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Abstract 

Background  As people age, they accumulate several health conditions, requiring the use of multiple medications 
(polypharmacy) to treat them. One of the challenges with polypharmacy is the associated increase in anticholinergic 
exposure to older adults. In addition, several studies suggest an association between anticholinergic burden and 
declining physical function in older adults.

Objective/Purpose  This systematic review aimed to synthesise data from published studies regarding the asso-
ciation between anticholinergic burden and mobility. The studies were critically appraised for the strength of their 
evidence.

Methods  A systematic literature search was conducted across five electronic databases, EMBASE, CINAHL, 
PSYCHINFO, Cochrane CENTRAL and MEDLINE, from inception to December 2021, to identify studies on the associa-
tion of anticholinergic burden with mobility. The search was performed following a strategy that converted concepts 
in the PECO elements into search terms, focusing on terms most likely to be found in the title and abstracts of the 
studies. For observational studies, the risk of bias was assessed using the Newcastle Ottawa Scale, and the Cochrane 
risk of bias tool was used for randomised trials. The GRADE criteria was used to rate confidence in evidence and 
conclusions. For the meta-analyses, we explored the heterogeneity using the Q test and I2 test and the publication 
bias using the funnel plot and Egger’s regression test. The meta-analyses were performed using Jeffreys’s Amazing 
Statistics Program (JASP).

Results  Sixteen studies satisfied the inclusion criteria from an initial 496 studies. Fifteen studies identified a signifi-
cant negative association of anticholinergic burden with mobility measures. One study did not find an association 
between anticholinergic intervention and mobility measures. Five studies included in the meta-analyses showed 
that anticholinergic burden significantly decreased walking speed (0.079 m/s ± 0.035 MD ± SE,95% CI: 0.010 to 0.149, 
p = 0.026), whilst a meta-analysis of four studies showed that anticholinergic burden significantly decreased physical 
function as measured by three variations of the Instrumental Activities of Daily Living (IADL) instrument 0.27 ± 0.12 
(SMD ± SE,95% CI: 0.03 to 0.52), p = 0.027. The results of both meta-analyses had an I2 statistic of 99% for study hetero-
geneity. Egger’s test did not reveal publication bias.

Conclusion  There is consensus in published literature suggesting a clear association between anticholinergic burden 
and mobility. Consideration of cognitive anticholinergic effects may be important in interpreting results regarding 
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the association of anticholinergic burden and mobility as anticholinergic drugs may affect mobility through cognitive 
effects.

Keywords  Anticholinergic burden, Antimuscarinic, Physical function, Gait, Polypharmacy, Elderly

Background/Introduction
With increasing age comes age-related comorbidities 
that may be influenced by lifestyle, genomic makeup 
and other demographic factors. The increasing num-
ber of health issues require multiple medications (poly-
pharmacy) to treat them. A 2005 study found that as of 
2002, older adults defined as ≥ 65 years comprised 12% of 
the population of the United States but constituted 33% 
of its prescription drug expenditure (50 billion dollars) 
[1]. Whilst polypharmacy may be beneficial in treating 
underlying health conditions in older adults, it increases 
the risk of adverse drug events. In particular, taking mul-
tiple drugs with anticholinergic effects increases the risk 
of anticholinergic burden (AB) in older adults because 
of age-related pharmacokinetic and pharmacodynamic 
changes [2].

Mobility, defined as the ability to move independently 
in one’s environment, is crucial for independent living 
and good quality of life [3]. Declining mobility in older 
adults increases their dependence on other people to 
carry out basic activities of daily living. For example, the 
older adult or their family might require hiring a home 
carer or paying for care homes, which would have eco-
nomic impacts. In countries with a free healthcare sys-
tem, mobility status is a key determinant for accessing 
publicly funded healthcare support. Mobility decline 
in older adults thus has an economic impact on public 
finance and healthcare needs [4]. Mobility is multidi-
mensional, and several tools may be utilised to obtain 
information about the mobility status of individuals. The 
methods assess gait, transfer skills, and activities of daily 
living (ADL) [5–7], among others.

The associations between anticholinergic burden and 
mobility have been found using AB scales to measure 
anticholinergic exposure [8] and have inspired inter-
vention studies to determine ways to ameliorate the 
supposed negative association between AB and mobil-
ity. Squires et  al. [9] investigated whether two different 
interventions could negate the association between AB 
and adverse effects such as mobility. In the study, AB was 
quantified using one of the several AB scales available 
in the literature. AB scales are tools designed to meas-
ure anticholinergic exposure, the majority of which exist 
in the form of scales that weigh each drug for its AB. A 
summary and comparison of commonly used AB scales 
can be found in the systematic review by Welsh et al. [10] 
and include; Anticholinergic Cognitive Burden (ACB), 

Anticholinergic Effect on Cognition (AEC), Anticholiner-
gic Risk Scale (ARS), Anticholinergic Drug Scale (ADS), 
Serum Anticholinergic Activity (SAA) etc. The output of 
some of these scales has been correlated with health out-
comes. For example, the SAA method, which measures 
the AB found in a serum sample, has been shown to pre-
dict the slowing of gait speed [11]. Other methods utilise 
expert opinion and binding affinity data [8] to rank drugs 
for AB potency. These scales have been shown to predict 
anticholinergic effects such as dizziness and constipation 
[12]. Predicting AB effects makes AB scales an important 
prognostic factor for impaired mobility.

This systematic review will synthesise data from pub-
lished studies regarding the possible association between 
AB and mobility. In addition, the review will examine 
consistency in study findings to summarise the outcome 
of available primary research and thus better answer the 
question regarding the possible association between AB 
and mobility. A similar study by Mehdizadeh et  al. [13] 
investigated the association of AB and mobility but for 
older people living with frailty [13], where the inclu-
sion criteria included a requirement to have at least one 
measure to ascertain frailty. The study did not find an 
association between a one-unit increase in AB measured 
by the drug burden index and grip strength. Frail older 
adults have reduced reserves and thus may already have 
poor mobility [14]. Thus a study with only frail older peo-
ple might suffer from the floor effect [15], in which any 
association between AB and mobility might be negligible 
because the participants already have impaired mobility.

Objectives
Primary objective
The primary objective is to investigate the association 
between AB and mobility.

Secondary objectives

•	 To investigate if the association between AB and 
mobility differs based on the scales used to measure 
AB.

•	 To investigate a dose–response relationship between 
AB and mobility.

•	 To assess a threshold for AB that negatively impacts 
mobility.
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Methods
This systematic review and meta-analyses were con-
ducted following guidelines from the Cochrane Hand-
book for Systematic Reviews of Interventions and the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA). In addition, the study proto-
col was registered with PROSPERO (CRD 42022301529).

Data sources and search strategy
The search strategy was developed in collaboration 
with a librarian specialising in life sciences to explore 
search options and strategies. GP performed a literature 
search on five electronic databases; EMBASE, CINAHL, 
PSYCHINFO, Cochrane CENTRAL and MEDLINE. The 
search was conducted following a strategy that involved 
turning concepts in the PECO elements into search 
terms. The search timeline was for any studies published 
between January 1945-December 2021.

Medical Subject Headings (MeSH) were referred to 
optimise the best search terms to ensure that the searches 
capture synonyms of the same subject. The search terms 
were used with Boolean (AND/OR) to search for the 
most relevant publications. The following line of search 
terms was used to search across all the four electronic 
databases:

(“Antimuscarinic” OR “Anticholinergic”) AND (“Physi-
cal Function” OR “Grip” OR “Performance” OR “IADL” 
OR “SPPB”) AND (“elderly” OR “old” OR “geriatric”).

The terms were searched for in the title and abstract 
fields, with searches limited to observational studies, 
including case–control, cohort, pre-post intervention 
studies, and randomised control trials. The full search 
strategy is described in Additional File 1.

The search results of each database were then exported 
to EndNote reference managing software, where they 
were all combined and duplicates removed. From End-
Note, the studies were exported to Covidence software 
[16] to exclude duplicates missed by EndNote before 
moving on to the next stage.

Inclusion criteria
Study design
The inclusion criteria for the study designs that could be 
considered includes observational studies such as cross-
sectional and cohort studies and experimental studies 
with randomised control trials.

Type of participants
The review only considered studies with older adults 
(≥ 65  years) or those in which all the participants 
were ≥ 65  years by the end of the study. We included 
participants from all settings, including, but not lim-
ited to, community-dwelling, hospital, specialist settings 

and those living in long-term care facilities. We did not 
exclude participants that did not have assessed mobility 
at baseline.

Type/s of intervention
The intervention in these studies was administering 
drugs with known or suspected anticholinergic proper-
ties, and all the medications considered appear in the 
composite reference scale of anticholinergic medicine [8].

Comparators
The outcome measures of patients with AB were com-
pared with a control group with no AB and for patients 
with low AB versus those with high AB.

Outcomes
The outcome measure was functional mobility as meas-
ured by mobility scales such as the Barthel index (BI), 
activities of daily living (ADL) and instrumental activi-
ties of daily living (IADL). A comprehensive description 
of some mobility scales can be found in the systematic 
review by Soubra et al. [17], which reviews 31 assessment 
tests to evaluate mobility.

Study selection
After removing duplicates, GP used Covidence software 
to screen the title and abstracts for inclusion or exclu-
sion following an inclusion/exclusion criterion set out 
in the protocol document of this review. The software 
automatically highlighted inclusion and exclusion terms, 
allowing for easy screening. Studies without comparators 
were rejected, as well as systematic reviews or “review of 
reviews.” Participants in the study had to be ≥ 65 years. In 
addition, the studies had to quantify anticholinergic med-
ication exposure and have clinical outcome measures of 
mobility such as handgrip strength, gait speed, activities 
of daily living and other measures of physical function. 
Only studies that met the above criteria gleaned from the 
title and abstracts progressed to full-text screening and 
data extraction. Finally, full-text pdf copies of the stud-
ies were obtained for full-text analysis of the potentially 
eligible studies.

Data extraction and analysis
Three researchers designed the data extraction sheet 
(GP, PN and NK). Information to be captured in the 
data extraction sheet involved the type of study, partici-
pant information, the anticholinergic medicines used, 
the anticholinergic scale used, methods of comparison, 
the types of outcome measures and whether the stud-
ies found a significant association between mobility and 
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anticholinergic burden as given by the scales. In addi-
tion, sample size-dependent measures, such as setting 
p-value significance, were used as reported in the origi-
nal studies. Finally, the Grades of Recommendation, 
Assessment, Development and Evaluation (GRADE) 
were used to assess the overall certainty of the evidence 
[18] (see Additional File 4 for GRADE evidence ratings. 
GRADE is a tool recommended by the Cochrane Col-
laboration to assess the evidence quality as presented 
by a systematic review’s conclusions [19, 20].

Risk of bias assessment
The Newcastle–Ottawa scale (NOS) was used to assess 
the risk of bias for cohort studies, and a modified ver-
sion of it was used to assess cross-sectional studies [21, 
22]. Studies that scored 6 or more points on the NOS 
were considered to have a low risk of bias given that 
they scored at least 3 points in the selection domain, 
one or more on the compatibility section and a mini-
mum of 2 on the outcome domain. A moderate bias 
classification was assigned if the study scored 6 or more 
points but failed to meet one or more criteria for “low 
risk” classification. In contrast, a high risk of bias was 
assigned for studies that scored 5 or less for their over-
all NOS assessment. The Cochrane risk of bias tool for 
randomised trials was used (ROB1) [23] to assess the 
risk of bias for randomised control studies.

Heterogeneity among studies included for meta-
analysis was quantified using Higgins and Thompson’s 
I2 statistic [24], with the following rough guide used to 
interpret the I2 statistic:

•	 0 to 40%: might not be important
•	 30 to 60%: may represent moderate heterogeneity
•	 50 to 90%: may represent substantial heterogeneity
•	 75 to 100%: considerable heterogeneity

A p-value threshold of 0.05 was used for statistical 
significance, with a p < 0.05 result considered statisti-
cally significant. Publication bias was assessed using a 
funnel plot [25], and Egger’s regression test was used 
to quantify the asymmetry of the plot [26]. The Der-
Simonian and Laird method [27] was used in the ran-
dom-effects model to meta-analyse the studies. The 
meta-analyses were performed using JASP software 
[28] and Microsoft excel. Potential sources of heteroge-
neity across all studies were assessed using univariate 
meta-regression. Potential sources studied include 1)
Continuous variable; mean age, percentage female 2)
Categorical variable: AB scale used. The meta-regres-
sions were performed using the Comprehensive Meta-
Analysis (CMA) software [29].

Results
Study identification
Four hundred ninety six studies were obtained from 
searching the five databases: 212 from Medline, 124 
from Cochrane CENTRAL, 100 from PsychInfo, 30 from 
Embase and 30 from CINAHL. EndNote software identi-
fied and removed 215 duplicates, leaving 281 studies. 19 
more duplicates were identified by Covidence software 
and removed (including study protocols), leaving 262 
studies for the title and abstract screening (Fig. 1). A re-
run of the search strategy carried out before conducting 
the final analysis did not reveal any novel primary stud-
ies directly relevant to this research question. The re-
run was carried out to consider any new primary studies 
whose results could have a bearing on the outcomes of 
this review.

Characteristics of included studies
The total number of included studies was n = 16, and 
all participants were ≥ 65  years. Of the 16 studies, five 
were included in the meta-analysis for the effects of AB 
on walking speed [11, 30–33], and four were included in 
the meta-analysis for the effects of AB on IADL scores 
[30, 32–34]. The included studies were a mixture of 
randomised control trials, and observational studies 
(commencement GRADE rating of moderate evidence 
of certainty). The most common type of studies were 
cross-sectional studies (n = 8), followed by cohort stud-
ies (n = 5) [31, 34–37] and only three were randomised 
controlled studies (n = 3) [38–40]. The studies used a 
mixture of statistical tests, but the t-test and p-value were 
the most commonly reported. A concise summary of 
study characteristics is presented in Table 1, and a brief 
description of some of the characteristics follows.

Participant characteristics  Two studies included men 
only [33, 34], one study included women only [44], and 
the rest included both men and women. The study popu-
lations were distributed in four countries, with the USA 
being the most frequent (n = 6), followed by Italy (n = 4), 
Australia (n = 2), Turkey (n = 1), Netherlands (n = 1), 
Switzerland (n = 1) and Germany (n = 1) (Table  1). The 
study participants were mostly living in the community 
[11, 31, 33, 37], some were outpatients [32, 42], whilst 
others were based in a nursing home [35, 39]. The inclu-
sion criteria of other studies were morbidity specific; 
People with Alzheimer’s [40], vascular dementia [36], 
hypertension [1], moderate to severe disability [44], as 
well as those with a history of falls [41].

Exposure (anticholinergic burden)  Except for two [36, 
40], all studies used AB scales to measure exposure. The 
drug burden index (n = 5) was the most commonly used 
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scale, followed by the anticholinergic cognitive burden 
scale (n = 4). Two studies used more than one AB scale to 
compare exposure as captured by the scales [42, 43].

Outcome measures  The primary outcome measure 
(mobility) was measured using several tools, including 
the Barthel Index [45], Timed-Up and Go (TUG) [46], 

handgrip strength [47], Basic Activities of Daily Living 
(BADL) [48], Gait assessment [49] etc. The most popular 
were handgrip strength and gait (n = 5). Ten of the stud-
ies used more than one mobility measure tool.

Risk of bias in included studies  The Newcastle–Ottawa 
Scale (NOS) [21] for assessing cohort studies was slightly 

Fig. 1  A PRISMA flow diagram demonstrating study selection, reasons for exclusion and number of studies included
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modified and adapted for this systematic review and 
employed to assess the risk of bias for cohort studies 
(Table  2A) and cross-sectional studies (Table  2B). The 
modified scales are shown in the additional files (Addi-
tional files 2 and 5), elaborating on each assessment ele-
ment and where each evidence can be found in each 
study. The cross-sectional NOS was used in preference 

to the newer appraisal tool for cross-sectional studies 
(AXIS) [50] as it has been shown to require considerably 
less time to complete and performs a methodological 
quality assessment to the same quality as the AXIS tool 
[51]. The cohort study by Landi et al. [35] had a moderate 
risk of bias because of scoring zero in the compatibility 
section, whilst all other cohort studies had a low risk of 

Table 1  Main characteristics of the 16 included studies on anticholinergic burden association with mobility measures

KEY: Cr-AS clinician-rated anticholinergic scale, DBI drug burden index, SAA serum anticholinergic activity, ACB anticholinergic cognitive burden, ARS anticholinergic 
risk scale, ADS anticholinergic drug scale, ADL activities of daily living, HGS hand grip strength, SPPB short physical performance battery, IADL instrumental activities of 
daily living

Author, Year Country Method Study Setting Anticholinergic 
Burden Scale 
Used

Mobility 
measures

Sample size Association 
outcome

Soytas, 2021 [32] Turkey Cross-sectional 
(single centre)

Outpatient ACB BADL, HGS 256 Yes

Wouters, 2020 [31] Netherlands Prospective cohort 
study

Community 
dwelling

DBI Walking test, Car-
digan test, Chair 
Stand test, Balance 
Test, Functional 
Independence

3107 Yes

Attoh-Mensah, 
2020 [41]

Switzerland Cross-sectional Community 
dwelling

ADS Timed-Up and Go 
(TUG)

177 Yes

Mayer, 2017 [42] Germany Cross-sectional Home dwelling ABC, ACB, ADS, 
AAS, CrAS, ARS, 
ACL, Martindale, 
Cancelli

Barthel Index 2761 Yes

Kolanowski, 2015 
[38]

USA Randomized clini-
cal trial

Hospital setting ACB Barthel Index 99 Yes

Landi, 2014 [35] Italy Prospective (Multi-
centre) Cohort

Nursing Homes ARS ADL 1490 Yes

Pasina, 2013 [43] Italy Cross sectional 
(prospective)

Hospital setting ARS, ACB Barthel Index 1380 Yes

Wilson, 2010 [39] Australia Randomized 
controlled trial

Residential Aged 
Care Facility

DBI HGS, Walking 
speed, balance

602 No

Hilmer, 2009 [37] USA Prospective cohort Community 
dwelling

DBI SPPB, HGS 3075 Yes

Han, 2008 [34] USA Prospective 
Cohort

Community 
dwelling

CrAS IADL 544 Yes

Gnjidic, 2008 [33] Australia Cross-sectional Community 
dwelling

DBI Performance Bat-
tery, HGS, IADL

1705 Yes

Cao, 2008 [44] USA Cross-sectional Community 
dwelling

DBI Balance, Gait 
speed, HGS, ADL, 
Mobility, Chair 
stand test

932 Yes

Nebes 2007 [11] USA Cross-sectional Community 
dwelling

SAA Gait, Manual 
response time

90 Yes

Landi, 2006 [30] Italy Cross-sectional 
cohort

Community 
dwelling

SAA SPPB, HGS, IADL, 
ADL

364 Yes

Moretti, 2005 [36] Italy Controlled 
open-label 
study(Cohort)

Nursing Home Olanzapine
Vs
-Promazine chlo-
ridate
-Haloperidol

Barthel Index, 
IADL, Tinetti Scale

356 Yes

Street, 2000 [40] USA Randomised 
controlled trial 
(double-blind, 
placebo)

Nursing home Olanzapine
VS
Placebo

Gait (Simpson 
Angus Scale 
Assessment)

206 (7 gait assess-
ment)

Yes
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bias. The cross-sectional study by Soytas et al. [32] had a 
high risk of bias because of scoring an overall NOS score 
of 5, while all other cross-sectional studies had a low 
risk of bias. For the randomised control studies (n = 3), 
the Cochrane risk of bias tool for randomised trials was 
used (ROB1) [23]. The randomised control trial by Wil-
son et  al. [39] had high-performance bias because no 
blinding among participants and research staff was car-
ried out. The study also had high attrition bias because 
the adherence rate of participants had dropped to 46% by 
the end of the study. The ROB1 tool can be found in addi-
tional file 3 and is summarised in Table 2C. Overall, there 
was no serious concern regarding the risk of bias in the 
included studies, so this did not affect confidence in the 
certainty of the evidence. The three RTC’s were assigned 
on overall low risk of bias.

Association between anticholinergic burden and mobility
Of the 16 studies, 15 demonstrated a statistically signifi-
cant association between increasing anticholinergic bur-
den and mobility [39]. For example, the paper by Soytas 
et  al. [32] found that AB, as measured by the anticho-
linergic cognitive burden scale, decreased the handgrip 
strength in the exposure group compared to non-users 
(p = 0.04), whilst the difference in BADL performance 
was insignificant between the groups (p = 0.232). Nebes 
et  al. initially found significant differences in all six 
mobility measures between users and non-users; how-
ever, this significance was lost in five of the six measures 
after adjusting for the effects of confounding factors [11], 
with hand grip strength retaining significance. For con-
ducting meta-analysis, only two studies [30, 35] provided 
enough information on ADL measurements to conduct 
a meta-analysis of the association between AB and ADL, 
whilst one study [41] provided enough information on 
TUG measurements to conduct a meta-analysis on the 
association between AB and TUG. Thus the number of 
studies was too small to conduct a meaningful analysis of 
these outcomes. The same argument applied to studies 
with enough information on SPPB scores [30] and BADL 
[32]. Conversely, five studies provided enough infor-
mation for a meta-analysis of the association between 
AB and walking speed [11, 30–33] to be conducted and 
four studies [30, 32–34] provided enough information 

Table 2   A) A summary of the quality assessment for cohort 
studies using a modified version of the Newcastle-Ottawa 
scoring system (summarised from Additional file  5). B) A 
summary of the quality assessment for Cross-Sectional studies 
using a modified version of the Newcastle-Ottawa scoring 
system adapted for cross-sectional studies. C) A summary of the 
Cochrane Collaboration’s tool for assessing risk of bias

Table 2  (continued)
A) Additional file 5, Wouters, 2020 [31], Landi, 2014 [35], Pasina, 2013 [43], 
Hilmer, 2009 [37], Han, 2008 [34]

B) Soytas et al., 2021 [32], Attoh-Mensah, 2020 [41], Mayer, 2017 [42], Pasina 
et al., 2013 [43], Gnjidic et al., 2008 [33], Cao et al., 2008 [44], Nebes et al., 2007 
[11], Landi et al., 2006 [30]

C) Kolanowski et al. 2015 [38], Wilson et al. 2010 [39], Street et al. 2000 [40]
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for a meta-analysis of the association between AB and 
IADL to be conducted, and these form the basis of the 
two meta-analyses conducted in this study. Although the 
study by Moretti et al. [36] provided enough information 
regarding IADL scores, it was not included in the meta-
analysis of IADL and AB because instead of having a con-
trol group like the other four IADL studies, the study had 
participants using haloperidol; a less potent anticholiner-
gic drug, and compared the group with participants tak-
ing olanzapine; a more potent anticholinergic drug.

Association between anticholinergic burden and walking 
speed
Using the DerSimonian and Laird method [27], the ran-
dom-effects model was used to meta-analyse the data 
to establish the overall change in the mean difference 
in walking speed scores between participants exposed 
to anticholinergic medication and those not exposed to 
anticholinergic medication. Figure  2 below is a funnel 
plot of the five studies used in the walking speed meta-
analysis. The small number of studies makes visual 
inspection for funnel plot asymmetry inconclusive. How-
ever, as all but one study showed a positive association 
of AB with walking speed, publication bias is implied. 
This contrasts with the statistically non-significant Egg-
ers Regression test for funnel plot asymmetry (P = 0.494). 
However, when the number of studies is low, as is the 
case here, the statistical power of Egger’s test may not be 
high enough to detect real asymmetry. Therefore, Stern 
et  al. [52] recommend at least n ≥ 10 studies for Egg-
ers regression to be relevant. Figure 3 is a forest plot of 
the meta-analysis between AB and walking speed. The 
studies in the walking speed meta-analysis show a high 
degree of heterogeneity (I2 = 99% p < 0.01). The instru-
ment for walking speed was the same in all studies, so the 
difference in means was used as the effect estimate. The 
pooled estimated effect of AB on mobility was a general 
reduction in physical function as measured by the walk-
ing speed instrument. The pooled estimated effect of AB 
on walking speed was a decrease of 0.079  m/s ± 0.035 
(MD ± SE 95% CI: 0.010 to 0.149) p = 0.026. The mini-
mum clinically important difference (MCID) of walk-
ing speed, calculated by Bohannon and Glenney [53], is 
0.11  m/s. Thus, the pooled estimated effect is less than 
the MCID and thus considered a small effect size. For 
this reason, confidence in the evidence was not upgraded. 
The confidence intervals overlap the MCID, suggesting 
imprecision of the effect. For this, the certainty of the 
evidence was downgraded. The results of the univariate 
meta-regression revealed that part of the variance in the 
effect size was explained by the choice of AB scale in the 
studies (r2 = 0.24) and not by the mean age nor percent-
age of females in the studies (r2 = 0).

Anticholinergic burden and IADL
The random-effects model was also used to meta-analyse 
data on the association between AB and IADL scores. 
Two of the four studies in the meta-analysis used the 
IADL [33, 36] as developed by Lawton et al. [54], while 
the other two used modified versions of the IADL score 
[30, 34]. Ordinarily, higher IADL scores indicate high 
functioning and, therefore, greater independence, while 
low IADL scores indicate poor physical functioning and 
greater dependence. However, two studies [30, 33] used 
an inverted IADL scale where low IADL scores represent 
high functioning and vice versa for high IADL scores. 
Hence, the direction of the effect was used to pool the 
results for meta-analysis. The mean differences obtained 
showed that mobility was impaired in all four studies. 
Landi et al. [30] assessed IADL using the minimum data 
set for home care (MDS-HC) instrument [55], whilst 
Han et al. [34] used the IADL scale of the older Ameri-
can resources and services (OARS) instrument [56]. The 
mean differences were standardised because of the differ-
ent modifications in the IADL instrument used to meas-
ure the underlying singular construct [19]. The studies 
in this meta-analysis for IADL and AB show a high 
degree of heterogeneity (I2 = 99% p < 0.001, Fig.  4). The 
pooled estimated effect of AB on IADL was a decrease 
of 0.27 ± 0.12 (SMD ± SE 95% CI: 0.03 to 0.52), p = 0.027. 
Thus, mobility was negatively impaired in both out-
comes (IADL scores and walking speed). However, like 
with walking speed, this change in the IADL score is less 
than the MCID of 0.47 [57] and has confidence intervals 
that overlap this MCID. There were not enough studies 
to perform a univariate meta-regression for the types of 
AB scales used since all four studies in the meta-analy-
sis used four different AB scales. The meta-regression 
with mean age and percentage of females showed that 
these variables did not contribute to the heterogeneity 
observed (r2 = 0).

Studies with a focus on specific anticholinergic drugs
Two studies did not employ an anticholinergic rating 
scale instead compared taking a single anticholinergic 
drug with a placebo group [40] or having two groups 
stratified by the anticholinergic drug they were taking 
[36]. The study by Moretti et al. [36] had an equal num-
ber of participants in group A taking olanzapine n = 178 
and group B with participants taking either haloperidol 
or promazine chloridate, both known to have anticho-
linergic effects [8]. Longitudinal progression in both 
groups was analysed at baseline and a follow-up after 
12  months. The group taking olanzapine showed only 
moderate worsening of mobility that was not significant 
p > 0.05 in gait, balance and equilibrium (as stated by the 
Tinetti scale) when following-up results were compared 
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Fig. 2  Funnel plot for studies in the meta-analysis of the difference in mean walking speed between participants exposed to anticholinergic 
medication and those not exposed

Fig. 3  A meta-analysis of the difference in mean walking speeds between participants not exposed to anticholinergic medication and those 
exposed to anticholinergic medication
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with baseline. However, group B, with participants taking 
either haloperidol or promazine, registered significantly 
worsened scores for physical performance in follow-up to 
baseline (p < 0.05 and p < 0.01, ΔBI and ΔTinetti, respec-
tively). However, the study by Street et  al. [40] demon-
strated olanzapine is strongly associated with gait. The 
placebo group did not receive any anticholinergic medi-
cation, whilst three intervention groups had participants 
taking either 5 mg/d, 10 mg/d or 15 mg/d of the anticho-
linergic drug olanzapine. All three intervention groups 
had higher odds of abnormal gait than the placebo group 
(OR: 11.2, 7.5, 9.4 for 5,10,15 mg/d, respectively).

Ceiling and floor effects
Three studies discussed the possibility of analysis being 
affected negatively by a “ceiling” or “floor” effect. To 
address this concern, Pasina et al. [43] used BI scores to 
discriminate participation, with those scoring less than 
20 at baseline excluded from the study altogether. This 
was done to exclude patients with the highest degree of 
physical impairment, in whom it might be more difficult 
to detect any potential effects of anticholinergic drugs 
on physical performance. The study by Hilmer et al. [37] 
also introduced exclusion criteria to avoid the floor effect 
by requiring that subjects not report difficulty walking 
0.25 miles, climbing ten steps, or performing activities of 
daily living as measured at baseline. On the other hand, 
the paper by Wilson et al. [39], the only study not to sug-
gest an association between AB and poor physical per-
formance, did not extend the exclusion criterion to filter 
out participants with already poor physical performance. 
However, the study suggested that a ceiling effect might 
have been introduced by a “decline in cholinergic recep-
tors present in the very old populations with high rates 

of cognitive impairment that is independent of external 
exposure to anticholinergic medications.”

Dose–response relationship
Most of the studies only stratified users into either 
1) users of anticholinergic drugs and 2) non-users of 
anticholinergic drugs. This did not permit analysis of a 
dose–response relationship. Only four studies [11, 30, 31, 
33] further stratified the anticholinergic drug user group 
into moderate and high users. Of the four, only three [11, 
30, 33] investigated the relationship between this cat-
egorical stepwise dose difference and its impact on walk-
ing speed. All three studies observed a dose–response 
relationship whereby the group with a high anticholin-
ergic burden had a slower walking speed than the group 
with a moderate anticholinergic burden. This observation 
increased confidence that an effect existed, and GRADE 
was upgraded accordingly.

Discussion
This systematic review is the first to the author’s knowl-
edge to investigate the association between AB and 
mobility as the primary outcome and explore a dose–
response relationship. The studies in this systematic 
review revealed the importance of stratifying the analysis 
by age, as the cognitive profiles of people is observed to 
be age dependent. The review has also revealed the need 
to capture several mobility measures when conducting 
studies as some physical impairment measures may take 
more time than others to manifest.

One study showed for the first time that “young-old” 
(54-74yrs) and “old-old” participants (≥ 75) users of 
anticholinergic drugs have distinct cognitive profiles [41]. 

Fig. 4  A meta-analysis of the difference in mean IADL scores between participants exposed to anticholinergic medication and those not exposed 
to anticholinergic medication
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For example, TUG scores were more frequently impaired 
in non-users of anticholinergic drugs only in the old-old 
adults and not the young-old adults. The findings of the 
same study suggested that anticholinergic drugs mainly 
affect mobility through cognition in old-old adults; after 
poor TUG scores lost their association with anticho-
linergic drug consumption when TMT-B scores (trail 
making test B-scores) were included in the same mul-
tivariate model. The findings support previous studies 
suggesting a compromised blood–brain barrier perme-
ability that arises with age [58], where BBB permeability 
was observed to increase. A more permeable BBB will 
experience a greater cognitive anticholinergic burden. 
Studies suggest a global association between cognition 
and mobility which increases with age [59], stating that 
mobility relies on cognitive processes to anticipate and 
adapt to the moving environment while maintaining pos-
tural control and motor coordination [60].

The studies in this review also highlighted the pos-
sible important consideration of ensuring that differ-
ent aspects of mobility measures are included in a study 
design to increase the chances that an effect of anticho-
linergic medication on physical outcomes is revealed if at 
all it exists; as opposed to having one measure of mobility 
which might lead to an erroneous suggestion that there is 
no association. It is also possible that impaired mobility 
is progressive, with successive stages. That would mean 
that impairment to one mobility measure might happen 
sooner than others, whilst another might need a longer 
time to express itself.

The exposure in this systematic review was the con-
sumption of drugs with anticholinergic properties as 
defined by several anticholinergic scales. There could 
have been misclassification of AB exposure because 
studies have used different AB scales to quantify 
AB. Also, the exposure group of each study lumped 
together all participants taking anticholinergic drugs 
without discriminating on the number of anticholiner-
gic drugs being taken since participants were broadly 
classified as either users or non-users of anticholiner-
gic drugs. It is, therefore, possible that participants in 
the exposure group of one study were exposed to more 
or less AB than the exposure group in other studies, 
leading to a disparity in observed effects across stud-
ies. Thus, the considerable heterogeneity observed 
( I2=99%) is to an extent expected and could not be 
avoided in this systematic review. For this reason, 
confidence in the certainty of the evidence was down-
graded by only one point in the GRADE assessment 
as opposed to the possible two points. Additionally, 
some heterogeneity may have been introduced by dif-
ferent population characteristics. For example, some of 
the study participants in one study were characterised 

by one or more of fourteen clinical conditions such 
as diabetes, dementia, renal failure and hypertension 
[30]. Other studies did not capture or detail the clinical 
conditions of participants. The disparity in the clinical 
conditions of participants across studies may translate 
to an inconsistency in observed effects.

Age and multimorbidity are risk factors for polyp-
harmacy. The more morbidities a person has, the more 
medications they are likely to take and the greater the 
chances that some of their medication has anticho-
linergic properties. This would suggest that more 
unwell/sick participants would be in the group taking 
anticholinergic medicine than in the group not taking 
an anticholinergic medicine. This residual confound-
ing would have the effect of diminishing the effect size. 
For this reason, the confidence in the level of certainty 
was upgraded to counteract this. The systematic review 
focused on older people equal to or above 65. Thus, the 
systematic review indirectly answers the question of 
whether or not there is an association between anticho-
linergic burden and mobility, as the results may not be 
generalized to the entire population. This would have 
the effect of downgrading the certainty of evidence.

Strengths and limitations
The heterogeneity of the studies in terms of the AB 
scales used and choice of mobility outcome meas-
ure made it challenging to pool results together in a 
meta-analysis. Only one study [40] investigated the 
dose–response relationship between anticholinergic 
medication and mobility, but mobility was not the pri-
mary outcome. There were not enough studies to con-
duct a meaningful meta-analysis on the effect of low AB 
on mobility versus the effect of high AB on mobility. In 
general, the low number of studies available for meta-
analysis was a major limitation and suggested the exist-
ence of publication bias. However, because Egger’s test 
did not suggest publication bias, the confidence in the 
certainty of the evidence was not sufficiently reduced to 
warrant a downgrade in the GRADE assessment.

For the studies included in the meta-analysis, walking 
speed and IADL were in the primary outcome group, 
included in the primary outcome measure of mobility. 
In addition, the studies included were conducted across 
several countries, allowing the findings in this study to 
have greater generalizability.

Conclusion
This review reveals challenges that can be addressed 
with future research. For example, we do not under-
stand the complex interaction of duration and severity 
of AB exposure on mobility outcomes. In particular, 
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there is a lack of information on which types of medi-
cines are strongly associated with impaired mobility. 
However, the review’s findings suggest a negative asso-
ciation between anticholinergic medicine exposure 
and mobility, inferred mostly from observational study 
designs. The causal relationship can only be answered 
through interventional studies. Though AB is an impor-
tant prognostic predictor of impaired mobility in older 
adults, there is very little guidance for clinicians on the 
suitability of the published scales to measure AB expo-
sure accurately.

Abbreviations
AA	� Anticholinergic activity
AB	� Anticholinergic burden
ACB	� Anticholinergic cognitive burden
ARS	� Anticholinergic risk scale
AEC	� Anticholinergic effects on cognitions
BI	� Barthel index
TUG​	� Timed-up and go
SPPB	� Short physical performance battery
JASP	� Jeffreys’s amazing statistics program

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12877-​023-​03820-6.

Additional file 1. Search Strategy.

Additional file 2. Modified NOS for assessing the risk of bias for cross-
sectional studies.

Additional file 3. Cochrane risk of bias tool for randomised trials was used 
(ROB1).

Additional file 4. Summary of Findings (SoF) table, GRADE assessment.

Additional file 5. Modified NOS for assessing the risk of bias for cohort 
studies.

Acknowledgements
The authors would like to thank Tasmin Reilly, the acting subject librarian for 
Mathematical Sciences and Pharmacy and Pharmacology at the University of 
Bath, for her generous help in training and supporting article search strategies 
from various databases.

Authors’ contributions
Study concept and design: Geofrey O Phutietsile, Hamish A Jamieson and 
Prasad S Nishtala; Drafting of the manuscript: Geofrey O Phutietsile, Nikoletta 
Fotaki and Prasad S Nishtala, Critical revision of the manuscript for important 
intellectual content: All authors; Study supervision: Prasad S Nishtala. The 
author(s) read and approved the final manuscript.

Authors’ information
GP is a PhD candidate at the University of Bath in the Department of Phar-
macy and Pharmacology, with a BSc and MRes in Neuroscience at UCL and 
University of Leicester respectively. NF and PN are Readers in the Department 
of Pharmacy and Pharmacology: Centre for Therapeutic Innovation at the 
University of Bath. HJ is a Geriatrician and Associate Professor at the University 
of Otago, Christchurch.

Funding
No funding was received for this systematic review and meta-analysis.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate
Not applicable. This systematic review used publicly accessible literature/
studies.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Pharmacy and Pharmacology, University of Bath, Bath BA2 
7AY, UK. 2 Centre for Therapeutic Innovation, University of Bath, Bath BA2 7AY, 
UK. 3 Department of Medicine, University of Otago, Christchurch, New Zealand. 

Received: 17 June 2022   Accepted: 13 February 2023

References
	1.	 Agency for Healthcare Research and Quality. Prescription medicines—

mean and median expenses per person with expense and distribution of 
expenses by the source of payment: the United States. 2002. Published 
on 23 December 2004; revised 30 September 2005.

	2.	 Lavan AH, Gallagher P. Predicting risk of adverse drug reactions in older 
adults. Ther Adv Drug Saf. 2016;7(1):11–22. https://​doi.​org/​10.​1177/​20420​
98615​615472.

	3.	 Shafrin J, et al. The association between observed mobility and quality of 
life in the near elderly. PLoS One. 2017;12(8):e0182920. https://​doi.​org/​10.​
1371/​journ​al.​pone.​01829​20.

	4.	 Pantelaki E, et al. “Mobility impact and well-being in later life: a multidisci-
plinary systematic review.” Res Transp Econ. 2020:100975. https://​doi.​org/​
10.​1016/j.​retrec.​2020.​100975

	5.	 Wolfson L, Whipple R, Amerman P, Tobin JN. Gait assessment in the 
elderly: a gait abnormality rating scale and its relation to falls. J Gerontol. 
1990;45:M12–9. https://​doi.​org/​10.​1093/​geronj/​45.1.​M12.

	6.	 Shumway-Cook A, Woollacott MH. Motor control: theory and practical 
applications. Philadelphia: Lippincott Williams & Wilkins; 1995.

	7.	 Lawton MP, Moss M, Fulcomer M, Kleban MH. A research and service 
oriented multilevel assessment instrument. J Gerontol. 1982;37:91–9. 
https://​doi.​org/​10.​1093/​geronj/​37.1.​91.

	8.	 Salahudeen MS, Duffull SB, Nishtala PS. Anticholinergic burden quantified 
by anticholinergic risk scales and adverse outcomes in older people: a 
systematic review. BMC Geriatr. 2015;25(15):31. https://​doi.​org/​10.​1186/​
s12877-​015-​0029-9.​PMID:​25879​993;​PMCID:​PMC43​77853.

	9.	 Squires P, Pahor M, Manini TM, Vouri S, Brown JD. Impact of anticholiner-
gic medication burden on mobility and falls in the Lifestyle Interventions 
for Elders (LIFE) Study. J Clin Med. 2020;9(9):2989. https://​doi.​org/​10.​3390/​
jcm90​92989.

	10.	 Welsh TJ, van der Wardt V, Ojo G, Gordon AL, Gladman JRF. Anticholiner-
gic drug burden tools/scales and adverse outcomes in different clinical 
settings: a systematic review of reviews. Drugs Aging. 2018;35(6):523–38. 
https://​doi.​org/​10.​1007/​s40266-​018-​0549-z. PMID: 29736815.

	11.	 Nebes RD, Pollock BG, Halligan EM, Kirshner MA, Houck PR. Serum anticho-
linergic activity and motor performance in elderly persons. J Gerontol 
Series A. 2007;62(1):83–5. https://​doi.​org/​10.​1093/​gerona/​62.1.​83.

	12.	 Rudolph JL, Salow MJ, Angelini MC, McGlinchey RE. The anticholinergic 
risk scale and anticholinergic adverse effects in older persons. Arch Intern 
Med. 2008;168(5):508–13. https://​doi.​org/​10.​1001/​archi​ntern​med.​2007.​
106. PMID: 18332297.

https://doi.org/10.1186/s12877-023-03820-6
https://doi.org/10.1186/s12877-023-03820-6
https://doi.org/10.1177/2042098615615472
https://doi.org/10.1177/2042098615615472
https://doi.org/10.1371/journal.pone.0182920
https://doi.org/10.1371/journal.pone.0182920
https://doi.org/10.1016/j.retrec.2020.100975
https://doi.org/10.1016/j.retrec.2020.100975
https://doi.org/10.1093/geronj/45.1.M12
https://doi.org/10.1093/geronj/37.1.91
https://doi.org/10.1186/s12877-015-0029-9.PMID:25879993;PMCID:PMC4377853
https://doi.org/10.1186/s12877-015-0029-9.PMID:25879993;PMCID:PMC4377853
https://doi.org/10.3390/jcm9092989
https://doi.org/10.3390/jcm9092989
https://doi.org/10.1007/s40266-018-0549-z
https://doi.org/10.1093/gerona/62.1.83
https://doi.org/10.1001/archinternmed.2007.106
https://doi.org/10.1001/archinternmed.2007.106


Page 13 of 14Phutietsile et al. BMC Geriatrics          (2023) 23:161 	

	13.	 Mehdizadeh D, Hale M, Todd O, Zaman H, Marques I, Petty D, Alldred DP, 
Johnson O, Faisal M, Gardner P, Clegg A. Associations between anticholin-
ergic medication exposure and adverse health outcomes in older people 
with frailty: a systematic review and meta-analysis. Drugs Real World 
Outcomes. 2021;8(4):431–58. https://​doi.​org/​10.​1007/​s40801-​021-​00256-
5. Epub 2021 Jun 23. PMID: 34164795; PMCID: PMC8605959.

	14.	 Xue QL. The frailty syndrome: definition and natural history. Clin Geriatr 
Med. 2011;27(1):1–15. https://​doi.​org/​10.​1016/j.​cger.​2010.​08.​009.​PMID:​
21093​718;​PMCID:​PMC30​28599.

	15.	 Andrade C. The ceiling effect, the floor effect, and the importance of 
active and placebo control arms in randomized controlled trials of an 
investigational drug. Indian J Psychol Med. 2021;43(4):360–1. https://​doi.​
org/​10.​1177/​02537​17621​10212​80. Epub 2021 Jun 26. PMID: 34385732; 
PMCID: PMC8327873.

	16.	 Kellermeyer L, et al. Covidence and Rayyan. J Medical Libr Assoc. 
2018;106(4):580–3. https://​doi.​org/​10.​5195/​jmla.​2018.​513.

	17.	 Soubra R, Chkeir A, Novella JL. A systematic review of thirty-one assess-
ment tests to evaluate mobility in older adults. BioMed Research Int. 
2019;2019:1354362. https://​doi.​org/​10.​1155/​2019/​13543​62.

	18.	 Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, Norris S, Falck-Ytter 
Y, Glasziou P, DeBeer H, et al. GRADE guidelines: 1. Introduction-GRADE 
evidence profiles and summary of findings tables. J Clin Epidemiol. 
2011;64(4):383–94.

	19.	 Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA 
(editors). Cochrane handbook for systematic reviews of interventions ver-
sion 6.3 (updated February 2022). Cochrane, 2022. Available from: https://​
www.​train​ing.​cochr​ane.​org/​handb​ook.

	20.	 Balshem H, Helfand M, Schünemann HJ, Oxman AD, Kunz R, Brozek J, Vist 
GE, Falck-Ytter Y, Meerpohl J, Norris S, Guyatt GH. GRADE guidelines: 3. 
Rating the quality of evidence. J Clin Epidemiol. 2011;64(4):401–6. https://​
doi.​org/​10.​1016/j.​jclin​epi.​2010.​07.​015. Epub 2011 Jan 5. PMID: 21208779.

	21.	 Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. 
he Newcastle-Ottawa Scale (NOS) for assessing the quality of nonran-
domised studies in meta-analyses. 2013. Return to ref 2 in article. http://​
www.​ohri.​ca/​progr​ams/​clini​cal_​epide​miolo​gy/​oxford.​asp.

	22.	 Herzog R, Álvarez-Pasquin MJ, Díaz C, et al. Are healthcare workers’ inten-
tions to vaccinate related to their knowledge, beliefs and attitudes? a 
systematic review. BMC Public Health. 2013;13:154. https://​doi.​org/​10.​
1186/​1471-​2458-​13-​154.

	23.	 Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. 
The Cochrane Collaboration’s tool for assessing risk of bias in randomised 
trials. BMJ. 2011;343:d5928.

	24.	 Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency 
in meta-analyses. BMJ. 2003;327(7414):557–60. https://​doi.​org/​10.​1136/​
bmj.​327.​7414.​557.

	25.	 Sterne JA, Egger M. Funnel plots for detecting bias in meta-analysis: 
guidelines on choice of axis. J Clin Epidemiol. 2001;54(10):1046–55. 
https://​doi.​org/​10.​1016/​S0895-​4356(01)​00377-8.

	26.	 Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis 
detected by a simple, graphical test. BMJ. 1997;315(7109):62934. https://​
doi.​org/​10.​1136/​bmj.​315.​7109.​629.

	27.	 DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 
1986;7(3):177–88. https://​doi.​org/​10.​1016/​0197-​2456(86)​90046-2.

	28.	 JASP Team. JASP (Version 0.16.2) [Computer software]. 2022.
	29.	 Biostat, Inc. Comprehensive Meta Analysis. 2014. https://​www.​meta-​analy​

sis.​com.
	30.	 Landi F, Russo A, Liperoti R, Cesari M, Barillaro C, Pahor M, Bernabei R, 

Onder G. Anticholinergic drugs and physical function among frail elderly 
population. Clin Pharmacol Ther. 2007;81(2):235–41. https://​doi.​org/​10.​
1038/​sj.​clpt.​61000​35. Epub 2006 Dec 27 PMID: 17192773.

	31.	 Wouters H, Hilmer SN, Gnjidic D, Van Campen JP, Teichert M, Van Der 
Meer HG, Schaap LA, Huisman M, Comijs HC, Denig P, Lamoth CJ, Taxis 
K. Long-term exposure to anticholinergic and sedative medications and 
cognitive and physical function in later life. J Gerontol A Biol Sci Med Sci. 
2020;75(2):357–65. https://​doi.​org/​10.​1093/​gerona/​glz019. PMID: 30668633.

	32.	 Bag Soytas R, Arman P, Suzan V, Emiroglu Gedik T, Unal D, Suna Erdincler 
D, Doventas A, Yavuzer H. Association between anticholinergic drug 
burden with sarcopenia, anthropometric measurements, and compre-
hensive geriatric assessment parameters in older adults. Arch Gerontol 
Geriatr. 2022;99:104618. https://​doi.​org/​10.​1016/j.​archg​er.​2021.​104618. 
Epub 2021 Dec 29. PMID: 34990930.

	33.	 Gnjidic D, et al. “Drug Burden Index and physical function in older Austral-
ian men.” Br J Clin Pharmacol. 2009;68(1):97–105. https://​doi.​org/​10.​
1111/j.​1365-​2125.​2009.​03411.x.

	34.	 Han L, Agostini JV, Allore HG. Cumulative anticholinergic exposure is 
associated with poor memory and executive function in older men. J Am 
Geriatr Soc. 2008;56(12):2203–10. https://​doi.​org/​10.​1111/j.​1532-​5415.​
2008.​02009.x. PMID:19093918;PMCID:PMC3952110.

	35.	 Landi F, Dell’Aquila G, Collamati A, Martone AM, Zuliani G, Gasperini B, 
Eusebi P, Lattanzio F, Cherubini A. Anticholinergic drug use and negative 
outcomes among the frail elderly population living in a nursing home. J 
Am Med Dir Assoc. 2014;15(11):825–9. https://​doi.​org/​10.​1016/j.​jamda.​
2014.​08.​002. Epub 2014 Oct 3 PMID: 25282629.

	36.	 Moretti R, Torre P, Antonello RM, Cattaruzza T, Cazzato G. Olanzapine 
as a possible treatment of behavioral symptoms in vascular dementia: 
risks of cerebrovascular events. A controlled, open-label study. J Neurol. 
2005;252(10):1186–93. https://​doi.​org/​10.​1007/​s00415-​005-​0830-z. Epub 
2005 Apr 13. PMID: 15809822.

	37.	 Hilmer SN, Mager DE, Simonsick EM, Ling SM, Windham BG, Harris 
TB, Shorr RI, Bauer DC, Abernethy DR, Health ABC Study. Drug bur-
den index score and functional decline in older people. Am J Med. 
2009;122(12):1142-1149.e1-2. https://​doi.​org/​10.​1016/j.​amjmed.​2009.​02.​
021. PMID: 19958893; PMCID: PMC3263511.

	38.	 Kolanowski A, Mogle J, Fick DM, Campbell N, Hill N, Mulhall P, Behrens 
L, Colancecco E, Boustani M, Clare L. Anticholinergic exposure during 
rehabilitation: cognitive and physical function outcomes in patients 
with delirium superimposed on dementia. Am J Geriatr Psychiatry. 
2015;23(12):1250–8. https://​doi.​org/​10.​1016/j.​jagp.​2015.​07.​004. Epub 
2015 Jul 31. PMID: 26419732; PMCID: PMC4691545.

	39.	 Wilson NM, Hilmer SN, March LM, Cameron ID, Lord SR, Seibel MJ, 
Sambrook PN. Associations between drug burden index and physical 
function in older people in residential aged care facilities. Age Ageing. 
2010;39(4):503–7. https://​doi.​org/​10.​1093/​ageing/​afq053.

	40.	 Street JS, Clark WS, Gannon KS, Cummings JL, Bymaster FP, Tamura RN, 
Mitan SJ, Kadam DL, Sanger TM, Feldman PD, Tollefson GD, Breier A. Olan-
zapine treatment of psychotic and behavioral symptoms in patients with 
Alzheimer disease in nursing care facilities: a double-blind, randomised, 
placebo-controlled trial. The HGEU Study Group. Arch Gen Psychiatry. 
2000;57(10):968–76. https://​doi.​org/​10.​1001/​archp​syc.​57.​10.​968. PMID: 
11015815.

	41.	 Attoh-Mensah E, Loggia G, Schumann-Bard P, Morello R, Descatoire P, 
Marcelli C, Chavoix C. Adverse effects of anticholinergic drugs on cogni-
tion and mobility: cutoff for impairment in a cross-sectional study in 
young-old and old-old adults. Drugs Aging. 2020;37(4):301–10. https://​
doi.​org/​10.​1007/​s40266-​019-​00743-z. PMID: 31930459.

	42.	 Mayer T, Meid AD, Saum KU, Brenner H, Schöttker B, Seidling HM, Haefeli 
WE. Comparison of nine instruments to calculate anticholinergic load 
in a large cohort of older outpatients: association with cognitive and 
functional decline, falls, and use of laxatives. Am J Geriatr Psychiatry. 
2017;25(5):531–40. https://​doi.​org/​10.​1016/j.​jagp.​2017.​01.​009. Epub 2017 
Jan 23 PMID: 28233606.

	43.	 Pasina L, Djade CD, Lucca U, Nobili A, Tettamanti M, Franchi C, Salerno F, 
Corrao S, Marengoni A, Iorio A, Marcucci M, Violi F, Mannucci PM. Associa-
tion of anticholinergic burden with cognitive and functional status in a 
cohort of hospitalised elderly: comparison of the anticholinergic cogni-
tive burden scale and anticholinergic risk scale: results from the REPOSI 
study. Drugs Aging. 2013;30(2):103–12. https://​doi.​org/​10.​1007/​s40266-​
012-​0044-x. PMID: 23239364.

	44.	 Cao YJ, Mager DE, Simonsick EM, Hilmer SN, Ling SM, Windham BG, Crent-
sil V, Yasar S, Fried LP, Abernethy DR. Physical and cognitive performance 
and burden of anticholinergics, sedatives, and ACE inhibitors in older 
women. Clin Pharmacol Ther. 2008;83(3):422–9. https://​doi.​org/​10.​1038/​
sj.​clpt.​61003​03. Epub 2007 Aug 22 PMID: 17713474.

	45.	 Bouwstra H, Smit EB, Wattel EM, van der Wouden JC, Hertogh C, Terluin B, 
et al. Measurement properties of the Barthel index in geriatric rehabilita-
tion. J Am Med Dir Assoc. 2019;20:420–5. https://​doi.​org/​10.​1016/j.​jamda.​
2018.​09.​033.

	46.	 Podsiadlo D, Richardson S. The timed “Up & go”: a test of basic functional 
mobility for frail elderly persons. J Am Geriatr Soc. 1991;39(2):142–8.

	47.	 Lee SH, Gong HS. Measurement and Interpretation of handgrip 
strength for research on sarcopenia and osteoporosis. J Bone Metab. 
2020;27(2):85–96. https://​doi.​org/​10.​11005/​jbm.​2020.​27.2.​85

https://doi.org/10.1007/s40801-021-00256-5
https://doi.org/10.1007/s40801-021-00256-5
https://doi.org/10.1016/j.cger.2010.08.009.PMID:21093718;PMCID:PMC3028599
https://doi.org/10.1016/j.cger.2010.08.009.PMID:21093718;PMCID:PMC3028599
https://doi.org/10.1177/02537176211021280
https://doi.org/10.1177/02537176211021280
https://doi.org/10.5195/jmla.2018.513
https://doi.org/10.1155/2019/1354362
https://www.training.cochrane.org/handbook
https://www.training.cochrane.org/handbook
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://doi.org/10.1016/j.jclinepi.2010.07.015
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1186/1471-2458-13-154
https://doi.org/10.1186/1471-2458-13-154
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1016/S0895-4356(01)00377-8
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1016/0197-2456(86)90046-2
https://www.meta-analysis.com
https://www.meta-analysis.com
https://doi.org/10.1038/sj.clpt.6100035
https://doi.org/10.1038/sj.clpt.6100035
https://doi.org/10.1093/gerona/glz019
https://doi.org/10.1016/j.archger.2021.104618
https://doi.org/10.1111/j.1365-2125.2009.03411.x
https://doi.org/10.1111/j.1365-2125.2009.03411.x
https://doi.org/10.1111/j.1532-5415.2008.02009.x
https://doi.org/10.1111/j.1532-5415.2008.02009.x
https://doi.org/10.1016/j.jamda.2014.08.002
https://doi.org/10.1016/j.jamda.2014.08.002
https://doi.org/10.1007/s00415-005-0830-z
https://doi.org/10.1016/j.amjmed.2009.02.021
https://doi.org/10.1016/j.amjmed.2009.02.021
https://doi.org/10.1016/j.jagp.2015.07.004
https://doi.org/10.1093/ageing/afq053
https://doi.org/10.1001/archpsyc.57.10.968
https://doi.org/10.1007/s40266-019-00743-z
https://doi.org/10.1007/s40266-019-00743-z
https://doi.org/10.1016/j.jagp.2017.01.009
https://doi.org/10.1007/s40266-012-0044-x
https://doi.org/10.1007/s40266-012-0044-x
https://doi.org/10.1038/sj.clpt.6100303
https://doi.org/10.1038/sj.clpt.6100303
https://doi.org/10.1016/j.jamda.2018.09.033
https://doi.org/10.1016/j.jamda.2018.09.033
https://doi.org/10.11005/jbm.2020.27.2.85


Page 14 of 14Phutietsile et al. BMC Geriatrics          (2023) 23:161 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	48.	 Mlinac ME, Feng MC. Assessment of activities of daily living, self-care, and 
independence. Archi Clin Neuropsychol. 2016;31(6):506–16. https://​doi.​
org/​10.​1093/​arclin/​acw049.

	49.	 Borowicz A, et al. Assessing gait and balance impairment in elderly 
residents of nursing homes. J Phys Ther Sci. 2016;28(9):2486–90. https://​
doi.​org/​10.​1589/​jpts.​28.​2486.

	50.	 Downes MJ, Brennan ML, Williams HC, et al. Development of a critical 
appraisal tool to assess the quality of cross-sectional studies (AXIS). BMJ 
Open. 2016;6:e011458. https://​doi.​org/​10.​1136/​bmjop​en-​2016-​011458.

	51.	 Moskalewicz A, Oremus M. No clear choice between newcastle-Ottawa 
scale and appraisal tool for cross-sectional studies to assess methodo-
logical quality in cross-sectional studies of health-related quality of life 
and breast cancer. J Clin Epidemiol. 2020;120:94–103. https://​doi.​org/​10.​
1016/j.​jclin​epi.​2019.​12.​013. Epub 2019 Dec 19 PMID: 31866469.

	52.	 Sterne J, Sutton AJ, Ioannidis JP, Terrin N, Jones DR, Lau J, Carpenter J, 
et al. Recommendations for examining and interpreting funnel plot 
asymmetry in meta-analyses of randomised controlled trials. BMJ. 
2011;2011(343):d4002.

	53.	 Bohannon RW, Glenney SS. Minimal clinically important difference for 
change in comfortable gait speed of adults with pathology: a systematic 
review. J Eval Clin Pract. 2014;20(4):295–300. https://​doi.​org/​10.​1111/​jep.​
12158. Epub 2014 May 5 PMID: 24798823.

	54.	 Lawton MP, Brody EM. Assessment of older people: self-maintaining and 
instrumental activities of daily living. Gerontologist. 1969;9:179–86.

	55.	 Hawes C, Morris JN, Phillips CD, Mor V, Fries BE, Nonemaker S. Reliability 
estimates for the minimum data set for nursing home resident assess-
ment and care screening (MDS). Gerontologist. 1995;35:172–8.

	56.	 Fillenbaum GG. Multidimensional Functional Assessment of Older Adults: 
The Duke Older Americans Resources and Services Procedures. Hillsdale, 
NJ: Lawrence Erlbaum Associates Inc; 1988.

	57.	 Suijker JJ, van Rijn M, Ter Riet G, Moll van Charante EP, de Rooij SE, Buur-
man BM. Minimal important change and minimal detectable change in 
activities of daily living in community-living older people. J Nutr Health 
Aging. 2017;21(2):165–172. https://​doi.​org/​10.​1007/​s12603-​016-​0797-
8. PMID: 28112771.

	58.	 Haaning N, Damsgaard EM, Moos T. The blood-brain barrier in age-
ing persons. Ugeskr Laeger. 2018;180(13):V08170576 Danish. PMID: 
29587956.

	59.	 Demnitz N, et al. Cognition and mobility show a global association in 
middle- and late-adulthood: analyses from the Canadian longitudinal 
study on aging. Gait Posture. 2018;64:238–43. https://​doi.​org/​10.​1016/j.​
gaitp​ost.​2018.​06.​116.

	60.	 Rosano C, Simonsick EM, Harris TB, Kritchevsky SB, Brach J, Visser M. 
Association between physical and cognitive function in healthy elderly: 
the health, aging and body composition study. Neuroepidemiology. 
2005;24(1–2):8–14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1093/arclin/acw049
https://doi.org/10.1093/arclin/acw049
https://doi.org/10.1589/jpts.28.2486
https://doi.org/10.1589/jpts.28.2486
https://doi.org/10.1136/bmjopen-2016-011458
https://doi.org/10.1016/j.jclinepi.2019.12.013
https://doi.org/10.1016/j.jclinepi.2019.12.013
https://doi.org/10.1111/jep.12158
https://doi.org/10.1111/jep.12158
https://doi.org/10.1007/s12603-016-0797-8
https://doi.org/10.1007/s12603-016-0797-8
https://doi.org/10.1016/j.gaitpost.2018.06.116
https://doi.org/10.1016/j.gaitpost.2018.06.116

	The association between anticholinergic burden and mobility: a systematic review and meta-analyses
	Abstract 
	Background 
	ObjectivePurpose 
	Methods 
	Results 
	Conclusion 

	BackgroundIntroduction
	Objectives
	Primary objective
	Secondary objectives

	Methods
	Data sources and search strategy
	Inclusion criteria
	Study design
	Type of participants
	Types of intervention
	Comparators
	Outcomes

	Study selection
	Data extraction and analysis
	Risk of bias assessment


	Results
	Study identification
	Characteristics of included studies

	Association between anticholinergic burden and mobility
	Association between anticholinergic burden and walking speed
	Anticholinergic burden and IADL
	Studies with a focus on specific anticholinergic drugs
	Ceiling and floor effects
	Dose–response relationship

	Discussion
	Strengths and limitations

	Conclusion
	Anchor 35
	Acknowledgements
	References


