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ABSTRACT

Objectives: The study aimed to investigate the association of anticholinergic burden with polypharmacy, the Movement Disorders 
Society Unified Parkinson's Disease Rating Scale (MDS-UPDRS), and the modified Hoehn and Yahr (HY) staging system in 
Parkinson's disease (PD).

Patients and methods: The cross-sectional study included 75 patients (38 males, 37 females; mean age: 65.7±9.6 years; 
range, 32 to 86 years) who were admitted between January 2023 and January 2024. Demographic characteristics, systemic diseases, 
medications, MDS-UPDRS, and modified HY were recorded. Polypharmacy was defined as the use of five or more medications at 
the same time. The anticholinergic burden was calculated using the Anticholinergic Cognitive Burden (ACB) scale. Patients were 
divided into two groups: those with an ACB risk score ≥3 (high risk) and those with a risk score <3 (low risk).

Results: When analyzed according to ACB scale risk status, 41 patients with PD were found to be at high risk for anticholinergic 
burden (score ≥3). The presence of at least one comorbid disease was more common in the high-risk group than in the low-risk 
group (p<0.05). The presence of unipolar depression was higher in the high-risk group (p=0.001). Frequency of polypharmacy 
was higher in the high-risk group (73.2% vs. 32.4%; p=0.001). In regression analysis, a high ACB score was statistically associated 
with modified HY Stage 4 when confounding factors were excluded (odds ratio=12.80; p=0.030).

Conclusion: Patients with polypharmacy in PD had higher ACB scores (>3) and depression as a comorbidity in these patients. 
A high ACB risk score was associated with modified HY Stage 4 when adjusted for confounding factors. The anticholinergic risk 
might be highest in the advanced stage of PD. Therefore, patients diagnosed with PD should be questioned about their drug 
history and evaluated for anticholinergic drug use at every visit.
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Parkinson's disease (PD) is a neurodegenerative 
disease whose frequency is increasing day by day 
with the increasing elderly population globally, 
and the number of these patients is expected to 
double by 2040.[1] Although the exact pathogenesis 
is unknown, dopamine denervation due to Lewy 
body accumulation and cell death in the substantia 
nigra appear to be the primary neuropathology, 
but nondopaminergic or extranigral involvement 
is more prominent for nonmotor symptoms. 
The diagnosis of PD is clinical and includes 
bradykinesia, resting tremor, rigidity, and postural 

instability, with an absence of red flags.[2] Following 
a prodromal phase with nonmotor symptoms such 
as anosmia, constipation, and rapid eye movement 
sleep behavior disorder that may last for years, the 
disease progresses to include motor symptoms.

The Movement Disorders Society Unified 
Parkinson's Disease Rating Scale (MDS-UPDRS) is 
the most preferred scale for the evaluation of PD. 
The MDS-UPDRS is the most widely used tool in 
PD follow-up. It was developed by Fahn et al.[3] in 
1987, and the Movement Disorders Society revised 

Correspondence: Ümmü Serpil Sari, MD. Balıkesir Üniversitesi Tıp Fakültesi Nöroloji Anabilim Dalı, 10145 Altıeylül, Balıkesir, Türkiye.
E-mail: dr.serpilsari@hotmail.com
Received: April 01, 2024  Accepted: September 20, 2024  Published online: December 20, 2024
Cite this article as: Sari ÜS, Koçyiğit SE. Association of anticholinergic burden with Parkinson's disease severity and stage. Turk J Neurol 2024;30(4):254-261. doi: 10.55697/
tnd.2024.167.

©Copyright 2024 by the Turkish Neurological Society
Licensed by Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

Association of anticholinergic burden with Parkinson's 
disease severity and stage

Ümmü Serpil Sari1, Süleyman Emre Koçyiğit2

1Department of Neurology, Balıkesir University Faculty of Medicine, Balıkesir, Türkiye
2Department of Geriatrics, Balıkesir University Faculty of Medicine, Balıkesir, Türkiye

https://orcid.org/0000-0001-5303-3621
https://orcid.org/0000-0003-2025-8263


255Anticholinergic burden and Parkinson’s disease

it in 2009.[4] The scale has different clinical features, 
including motor and nonmotor symptoms in four 
subsections, and consists of 50 items. Each item is 
given a score between 0 and 4, with a maximum 
range of 0 to 200.[5]

Clinical symptom progression in PD is defined 
using the Hoehn and Yahr (HY) staging  system that 
Hoehn and Yahr[6] developed in 1967. The modified 
HY system is a descriptive staging scale used to 
assess disability and impairment due to clinical 
disease progression from 0 to 5.

Currently, there is no proven disease-
modifying or neuroprotective treatment for 
PD, and symptomatic treatment based mainly 
on dopaminergic replacement or modulation is 
widely used.[1] Levodopa, dopamine agonists, and 
monoamine oxidase B inhibitors are commonly 
used in the initial treatment of PD, whereas 
apomorphine, levodopa gel, and deep brain 
stimulation are options in the advanced stages. 
Anticholinergics are no longer preferred in PD due 
to the risk of cognitive decompensation.[7]

Polypharmacy is defined as the consumption 
of five or more medications, and polypharmacy 
has been rapidly increasing in recent years due 
to developments in the pharmaceutical industry, 
easier access to health institutions, and advances 
in diagnosis and treatment. According to research, 
polypharmacy is linked to more drug interactions, 
more adverse drug reactions, less adherence to 
treatment, more frailty, more hip fractures, more 
falls, and more hospitalizations. Researchers are 
also more interested in the adverse effects of more 
anticholinergic use on these patients.[8] Studies 
demonstrated that, in parallel with the increase 
in the number of drugs in the elderly receiving 
outpatient treatment, there were increased side 
effects and approximately 10% of hospitalizations 
due to drug side effects, particularly in the geriatric 
age group.[9,10]

The cumulative effect of anticholinergic drugs 
in the body is called the anticholinergic load.[11] 
Anticholinergic drugs are drugs that block the 
binding of acetylcholine to muscarinic receptors, 
and their side effects develop depending on the 
properties of anticholinergic drugs that block 
the muscarinic receptor. They most commonly 
manifest peripherally as dry mouth, dry eyes, 
constipation, blurred vision, and increased 
heart rate, while in the central nervous system, 
they manifest as dizziness, sedation, confusion, 
delirium, and even cognitive disorders.[11,12] 

Muscarinic receptors come in different subtypes, 
from M1 to M5. The most common type in the 
brain and the spinal cord are M1 receptors. These 
receptors are important for executive functions 
and episodic memory in the hippocampus and 
prefrontal cortex.[8]

Currently, there are many anticholinergic risk 
scales that are used in studies shown to be 
effective in clinical practice.[8,13] These scales provide 
practicality for healthcare professionals in predicting 
anticholinergic-related adverse effects, particularly 
in the elderly population, increasing awareness, and 
preventing side effects before they develop through 
close follow-up.[12,13]

Anticholinergic drugs are a heterogeneous 
group of drugs, and there appears to be little 
awareness among healthcare professionals about 
their effects and interactions with other drugs.
[14] More research is being conducted on the 
effects and side effects of anticholinergics, 
cholinergic burden, the higher risk of dementia, 
and the increased brain atrophy, dysfunction, and 
cognitive decline, which were linked to loss of 
cognitive performance, as well as dementia.[13-15] 
In addition to cognitive effects, anticholinergic 
load was also associated with falls, fractures, 
and mortality.[16-18] These effects of anticholinergic 
drugs, which are used more often in older 
patients, also change depending on how quickly 
the drug is eliminated or the dose given to the 
elderly. However, more research is needed to 
fully confirm this as a good clinical outcome 
when the anticholinergic load is reduced.[19] 
The following scales are used in research: the 
Anticholinergic Drug Scale, the Anticholinergic 
Cognitive Burden (ACB) scale, the Anticholinergic 
Risk Scale, the Duran Scale, the Salahudeen Scale, 
and the new CRIDECO Anticholinergic Load 
Scale (CALS). Country-specific scales such as the 
German Anticholinergic Burden Scale (GABS) 
and the Korean Anticholinergic Burden  Scale 
are also becoming more common. It appears that 
new scales will be developed in the future as 
awareness of this subject increases.[8]

Currently, the evaluation of anticholinergic load 
uses serum radioreceptor anticholinergic activity 
assays and anticholinergic load scales evaluated by 
expert-based drug lists.[20] The ACB scale determines 
the impact of anticholinergic medications. It was 
introduced in 2008 and is widely used to estimate 
anticholinergic burden and its relationship with 
cognitive impairment.[21] Furthermore, it is the 
most easily accessible and most frequently used 
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scale in practice.[20] Scores range from 0 to 9 
according to the affinity of the drugs to muscarinic 
receptors and their effects on cognition, with 0 
indicating no burden and 3 or above indicating 
high risk. The anticholinergic burden of 88 
drugs is calculated in the ACB scale. The CALS, 
one of the new scales developed, includes 217 
drugs.[8] A study comparing the scales rated the 
ACB and GABS scales as having the highest quality 
rating. However, studies demonstrated that no 
anticholinergic burden scale can be considered the 
gold standard.[20,22] Patients with PD are more likely 
to experience polypharmacy since comorbidities 
are frequently present.

This study aimed to investigate the relationship 
between the total anticholinergic burden of 
patients with PD measured by using the ACB 
scale and the severity, progression and functional 
disability of the patients with PD measured 
by using MDS-UPDRS and modified HY scale. 
In addition, this study aimed to increase the 
awareness of healthcare professionals about the 
effects of polypharmacy and cholinergic burden 
in PD.

PATIENTS AND METHODS

This cross-sectional study was conducted 
with 75 patients (38 males, 37 females; mean 
age: 65.7±9.6 years; range, 32 to 86 years) with 
PD diagnosed according to the criteria of the 
Movement Disorders Association[2] at the Balıkesir 
University Hospital between January 2023 and 
January 2024. Age, sex, disease duration, creatine, 
and albumin values and all regular medications 
in the last six months were documented by 
interviewing the patient or querying the system. 
The MDS-UPDRS scores and modified HY stages 
were assessed by a physician experienced in 
movement disorders for newly admitted PD 
patients, and patients whose MDS-UPDRS scores 
and modified HY stages were fully recorded 
in the last 1 year were included in the study. 
The modified HY staging system was used for 
clinical staging of PD.  The study protocol was 
approved by the Balıkesir University Faculty of 
Medicine Clinical Research Ethics Committee 
(date: 21.02.2024, no: 2024/18). Written informed 
consent was obtained from all participants. The 
study was conducted in accordance with the 
principles of the Declaration of Helsinki.

The MDS-UPDRS consists of nonmotor features 
of daily life experiences (maximum of 52 points), 

motor features of daily life experiences (maximum 
of 52 points), motor examination (maximum of 
132 points), and motor complications (maximum 
of 24 points), which are scored between 0 and 4 
according to the severity of the findings. The scale 
consists of four subsections and 55 items.

The scale includes stages from 0 to 5. Stage 0 
indicates no symptoms of the disease, and Stage 5 
defines patients who are bedridden or wheelchair-
bound without assistance.

Anticholinergic burden was defined as the 
cumulative effect on an individual taking one 
or more drugs with anticholinergic activity. The 
total anticholinergic burden for each patient was 
calculated by entering all medications used by 
the patients into the ACB scale at https://www.
acbcalc.com. Each drug was scored between 
0 and 3 according to the affinity of the drug 
to muscarinic receptors and the effects on 
cognition, with a total score of 3 points or more 
being considered high risk.[23] All patients were 
divided into two groups according to ACB risk: 
those with an ACB risk score ≥3 (high risk) and 
those with a risk score <3 (low risk).

Statistical analysis

Data were analyzed using IBM SPSS 
version 22.0 (IBM Corp., Armonk, NY, USA). 
Categorical variables were expressed as frequency 
and percentage, and continuous data were 
expressed as mean ± standard deviation (SD). 
Continuous variables were evaluated by the 
Kolmogorov-Smirnov test for normal distribution. 
All of the variables except for age were not 
normally distributed. Therefore, age was evaluated 
using the independent sample t-test, and other 
continuous variables were evaluated using the 
Mann-Whitney U test. Differences between 
categorical variables were evaluated using the 
chi-square test and Fisher’s exact test. Correlation 
between ACB risk and other continuous data was 
performed using Spearman’s correlation analysis. 
Multinomial logistic regression analysis was 
performed to evaluate the effects of polypharmacy 
with ACB high-risk category on the HY stage. 
Model 1 was adjusted for demographic features 
including age and sex. Model 2 was adjusted for 
Model 1 plus comorbidities. The odds ratio (OR) 
and 95% confidence intervals (CIs) were calculated 
for the association between HY stages and high-risk 
ACB scores with polypharmacy. A p-value <0.05 
was considered statistically significant.
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RESULTS

When examined according to ACB scale, 
41 patients with PD were found to be at high risk 
(score ≥3). Demographic characteristics, including 
age and sex, and laboratory findings, including 
serum creatinine and albumin levels, were 
statistically similar between the high- and low-risk 

groups (p<0.05). The presence of at least one 
comorbid disease was observed more frequently 
in the high-risk group than in the low-risk group 
(p<0.05).

The presence of unipolar depression was higher 
in the high-risk group (p=0.001). The frequency of 
polypharmacy (≥5 medication use) was statictically 
higher in the high-risk group (73.2% vs. 32.4%; 
p<0.001). Additionally, PD duration, MDS-UPDRS, 
and modified HY stage were similar in both groups 
(p>0.05; Table 1).

In Spearman’s correlation analysis, ACB 
risk score was observed to be statistically 
correlated with the number of medications 
(rho: 0.650; p<0.001) and MDS-UPDRS nonmotor 
findings (rho: 0.244; p=0.035). The other continuous 
variables were not correlated with the ACB score 
(p<0.05; Table 2). When modified HY Stage 1 
was taken as a reference category in terms of 
PD staging, it was observed that Stages 2 and 3 
were not significant in terms of high-risk ACB 
scores and polypharmacy (p<0.05), while in 
Stage 4, high-risk ACB scores were found to be 
statistically significant, independent of age, sex, 

TABLE 1
The comparison of demographic features, including age, sex, duration and severity of PD, presence of 

comorbidities, and laboratory findings between high-risk (≥3) and low-risk (<3) groups

ACB >3 (n=41) ACB <3 (n=34)

% Mean±SD % Mean±SD p

Age (year) 66.5±7.8 64.9±11.5 0.467

Sex
Female 51.2 47.1 0.720

Education year (>8 year) 34.1 38.1 0.403

Parkinson duration (year) 4.97±3.79 4.79±4.91 0.366

UPDRS (motor) 39.60±32.67 27.50±22.57 0.139

UPDRS (non-motor) 9.07±6.42 7.55±7.35 0.168

Hoen and Yahr Scale 2.04±1.16 1.58±0.85 0.079

Comorbid disease (>1) 82.9 55.9 0.010

Hypertension 43.9 35.3 0.449

Diabetes mellitus 29.3 11.8 0.065

Cardiovascular disease 7.3 17.6 0.171

Hyperlipidemia 14.6 17.6 0.723

Depression 41.5 8.8 0.001

Osteoporosis 14.6 2.9 0.083

Polypharmacy (>5 medicine use) 73.2 32.4 <0.001

Serum creatinine level (mg/dL) 0.90±0.21 0.90±0.24 0.903

Albumin level (g/L) 40.58±3.05 41.88±3.40 0.064

PD: Parkinson’s disease; ACB: Anticholinergic burden scale; SD: Standard deviation; UPDRS: Unified Parkinson disease rating scale.

TABLE 2
The correlation between ACB risk scores and age, 

number of medications, the duration and severity scores 
of PD, and serum creatinine and albumin levels

Rho value p

Age 0.046 0.698

Duration of Parkinson’s disease 0.128 0.273

UPDRS motor findings 0.161 0.167

UPDRS non-motor findings 0.244 0.035

Hoehn and Yahr Scale 0.192 0.100

Medication number 0.650 <0.001

Creatinine level –0.016 0.894

Albumin level –0.182 0.119

ACB: Anticholinergic burden scale; UPDRS: Unified Parkinson disease 
rating scale.
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and comorbidities (OR=12.80, 95% CI: 1.27-128.80, 
p=0.030; Table 3).

DISCUSSION

The present study underlined that anticholinergic 
burden might be related to the severity of PD. This 
association of between anticholinergic burden and 
modified HY Stage 4 existed independently of 
confounding factors.

Anticholinergic drugs are widely used 
among older adults to treat bladder dysfunction, 
psychotic disorders, and pain that increases with 
advanced age, and they have easy access to these 
drugs.[24] Since 1867, the antiparkinsonian effect of 
anticholinergics was recognized, and they were 
used as the sole treatment for a long time.[25] Today, 
anticholinergic side effects of commonly used 
drugs are frequently encountered. Polypharmacy 
and the accompanying increased cholinergic load 
bring new problems, such as increased cognitive 
problems, particularly in elderly patients.[8] In a 
study conducted in elderly patients, a relationship 
was found between ACB scores, polypharmacy, 
and nutritional status.[26] Similarly, patients with 
polypharmacy were approximately 2.5 times more 
likely to have high-risk ACB scores in our study.

Studies on anticholinergic burden have focused 
on impairments in cognitive function. These studies 

have been associated with increased brain atrophy, 
dysfunction, and cognitive decline, as well as an 
increased risk of dementia.[8,27,28] In contrast to 
anticholinergic drugs, acetylcholinesterase inhibitors 
(donepezil hydrochloride, rivastigmine tartrate, 
and galantamine hydrobromide), which increase 
cholinergic activity, are widely used in patients with 
dementia and were shown to improve cognitive 
features.[29] However, drugs with anticholinergic 
activity are widely used together with drugs that 
increase cholinergic activity, particularly in patients 
with dementia of advanced age. Individuals with PD 
may be more likely to be negatively affected by these 
types of anticholinergic drugs since their brains are 
losing cholinergic pathways and connections.[30]

Parkinson's disease is a neurodegenerative 
disorder in which cognitive deficits are common 
in addition to widespread motor symptoms. 
While motor manifestations of PD are associated 
with loss of dopamine in the substantia nigra, 
degeneration of the basal nucleus of Meynert, 
and the connections of the pedunculopontine 
nucleus with the subcortical structure can cause 
severe deficits in a range of functions, including 
cognition, attention, gait, and postural stability, 
due to decreased cholinergic activity. At the same 
time, disease disability, prolonged hospitalization, 
and length of stay were also associated with 
anticholinergic drugs.[31] While objective cognitive 
impairment is present in one out of four patients 

TABLE 3
Evaluation of the effects of polypharmacy and high-risk ACB scores according to HY stages

ACB risk score (>3) Polypharmacy (>5 medication use)

Hoehn and Yahr Scale OR 95% CI p OR 95% CI p

2

Unadjusted 1.83 0.58-5.71 0.296 1.31 0.42-4.04 0.632

Model 1* 1.83 0.58-5.78 0.299 1.22 0.37-3.96 0.734

Model 2** 2.44 0.69-8.54 0.102 2.41 0.49-11.79 0.275

3

Unadjusted 0.93 0.21-4.01 0.926 3.68 0.67-20.01 0.131

Model 1* 0.92 0.21-4.00 0.920 3.70 0.64-21.39 0.143

Model 2** 0.85 0.18-3.99 0.845 6.93 0.60-79.90 0.121

4

Unadjusted 9.33 1.06-81.91 0.044 1.31 0.30-5.64 0.712

Model 1* 9.78 1.06-81.75 0.044 1.09 0.24-5.02 0.904

Model 2** 12.80 1.27-128.80 0.030 1.44 0.24-8.43 0.684

ACB: Anticholinergic burden scale; HY: Hoehn and Yahr; CI: Confidence interval; OR: Odds ratio; * Model 1: Adjusted for 
age and sex; ** Model 2: Adjusted for age, sex, and comorbidity.
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at the time of diagnosis in PD, the detection 
of dementia reaches 80 to 90% 12 years after 
diagnosis.[29,32] It is now more clearly known that 
these losses become more pronounced with the use 
of anticholinesterase, in addition to the degeneration 
that occurs in the course of the disease. Studies 
revealed that visual hallucinations, falls, and gait 
might be supported by acetylcholine.[24] In our 
study, the association of PD with dementia did not 
reach statistical significance. We believe that this 
association could increase with an increase in the 
number of patients with PD and the longitudinal 
follow-up of these patients. In a study conducted 
on Medicare in the USA in patients with PD, 
the concurrent prescription of a highly effective 
anticholinergic drug and an acetylcholinesterase 
inhibitor was 17.4% and 72.4%, respectively, and 
45% of prescribers assumed that this concomitant 
use would not lead to cognitive deterioration.[29]

Depression is a common nonmotor symptom 
in PD, and approximately 25% of patients with PD 
use an antidepressant, most commonly selective 
serotonin reuptake inhibitors, at any stage.[33] In 
our study, patients with PD with high-risk ACB 
scores had at least one comorbid disease, and the 
prevalence of depression as a comorbid condition 
was statistically significantly higher in these 
patients compared to other comorbid conditions. 
Anticholinergic drugs were shown to improve all 
motor symptoms, particularly tremor, by balancing 
the levels of dopamine and acetylcholine in the 
striatum and blocking muscarinic receptors at the 
postsynaptic level in PD.[34] In a neuropathologic 
study, the use of antimuscarinic drugs in PD for 
more than two years was associated with twice as 
much cortical plaques or tangle formation compared 
to those who used them for less than two years and 
compared to those who never used them.[35]

Since its development in 2008, the ACB scale 
has been the most frequently studied scale due 
to its ease of access and use.[20] However, the 
ACB scale scores fewer drugs according to their 
anticholinergic properties compared to other scales. 
The score obtained may help identify patients 
with a high risk of adverse events and provide 
guidance on interventions for these patients. 
Therefore, many drugs with varying amounts 
of anticholinergic activity are not evaluated on 
these scales. The correlation of ACB risk score 
with UPDRS motor findings and HY Scale was 
evaluated, but no significance was found. The 
MDS-UPDRS nonmotor scores of the patients were 
found to be weakly correlated with ACB scores. In 

the regression analysis of our study, high-risk ACB 
scores was statistically associated with modified HR 
Stage 4 when independent variables were excluded. 
While this association could not be demonstrated 
with polypharmacy, the finding of an association 
with ACB scores suggests that the effect of ACB 
scores on the prognosis and severity of PD is more 
prominent. Longitudinal studies involving more 
patients are needed in this regard.

Although studies on the effects of PD and 
anticholinergic drugs were found in the literature, 
no studies were found to examine the correlation 
with clinical and staging scales. Thus, there is 
a need for studies that more clearly reveal drug 
interactions and the worsening of symptoms 
related to the disease. It is important to increase the 
awareness of physicians about the characteristics 
of neurodegenerative diseases, prescription 
habits, and the issues that arise in patients with 
these habits in Türkiye. This awareness will 
enable more efficient management of drug-related 
issues. Additionally, there is a need for country-
specific scales and prescriptions that measure 
anticholinergic load, contain more anticholinergic 
drugs, are easily accessible, and can increase the 
awareness of all physicians.

The study had some limitations. First, it was 
a retrospective and cross-sectional study. Second, 
the sample size was small. Third, other effects 
of the drugs including adverse peripheral effects, 
effects on gait and balance, hospitalisation were not 
evaluated. The study had several strengths. First, 
this was the first study to show the relationship 
between PD severity and anticholinergic load. 
Second, this relationship was partially independent 
of confounding factors, specifically age.

In conclusion, the anticholinergic burden of 
medications in patients with PD who are at high 
risk for anticholinergic side effects is undeniable. 
Drug history is important in patients with PD and 
anticholinergic risk may increase as the disease 
progresses. In our study, the adverse effects of 
increased anticholinergic burden in PD, such 
as cognitive and autonomic symptoms, fracture 
risk, hospitalization, and length of hospital stay, 
were not studied. Large-scale longitudinal studies 
with larger samples are needed to support these 
findings.

Data Sharing Statement: The data that support the 
findings of this study are available from the corresponding 
author upon reasonable request.



Turk J Neurol260

Author Contributions: Idea/concept, design, 
analysis and/or interpretation, critical review, data 
collection and/or processing, literature review, writing 
the article, materials: Ü.S.S., S.E.K.; Control/supervision, 
references: Ü.S.S.

Conflict of Interest: The authors declared no 
conflicts of interest with respect to the authorship and/or 
publication of this article.

Funding: The authors received no financial support 
for the research and/or authorship of this article.

REFERENCES

1. Kobylecki C. Update on the diagnosis and management 
of Parkinson’s disease. Clin Med (Lond) 2020;20:393-8. 
doi: 10.7861/clinmed.2020-0220. 

2. Postuma RB, Berg D, Stern M, Poewe W, Olanow CW, 
Oertel W, et al. MDS clinical diagnostic criteria for 
Parkinson's disease. Mov Disord 2015;30:1591-601. doi: 
10.1002/mds.26424. 

3.  Fahn S, Marsden CD, Goldstein M,Calne DB. Recent 
developments in Parkinsons disease. Vol 2. Florham Park, 
NJ: Macmillan Healthcare Information; 1987. 153-163.

4. Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn 
S, Martinez-Martin P, et al. Movement Disorder Society 
UPDRS Revision Task Force. Movement Disorder Society-
sponsored revision of the Unified Parkinson’s Disease 
Rating Scale (MDS-UPDRS): scale presentation and 
clinimetric testing results. Mov Disord 2008;23:2129-70. 
doi: 10.1002/mds.22340.

5. Horváth K, Aschermann Z, Kovács M, Makkos A, 
Harmat M, Janszky J, et al. Minimal clinically important 
differences for the experiences of daily living parts 
of movement disorder society-sponsored unified 
Parkinson's disease rating scale. Mov Disord 2017;32:789-
93. doi: 10.1002/mds.26960. 

6. Hoehn MM, Yahr MD. Parkinsonism: Onset, progression 
and mortality. Neurology 1967;17:427-42. doi: 10.1212/
wnl.17.5.427. 

7. Parkinson’s disease in adults: Diagnosis and 
management. London: National Institute for Health and 
Care Excellence (NICE); 2017 Jul. 

8. Ramos H, Moreno L, Pérez-Tur J, Cháfer-Pericás C, 
García-Lluch G, Pardo J. CRIDECO anticholinergic 
load scale: An updated anticholinergic burden scale. 
Comparison with the ACB scale in Spanish individuals 
with subjective memory complaints. J Pers Med 
2022;12:207. doi: 10.3390/jpm12020207. 

9. Taché SV, Sönnichsen A, Ashcroft DM. Prevalence of 
adverse drug events in ambulatory care: A systematic 
review. Ann Pharmacother 2011;45:977-89. doi: 10.1345/
aph.1P627. 

10. Péter S, Navis G, de Borst MH, von Schacky C, 
van Orten-Luiten ACB, Zhernakova A, et al. Public 
health relevance of drug-nutrition interactions. Eur 
J Nutr 2017;56(Suppl 2):23-36. doi: 10.1007/s00394-
017-1510-3.

11. Tune LE. Anticholinergic effects of medication in 
elderly patients. J Clin Psychiatry 2001;62 Suppl 
21:11-4.

12. Durán CE, Azermai M, Vander Stichele RH. Systematic 
review of anticholinergic risk scales in older adults. Eur 
J Clin Pharmacol 2013;69:1485-96. doi: 10.1007/s00228-
013-1499-3.

13. Carnahan RM, Lund BC, Perry PJ, Pollock BG, Culp KR. 
The Anticholinergic Drug Scale as a measure of drug-
related anticholinergic burden: Associations with serum 
anticholinergic activity. J Clin Pharmacol 2006;46:1481-
6. doi: 10.1177/0091270006292126. 

14. Soundararajan K, Balchandra P. Staff awareness of Anti-
Cholinergic Burden (ACB) - a qualitative cross-sectional 
study in a Tertiary Care Hospital. Cureus 2021;13:e14141. 
doi: 10.7759/cureus.14141.

15. Weigand AJ, Bondi MW, Thomas KR, Campbell 
NL, Galasko DR, Salmon DP, et al. Association of 
anticholinergic medications and AD biomarkers with 
incidence of MCI among cognitively normal older 
adults. Neurology 2020;95:e2295-304. doi: 10.1212/
WNL.0000000000010643. 

16. Zaninotto P, Huang YT, Di Gessa G, Abell J, Lassale 
C, Steptoe A. Polypharmacy is a risk factor for 
hospital admission due to a fall: Evidence from 
the English Longitudinal Study of Ageing. BMC 
Public Health 2020;20:1804. doi: 10.1186/s12889-
020-09920-x. 

17. Graves-Morris K, Stewart C, Soiza RL, Taylor-Rowan 
M, Quinn TJ, Loke YK, et al. The prognostic value of 
anticholinergic burden measures in relation to mortality 
in older individuals: A systematic review and meta-
analysis. Front Pharmacol 2020;11:570. doi: 10.3389/
fphar.2020.00570. 

18. McMichael AJ, Zafeiridi E, Ryan M, Cunningham EL, 
Passmore AP, McGuinness B. Anticholinergic drug 
use and risk of mortality for people with dementia in 
Northern Ireland. Aging Ment Health 2021;25:1475-82. 
doi: 10.1080/13607863.2020.1830028. 

19. Kersten H, Molden E, Tolo IK, Skovlund E, Engedal 
K, Wyller TB. Cognitive effects of reducing 
anticholinergic drug burden in a frail elderly 
population: A randomized controlled trial. J Gerontol 
A Biol Sci Med Sci 2013;68:271-8. doi: 10.1093/
gerona/gls176. 

20. Lisibach A, Benelli V, Ceppi MG, Waldner-Knogler 
K, Csajka C, Lutters M. Quality of anticholinergic 
burden scales and their impact on clinical outcomes: A 
systematic review. Eur J Clin Pharmacol 2021;77:147-62. 
doi: 10.1007/s00228-020-02994-x. 

21. Nawaz H, Sargent L, Quilon H, Cloud LJ, Testa CM, 
Snider JD, et al. Anticholinergic medication burden 
in Parkinson’s disease outpatients. J Parkinsons Dis 
2022;12:599-606. doi: 10.3233/JPD-212769.

22. Naples JG, Marcum ZA, Perera S, Gray SL, Newman AB, 
Simonsick EM, et al; Health, Aging and Body Composition 
Study. Concordance between anticholinergic burden 
scales. J Am Geriatr Soc 2015;63:2120-4. doi: 10.1111/
jgs.13647. 



261Anticholinergic burden and Parkinson’s disease

23. ACB Calculator. Available at: https://www.acbcalc.com 
[Accessed date: 17.12.2003]

24. Yarnall A, Rochester L, Burn DJ. The interplay of 
cholinergic function, attention, and falls in Parkinson’s 
disease. Mov Disord 2011;26:2496-503. doi: 10.1002/
mds.23932. 

25. Ordenstein L. Sur la felç agitante ve la skleroz ve plaklar 
generalisee. Paris: Martinet; 1867.

26. Erken N, Ateş Bulut E, Koçyiğit S, Işık A. The effect 
of anticholinergic drug burden and number of drugs 
to nutritional status in older patients. DEUTıp Derg 
2021;34:209-17.

27. Richardson K, Fox C, Maidment I, Steel N, Loke YK, 
Arthur A, et al. Anticholinergic drugs and risk of 
dementia: Case-control study. BMJ 2018;361:k1315. doi: 
10.1136/bmj.k1315. 

28. Jessen F, Amariglio RE, Buckley RF, van der Flier WM, 
Han Y, Molinuevo JL, et al. The characterisation of 
subjective cognitive decline. Lancet Neurol 2020;19:271-
8. doi: 10.1016/S1474-4422(19)30368-0. 

29. Mantri S, Fullard M, Gray SL, Weintraub D, Hubbard 
RA, Hennessy S, et al. Patterns of dementia treatment 
and Frank prescribing errors in older adults with 
Parkinson disease. JAMA Neurol 2019;76:41-9. doi: 
10.1001/jamaneurol.2018.2820. 

30. Bohnen NI, Albin RL. The cholinergic system and 
Parkinson disease. Behav Brain Res 2011;221:564-73. 
doi: 10.1016/j.bbr.2009.12.048. 

31. Hely MA, Morris JG, Traficante R, Reid WG, O'Sullivan 
DJ, Williamson PM. The sydney multicentre study of 
Parkinson's disease: Progression and mortality at 10 
years. J Neurol Neurosurg Psychiatry 1999;67:300-7. doi: 
10.1136/jnnp.67.3.300. 

32. Reid WG, Hely MA, Morris JG, Loy C, Halliday 
GM. Dementia in Parkinson's disease: A 20-year 
neuropsychological study (Sydney Multicentre Study). 
J Neurol Neurosurg Psychiatry 2011;82:1033-7. doi: 
10.1136/jnnp.2010.232678. 

33. Sklerov M, Browner N, Dayan E, Rubinow D, Frohlich 
F. Autonomic and depression symptoms in Parkinson's 
disease: Clinical evidence for overlapping physiology. J 
Parkinsons Dis 2022;12:1059-67. doi: 10.3233/JPD-213075. 

34. Katzenschlager R, Sampaio C, Costa J, Lees A. 
Anticholinergics for symptomatic management of 
Parkinson's disease. Cochrane Database Syst Rev 
2003;2002:CD003735. doi: 10.1002/14651858.CD003735. 

35. Perry EK, Kilford L, Lees AJ, Burn DJ, Perry RH. 
Increased alzheimer pathology in Parkinson's disease 
related to antimuscarinic drugs. Ann Neurol 2003;54:235-
8. doi: 10.1002/ana.10639


