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Objective: We aimed to evaluate the association between recent increase in anticholinergic burden and risk of hospitalised
pneumonia, taking frailty levels into consideration.

Setting: We conducted a case-crossover study using data drawn from Taiwan’s National Health Insurance Research Database.
Participants: We enrolled patients aged over 65 years old who were hospitalised for pneumonia between 2011 and 2020. Exclusion
criteria included prior diagnosis of ventilator dependency, pneumonia and immune dysfunction.

Measurements: The observational period was divided into a hazard period, a washout period and one of four reference periods,
based on the 30-day interval before the admission. We calculated the anticholinergic cognitive burden (ACB) scale for the hazard
period and one randomly selected reference period. Using a multimorbidity frailty index we classified patients into four groups (ie, fit,
mildly frail, moderately frail and very frail).

Statistical Analysis: We used conditional logistic regression to evaluate the risk of pneumonia by comparing the anticholinergic
burden between the hazard window and the randomly selected reference window and conducted sensitivity analyses based on case-
time control and case-case-time control analysis to examine the robustness of the findings.

Results: The fit group included 188,740 patients, followed by 133,038, 61,805 and 18,198 patients for the mildly, moderately and very
frail groups, respectively. Each single point increase in ACB scale was associated with a pneumonia risk increase by 1.35 (95% CI:
1.34-1.35), 1.24 (95% CI: 1.24-1.24), 1.18 (95% CI: 1.17-1.18) and 1.12 (95% CI: 1.11-1.13) times in the fit and mildly, moderately
and very frail groups, respectively. The results of the case-time control and case-case-time control analyses remained consistent with
the main analysis.

Conclusion: Our study confirmed the association between recently elevated ACB and the risk of hospitalised pneumonia. Even in the
less frail, exposure to anticholinergic drugs warrants close monitoring for pneumonia.
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Key Messages

Why was the study done?

Previous studies have investigated the association between anticholinergic burden and pneumonia, focusing on specific
populations such as patients with schizophrenia or older community-dwelling individuals. However, these studies primarily
addressed long-term anticholinergic effects and did not consider frailty, an important factor in the care of older adults.
What did the researchers do and find?

Our study is the first to incorporate frailty status to differentiate susceptibility to anticholinergic burden. Our study further
suggested that the degree of frailty may modify the pneumonia risk associated with recent exposure to drugs with
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anticholinergic burden, which has never been reported before. Specifically, the risk of pneumonia associated with a recent
increase in anticholinergic burden was more significantly elevated in patients who were less frail compared to those who
were frailer.

What do these results mean?

We found that a recent increase in anticholinergic burden was associated with a higher risk of pneumonia among older
adults. Moreover, we observed a more prominent increase in short-term pneumonia risk for less frail patients. Our
findings highlight the need for careful monitoring of older adults who have recently been exposed to anticholinergic
drugs, even for those less frail.

Introduction

Anticholinergic drugs have been used for multiple diseases and therapeutic purposes; however, with some drugs, their
anticholinergic activity is unrelated to their primary therapeutic purpose (eg, tricyclic antidepressants). Moreover,
anticholinergic medications are known to be associated with several adverse effects in the older population, including
cognitive function decline, falls, dry mouth, constipation, urinary retention, increased heart rate, hospitalisation and
mortality." Despite long-standing calls to reduce anticholinergic burdens in older adults,” between 30% and 50% of drugs
prescribed to older patients have anticholinergic effects." The prevalence of potent anticholinergic use in the older
population has increased from 5.7% to 9.9% over the last 20 years.’

Previous research has suggested an association between anticholinergic burden and pneumonia, especially for
drugs with high anticholinergic potency and in the early phase of treatment.*® However, these studies have focused
primarily on the long-term effects of anticholinergic burden. Additionally, based on the pharmacodynamic proper-
ties, pneumonia could be caused by recent exposure to or short-term use of drugs with anticholinergic activity.’
While the relationship between the severity of pneumonia and baseline frailty has been established,”'® the relevant
studies did not consider the frailty of patients when evaluating the risk of pneumonia and anticholinergic burden.
Therefore, our study aimed to evaluate the association between pneumonia risk and anticholinergic burden, taking
into consideration patients’ different frailty levels. Using case-crossover design, we were able to evaluate recent
anticholinergic exposure and the risk of pneumonia, which has not been considered before in previous studies.*>"!!
In addition, we specifically assessed the risk of pneumonia associated with anticholinergic burden across different
levels of frailty.

Methods

Study Population

We used data from Taiwan’s National Health Insurance Research Database (NHIRD) between 2011 and 2020 to enrol
patients aged over 65 years old with hospital-diagnosed pneumonia for the study. The diagnosis of pneumonia in the
NHIRD has been validated in previous studies with a high sensitivity rate (92.3%).'? Patients with ventilator dependency
and immune dysfunction (ie, solid malignancy, haematological malignancy, acquired immunodeficiency syndrome,
autoimmune disorder, and tuberculosis) within 1 year before the pneumonia hospitalisation were excluded from the
analysis. To avoid including cases of recurrent pneumonia, we excluded patients with any pneumonia diagnosis within
one year prior to the date of pneumonia hospitalisation. The assessment period for the exclusion criteria began on
Ist January 2010 to ensure a comprehensive evaluation of the exclusion conditions. The NHIRD is maintained in
conjunction with Taiwan’s National Health Insurance programme and contains anonymised, patient-level data of
approximately 23 million individuals (nearly 99.9% of Taiwan’s total population).'®> Detailed information on the
eligibility and disease definitions is provided in Supplementary Table 1.

Measure

We identified anticholinergic drug exposure using Anatomical Therapeutic Chemical (ATC) codes and used various antic-
holinergic burden scales to measure the cumulative anticholinergic activity. Five anticholinergic burden scales, including the
Anticholinergic Cognitive Burden Scale (ACB),'* Anticholinergic Drug Scale (ADS),'* Modified Anticholinergic Cognitive
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Burden (m-ACB),'® German Anticholinergic Burden Scale (GABS),'” and the Korean Anticholinergic Burden Scale
(KABS)'® were calculated based on the medication coverage during the study period. These medication records included
data from outpatient and inpatient visits, as well as pharmacy refill records, obtained from the NHIRD. We assumed that, given
the comprehensive coverage of reimbursement, the NHIRD was able to identify each individual’s use of non-over-the-counter
(non-OTC) medications. We defined the date of the first pneumonia admission as the index date. We divided the study period
into hazard-, washout- and reference periods, based on the intervals relative to the index date (Figure 1). The hazard period was
defined as the 30 days prior to the index date. We also implemented a 30-day washout period before the hazard period to allow
patients to return to their original unexposed status. One reference period was randomly selected from four possible intervals
(ie, 61 to 90, 91 to 120, 121 to 150, and 151 to 180 days) prior to the index date. The rationale for selecting the 30-day
observational intervals derived from the average duration of drug supply in Taiwan. We tested this assumption by changing the
length of each observational period in the sensitivity analysis.

Covariates
The covariates included the baseline comorbidities (Supplementary Table 2), anticholinergic burden scales (Supplementary
Table 3) and multimorbidity frailty index (Supplementary Tables 4 and 5) captured within one year prior to the index date. We

defined the comorbidities based on previous literature,>'® and clinical risk factors associated with pneumonia. We derived the
multimorbidity frailty index from previous studies that defined frailty as the proportion of deficits a patient had, relative to
several pre-specified deficits, and this index has been validated for the prediction of all-cause mortality, unplanned hospita-
lisation, and the use of ICU services in the NHIRD.2%?!

Statistical Analysis

For the analysis of baseline characteristics, we presented categorical variables as number and percentage and continuous
variables as mean and standard deviation. We modelled the anticholinergic burden as a continuous variable,”* with the
risks calculated as risk increase per unit of burden score increase. To investigate the impact of frailty on the risk of
pneumonia associated with anticholinergic use, we categorised the patients into four groups: fit, mildly-, moderately-, and
very frail, based on the multimorbidity frailty index percentile derived from the study population.”*' The cut-off points
for the frailty subgroups were defined based on the quantile of population frailty distribution: <50.0% for the fit group,
50.0-66.3% for the mildly frail group, 66.4-82.6% for the moderately frail group, and >82.7% for the very frail group.

Date of hospitalisation
Index date (0 day)

Reference Period Washout Hazard

(1 of the 4 reference periods was randomly selected) Period Period
| 1 | | | | ]
-180 days -150 days -120 days -90 days -60 days -30 days -1 day

Odds Ratio of case-crossover:

Odds ratios were derived by comparing the exposure status between hazard and randomly
selected reference period within individuals, and only discordant pairs contributed to the
risk estimate.

Formula of conditional logistic regression model to estimate the odds ratio:

—_ TN exp(BXin) _ -1 v
P(H,R) - Hi:l exp(BX;y)+exp(BXRr) - loglt {ﬁ(XlH XLR)}

« When Xz = Xy; P =3
+ When X;z # X;; Odds ratio = exp(5) and 95% confidence intervals = exp( + 1.96SE(f))

N: Population size; X;,;: cumulative anticholinergic burden in hazard period in individual i;
Xiz: cumulative anticholinergic burden of randomly selected reference period in individual i

Figure | lllustration of case-crossover design.
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This data-driven approach was adopted from previous studies used to classify patients with different frailty status.”® We
also conducted sensitivity analyses to test our assumption of the cut-off point definition by using the quantile as cut-off
point. We used conditional logistic regression to evaluate the odds ratios (OR) with 95% confidence intervals (95% CI)
associated with the anticholinergic burden, by comparing the hazard window and the randomly selected reference
window. All analyses were performed using Statistical Analysis System (SAS™ 9.4, North Carolina State University).

Sensitivity Analysis

We performed case-time control (CTC) and case-case-time control analyses (CCTC) to account for the effect of exposure
time-trend and protopathic bias,* respectively. For the CTC analysis, a group of individuals without pneumonia was included
to adjust for the population trend in anticholinergic drugs exposure (Supplementary Figure 1).* We selected 3,000,000

subjects with no pneumonia episodes from the NHIRD as a control population, and randomly assigned an index date to each
individual prior to death or the end of the study period. The disease risk scores were then calculated using logistic regression,
based on baseline comorbidities identified within one year prior to the index date. Pneumonia patients were matched with the
controls by the index date (ie, admission date for pneumonia) and disease risk score using a 1:1 greedy match with calliper set
at 0.2 standard deviation of the logit of disease risk score.”*® By contrast, the CCTC recruited controls from the subjects that
were to become cases in the future, ie, the control was derived from the original case cohort, but with their index date shifted
earlier to align with the matched cases in calendar time (Supplementary Figure 2).” We implemented 1:1 greedy matching that

required future cases to match exactly on sex, have an age difference of no more than five years, and pneumonia admission
date 60—180 days later, compared with the matched cases. In the CTC and CCTC analysis, the OR of case-crossover was
divided by the OR of control crossover to yield the adjusted OR. To further examine the impact of protopathic bias, we also
introduced a 7-day or 14-day grace period, which omitted prescription records from the period before the index date to exclude
exposures to medication prescribed for the prodrome of pneumonia. To validate the operative definitions for our main analysis,
we first classified anticholinergic burdens exceeding 7 days of prescription as the exposure of interest, which eliminated drugs
for single use or empirical therapy. Second, we changed the length of the washout period from 30 days to 15, 60, and 120 days
to examine whether the length of the observational period would influence our findings. Third, we varied the lengths of the

1,830,199 Cases diagnosed with hospitalised pneumonia 3,000,000 Randomly selected Controls without hospitalised
between 2010 and 2020 pneumonia between 2010 and 2020
Exclude Exclude
—> 1,041,748 Cases aged below 65 at admission 2,521,701 Controls aged below 65 at index date Do
386,670 Cases with exclusionary diagnoses 85,367 Controls with exclusionary diagnoses
401,781 Cases enrolled 392,932 Controls enrolled for disease risk
for case-crossover analyses score match

1:1 Greedy match by disease risk score and index date
— 198,039 Cases enrolled for case-time-control analyses
198,039 Controls enrolled for case-time-control analyses

1:1 Greedy match by age, sex and index date
——— 311,654 Cases enrolled for case-case-time-control analyses
311,654 Future cases enrolled for case-case-time-control analyses

Figure 2 Patient eligibility flowchart.
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hazard and reference periods to 15, 45 and 60 days to assess the validity of our assumption regarding the observation period.
Finally, we modified the cut-off point for each frailty subgroup from the literature-based cut-off point to quartiles: 0-24% for
the fit, 25-49% for the mildly frail, 50-74% for the moderately frail, and 75-100% for the very frail.

Results

A total of 401,781 patients were enrolled, after the exclusion of patients aged under 65 years and those diagnosed with pneumonia,
immune dysfunction, ventilator dependence or tuberculosis infection within one year prior to the index date (Figure 2). The
baseline multimorbidity frailty index ranged from 0 to 0.66, with a mean of 0.13 and a median of 0.125. The corresponding index
distribution is provided in Supplementary Figure 3.

Based on the pre-specified cut-off points, 188,740 patients were classified as fit (46.98%), 133,038 patients were
classified as mildly frail (33.11%), 61,805 patients were moderately frail (15.38%), and 18,198 patients were very frail
(4.53%). The mean ages were 80.26, 81.36, 82.03 and 82.48 years old for the fit, mildly frail, moderately frail and very
frail subgroups, respectively (Table 1). We observed an increase in comorbidities aligned with an increase in frailty levels

in the baseline characteristics. For instance, the proportion of patients with coronary artery disecase was higher among the
very frail group (10,331; 56.77%), compared to the fit group (22,137; 11.73%), the mildly frail group (36,536; 27.46%),
and the moderately frail group (25,270; 40.89%).

Table | Baseline Characteristics Among hospitalised Pneumonia Patients Classified by Multimorbidity Frailty Index

Frailty Subgroups

Baseline Characteristics Fit Mildly Frail Moderately Frail Very Frail
(n=188,740) (n=133,038) (n=61,805) (n=18,198)
Range of multimorbidity frailty index <0.125 0.125 to 0.207 0.208 to 0.292 > 0.292
Male sex (N, %) 103,235 (54.70%) 71,404 (53.67%) 34,086 (55.15%) 10,793 (59.31%)
Female sex (N, %) 85,505 (45.30%) 61,634 (46.33%) 27,719 (44.85%) 7405 (40.69%)
Age (mean, SD) 80.26 (8.51) 81.36 (7.90) 82.03 (7.52) 82.48 (7.10)
Frailty index (mean, SD) 0.06 (0.03) 0.15 (0.02) 0.24 (0.03) 0.35 (0.05)

Comorbidities (N, %)

Acute kidney injury

Bipolar disorder
Cerebrovascular events
Chronic kidney disease

Chronic Obstructive Pulmonary
Disease

Congestive heart failure
Coronary artery disease
Dementia

Depression

Diabetes mellitus

Epilepsy

Fall and related fracture
Hypertension

Hyperlipidemia

Osteoporosis

Peripheral arterial occlusion disease
Senile cataract

Schizophrenia

Urinary tract infection

2643 (1.40%)
2192 (1.16%)
36,528 (19.35%)
27,131 (14.37%)
20,825 (11.03%)

9845 (5.22%)
22,137 (11.73%)
28,718 (15.22%)
7758 (4.11%)
57,968 (30.71%)
3452 (1.83%)
17,031 (9.02%)
99,651 (52.80%)
38,109 (20.19%)
8184 (4.34%)
3593 (3.01%)
23,439 (12.42%)
1635 (0.87%)
4509 (2.39%)

5798 (4.36%)
2650 (1.99%)
49,131 (36.93%)
34,302 (25.78%)
35,133 (26.41%)

22,066 (16.59%)
36,536 (27.46%)
35,598 (26.76%)
8995 (6.76%)
52,336 (39.34%)
4025 (3.03%)
19,353 (14.55%)
99,311 (74.65%)
32,330 (24.28%)
13,142 (9.88%)
3431 (5.04%)
22,245 (16.72%)
1061 (0.80%)
7301 (5.49%)

4787 (7.75%)
1632 (2.64%)
30,130 (48.75%)
21,451 (34.71%)
24,317 (39.34%)

17,943 (29.03%)
25,270 (40.89%)
21,114 (34.16%)
5767 (9.33%)
26,219 (42.42%)
2472 (4.00%)
11,469 (18.56%)
51,469 (83.28%)
16,172 (26.17%)
8924 (14.44%)
2489 (6.77%)
11,693 (18.92%)
440 (0.71%)
5253 (8.50%)

2053 (11.28%)
734 (4.03%)
11,008 (60.49%)
7614 (41.84%)
10,761 (59.13%)

7960 (43.74%)
10,331 (56.77%)
7596 (41.74%)
2317 (12.73%)
8026 (44.10%)
890 (4.89%)
4288 (23.56%)
16,070 (88.31%)
4840 (26.60%)
3715 (20.41%)
990 (9.97%)
3712 (20.40%)
131 (0.72%)
2222 (12.20%)
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Table 2 Association Between Anticholinergic Burden and Risk of hospitalised Pneumonia Among Frailty

Subgroups
Risk of hospitalised Pneumonia among Frailty Subgroups
Anticholinergic Burden Scale Odds Ratio (95% Confidence Interval)
Fit Mildly Frail Moderately Frail Very Frail
ACB 1.35 (1.34-1.35) | 1.24 (1.24-1.24) 1.18 (1.17-1.18) 112 (1.11-1.13)
m-ACB .31 (1.31-1.32) | 1.21 (1.21-1.22) 1.15 (1.15-1.16) 1.10 (1.10-1.11)
ADS 1.35 (1.35-1.36) | 1.24 (1.24-1.25) 1.18 (1.17-1.18) 112 (1.11=1.13)
GABS 1.35 (1.35-1.36) | 1.24 (1.24-1.24) 1.18 (1.17-1.18) 113 (1.12-1.13)
KABS 1.32 (1.31-1.32) | 1.22 (1.21-1.22) 1.16 (1.15-1.16) LT (1L10-1.11)

Abbreviations: ACB, Anticholinergic Cognitive Burden Scale; m-ACB, Modified Anticholinergic Cognitive Burden; ADS,
Anticholinergic Drug Scale; GABS, German Anticholinergic Burden Scale; KABS, Korean Anticholinergic Burden Scale.

We found an increased risk of pneumonia for patients with recently increased anticholinergic burden, both in the
whole study population (Supplementary Table 6) and across all frailty subgroups (Table 2). We found the risk of
pneumonia in the fit group increased 1.35 times per 1-point increase in ACB score (OR: 1.35; 95% CI: 1.34—1.35), in the
mildly frail group it increased 1.24 times per 1-point increase in score (OR: 1.24; 95% CI: 1.24-1.24), in the moderately

% Fit (N=188,740)

40

Mildly frail (N=133,038) |

30

20

pldags.. ilidia...

I Moderately frail (N=61,805) I I

50

Very frail (N=18,198) |

40
30

20

o [HMEUMMMMM“_ [Umﬂﬂmwm[ummm_

0 1 2 3

Proportion of patients in each frailty subgroup (%)

[ Bl Reference period ] Cumulative Anticholinergic Cognitive Burden Scale (ACB)

[] Hazard period

Figure 3 Distribution of Anticholinergic Burden of Hazard and Reference Period in the Case-Crossover Analysis, as Measured by the Anticholinergic Cognitive Burden Scale (ACB).
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frail group it increased 1.18 times per 1-point increase in score (OR: 1.18; 95% CI: 1.17-1.18), and in the very frail
group it increased 1.12 times per 1-point increase in score (OR: 1.12; 95% CI: 1.11-1.13). We observed a notable shift in
anticholinergic burden towards higher levels in the hazard period, particularly for the fit group (Figure 3). The
distribution of the anticholinergic burden when measured by other anticholinergic burden scales (ie, ADS, m-ACB,
GABS and KABS), remained consistent with ACB (Supplementary Figures 4 to 7).

The results of both the CTC and CCTC analyses confirmed a higher OR was observed in the fit subgroup, followed by the
mildly frail, moderately frail and very frail subgroups. For the CTC analyses (Figure 2), we enrolled 392,932 individuals after

applying the eligibility criteria; a total of 198,039 patients were 1:1 matched with the control population, based on the disease
risk score. The results consistently indicated a higher risk of pneumonia linked to an increase in ACB; specifically, for each
point increase in ACB, the risk of pneumonia increased 1.33 times, 1.23 times, 1.17 times and 1.09 times in the fit, mildly frail,
moderately frail and very frail groups, respectively (Supplementary Table 7). In the CCTC analyses (Figure 2), a total of

311,654 future cases were 1:1 matched with cases by age, sex and index date. The results confirmed the association between
recently increased ACB and the risk of pneumonia. For each point increase in ACB, we observed increased risks of pneumonia
in the fit (1.31 times), mildly frail (1.18 times), moderately frail (1.13 times), and very frail groups (1.09 times), consistent with
the main finding (Supplementary Table 8). In the sensitivity analyses, we introduced a grace period of either 7 or 14 days,

excluded prescription records lasting less than 7 days, modified the washout period, substituted the cut-off point with quarters
for each frailty subgroup, and altered the lengths of the risk and reference periods. In all analyses, the results consistently
demonstrated the association between a recent increase in anticholinergic burden and pneumonia, across the different frailty
subgroups (Supplementary Table 9 to 13). However, we observed a decrease in the magnitude of the odds ratio between recent

ACB exposure and the risk of pneumonia when a grace period was introduced prior to the index date and the observational
period was extended to 45 and 60 days.

Discussion

In this case-crossover study, we found that a recently elevated anticholinergic burden was associated with an increased
risk of pneumonia among older adults. Furthermore, we observed that the magnitude of risk increase varied among
patients with different frailty levels. The increase of pneumonia risk associated with anticholinergic drug burden was
more pronounced in patients who were less frail. This may be due to the baseline pneumonia risk being lower in these
patients, making the relative impact of anticholinergic drugs greater. Our study draws clinical attention to the risk of
pneumonia in patients with recently elevated anticholinergic burden, even for those patients with lower frailty levels.

Previous studies have shown that there is an association between long-term exposure to anticholinergic burden and the risk
of pneumonia.*>’ Several mechanisms potentially leading to pneumonia have been postulated, including blockade of the
muscarinic receptor, decrease in saliva secretion, and decrease of oesophageal sphincter pressure, which subsequently leads to
dysphagia and aspiration pneumonia.'' Moreover, anticholinergic medications may contribute to pneumonia by reducing
mucociliary transport, extending the retention of bacteria in the lungs, and exerting sedative and central depression effects that
impair pulmonary hygiene.” This lends biological plausibility to the association observed in our study. To further mitigate the
issue of confounding factors, we used a case-only study design (ie, case-crossover study design) to estimate the effect of
anticholinergic burden within individual patients with hospitalised pneumonia. As a result of the case-only design, the analysis
was free from bias caused by time-invariant confounders (eg, comorbidities, residency, sex and health behaviours),?” which
we believe may be a major concern when studying the effects of anticholinergic burden.?”*® We applied several sensitivity
analyses to test the result accordingly, whereby the results remained consistent after adjusting for exposure time-trend and
protopathic bias. These results strengthened the likelihood that the observed association between recently elevated antic-
holinergic burden and risk of pneumonia may be the result of causation.

Notably, the risk of pneumonia increased more prominently in patients whose frailty profile was classified as fit at
baseline, compared to patients classified as very frail at baseline. Because the baseline pneumonia risk was higher in
more frail patients, adding medications with anticholinergic activity might have contributed only a relatively small
additional effect, compared to their baseline risks. Moreover, we observed that patients with high frailty levels were
already receiving high amounts of anticholinergic drugs. Previous studies have revealed the upregulation of acetylcholine
receptors during chronic competitive antagonism of acetylcholine receptors. Higher plasma levels of antagonists may be
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required to achieve a comparable effect.”>** Therefore, we consider those exposed to high amounts of anticholinergic
drugs more likely to tolerate additional anticholinergic adverse effects, leading to a lower magnitude of drug influence.

Previous studies have mostly focused on long-term effects of anticholinergic medications.” This current study suggests that
adverse effects can occur even after short-term use. These results underscore the need for careful consideration of the trade-off
between therapeutic benefits and side effects, in line with the “First, do no harm” principle,®' especially when initiating new
medications for older adults. Anticholinergic effects are sometimes overlooked as they are often not the primary effect of the
drug;32 therefore, a multidisciplinary approach involving pharmacists and other healthcare professionals is recommended.”
This study can serve as a reference in consultation, aiding in decisions regarding the continuation or discontinuation of current,
unnecessary medication use, especially medications with anticholinergic activity.

In conducting this study, we leveraged the advantages of self-controlled design which uses the subject’s own experience
as reference, thereby controlling for time-invariant within-person confounders (eg, genetic, socio-economic status,
genotype).>*** However, some limitations to our study should be acknowledged. First, the claims database contained
only the records of reimbursed medications, and the omission of self-paid or over-the-counter medications may have led to
an underestimation of the pneumonia risk. Second, there was no standard definition for the cut-off points of the multi-
morbidity frailty index score. However, based on previous study,”® we assumed the cut-off points at 50.0%, 66.3% and
82.6%. To test these assumptions, we conducted sensitivity analyses with quarter-based cut-off points, whereby the
consistency of the results demonstrated the robustness of our findings. Third, the multimorbidity frailty index implemented
in our study did not capture the functional impairment (ie, Instrumental Activities of Daily Living scale, physical activity,
cognitive function).”’ However, previous studies have indicated a strong correlation between survey-based frailty index,
which provides information regarding the functional impairment, and claims-based frailty index.*>>° Furthermore, the
multimorbidity frailty index has been used in several studies to predict clinical outcomes.>'*”? In our study, employing the
multimorbidity frailty index developed from the same data source allowed us to more accurately capture the frailty status of
our study population. Fourth, an inherent limitation of the case-crossover design was its susceptibility to exposure time
trend, which may have biased the observed association due to the different likelihood of exposure between the hazard and
reference periods.®* In our sensitivity analyses, we conducted CCTC and CTC analyses to investigate the impact of exposure
time trend, and the results showed little to no change after considering the time trend. Finally, although we proposed two
potential explanations for the inverse relationship between baseline frailty status and the increased risk of pneumonia
following exposure to drugs with anticholinergic burden, the exact mechanism remains unclear due to limitations of the
database. Further research is needed to clarify this association and to enhance understanding of the interplay between frailty

and anticholinergic burden.

Conclusion

We found that a recent elevation in anticholinergic burden was associated with an increased risk of pneumonia among
older adults. The increase in pneumonia risk caused by anticholinergic drugs was more pronounced in less frail patients
compared to the more frail. Our findings suggest the need for close monitoring for pneumonia in older adults who have

recently received drugs with anticholinergic activity, even in non-frail older adults.
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