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Abstract

Objectives: Nutritional risk is common among hospitalized patients, and anticholinergic burden may impair

nutritional status. This study aimed to evaluate the association between anticholinergic burden and nutritional
risk among adult patients hospitalized in an internal medicine ward.

Materials and Methods: This retrospective cross-sectional study included 1570 internal medicine inpatients.
Nutritional risk was assessed using the Nutritional Risk Screening 2002 (NRS-2002), with scores 23 indicating
high nutritional risk. Anticholinergic burden was calculated using the Anticholinergic Cognitive Burden (ACB)
Scale and categorized as no burden, low-moderate burden, and high burden. Binary logistic regression
identified factors associated with high nutritional risk.

Results: Among the participants, 51.2% had no anticholinergic burden, 32.3% had low-moderate burden, and
16.5% had high burden. High nutritional risk increased progressively across anticholinergic burden groups,
from 47.3% in the no-burden group to 69.2% in the low-moderate burden group and 88.8% in the high-burden
group (p<0.001). NRS-2002 scores also increased significantly with increasing anticholinergic burden
(2.64+1.81, 3.55+1.82, and 4.25+1.48, respectively; p<0.001). In the adjusted logistic regression model, each
one-point increase in ACB score was independently associated with higher odds of high nutritional risk
(OR=1.96, 95% CI: 1.71-2.34, p<0.001), after controlling for potential confounders. Lower albumin level was
also independently associated with high nutritional risk (OR=0.92; 95% CI: 0.89-0.95; p<0.001).

Conclusion: A higher anticholinergic burden was independently associated with higher odds of nutritional risk
among internal medicine inpatients. These findings suggest that anticholinergic exposure may be a clinically
relevant and modifiable factor in nutritional risk assessment.

Keywords: Anticholinergic burden; nutritional risk; internal medicine; polypharmacy; hospitalized patients.
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Introduction

Nutritional risk is a common health problem that substantially increases morbidity and
mortality, prolongs hospital stay, and raises treatment costs, particularly among hospitalized
individuals. This condition may adversely affect patients’ recovery processes and lead to a
decline in their quality of life.12 In a previous study, the prevalence of nutritional risk among
hospitalized patients in an internal medicine clinic was reported to be 44.2%, increasing to
46.5% among older adults.? Consistent with these findings, a recent study conducted in the
internal medicine ward of a tertiary hospital in Tiirkiye found that 61.4% of patients were at
high risk of nutritional risk.# This condition may directly impair patients’ recovery processes
and lead to a substantial decline in their quality of life.> Therefore, early identification of
nutritional risk is clinically important for improving prognosis in hospitalized patients. The
Nutritional Risk Screening 2002 (NRS-2002) is a clinically valuable screening tool in hospital
settings because it evaluates both nutritional status and disease severity. Previous studies
have shown that higher NRS-2002 scores are associated with adverse short- and long-term

clinical outcomes.®7

In addition, several factors may contribute to an increased nutritional risk among internal
medicine ward patients, including advanced age, polypharmacy, comorbidity burden,
functional dependence, inadequate energy intake, and prolonged hospital stay.8? Among the
factors affecting nutritional risk, medication use plays a critical role, especially in older
adults and individuals with multiple comorbidities. Anticholinergic medications may
compromise nutritional status by limiting food intake and nutrient absorption through
adverse effects such as dry mouth, impaired swallowing function, and gastrointestinal
disturbances.1® Polypharmacy is associated with drug-induced reductions in nutritional
intake and impairment of oral and gustatory functions, particularly among older and
hospitalized individuals.1112 Polypharmacy is commonly defined as the concurrent use of
five or more medications.!? A study reported that 57% of individuals aged 70 and over
receiving home care services were at nutritional risk, and 9.3% were malnourished. The

same study reported a mean number of 7.3 regularly used medications, while 27.8% of
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participants had experienced moderate to severe reductions in food intake and weight loss
during the preceding three months.13 Another study indicated that the prevalence of eating
or swallowing difficulties was 20.9% among older adults with polypharmacy, compared with
6.7% among those without polypharmacy.1# Taken together, these findings suggest that
polypharmacy may adversely affect nutritional status and that anticholinergic medications,
in particular, warrant further consideration in relation to nutritional risk, given their
potential association with adverse effects such as dry mouth, gastrointestinal symptoms, and
swallowing difficulties.1>16 Although previous studies have reported significant associations
between anticholinergic burden and nutritional risk17.18, further evidence is needed to clarify
the extent of this relationship and its interplay with other clinical variables.1” This study
aimed to retrospectively evaluate the association between nutritional risk and
anticholinergic burden in a large cohort of patients hospitalized in an internal medicine

ward.

Materials and Methods

Study design and population

This retrospective cross-sectional study was conducted to evaluate the association between
anticholinergic burden and nutritional risk among adult patients hospitalized in the Internal
Medicine Department of Etlik City Hospital in Ankara, Tiirkiye. Etlik City Hospital is a large
tertiary care public hospital with a high-volume and heterogeneous inpatient population.
The Internal Medicine Department provides care for patients with various acute and chronic

medical conditions, including multimorbidity and complex medication regimens.

The study population consisted of patients aged 18 years and older who were hospitalized
in the Internal Medicine ward between June 1, 2025, and December 31, 2025. Data were
collected retrospectively from the hospital electronic medical records, patient files,
medication records, nutritional screening forms, and routine laboratory results.
Demographic characteristics, clinical information, comorbidities, medication use, laboratory

parameters, hospitalization-related variables, and NRS-2002 scores recorded during
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hospital admission were reviewed (Figure 1). The sample size was determined using an a
priori power analysis performed with G*Power version 3.1. The calculation was based on
the effect size reported in a similar study evaluating nutritional risk defined by NRS-2002.
An odds ratio of 1.23 for anticholinergic burden, a nutritional risk prevalence of 32.6%, a
two-sided a level of 0.05, and 80% statistical power were assumed. Based on a two-tailed
binary logistic regression model, the minimum required sample size was calculated as 848
patients. Considering the possibility of missing or incomplete data, the target sample size

was increased by approximately 10-15%, corresponding to at least 932-975 participants.15

1584 patients hospitalized in the Internal
Medicine ward between
1 June 2025 and 31 December 2025

|

Retrospective review of

hospital records

Excluded (n=14)

& | Incomplete or missing
medication report

1570 patients with complete data included

in the final analysis

Assessment of malnutrition risk and

anticholinergic burden

Figure 1. Flow diagram of participants included in the study
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Patients with incomplete nutritional screening data, missing or unclear medication records,
missing key clinical or laboratory data, day-case admissions, terminal or palliative care
status, severe cognitive impairment, and severe dysphagia that prevented oral intake were
excluded from the analysis. The study was approved by the Etlik City Hospital Ethics
Committee with approval number AESH-BADEK1-2026-360. The study was conducted in
accordance with the principles of the Declaration of Helsinki and was approved by the

relevant ethics committee prior to data collection.

Data collection

In this study, data were collected retrospectively from hospital electronic medical records,
patient files, medication records, nutritional screening forms, and routine laboratory results.
The sociodemographic variables included age, sex, and educational status. The clinical data
included the type of admission for hospitalization (classified using ICD-10 codes),
hospitalization duration in the past year, length of stay in the internal medicine ward,
hospitalization duration after enrolment, 30-day discharge or survival status, Charlson
Comorbidity Index score, total number of medications, and polypharmacy status. Medication
lists recorded at hospital admission were reviewed to calculate the anticholinergic burden.
Nutritional risk data were obtained from the NRS-2002 forms completed during routine
clinical assessment at admission. In addition, anthropometric measurements, including body
weight, height, and body mass index, were recorded from patient files. Routine laboratory
parameters obtained during hospitalization were also collected for analysis, including
albumin (g/L), hemoglobin (g/dL), C-reactive protein (CRP, mg/L), urea (mg/dL), uric acid
(mg/dL), and creatinine (mg/dL). These biochemical parameters were analyzed as

continuous variables without predefined cut-off points.

Nutritional risk assessment
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Nutritional risk was evaluated using the NRS-2002 scale, which is a valid and reliable
screening tool widely used to assess nutritional risk among hospitalized patients. The initial
screening included questions regarding low BM], recent weight loss, reduced dietary intake,
and severe illness. If any item is positive, final screening is performed by scoring the
impaired nutritional status and disease severity from 0 to 3 points each. Following the initial
screening, patients with at least one positive response underwent final screening, in which
impaired nutritional status and disease severity were each scored from 0 to 3 points. An
additional point was added for patients aged 270 years. A total score of =3 indicates
nutritional risk and the need for a nutritional care plan. Therefore, patients were categorized
as having a low nutritional risk when the NRS-2002 score was <3 and a high nutritional risk

when the score was >3.19

Anticholinergic Cognitive Burden (ACB) Scale

Anticholinergic burden was assessed using the Anticholinergic Cognitive Burden (ACB)
Scale. The ACB Scale is a commonly used tool that quantifies anticholinergic exposure by
assigning each medication a score according to its anticholinergic activity. In this scale, each
medication is scored as 0, 1, 2, or 3, and the total ACB score is calculated by summing the
individual scores of all medications used by each patient. Based on the total ACB score,
patients were categorized into three groups: no burden (score = 0), low-moderate burden
(score=1and 2), and high burden (score =3).20 The ACB Scale was used because itis a widely
used and clinically practical tool for estimating anticholinergic burden based on routinely
recorded medication data. Since this study had a retrospective design, the ACB Scale was
considered appropriate because it does not require detailed dose information and can be
applied using medication lists available in hospital records. In addition, the use of the ACB

Scale was consistent with the routine assessment approach used in the study setting. 20

Comorbidity assessment
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The comorbidity burden was assessed using the Charlson Comorbidity Index (CCI), a widely
used scoring system based on 19 predefined chronic conditions. A weighted score was
assigned to each condition, and higher CCI total scores indicated a higher burden of

comorbidities and poorer overall health status.21
Anthropometric Measurements

Anthropometric data, including body weight and height, were obtained from the patients’
records. The body mass index (BMI) was calculated as body weight in kilograms divided by
height in meters squared (kg/m?). For categorical analyses, BMI was classified as
underweight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), and overweight/obese
(225.0 kg/m?).22

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics version 26.0 (IBM Corp.,
Armonk, NY, USA). The normality of continuous variables was assessed using the
Kolmogorov-Smirnov test, visual inspection of histograms, and skewness and kurtosis
values. Variables with skewness and kurtosis values within 1.5 were considered to be
approximately normally distributed.2? Continuous variables were presented as mean *
standard deviation for normally distributed data and median with interquartile range for
non-normally distributed data. Categorical variables were expressed as numbers and
percentages. Patients were categorized into three groups according to anticholinergic
burden: no burden (ACB=0), low-moderate burden (ACB=1 and 2), and high burden (=3).
Categorical variables were compared using Pearson’s chi-square test. For categorical
variables with significant overall differences, Bonferroni-adjusted pairwise comparisons of
column proportions were performed. Continuous variables were compared across
anticholinergic burden groups using one-way ANOVA for normally distributed variables and
the Kruskal-Wallis test for non-normally distributed variables. When significant differences
were detected, Bonferroni post-hoc tests were used for parametric analyses, and Dunn-

Bonferroni post-hoc tests were used for nonparametric analyses. Bivariate correlation
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analyses were conducted to examine the relationships among ACB score, NRS-2002 score,
demographic and anthropometric variables, hospitalization-related variables, and
biochemical parameters. Pearson correlation analysis was used for normally distributed
variables, whereas Spearman correlation analysis was used for non-normally distributed
variables. The results of the bivariate correlation analyses were visualized using a heatmap.
High nutritional risk was defined as an NRS-2002 score =3. Univariable logistic regression
analyses were first conducted to calculate unadjusted odds ratios. Multivariable logistic
regression models were then used to estimate adjusted odds ratios after controlling for
potential confounders, including sex, age, educational status, number of medications, BMI,
CCI, hospitalization in the past year (days), length of stay in the IM ward (days), and
hospitalization duration after enrolment (days). Logistic regression results were presented
as odds ratios (ORs) with 95% confidence intervals (CIs). The adjusted model showed
adequate fit (Hosmer-Lemeshow p=0.078) and explained 27.9% of the variance in high
nutritional risk (Nagelkerke R*=0.279). Age and BMI were included in the main
multivariable model because they are clinically important potential confounders of the
association between anticholinergic burden and nutritional risk. However, because the NRS-
2002 includes BMI-related nutritional impairment and an additional point for patients aged
>70 years, a sensitivity analysis excluding age and BMI was also performed. Patients with
missing data for the variables required for the regression analyses were excluded, and all
regression models were performed using a complete-case approach. No imputation was
applied for missing data. A p-value of <0.05 was considered statistically significant. P values
were reported as exact values where possible, and values below 0.001 were reported as
p<0.001. This retrospective observational study was reported in accordance with the

STROBE guidelines.
Results

The sociodemographic, clinical, anthropometric, and biochemical characteristics of the
patients according to ACB are shown in Table 1. Among the inpatients, 51.2% (n=804) had

no anticholinergic burden, 32.3% (n=507) had low-moderate anticholinergic burden, and
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16.5% (n=259) had high anticholinergic burden. Educational status showed a significant
distributional difference across anticholinergic burden groups (p<0.001). Primary school
graduates represented the largest subgroup overall (45.9%). Post-hoc comparisons
indicated thatilliterate participants were underrepresented in the no-burden group (13.6%)
and overrepresented in the low-moderate burden group (25.0%), whereas participants with
high school or university-level education were more frequently observed in the no-burden
group. Thirty-day clinical status differed significantly according to anticholinergic burden
(p<0.001). Patients without anticholinergic burden had a higher discharge rate (93.0%) and
lower mortality rate (1.6%) than those with low-moderate or high burden. Pairwise
comparisons showed that both burden groups differed significantly from the no-burden
group, while low-moderate and high-burden groups did not differ from each other. High
nutritional risk according to NRS-2002 increased stepwise across anticholinergic burden
groups, from 47.3% in the no-burden group to 69.2% in the low-moderate burden group
and 88.8% in the high-burden group (p<0.001). Pairwise comparisons indicated significant
differences between all burden groups. ICU transfers were significantly more frequent in
both burden groups, whereas outpatient admissions were significantly more frequent in the
no-burden group. Emergency admissions and transfers from other wards did not differ
significantly between groups. BMI category distribution differed significantly across
anticholinergic burden groups (p=0.006). Although overweight/obesity was numerically
most frequent in the high-burden group, post-hoc comparisons indicated that the significant
difference was primarily due to the lower proportion of overweight/obese patients in the

low-moderate burden group (55.6%).
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Table 1. Socio-Demographic characteristics, anthropometric measurements, scale scores,

and biochemical results of participants by anticholinergic burden

No Burden Low-moderate High Burden Total p value
(n=804) Burden (n=507) (n=259) (n=1570)
Socio-Demographic Characteristics
Sex, n(%) 0.130d
Female 417 (52.9) 290 (57.2) 146 (56.4) 853 (54.3)
Male 387 (48.1) 217 (42.8) 113 (43.6) 717 (45.7)
Age (year) + SD 60.08+£18.152 70.36+14.39> 68.68+15.73b 64.82+17.32 <0.001e
Education Status, n(%) <0.001d
Mliterate 109 (13.6) 127 (25.0) 57 (22.0) 293 (18.7)
Literate 56 (7.0) 35(6.9) 13 (5.0) 104 (6.6)
Primary school 364 (45.3) 227 (44.8) 129 (49.8) 720 (45.9)
Middle school 90 (11.2) 41 (8.1) 22 (8.5) 153 (9.7)
High school 115 (14.3) 50(9.9) 21(8.1) 186 (11.8)
University 70 (8.6) 27 (5.3) 17 (6.6) 114 (7.3)
Clinical Characteristic
Hospitalization in past year 3.0 (10.0)2 8.0 (21.0)® 5.0 (15.0)¢ 4.0 (14.0) <0.001f
(days)
Hospitalization in IM ward 7.0 (8.0)a 10.0 (9.5)p 9.0 (9.0)b 9.0 (9.0) <0.001f
(days)
Hospitalization after 8.0 (8.5)2 11.0 (13.0)b 11.0 (11.0)b 10.0 (11.0) <0.001f
enrolment (days)
Number of medications + SD 6.10+3.012 8.21+2.96b 8.2943.19b 7.204£3.21 <0.001e
Polypharmacys, n(%) 467 (66.5) 452 (89.5) 223 (86.8) 1142 (78.0) <0.0014
Survival within 30 days <0.0014
follow-up
Inpatient 43 (5.4) 46 (9.1) 23 (8.9) 112 (7.1)
Discharged 748 (93.0) 435 (85.8) 220 (84.9) 1403 (89.4)
Exitus 13 (1.6) 26 (5.1) 16 (6.2) 55 (3.5)
Admission to the ward, <0.0014
n(%) 487 (60.6) 296 (58.4) 140 (54.1) 923 (58.8)
Emergency 12 (1.5) 6(1.2) 3(1.2) 21(1.3)
Transfer 157 (19.5) 151 (29.8) 84 (324) 392 (25.0)
ICU 148 (18.4) 54 (10.7) 32(124) 234 (14.9)
Outpatient clinic
Anthropometric Measurement
Weight (kg) + SD 74.44+15.99 72.61+17.24 74.21+£16.78 73.81+16.54 0.137¢
BMI (kg/m?) + SD 27.45+9.18 26.98+5.92 27.46x5.90 27.30+7.76 0.522¢
Underweight, n(%) 27 (3.4) 15 (3.0) 14 (5.4) 56 (3.6) 0.0064
Normal, n(%) 273 (34.0) 210 (41.4) 77 (29.7) 560 (35.7)
Overweight and obese, 504 (62.7) 282 (55.6) 168 (64.9) 954 (60.8)

n(%)
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Scale Scores

ACB +SD 0.0+0.0a 1.19+0.39b 3.40+0.76¢ 1.16+1.36 <0.001e

ACB, n(%) 804 (51.2) 507 (32.3) 259 (16.5) 1570 (100.0)

CCI+SD 4.26£2.992 6.11+3.01b 5.82+3.05b 5.11+3.13 <0.001e

NRS-2002 + SD 2.64+1.81a 3.55+1.82b 4.25+1.48¢ 3.20+1.87 <0.001e
Low nutritional risk, n(%) 424 (52.7) 156 (30.8) 29 (11.2) 609 (38.8) <0.0014
High nutritional risk, n(%) 380 (47.3) 351 (69.2) 230 (88.8) 961 (61.2)

Biochemical results

Hemoglobin (g/dL) + SD 11.67+2.77a 10.38+2.47b 10.97+2.57¢ 11.14+2.70 <0.001e

Albumin (g/L) + SD 38.11+5.58a 34.48+5.78b 35.51+6.02b 35.99+5.84 <0.001e

Urea (mg/dL) + SD 50.39+35.87a 76.68+51.54b 66.54+48.26¢ 61.54+45.17 <0.001e

Uric acid (mg/dL) = SD 5.61+2.23a 6.93+2.95b 6.13+2.68¢ 6.12+2.62 <0.001e

CRP (mg/L) 13.49(51.81)a 25.27(59.36)b 22.85(60.68)¢ 19.13(55.45) 0.001f

Creatinine (mg/dL) 0.91 (0.81)a 1.38 (1.24)b 1.11 (1.06)c 1.05 (1.07) <0.001f

Note: Numerical data and categorical variables are presented as mean * SD or median (IQR) and n (%). Abbreviations:
BM], body mass index; ACB, anticholinergic burden; CCI, Charlson Comorbidity Index; CRP, C-reactive protein; ICU,
intensive care unit; IM, internal medicine; NRS-2002, Nutritional Risk Screening; SD, standard deviation. 2b.¢ Different
superscript letters within the same row indicate statistically significant differences between anticholinergic burden
groups. 4 Pearson’s x2 test (Bonferroni-adjusted pairwise comparisons of column proportions). ¢ One-way ANOVA test
(Bonferroni post-hoc test). f Kruskal-Wallis test (Dunn-Bonferroni post-hoc test). & Defined as >5 medication usage
daily. * p < 0.05

Univariable and multivariable logistic regression analysis was used to determine the
predictors of high nutritional risk (Table 2). In the unadjusted analyses, the ACB score was
significantly associated with high nutritional risk (OR=1.873; 95% CI: 1.665-2.106;
p<0.001). Albumin, uric acid, and CRP levels were also significantly associated with the
nutritional risk, whereas hemoglobin, urea, and creatinine levels were not. In the
multivariable logistic regression model, ACB score remained independently associated
with high nutritional risk after adjustment for age, sex, educational status, number of
medications, BMI, CCI, biochemical parameters, and hospitalization-related variables. Each
one-point increase in ACB score was associated with 1.96-fold higher odds of high
nutritional risk (OR=1.956; 95% CI: 1.710-2.237; p<0.001). In the adjusted model, lower
albumin level was also independently associated with high nutritional risk (OR=0.918; 95%
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CI: 0.890-0.947; p<0.001). Age, male sex, number of medications, uric acid, CRP, and
hospitalization in the past year were also significantly associated with high nutritional risk
in the adjusted model.

Bivariate correlation analysis was performed to examine the relationships among ACB
score, NRS-2002 score, demographic and clinical variables, hospitalization-related
parameters, and biochemical markers (Figure 2). The ACB score showed a significant
positive correlation with NRS-2002 score (r=0.315, p<0.001), indicating that a higher
anticholinergic burden was associated with higher nutritional risk. ACB score was also
positively correlated with age (r=0.198, p<0.001), Charlson Comorbidity Index (r=0.197,
p<0.001), number of medications (r=0.299, p<0.001), hospitalization in the past year
(p=0.188, p<0.001), hospitalization in the internal medicine ward (p=0.193, p=0.002), and
hospitalization after enrolment (p=0.203, p<0.001). In contrast, ACB score showed weak
negative correlations with hemoglobin (r=-0.112, p<0.001) and albumin (r=-0.115,
p<0.001). Similarly, NRS-2002 score was positively correlated with age, comorbidity
burden, hospitalization-related variables, CRP, and urea, and negatively correlated with

body weight, BMI, hemoglobin, and albumin.
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Figure 2. Bivariate correlation heatmap of ACB, NRS-2002, and key covariates. Bivariate correlation heatmap showing
the relationships among ACB score, NRS-2002, demographic and anthropometric variables, hospitalization-related
variables, and laboratory parameters. Correlation coefficients are displayed in the lower triangle, and color intensity
represents the magnitude and direction of the correlations (red = positive; blue = negative). Abbreviations: CCI: Charlson
comorbidity index; BMI: body mass index; IM: internal medicine; NRS-2002: The Nutritional Risk Screening 2002; CRP:
C-reactive protein. Pearson and Spearman correlation was used, *p<0.05; **p<0.01

Sensitivity analyses were performed to assess the possible overlap of age and BMI with the
NRS-2002 assessment (Table 3). ACB score remained significantly associated with high
nutritional risk when age, BMI, or both were excluded from the model.

Table 2. Univariable and multivariable logistic regression analysis of factors associated with high
nutritional risk

Nutritional Risk

Unadjusted Model (R2= 0.260)

Adjusted Model (R2= 0.279) ¢

Independent B OR (95% CI) p value B OR (95% CI) p value
Variables

ACB 0.627 1.873 (1.665-2.106) <0.001" 0.671 1.956 (1.710-2.237) <0.001"
Hemoglobin (g/dL) -0.026  0.975(0.929-1.023)  0.302 -0.043 0.958 (0.902-1.018) 0.164
Albumin (g/L) -0.120  0.887 (0.864-0.911) <0.001* -0.085 0.918 (0.890-0.947) <0.001*
Urea (mg/dL) -0.005 1.005 (1.001-1.009)  0.026" 0.004 1.004 (0.998-1.004) 0.161
Uric acid (mg/dL) -0.074 0.928 (0.878-0.982) 0.014* -0.081 0.922 (0.864-0.984) 0.014"
CRP (mg/L) -0.003 0.997 (0.996-0.999) 0.006" -0.003 0.997 (0.995-0.999) 0.006*
Creatinine (mg/dL) -0.053 0.948 (0.816-1.101)  0.484 -0.067 0.935 (0.773-1.130) 0.487
Age (year) _ _ _ 0.018 1.019 (1.007-1.030) <0.001*
Sexa _ _ _ -0.345 0.709 (0.525-0.957) 0.025"
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Educational statusb _ _ _ 0.002 1.002 (0.554-1.812) 0.995
Number of _ _ _ -0.077 0.926 (0.882-0.972) 0.002*
medications (n)

BMI (kg/m?2) _ _ _ -0.019 0.981 (0.959-1.003) 0.092
CCI _ _ _ -0.030 0.971 (0.919-1.025) 0.287
Hospitalization in _ _ _ 0.012 1.012 (1.003-1.020) 0.005*
past year (days)

Hospitalization in _ _ _ -0.018 0.983 (0.955-1.011) 0.227
IM ward (days)

Hospitalization _ _ _ 0.022 1.023 (1.000-1.046) 0.050

after enrolment

(days)

OR: odds ratio; CI: confidence interval; ACB: Anticholinergic Cognitive Burden; BMI: body mass index; CCI:
Charlson Comorbidity Index; CRP: C-reactive protein; R*: Nagelkerke R-squared. a. Reference category: female;
b. Reference category: university. c. The adjusted model was adjusted for sex, age, educational status, number of
medications, BMI, CCI, hospitalization in the past year, in the IM ward, and after enrolment. The adjusted model
included all variables shown in the table. Hosmer-Lemeshow test p=0.078. *p<0.05

Table 3. Sensitivity analyses for the association between ACB score and high nutritional

risk
Nutritional Risk
Model Excluded variable(s) B OR (95% CI) p value
Sensitivity Model 1 Age excluded 0.677 1968 (1.721-2.250) <0.001*
Sensitivity Model 2 BMI excluded 0.672 1959 (1.713-2.241) <0.001"
Sensitivity Model 3 Age and BMI excluded 0.678 1.970 (1.723-2.252) <0.001"

OR: odds ratio; CI: confidence interval; BMI: body mass index; ACB: Anticholinergic Cognitive Burden.
Sensitivity Model 1 excluded age from the final adjusted model; Sensitivity Model 2 excluded BMI from
the final adjusted model; and Sensitivity Model 3 excluded both age and BMI from the final adjusted
model. All models were adjusted for the remaining covariates included in the final model. *p<0.05

Discussion

In this retrospective cross-sectional study of 1570 patients hospitalized in the internal
medicine ward, the anticholinergic burden was significantly associated with nutritional risk.
The nutritional risk increased stepwise across the anticholinergic burden groups, reaching

88.8% among patients with high ACB scores. Similarly, the NRS-2002 scores progressively
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increased with higher ACB. Patients with anticholinergic exposure also had higher
comorbidity burden, higher medication use, longer hospitalization-related indicators, lower
discharge rates, and higher 30-day mortality. A key finding of this study was that the ACB
score remained independently associated with a high nutritional risk after adjustment for
age, sex, educational status, number of medications, BMI, the Charlson Comorbidity Index,
and hospitalization-related variables. These findings suggest that anticholinergic burden
may represent an important and potentially modifiable medication-related factor in the

nutritional risk profile of internal medicine inpatients.

Our findings are consistent with those of previous studies, suggesting that anticholinergic
burden is associated with nutritional risk in older and clinically vulnerable populations.
Previous studies by Naharci et al. and Ates-Bulut et al. identified a significant association
between anticholinergic burden and the presence of malnutrition or nutritional risk in older
adults.1824 Nastri et al. found a significant correlation between ACB and nutritional status in
patients admitted to a geriatric unit and reported that the ACB score was an independent
predictor of nutritional risk.10 Recently, Simsek et al. reported that a high anticholinergic
burden was a positive predictor of nutritional risk according to the GLIM diagnostic criteria,
MNA-SF, and NRS-2002.15 Consistent with previous studies, our study demonstrated a
stepwise increase in high nutritional risk across ACB groups. 1824 Previous studies have
reported that a high anticholinergic burden results in a 1.20-2.21-fold increase in nutritional
risk, as defined by the MNA-SF.15.18.24, Specifically, regarding the NRS-2002 screening tool,
when the risk increase reported by Simsek et al. (OR=1.23, 95% CI: 1.01-1.50) is considered
together with the 1.96-fold risk increase (OR=1.96) identified in our study, the negative
impact of high anticholinergic burden on nutritional risk is consistently and strongly
confirmed with different screening tools. In contrast to numerous prior studies that
predominantly concentrated on geriatric populations, the current study broadens this
evidence by examining a substantial cohort of adult internal medicine inpatients using the

NRS-2002 for assessment of nutritional risk.
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Anticholinergic medication exposure may be associated with higher nutritional risk,
primarily through their peripheral side effects, including xerostomia, decreased
gastrointestinal motility, and appetite loss. These side effects may impair nutrient intake and
absorption, often resulting in reduced food consumption.2>26 Given that decreased food
intake is a critical factor in nutritional screening!?27, the presence of these side effects
underscores the importance of monitoring the nutritional status of individuals prescribed

anticholinergic medications to identify nutritional risk early.

The findings of the present study suggest that higher albumin levels are associated with a
reduced nutritional risk (OR: 0.92), and this relationship is closely linked to patients’ clinical
profile. Notably, patients without an anticholinergic burden exhibited higher albumin levels
and a more favorable overall clinical trajectory (evidenced by a lower CCI and
hospitalization) than the other groups. This observation underscores the strong association
between optimal nutritional status and clinical well-being.28 Furthermore, the overall
clinical status may mitigate the adverse effects of anticholinergic burden by improving
nutritional status and alleviating common anticholinergic burden-related adverse

effects.2529

In the literature, the relationship between inflammation and metabolic changes with
nutritional risk is well-characterized;3? however, the small effect size of CRP and uric acid in
predicting nutritional risk in this study underscores that these parameters have limited
clinical importance and should not be interpreted as strong predictors of nutritional risk on
their own. Nevertheless, the negative correlation of ACB score with albumin and its positive
correlation with CRP and uric acid may reflect the broader clinical and inflammatory burden
of hospitalized patients. Furthermore, the negative association between anticholinergic
burden and albumin levels has been previously confirmed by Ates-Bulut et al.24 The
observed associations of ACB score with albumin, CRP, and uric acid may reflect the greater
clinical complexity, inflammatory burden, and multimorbidity of patients with higher
anticholinergic exposure. However, albumin is influenced by several factors in hospitalized

patients, including inflammation, acute illness, hydration status, and hepatic or renal
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function; therefore, it should not be interpreted as a specific marker of nutritional status.
Although age and BMI may partially overlap with the NRS-2002 assessment, the sensitivity
analyses showed that excluding these variables did not materially change the association

between ACB score and high nutritional risk.

This study had several limitations. The retrospective and cross-sectional design limits the
assessment of reverse causality, thereby constraining the establishment of causal
relationships between the anticholinergic burden and the nutritional risk or malnutrition-
related diseases. Moreover, specific anticholinergic side effects related to nutrition, such as
appetite changes, were not evaluated, restricting our understanding of the direct
mechanisms influencing nutritional status. Additionally, reliance on clinical records may
have introduced information bias, and unmeasured confounding factors could have
influenced our results. Despite these limitations, this large-scale study offers valuable
insights into the association between anticholinergic burden and nutritional risk in an adult
inpatient population. However, it should be noted that different anticholinergic burden
scales may classify medications differently because they vary in their drug lists, scoring
systems, and consideration of dose-related exposure. Therefore, the use of only the ACB

Scale may limit direct comparability with studies using other anticholinergic burden tools.

In conclusion, this study showed that higher anticholinergic burden was significantly
associated with higher nutritional risk among patients hospitalized in internal medicine
wards. These findings suggest that anticholinergic burden may be a clinically relevant and
potentially modifiable medication-related factor to consider in nutritional risk assessment.
Considering clinical parameters such as length of hospital stay and need for intensive care in
future studies to better understand the relationship between anticholinergic burden and
nutritional risk is essential for more accurate risk assessment and targeted interventions.
From a clinical perspective, these findings also have important implications for primary
health care, where anticholinergic medications are frequently prescribed and renewed.
Routine medication reviews and early nutritional risk screening may help identify

nutritional risk in patients before hospitalization. In this context, assessing the
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anticholinergic burden with nutritional assessment, such as recent weight loss, reduced food
intake, loss of appetite, dry mouth, difficulty in swallowing, and gastrointestinal symptoms,

may support timely referral, medication optimization, and nutritional monitoring.

Ethical Considerations: Ethical approval was obtained from the Non-Interventional Clinical
Research Ethics Committee of Etlik City Hospital with decision number AESH-BADEK1-
2026-360 (dated 15/04/2026). All procedures were conducted in accordance with the
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