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ABSTRACT

Background: Older adults with chronic kidney disease are highly vulnerable to polypharmacy. This study aimed to investigate the
multidimensional impact of cumulative anticholinergic burden on physical functionality, health-related quality of life, and cognitive
performance in this specific population.

Methods: In this cross-sectional study, 234 patients with chronic kidney disease were evaluated. The anticholinergic burden was calculated
using the updated Anticholinergic Cognitive Burden scale. Physical independence, cognitive status, and health-related quality of life were
assessed using the Katz Index of Independence in Activities of Daily Living, the Mini-Cog test, and the EuroQol 5-Dimension 5-Level
(EQ-5D-5L) questionnaire, respectively. Multiple regression models were utilized to adjust for confounders, including age and overall
comorbidity burden.

Results: Patients in the high Anticholinergic Cognitive Burden group were significantly older and more likely to be female. The most
frequent contributors to the anticholinergic burden were cardiovascular medications, primarily beta-blockers and loop diuretics. In
multiple regression analysis, a high anticholinergic burden emerged as a strong, independent predictor of decreased physical independence
(Katz Index) and diminished health-related quality of life (EQ-5D-5L) (p < 0.05). Conversely, the initial negative correlation between
Anticholinergic Cognitive Burden scores and cognitive performance (Mini-Cog scores) lost its statistical significance after adjusting for
age and comorbidity.

Conclusion: Anticholinergic burden may independently impair physical functionality and health-related quality of life in older chronic
kidney disease patients, whereas its cognitive impact is heavily mediated by age and comorbidities. Routine medication reviews that
prioritize evaluating alternative agents with lower anticholinergic properties and closer clinical monitoring should become a standard
component of chronic kidney disease management.

Keywords: Activities of Daily Living; Cholinergic Antagonists; Cognitive Dysfunction; Quality of Life; Renal Insufficiency, Chronic

INTRODUCTION

Older adults exhibit heightened sensitivity to the effects
of anticholinergic medications due to age-related
pharmacokinetic and pharmacodynamic alterations (1,2).
Through muscarinic receptor blockade, these agents induce
a broad spectrum of adverse reactions, ranging from
peripheral symptoms such as dry mouth and tachycardia to
severe central nervous system effects, including delirium
and cognitive impairment (3,4). In clinical literature,
anticholinergic exposure has been consistently associated
with an increased risk of falls, higher mortality rates, and
overall poorer clinical outcomes (5). The age-associated
physiological decline in both hepatic and renal clearance
further exacerbates the risk of adverse drug reactions in
this patient population (6). Due to the combined effects

of polypharmacy and impaired drug elimination, patients
with chronic kidney disease (CKD) represent one of the
most vulnerable subgroups to the detrimental impacts of
anticholinergic burden (7-9). Despite these concerns, data
regarding the use of anticholinergic medications and their
subsequent clinical outcomes in older patients with CKD
remain limited, particularly within regional populations.

Individual exposure to medications with anticholinergic
properties is defined as ‘anticholinergic burden’ (10).
This burden increases through the cumulative effect of
multiple medications. Although the measurement of
serum anticholinergic receptor activity is considered the
gold standard, many clinical settings lack the necessary
infrastructure to perform this analysis (10). Consequently,
various scales have been developed to quantify anticholinergic
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burden in clinical practice (11). The Anticholinergic
Cognitive Burden (ACB) scale is one such tool, and higher
scores on this scale have been shown to be strong indicators
of poor cognitive performance in older adults (11,12).

Despite the documented risks of anticholinergic medications
in the older adults, their impact on the CKD population—a
group uniquely predisposed to toxin accumulation, functional
decline, and cognitive frailty—is insufficiently explored
in nephrological settings. Given the high prevalence of
polypharmacy in these patients, understanding the scope of
anticholinergic exposure is

essential. The present study addresses this gap by assessing
the prevalence of such medications in older CKD outpatients
and investigating their associations with quality of life,
activities of daily living, and cognitive performance.

METHODS

Study design and patient selection

This cross-sectional study was conducted with patients
followed at the Nephrology Outpatient Clinic of Konya
City Hospital, between March 2021 and June 2022. All
participants provided written informed consent prior to their
inclusion in the study, in accordance with the principles
of the Declaration of Helsinki. A post-hoc power analysis
was performed using G*Power (version 3.1.2) (13). With
a total sample size of 234 participants, the study achieved
power&amp;amp;amp;gt;0.80 to detect a medium effect
size (d = 0.5) at a significance level of alpha = 0.05. This
indicates that the study was adequately powered to evaluate
the associations between anticholinergic burden and clinical
outcomes in the CKD population.

Patients under 60 years of age, those without a diagnosis
of CKD, and individuals who declined to participate
constituted the primary exclusion criteria. To minimize
potential confounding factors, patients with dementia, active
malignancy, advanced-stage chronic obstructive pulmonary
disease (COPD), New York Heart Association (NYHA)
Class III-IV heart failure, advanced liver disease, or a history
of cerebrovascular disease were also excluded.

In this context, liver disease was defined as the presence of
Child-Pugh Class B or C cirrhosis, while cerebrovascular
disecase was defined as a history of stroke, transient
ischemic attack, or intracranial hemorrhage. Furthermore,
patients with neurological or psychiatric disorders that
could interfere with cognitive assessment—such as major
depression, schizophrenia, or Parkinson’s disease—as well
as individuals with severe communication difficulties, were
excluded from the analysis.

Assessment of the patients

Patient assessment included demographic data such as name,
age, marital and educational status, cohabitation status, and
tobacco and alcohol use. Their medical history was also
reviewed, focusing on comorbid conditions like diabetes,
hypertension, cardiovascular and pulmonary diseases, liver
and connective tissue disorders, neurological conditions
including dementia and stroke, as well as gastrointestinal
issues such as peptic ulcer.

Data on CKD stage, underlying etiology, and each patient’s
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body mass index (BMI, kg/m?) were obtained through a
combination of direct patient interviews and a comprehensive
review of electronic medical records from hospital outpatient
departments. CKD stages were classified according to the
Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines, with the estimated glomerular filtration
rate (eGFR) determined using the CKD Epidemiology
Collaboration (CKD-EPI) equation. Furthermore, a detailed
medication history, encompassing the specific types of
pharmacological agents and their duration of use, was
systematically recorded for all participants.

Anticholinergic burden was calculated using the ACB 11
scale. A minimum of one month of continuous medication
use was required for inclusion in the calculation. Although
such a duration is not strictly mandated by the existing
literature, the investigators established this threshold to
ensure that the medication’s cumulative effects on cognitive
and functional outcomes had reached a clinically relevant
level. Overall comorbidity burden was assessed using the
Modified Charlson Comorbidity Index (CCI) (14,15).

Evaluation of anticholinergic drug burden

Anticholinergic burden was quantified using the ACB scale,
a tool introduced by Boustani and colleagues in 2008 (11).
Each medication used by the participants was evaluated
according to the updated version of the ACB scale provided
by the Indiana University Aging Research Center (16). On
this scale, medications are scored from 1 (low) to 3 (high)
based on their potential for anticholinergic activity; the
total ACB score is calculated by summing the scores of all
medications used by the patient. This scale is accepted as
one of the two highest-quality scales in this area (17). Higher
scores indicate a more significant burden and risk (18).

To evaluate the impact of anticholinergic exposure on
clinical outcomes, participants were categorized into two
groups based on their total ACB scores: those with a score
of 0—1 were defined as having a ‘low ACB score’, while
those with a score of >2 were defined as having a ‘high
ACB score.” This cut-off was established in accordance
with previous literature suggesting that anticholinergic
side effects and cognitive/functional impairments become
clinically significant at a score of 2 or higher (11,19). This
dichotomization was employed to enhance the power of
statistical comparisons and to identify clinically relevant risk
differences.

Examination of cognition, daily living abilities, and quality
of life

The cognitive functions of the patients were assessed using
the Mini-Cog test, a brief, validated screening tool that
combines a three-item recall task with a clock-drawing test
(20). While highly practical for rapid screening in busy
outpatient settings, it should be noted that the Mini-Cog may
be less sensitive to subtle cognitive alterations compared to
more comprehensive neuropsychological batteries. Based on
established scoring criteria, participants were categorized
as having either normal cognitive function or probable
cognitive impairment.

Patients were evaluated using the Katz Index of Independence
Activities of Daily Living (ADL), originally introduced in
1963 (21) and adapted for Turkish populations in 2015 (22).
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The scale includes six fundamental self-care tasks: bathing,
dressing, toileting, transferring, maintaining continence, and
feeding. Each item is scored, yielding a total score between
0 and 6, where 6 indicates full independence, and 0 indicates
complete dependence. For standardized functional analysis,
participants were dichotomized into two groups: those with
a total score of 6 were categorized as ‘independent,” while
those with a score of <5 were categorized as ‘dependent,’
indicating a need for assistance in at least one activity of
daily living. This cut-off was selected to sensitively identify
even mild levels of functional impairment.

To assess health-related quality of life (HRQoL), the EuroQol
5-Dimension 5-Level (EQ-5D-5L) scale was utilized (23).
The EQ-5D-5L was introduced by the EuroQol Group in
2009 to provide higher sensitivity and reduce ceiling effects
compared to the original version. Individual permission
to use the Turkish version of the instrument was granted
by the EuroQol Group (Registration No.: 82442). The
scale evaluates five dimensions: mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression. Each
dimension is rated on a five-point scale (1: no problems, 5:
extreme problems/unable to). The responses are converted
into a single index value, where 1 represents perfect health,
0 represents a state equivalent to death, and negative values
represent health states considered worse than death.

STATISTICAL ANALYSIS

Data entry and statistical analyses were conducted using
IBM SPSS Statistics software, version 26.0 (Armonk, NY,
USA). Continuous variables were not subjected to any
mathematical transformations prior to analysis. However,
certain continuous parameters, such as age, were categorized
for specific comparisons (e.g., >60 years). Additionally,
composite scores including the CCI and ACB scales were
incorporated into the statistical evaluation.

The normality of distribution for continuous variables
was evaluated using several methods, including the
Kolmogorov—Smirnov test, analysis of skewness and
kurtosis, the coefficient of variation, and visual inspection
of histograms. Since the data did not follow a normal
distribution, continuous variables were reported as medians
with minimum and maximum values. Categorical variables
were presented as frequencies and percentages (n, %).

Group comparisons for continuous variables were performed
using the Mann-Whitney U test, while categorical variables
were analyzed with either the Chi-square test or Fisher’s
exact test, depending on the data distribution. Due to non-
normality, Spearman’s rank correlation coefficient (rho)
was applied to evaluate associations between continuous
variables. Prior to conducting analyses, all test assumptions
were checked. Statistical tests were two-sided, with
significance defined at p &It; 0.05.

For variables showing statistical significance in the Kruskal-
Wallis test, post-hoc pairwise comparisons were performed.
The Bonferroni correction was applied to adjust for multiple
comparisons, and the adjusted significance level was set at p
<0.0167 (0.05/3).

To evaluate the independent associations between the
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ACB score and clinical outcomes (EQ-5D-5L index score,
Katz ADL score, and Mini-Cog test score), both crude and
adjusted multiple linear regression models were performed.
In the adjusted models, the analyses were controlled for
potential confounding factors, specifically age, gender, CCI,
education level, and marriage status. Before interpreting the
multivariable models, the assumption of multicollinearity
was tested by examining tolerance and variance inflation
factor values for the adjusted parameters. The results of
the regression analyses are presented as beta coefficients
with their corresponding confidence intervals, t-values, and
p-values.

RESULTS

A total of 234 patients with a median age of 67 years
(interquartile range [IQR]: 62—72) were included, 52.6% of
whom were female (Table 1). The study population exhibited
a high comorbidity burden (median CCI: 8), predominantly
featuring hypertension (90.2%) and diabetes mellitus
(48.1%). While 25.0% of the patients were at CKD Stage
3b, 14.5% were dialysis-dependent. Clinical assessments
revealed a median updated ACB score of 1 (IQR: 0-2), a
Mini-Cog score of 3 (IQR: 2-3), and a Katz ADL score of 6
(IQR: 5-6). The median EQ-5D-5L index value was 0.631
(IQR: 0.370-0.779).

Patients were stratified into two groups based on their
anticholinergic burden: the Low ACB group (n=166) and
the High ACB group (n=68) (Table 2). Compared to the
Low ACB group, patients with a High ACB score were
significantly older (median 69 vs. 66 years, p=0.011), more
likely to be female (63.2% vs. 48.2%, p=0.036), had a higher
body mass index (p = 0.029), and possessed lower education
levels (p = 0.030). Furthermore, the High ACB group
exhibited a significantly heavier overall clinical burden,
characterized by a higher CCI (median 9 vs. 7, p < 0.001)
and a greater daily pill burden (median 8 vs. 5 medications,
p < 0.001). While CKD stages and renal replacement
therapy statuses were comparable between the groups, the
prevalences of cardiovascular disease (50.0% vs. 34.9%, p
= 0.032), heart failure (p = 0.041), and COPD (p = 0.015)
were notably higher in the High ACB cohort. Expectedly,
these patients also reported a significantly higher number of
anticholinergic symptoms (p = 0.012).

Regarding clinical outcomes, elevated anticholinergic
burden was significantly associated with worse cognitive
and functional statuses, as well as reduced HRQoL. The
proportion of patients who screened positive for likely
cognitive impairment was significantly higher in the High
ACB group than in the Low ACB group (42.6% vs. 28.3%,
p = 0.034). Similarly, functional dependency, assessed using
the Katz ADL Index, was more prevalent among patients
with High ACB scores (38.2% vs. 21.1%, p = 0.007), which
corresponded to significantly lower overall Katz ADL scores
(p=0.004). Finally, patients in the High ACB group reported
a significantly poorer HRQoL, reflected by a markedly
lower median EQ-5D-5L index score (0.508 vs. 0.668, p =
0.002). Although the frequency of reported problems across
individual EQ-5D-5L dimensions was generally higher in
the High ACB group, these domain-specific differences did
not reach statistical significance.
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Table 1. Baseline demographic and clinical characteristics
of the study population

Variable Value (n=234)
Age, years 67 (62 -72)
Female sex, n (%) 123 (52.6)
Body mass index, kg/m? 28.46 (25.80-33.20)
Married, n (%) 179 (76.5)
Education level, n (%)
No formal education / 53 (22.6)
Literate only
Primary school 136 (58.1)
Secondary school or higher 45 (18.2)
Current smoker, n (%) 14 (6.0)
Chronic kidney disease primary, n (%)
Diabetes mellitus 82(35.0)
Hypertension 50(21.4)
Glomerulonephritis 15 (6.4)
Polycystic kidney disease 14 (6)
Drug-induced 9(3.8)
Others 64 (27.4)
Renal replacement therapy, n (%)
None 193 (82.5)
Dialysis dependency 34 (14.5)
Kidney transplantation 7 (3.0)
Chronic kidney disease stage, n (%)
Stage 2 30 (12.9)
Stage 3a 41 (17.7)
Stage 3b 58 (25.0)
Stage 4 48 (20.7)
Stage 5 55(23.7)
Comorbidities, n (%)
Diabetes mellitus 112 (48.1)
Hypertension 211 (90.2)
Cardiovascular disease 92 (39.3)
Heart failure 43 (18.4)
Chronic obstructive lung 29 (12.4)
disease
Charlson comorbidity index 8 (7-9)
ACB score 1(0-2)
Mini-Cog score 3(2-3)
Katz ADL score 6 (5-6)
EQ-5D-5L score 0.631 (0.370-0.779)

Categorical variables are presented as n (%), and continuous vari-
ables are presented as median (interquartile range). Chronic kidney
disease stages were classified according to the KDIGO guidelines
based on the estimated glomerular filtration rate (eGFR). Abbre-
viations: ACB: Anticholinergic Cognitive Burden; Mini-Cog: Mi-
ni-Cognitive Assessment Instrument; KATZ ADL: Katz Index of
Independence in Activities of Daily Living; EQ-5D-5L: EuroQol
5-Dimension 5-Level scale

Spearman  correlation analysis revealed significant
associations between the updated ACB score and various
clinical and functional parameters (Table 3). The ACB
score showed positive correlations with age (rho = 0.241, p
<0.001), body mass index (rho = 0.155, p = 0.018), patient-
reported anticholinergic symptoms (rho = 0.163, p = 0.013),
and the CCI (rtho = 0.302, p < 0.001), with the strongest
positive correlation observed for the number of daily
medications (rho = 0.464, p < 0.001). Conversely, a weak
negative correlation was observed between the ACB score
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and the duration of CKD (rho = -0.132, p = 0.044). Most
importantly, higher anticholinergic burden was significantly
and inversely associated with worse clinical outcomes,
demonstrating negative correlations with the Katz ADL
score (rtho =-0.275, p < 0.001), the Mini-Cog test score (rho
=-0.227, p < 0.001), and the EQ-5D-5L index score (rho =
-0.283, p<0.001).

To evaluate the independent impact of anticholinergic burden
on clinical outcomes, multiple linear regression analyses
were conducted (Table 4). As visually demonstrated in
the scatter plots (Figure 1), in the crude models, higher
updated ACB scores were significantly associated with
poorer HRQoL (EQ-5D-5L index score: B = -0.058, p <
0.001), reduced functional independence (Katz ADL score:
B= -0.223, p < 0.001), and lower cognitive performance
(Mini-Cog test score: f =-0.098, p =0.021). However, after
adjusting for potential confounders -including age, gender,
CClI, education, and marriage status- the detrimental impact
of anticholinergic burden remained statistically significant
only for functional and HRQoL outcomes, independently
predicting a decrease in both the Katz ADL score (f =-0.148,
p = 0.001) and the EQ-5D-5L index score (f = -0.028, p =
0.015). Conversely, the inverse association with the Mini-
Cog test score lost its statistical significance in the adjusted
model (B =-0.027, p =0.531), suggesting that the cognitive
decline observed in the crude analysis may be substantially
mediated by underlying demographic factors and baseline
comorbidity.

Among the study population, the most frequently prescribed
medication classes contributing to the anticholinergic burden
were beta-blockers (20.7%), followed by loop diuretics
(12.4%), steroids (7.4%), nitrates (6.6%), and selective
serotonin reuptake inhibitors (6.6%).

Clinical outcomes, including Katz ADL, Mini-Cog, and
EQ-5D-5L index scores, were compared across three groups
based on anticholinergic medication potency (Table 5).
The Kruskal-Wallis test revealed significant differences
among the groups for all measured outcomes (p < 0.001).
Post-hoc pairwise comparisons with Bonferroni correction
demonstrated that patients with no anticholinergic exposure
(Group 1) had significantly higher scores across all clinical
domains compared to both Group 2 (Score 1) and Group 3
(Score > 2). However, no statistically significant differences
were observed between Group 2 and Group 3 regarding Katz
ADL (p = 0.028), Mini-Cog (p = 0.103), or EQ-5D-5L index
scores (p = 0.022) after adjusting for multiple comparisons.
This indicates that any anticholinergic exposure, regardless
of low or high potency, is associated with a comparable
decline in clinical outcomes in this cohort.

DISCUSSION

The primary finding of this study is that a high
anticholinergic burden, calculated using the updated ACB
score, has an independent, significant negative impact on
functional independence (Katz ADL) and HRQoL (EQ-
SD-5L) in patients with CKD. Conversely, the decline in
cognitive function (Mini-Cog) no longer showed statistical
significance after adjusting for factors such as age and
comorbidity, highlighting the multifactorial nature of
cognitive impairment in this patient group.
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Table 2. Comparison of sociodemographic and clinical characteristics, functional status, and health-related quality

of life according to ACB scores.

Variable Low ACB score, (n=166) | High ACB score, (n=68) p

Age, years 66 (62-72) 69 (65-75) 0.011
Gender, female, n (%) 80 (48.2) 43 (63.2) 0.036
Body mass index, kg/m? 28.05 (25.40-32.39) 30.22 (26.65-35.47) 0.029
Married, n (%) 129 (77.7) 50 (73.5) 0.493
Education level, n (%) 0.030

No formal education / Literate only 30 (18.1) 23 (33.8)

Primary school 101 (60.8) 35 (51.5)

Secondary school or higher 35 (21.1) 10 (14.7)

Current smoker, n (%) 11 (6.6) 344 0.644
Renal replacement therapy status, n (%) 0.681

None 138 (83.1) 55 (80.9)

Dialysis & Transplant 28 (16.9) 13 (19.1)

CKD duration, months 84 (36-144) 60 (18-120) 0.059
Charlson Comorbidity Index score 7 (6-9) 9 (7-9) <0.001
Number of anticholinergic symptoms 4 (2-5) 5(3-7) 0.012
Number of daily medications 5(4-7) 8 (6-10) <0.001
CKD stage, n (%) 0.495

Stage 2-3 89 (53.9) 40 (58.8)

Stage 4-5 76 (46.1) 28 (41.2)

Comorbidities, n (%)

Diabetes mellitus 75 (45.5) 37 (54.4) 0.213

Hypertension 148 (59.2) 63 (92.6) 0.415

Cardiovascular disease 58 (34.9) 34 (50.0) 0.032

Heart failure 25 (15.1) 18 (26.5) 0.041

Chronic obstructive lung disease 15 (9.0) 14 (20.6) 0.015
Cognitive status, n (%) * 0.034

Clinically Unimpaired 119 (71.7) 39 (57.4)

Likely Cognitive Impairment 47 (28.3) 29 (42.6)

Dependency status, n (%) ** 0.007

Independent 131 (78.9) 42 (61.8)

Dependent 35 (21.1) 26 (38.2)

Health-related quality of life, n (%) ***

Mobility 100 (60.2) 46 (67.6) 0.288

Self-care 70 (42.2) 38 (55.9) 0.056

Usual activities 87 (52.4) 41 (60.3) 0.271

Pain/discomfort 109 (65.7) 53 (77.9) 0.065
Anxiety/depression 119 (71.7) 48 (70.6) 0.866
Mini-Cog test score 3 (2-3) 3(2-3) 0.065
Katz ADL score 6 (6-6) 6 (5-6) 0.004
EQ-5D-5L Score 0.668 (0.451-0.796) 0.508 (0.191-0.756) 0.002

Categorical variables are presented as n (%), and continuous variables are presented as median (interquartile range). Categorical
associations were analyzed using the Pearson Chi-square test. Group differences for continuous variables were assessed using the
Mann-Whitney U test. p < 0.05 was considered statistically significant. * Assessed via the Mini-Cog test. Scores of 0-2 indicate a
positive screen for 'Likely Cognitive Impairment', while scores of 3 indicate a negative screen for 'Clinically Unimpaired' status.
** Assessed via the Katz ADL Index. 'Independent' refers to a full score of 6/6; 'Dependent' refers to any score <5, indicating
functional impairment in one or more activities. *** Values represent the number (%) of patients reporting any problem (levels
2-5) in each EQ-5D-5L dimension. Number of anticholinergic symptoms: Total number of patient-reported symptoms associated
with anticholinergic medications ACB scores were dichotomized as Low ACB (score 0—1) and High ACB (score >2). Abbrevi-
ations: ACB: Anticholinergic Cognitive Burden Scale; CKD: Chronic kidney disease; Katz ADL: Katz Index of Independence in
Activities of Daily Living; EQ-5D-5L: EuroQol 5-Dimension 5-Level

Demographically, our study revealed that patients in the
high ACB group were significantly older and more likely to
be female. This distribution is in full alignment with global
literature, where advanced age is inherently associated with
increased polypharmacy (24,25). The higher prevalence of
anticholinergic burden among women can be explained by

the higher frequency of prescriptions for conditions such as
depression, anxiety, and urinary incontinence—conditions
that often require medications with potent anticholinergic
properties, such as selective serotonin reuptake inhibitors
(SSRIs) and muscarinic antagonists (26-28). Furthermore,
the lower educational level observed in the high ACB group
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Table 3. Correlation analysis between ACB scores and other
clinical and functional parameters.

Parameters Rho p

Age, year 0.241 <0.001
Height, cm -0.170 0.009
Weight, kg 0.038 0.565
BMI, kg/m? 0.155 0.018
CKD duration, months -0.132 0.044
Charlson Comorbidity Index score 0.302 <0.001
Number of anticholinergic 0.163 0.013
symptoms

Number of daily medications 0.464 <0.001
Katz ADL score -0.275 <0.001
Mini-Cog Test score -0.227 | <0.001
EQ-5D-5L score -0.283 <0.001

Spearman correlation analysis was performed. Statistically signi-
ficant values are shown in bold. Number of anticholinergic symp-
toms: Total number of patient-reported symptoms associated with
anticholinergic medications. Abbreviations: ACB: Anticholinergic
Cognitive Burden Scale; BMI: Body Mass Index; CKD: Chronic
kidney disease; KATZ ADL: Katz Index of Independence in Acti-
vities of Daily Living; EQ-5D-5L: EuroQol 5-Dimension 5-Level

suggests that these patients may require additional support in
medication management and health literacy to mitigate the
risk of inappropriate drug use.

While the debilitating effect of anticholinergic medications
on muscle strength and physical performance is well-
documented in the general geriatric population 29, its
specific implications in CKD patients are gaining increasing
attention. Our findings align with the results of Yildiz et al.
(2023) (24), who demonstrated that a high anticholinergic
burden in CKD patients is strongly associated with
polypharmacy, depression, and particularly sarcopenia.
Impaired drug clearance due to renal failure likely

leads to the accumulation of anticholinergic metabolites,
thereby accelerating the functional dependency observed
in our patients’ Katz ADL scores (11,30). This iatrogenic
anticholinergic burden, superimposed on the already fragile

Table 4. The association of ACB score with HRQoL, ADL
and cognitive test scores in both crude and adjusted linear
regression models

Parameters Beta coefficient t p
(Confidence interval)

EQ-5D-5L
index score
ACB score -0.058 (-0.083; -0.033) | -4.577 | <0.001
ACBscore* |-0.028 (-0.051; -0.005)| -2.442 | 0.015
Katz ADL
score
ACB score -0.223 (-0.309; -0.137) | -5.099 | <0.001
ACB score* [-0.148 (-0.238; -0.059)| -3.263 | 0.001
Mini-cog test
score
ACB score -0.098 (-0.182; -0.015)| -2.327 | 0.021
ACB score* | -0.027 (-0.112; 0.058) | -0.628 | 0.531

*Adjusted for age, gender, CCI, education and marriage status.
Multicollinearity was tested by tolerance and variation inflation
factor (VIF) levels between adjusted parameters. P-values are
based on multiple linear regression models. Abbreviations: ACB:
Anticholinergic Cognitive Burden; HRQoL: Health-Related
Quality of Life; ADL: Activities of Daily Living
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physical state of these patients, appears to be a primary driver
of the significant decline in EQ-5D-5L scores.

Regarding HRQoL, our data revealed that the median EQ-
SD-5L index score for patients in the high ACB group
(0.508) was dramatically lower than that of the low ACB
group (0.668). After adjustment in the regression model,
anticholinergic burden remained an independent predictor of
decreased quality of life. The observation that no significant
differences were identified in individual dimensions suggests
that the impact of anticholinergic burden is cumulative and
widespread across all life domains rather than localized. This
finding is consistent with previous research utilizing the
“Drug Burden Index” (DBI), which similarly associates high
medication burden with lower HRQoL (31).

The relationship between cognitive function and
anticholinergic burden remains a subject of intense debate
(10). Our study’s crude analyses showed a significant
negative correlation between ACB scores and Mini-Cog
test performance. However, this relationship lost statistical
significance when factors such as age and comorbidity were
included in the multiple regression model. This suggests that
in CKD patients, the influence of age, education level, and
overall comorbidity burden on cognitive performance is so
dominant that it completely overshadows the independent
effect of anticholinergic burden. The loss of statistical
significance in the adjusted model, combined with the
recognized limitations of the Mini-Cog test in detecting
subtle cognitive changes 32, indicates that cognitive
impairment might not be the most appropriate primary
outcome for measuring anticholinergic toxicity in this
specific population. Consequently, our findings strongly
highlight that physical independence and quality of life
are more robust and measurable casualties of cumulative
medication burden in older adults with CKD.Interestingly,
our post-hoc analysis revealed that exposure to even low-
potency anticholinergics (Score 1) resulted in a comparable
decline in ADL, cognitive function, and quality of life as
high-potency agents (Score >2). This finding highlights that
in the CKD population, where altered pharmacokinetics and
reduced renal clearance are prominent, any anticholinergic
burden—regardless of its theoretical potency—can translate
into significant clinical deterioration.

The medication profile in our study reveals unexpected
sources of anticholinergic burden, reflecting the high
prevalence of potentially inappropriate medication exposure
in advanced CKD (25). The most frequently prescribed
medications contributing to this burden were beta-blockers
(20.7%), loop diuretics (12.4%), steroids (7.4%), and nitrates
(6.6%). Most of these are classified as “Score 17 (possible
anticholinergic) on the Indiana University

Figure 1. Association between anticholinergic cognitive
burden and clinical outcomes. Scatter plots demonstrate the
negative correlations between the updated ACB score and
the (A) Katz ADL score, (B) EQ-5D-5L index score, and (C)
Mini-cog score. Solid lines represent the linear regression
trend lines. Data points are slightly jittered to prevent
overplotting and reveal sample density. Abbreviations:
ACB; Anticholinergic Cognitive Burden, ADL; Activities of
Daily Living.
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Table 5. Comparison of clinical outcomes based on anticholinergic medication potency
Clinical Outcome Group 1 (n=86) Group 2 (n=122) Group 3 (n=26) p
Katz ADL score 6 (6-6)° 6 (5-6)° 6 (4-6)° <0.001
Mini-Cog score 3 (3-3)® 3 (2-3)° 2 (1-3)° <0.001
EQ-5D-5L Index score 0.737 (0.573-0.846)* | 0.580 (0.336-0.762)® | 0.479 (0.144-0.577)* | <0.001

Variables are presented as median (interquartile range). Group 1: Patients with no anticholinergic medication exposure; Group
2: Patients with exclusive exposure to low-potency anticholinergic agents (Score 1); Group 3: Patients with exposure to at
least one high-potency anticholinergic agent (Score >2). ADL: Activities of Daily Living. The p-values were calculated using
the Kruskal-Wallis test to compare differences across the three groups. Different superscript letters (a, b) within the same row
denote statistically significant differences between subgroups according to post-hoc pairwise comparisons with Bonferroni

correction.

ACB scale (11,16). While these cardiovascular agents are
essential for managing CKD and its complications, their
contribution to the total ACB burden creates a significant
clinical dilemma: “cardiovascular protection vs. functional
risk.” Rather than direct discontinuation of these vital
medications—which poses severe competing cardiovascular
risks—we propose a more pragmatic approach. Clinicians
should evaluate switching to alternative agents with
lower anticholinergic properties when feasible. If such
cardiovascular medications are indispensable, patients
must be placed under closer clinical surveillance to
proactively detect early signs of functional decline, fall
risk, and compromised quality of life. Ultimately, our study
demonstrates that the cumulative burden of multiple Score
1 medications is a major determinant of quality of life,
emphasizing that clinicians must monitor not only “classic”
anticholinergics but also the cumulative risk posed by low-
potency agents.

This study has several limitations that should be
acknowledged. First, the cross-sectional design precludes
any definitive conclusions regarding causality between
anticholinergic burden and clinical outcomes. Therefore,
longitudinal follow-up studies are essential to clarify
whether a high anticholinergic burden is a direct cause of

functional decline or a consequence of underlying frailty.
Second, the study was conducted in a single tertiary
center with a relatively small sample size, which may
limit the generalizability of the findings to the broader
CKD population due to potential regional variations in
prescribing patterns. Additionally, while necessary to
minimize confounding, the strict exclusion of patients with
severe comorbidities (e.g., advanced heart failure, dementia)
reduces the representativeness of our sample compared to
real-world CKD cohorts. Third, the duration of medication
use and specific dosages were not accounted for, which could
influence the intensity of the anticholinergic effect. Future
studies should employ advanced scales that incorporate
specific dosage information and cumulative duration of use
to better quantify the severity of anticholinergic exposure.
Finally, the use of a rapid screening tool such as the Mini-
Cog might have underestimated subtler cognitive deficits.

CONCLUSION

In summary, anticholinergic burden in CKD patients is
independently associated with loss of physical function and
deterioration in HRQoL. Even when adjusting for powerful
factors such as age and comorbidity, anticholinergics
remain a significant iatrogenic risk factor. Crucially, our
findings highlight that exposure to even low-potency
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Figure 1. Association between anticholinergic cognitive burden and clinical outcomes.

Scatter plots demonstrate the negative correlations between the updated ACB score and the (A) Katz ADL score,
(B) EQ-5D-5L index score, and (C) Mini-cog score. Solid lines represent the linear regression trend lines. Data
points are slightly jittered to prevent overplotting and reveal sample density. Abbreviations: ACB; Anticholinergic

Cognitive Burden, ADL; Activities of Daily Living.
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(Score 1) anticholinergic agents results in a clinical decline
comparable to high-potency medications. Therefore, clinical
vigilance must extend beyond classic, high-risk drugs.
Pharmacological approaches that focus on anticholinergic
awareness, regular medication reviews, evaluation of
alternative agents, and close clinical monitoring should
become standard components of CKD management to
preserve functional independence and quality of life in this
vulnerable population.
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