample was 83 ± standard deviation (SD) 7.4 
years, and the majority were female (59%), lived in their own 
homes (71%), were not diagnosed with dementia (75%), and 
died between hospital admission and the end of the 2-year 
follow-up period (59%). Median length of admission was 8 
days (interquartile range 4–16).

Nearly half of the cohort were not prescribed any medi-
cations with anticholinergic properties (46%). Prescription 
data revealed an ACBS score of 1 in 26%, of 2 in 12%, and 
of ≥ 3 in 16%. The mean ± SD total ACBS score for the 
cohort was 1.1 ± 1.4 (range 0–9), and the median was 1 
(interquartile range 0–2). Participants with an ACBS score 
of ≥ 3 were more likely to be female, single, and living in 
residential or care homes. Participants with higher ACBS 
scores were more likely to have more severe dementia and 
multiple comorbidities.

Cohort characteristics stratified by (1) delirium subtype 
and (2) mortality are provided in Table 2. FSD was present 
in 13% (n = 77) and SSD in 17% (n = 98). Compared with 
those without delirium, participants with FSD were more 
likely to be older and at greater risk of pressure sores and to 
have more severe acute illness, more comorbidities, and a 
longer hospital stay. Individuals with FSD were also more 
likely to be living in residential or nursing care and have a 
dementia diagnosis. These patterns were also seen in those 
with SSD but to a lesser degree. When stratified by mortal-
ity, the same patterns were seen in the 59% (n = 339) of the 
cohort who had died within the 2-year follow-up period.
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3.3  Associations Between Anticholinergic Burden 
and Delirium Subtype

The presence of any delirium was not associated with higher 
ACBS scores in hospitalized inpatients. The presence of 
delirium was instead strongly associated with the highest 
degrees of functional impairment, represented by a FAST 
score of ≥ 6a (odds ratio [OR] SSD 7.59; 95% confidence 
interval [CI] 4.55–12.7 vs. FSD 30.5; 95% CI 15.7–59.2), 
nursing home residency (OR SSD 2.35; 95% CI 1.52–3.88 
vs. FSD 4.79; 95% CI 2.87–7.99), the presence of dementia 
(OR SSD 3.68; 95% CI 2.25–6.02 vs. FSD 8.63; 95% CI 
5.06–14.7), and increasing age (OR per additional year of 
age, SSD 1.02; 95% CI 0.99–1.06 vs. FSD 1.09; 95% CI 
1.05–1.13). Female sex was also associated with delirium 
but with a higher prevalence of SSD than FSD (OR SSD 
2.02; 95% CI 1.25–3.28 vs. FSD 1.34; 95% CI 0.81–2.22). 
More severe acute illness, represented by increased 
APACHE-II scores and increased Waterlow scores, was 
also associated with higher rates of delirium, with little dif-
ference in delirium subtype. Higher levels of comorbidity, 
as represented by CCI score, were weakly associated with 
delirium. Univariable analyses are provided in Table 3.

3.4  The Effect of Anticholinergic Burden 
on Associations Between Delirium Subtype 
and Mortality

Higher ACBS scores were not associated with an increase in 
mortality in unadjusted analyses. Higher mortality was asso-
ciated with delirium, with increased levels in FSD (hazard 
ratio [HR] 2.27; 95% CI 1.70–3.01) versus SSD (HR 1.58; 
95% CI 1.20–2.09) as previously seen in this sample [5–7]. 
Increased mortality was also associated with nursing home 
residency (HR 2.13; 95% CI 1.61–2.82), dementia (HR 1.45; 
95% CI 1.15–1.84), and increasing age (HR per additional 
year of age 1.03; 95% CI 1.02–1.05). Again, worse CCI, 
APACHE-II, Waterlow, and FAST scores were associated 

with increased levels of mortality. Univariable analyses are 
provided in Table 3. Delirium remained strongly associated 
with mortality after adjusting for residential status, Water-
low score, CCI, and the presence of dementia. Within all 
delirium subtypes, controlling for ACBS score did not nota-
bly affect the mortality hazard, suggesting that anticholiner-
gic burden is not a mediator or confounder of the previously 
established relationship between delirium and mortality.

4  Discussion

Our study explored the effects of medications with anticho-
linergic properties upon delirium while also considering 
subsyndromal presentations and is the first to investigate 
the effect of these medications in the relationship between 
delirium subtypes and mortality. In a large sample of older 
adults admitted to an acute hospital, ACBS score was not 
associated with any delirium subtype in bivariate analyses. 
Delirium and mortality were strongly associated, with a 
dose–response relationship between delirium subtype and 
mortality risk; patients with FSD were over three times more 
likely to die than those with SSD or no delirium. Yet, rela-
tionships between delirium and mortality were not attenu-
ated by ACBS score for any of the delirium subtypes. This 
suggests that, among hospitalized older adults, ACB may not 
affect delirium subtype or the relationship between delirium 
and mortality.

ACBS score was not associated with the presence of any 
type of delirium in our study, and this finding supports and 
extends the findings of other smaller studies that have shown 
no effect of anticholinergic medications upon delirium in 
hospitalized older adults [20, 29–33]. Unlike our study, 
some studies have found evidence for an association between 
higher ACB and increased risk of delirium in this popula-
tion [4, 19, 23, 27, 37, 52]. While these studies accounted 
for factors such as sensory impairment and prior antipsy-
chotic use, they did not account for severity of acute illness, 

Fig. 1  Study flowchart showing 
participant eligibility and exclu-
sion process. s-CAM Confusion 
Assessment Method short-form

784 people admitted to hospital 

689 people eligible for screening using  
s-CAM to detect delirium status 

602 people screened using s-CAM  

77 missing data about study 
eligibility 

18 not eligible for inclusion  

87 missing data on screening  

25 missing data on medications  

577 people (74% original sample) included in this 
analysis 
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Table 1  Cohort and clinical characteristics by Anticholinergic Burden Scale score

Data are presented as mean ± standard deviation, N (%), or median (interquartile range) unless otherwise indicated. Total n = 577 unless other-
wise stated. Chi-squared test, Fisher’s exact test, ANOVAs or the Kruskal–Wallis test were performed as appropriate
FAST stage: 1 = no functional impairment; 2–5 = subjective/objective functional deficit, difficulties with activities of daily living; ≥ 6a = Help 
required dressing, toileting, personal hygiene, limited vocabulary, can no longer walk, sit up, or hold head up
ANOVA analysis of variance, APACHE-II Acute Physiology and Chronic Health Evaluation II, FAST Functional Assessment Staging Tool, FSD 
full syndromal delirium, MMSE Mini-Mental State Examination, SSD subsyndromal delirium

Variables Total Anticholinergic Burden Scale Score p value

0 1 2 3+

n (%) 577 (100) 264 (46) 151 (26) 71 (12) 91 (16)
Age (years) 83.2 ± 7.4 83.7 ± 7.5 83.1 ± 7.4 81.3 ± 6.8 83.7 ± 7.3 0.083
Sex 0.073
 Male 237 (41) 117 (44) 55 (36) 35 (49) 30 (33)
 Female 340 (59) 147 (56) 96 (64) 36 (51) 61 (67)

Residence type (n = 576) 0.002
 House 408 (71) 190 (72) 106 (70) 60 (85) 52 (57)
 Residential care 168 (29) 73 (28) 45 (30) 11 (15) 39 (43)

Ethnicity 0.021
 White 518 (90) 239 (91) 128 (85) 63 (89) 88 (97)
 Other 59 (10) 25 (9) 23 (15) 8 (11) 3 (3)

Marital status (n = 571) 0.183
 Single 84 (15) 43 (16) 20 (13) 5 (7) 16 (18)
 Other 487 (85) 218 (84) 129 (87) 66 (93) 74 (82)

Smoking status (n = 569) 0.084
 Never 263 (46) 116 (44) 73 (50) 26 (37) 48 (53)
 Ex 256 (45) 115 (44) 62 (42) 42 (59) 37 (41)
 Current 50 (9) 30 (11) 12 (8) 3 (4) 5 (6)

Delirium diagnosis 0.484
 FSD 77 (13) 34 (13) 21 (14) 7 (10) 15 (16)
 SSD 98 (17) 44 (17) 22 (15) 11 (15) 21 (23)
 No delirium 402 (70) 186 (70) 108 (72) 53 (75) 55 (60)

Mortality 0.402
 Deceased 339 (59) 161 (61) 80 (53) 44 (62) 54 (59)
 Not deceased 238 (41) 103 (39) 71 (47) 27 (38) 37 (41)

Dementia diagnosis 0.001
 Yes 143 (25) 68 (26) 32 (21) 8 (11) 35 (38)
 No 434 (75) 196 (74) 119 (79) 63 (89) 56 (62)

MMSE score 19.2 ± 10.2; 23 
(14–27)

19.3 ± 10.3; 23 
(14–27)

19.6 ± 10.2; 24 
(15–27)

21.3 ± 8.9; 24 
(19–27)

16.8 ± 10.5; 21 
(6–25)

0.038

FAST stage (n = 556) 0.006
 1 243 (44) 114 (45) 72 (50) 33 (47) 24 (27)
 2–5 167 (30) 72 (28) 41 (28) 25 (36) 29 (33)
 ≥ 6a 146 (26) 68 (27) 31 (22) 12 (17) 35 (40)

Waterlow score 
(n = 570)

13.1 ± 6.4 13.3 ± 6.5 12.3 ± 6.2 12.1 ± 5.5 14.5 ± 6.7 0.03

APACHE-II score 
(n = 569)

12.1 ± 3.7 12.1 ± 3.5 12.1 ± 4.0 12.1 ± 4.2 12.1 ± 3.1 0.996

Days of admission 
(n = 576)

13.2 ± 14.4; 8 
(4–16)

13.2 ± 14.4; 8 
(4–16)

12.8 ± 14.1; 7 
(4–15)

14.4 ± 16.8; 9 
(4–14)

9 ± 16; 9 (4–20) 0.815

Medications 
on admission 
(n = 577)

5.9 ± 3.0; 5 (4–8) 4.6 ± 2.8; 4 (2–6) 6.1 ± 2.6; 6 (4–8) 7.7 ± 2.7; 8 (6–9) 7.9 ± 2.7; 8 (5–10) < 0.001
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dementia, and the risk of pressure sores. The sample size of 
these studies was also smaller, and different anticholinergic 
drug scales with poor agreement [53] are used across the 
literature, which may have contributed to these conflicting 
results. The delirium–mortality findings are in line with 
those of existing literature [5–7]. ACB did not mediate or 
confound the relationship between delirium and mortality 
in our study. In agreement with existing literature, numer-
ous other demographic and clinical characteristics were 
significantly and independently related to delirium, such as 
severity of acute illness and comorbidity [10, 13, 54]. It is 
plausible that the delirium–mortality relationship is driven 
by these factors over ACB.

Despite the notable strengths of a large sample size and 
robust measures of delirium, ACB, and confounders, our 
study is not without limitations. The ACBS is the most 
frequently used validated expert-based ACB scale [55]. 
However, it is used here as a measure of medication use 
on admission to hospital and therefore does not take into 
account medication dosage, compliance, length of usage, or 
any changes in drugs during/post hospitalization. Our meas-
ure of delirium was as point prevalence via comprehensive 
assessment methods undertaken by trained and experienced 

old age psychiatrists. Verification of information provided 
by the participant with family members, staff, and medi-
cal records limited recall bias from older participants expe-
riencing delirium or memory difficulties. However, these 
assessments were performed upon hospital admission, and 
delirium symptoms may peak during the 2nd week of hos-
pitalization [4], so incident delirium that occurred after the 
recruitment period may have been missed. Yet the preva-
lence of delirium in this study (30%) was similar to that 
found in other studies in similar settings and populations 
[20, 23, 26]. Despite a relatively comprehensive assessment 
of potential confounders of the relationships between ACB, 
delirium, and mortality, residual confounding remains pos-
sible. Frailty [6], social or environmental factors such as iso-
lation [56], the use of physical restraints [57], alcohol [58], 
and pain [59] may play a role in the relationship between 
studied variables. Our data came from a predominantly 
White British population from a London hospital; however, 
this hospital serves 1.2 million people, and our sample size 
is notably larger than many studies in the field.

Our findings suggest that heavy ACB does not contrib-
ute to an increased risk of delirium or directly influence the 
delirium–mortality association among older acute hospital 

Table 2  Cohort and clinical characteristics by delirium subtype and mortality status

Data are presented as mean ± standard deviation, N (%) unless otherwise indicated. Total n = 577 unless otherwise stated. Pearson chi-squared, 
ANOVA, and Kruskal–Wallis tests used where appropriate
ACBS Anticholinergic Cognitive Burden Scale, APACHE-II Acute Physiology and Chronic Health Evaluation II, CCI Charlson Comorbidity 
Index, FAST Functional Assessment Staging Tool, FSD full syndromal delirium, IQR interquartile range, SSD subsyndromal delirium

Variables Delirium status Mortality

FSD SSD No delirium p value Deceased Not deceased p value

n (%) 77 (13) 98 (17) 402 (70) 339 (59) 238 (41)
Age (years) 86.9 ± 7.0 83.7 ± 7.4 82.4 ± 7.3 < 0.001 84.1 ± 7.4 82.0 ± 7.2 < 0.001
Female 48 (62) 70 (71) 222 (55) 0.011 200 (59) 140 (59) 0.967
Residence type (n = 576) < 0.001 < 0.001
 House 33 (43) 59 (60) 316 (79) 213 (63) 195 (82)
 Residential home 13 (17) 11 (11) 18 (4) 33 (10) 9 (4)
 Nursing home 25 (32) 26 (27) 31 (8) 65 (19) 17 (7)
 Sheltered 5 (6) 2 (2) 37 (9) 27 (8) 17 (7)

ACBS score 1.2 ± 1.6 1.2 ± 1.4 1.1 ± 1.4 – 1.1 ± 1.4 1.1 ± 1.4 –
 Median (IQR) 1 (0–2) 1 (0–2) 1 (0–2) 0.684 1 (0–2) 1 (0–2) 0.605

Dementia diagnosis 46 (60) 38 (39) 59 (15) < 0.001 99 (29) 44 (18) 0.003
FAST stage (n = 556) < 0.001 < 0.001
 1 2 (3) 15 (16) 226 (57) 118 (36) 125 (54)
 2–5 12 (17) 32 (34) 123 (31) 98 (30) 69 (30)
 ≥ 6a 55 (80) 46 (50) 45 (11) 109 (34) 37 (16)

Waterlow score (n = 570) 17.4 ± 7.1 16.6 ± 7.3 11.4 ± 5.2 < 0.001 14.4 ± 6.6 11.1 ± 5.4 < 0.001
CCI score 3.0 ± 1.3 3.3 ± 2.5 2.7 ± 2.1 0.052 3.3 ± 2.2 2.2 ± 1.9 < 0.001
APACHE-II score (n = 569) 14.3 ± 4.4 13.5 ± 4.1 11.3 ± 3.1 < 0.001 12.7 ± 4.0 11.3 ± 3.0 < 0.001
Days of admission (n = 576) 18.5 ± 16.8 14.8 ± 13.0 12.4 ± 14.9 – 15.4 ± 15.5 11.0 ± 13.9 –
 Median (IQR) 7 (4–14) 11 (5–21) 13 (7–25) < 0.001 6 (3–12) 10 (5–19) < 0.001
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inpatients. Our findings also raise doubts regarding the 
notion that a higher ACB may differ in terms of SSD and 
FSD in older hospitalized populations in a dose–response 
fashion. This lack of association may have been a conse-
quence of methodological limitations in the recording of 
ACB. It may still be that individual medications with a 
strongly anticholinergic effect, such as benzodiazepines or 
older antihistamines, mediate relationships between ACB, 
delirium, and mortality. Individuals with an ACBS score of 
3 who are on three medications with a speculated anticho-
linergic effect (ACBS score 1, i.e., furosemide, codeine, 
and omeprazole) may not experience the same anticholin-
ergic effect as those on a single confirmed anticholinergic 
(ACBS score 3, i.e., oxybutynin). Limited evidence exists 
that alternative measures of ACB (such as the Anticholin-
ergic Risk Scale, which grades drugs on total anticholiner-
gic effect rather than cognitive effect) might be more con-
sistently associated with delirium in hospital populations 
[42]; however these data are still emerging, and the ACBS 
remains the most frequently used scale in existing literature. 
In addition, anticholinergic therapy may still have an impact 

on mortality but via a less direct method. Any mortality 
increase may be mediated in our study by higher levels of 
functional dependence, residential home residence, or an 
increased prevalence of dementia, all of which have been 
previously linked independently to both high anticholinergic 
exposure and mortality.

5  Conclusions

In our study, ACB was not associated with increased delir-
ium of either subtype, nor did it have demonstrable impact 
on mortality in delirium. Prior suggestions of links between 
ACB and mortality in similar populations may be mediated 
by higher levels of functional dependence, residential home 
residence, or dementia in these populations.

Future studies might focus on including more detailed 
assessments of drug composition within their measure of 
ACBS or explore these relationships in a population deter-
mined to be at higher risk from anticholinergic effects (i.e., 
hospital inpatients with dementia). Increased awareness 

Table 3  Univariable regression models to explore the effect of study variables on delirium and mortality

Total n = 577 unless otherwise stated. Statistics obtained through a series of logistic or Cox regressions. p values indicate significance of asso-
ciation between outcome and covariate
ACBS Anticholinergic Cognitive Burden Scale, APACHE-II Acute Physiology and Chronic Health Evaluation II, CCI Charlson Comorbidity 
Index, FAST Functional Assessment Staging Tool, FSD full syndromal delirium, Ref reference group, SSD subsyndromal delirium
a Hazard ratio (95% confidence interval)
b Odds ratio (95% confidence interval)

Variable Delirium (no delirium is base outcome) Mortalitya p value

SSDb FSDb p value

Presence of delirium (ref. = none) – < 0.001
 SSD – 1.58 (1.20–2.09)
 FSD – 2.27 (1.70–3.01)

Age (per 1 year increase) 1.02 (0.99–1.06) 1.09 (1.05–1.13) < 0.001 1.03 (1.02–1.05) < 0.001
Sex (Ref. = male) 0.0123 0.794
 Female 2.02 (1.25–3.28) 1.34 (0.81–2.22) 1.03 (0.83–1.28)

Residential type (ref.= living at home) (n = 576) < 0.001 < 0.001
 Residential care 2.32 (1.52–3.88) 4.79 (2.87–7.99) 1.83 (1.27–2.65)

Dementia (ref. = no dementia) 3.68 (2.25–6.02) 8.63 (5.06–14.7) < 0.001 1.45 (1.15–1.84) 0.002
FAST stage (ref. = 1–5) (n = 556) < 0.001
 ≥ 6a 7.59 (4.55–12.7) 30.5 (15.7–59.2) < 0.001 1.80 (1.43–2.27) < 0.001

Waterlow score (n = 570) 1.15 (1.11–1.19) 1.17 (1.12–1.22) < 0.001 1.06 (1.05–1.08) < 0.001
CCI score 1.12 (1.02–1.24) 1.07 (0.95–1.19) 0.054 1.17 (1.12–1.23) < 0.001
APACHE-II score (n = 569) 1.19 (1.12–1.27) 1.24 (1.16–1.32) < 0.001 1.08 (1.05–1.11) < 0.001
ACBS score (ref. = 0) 0.493 0.884 (0.68–1.16) 0.744
 1 0.86 (0.49–1.51) 1.06 (0.59–1.93)
 2 0.88 (0.42–1.82) 0.72 (0.30–1.72) 1.05 (0.75–1.47)
 ≥ 3 1.61 (0.89–2.94) 1.49 (0.76–2.94) 1.03 (0.75–1.40)

Number of medications on admission (per 1 medica-
tion increase)

1.04 (0.97–1.12) 1.02 (0.94–1.11) 0.546 1.03 (1.00–1.07) 0.074
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of the pathways in which ACB may contribute to the 
occurrence of delirium and consequent adverse outcomes 
will allow for improvements in quality of individualized 
treatment.
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