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Background: This study assessed the prevalence and incidence of potentially inappropriate medication 

use for older patients undergoing surgery and its association with polypharmacy. 

Methods: A retrospective, population-based cohort study with patients ≥65 undergoing first surgery 

at Landspitali – The National University Hospital of Iceland from 2005-2018. Participants were 

categorized by number of medications filled prior to and following their surgical episode into:non-

polypharmacy (<5), polypharmacy (5-9), and hyper-polypharmacy (≥10). The prevalence and incidence 

of PIM use were compared between polypharmacy categories based on the 2019 Beers criteria. 

Results: A total of 17 198 admissions associated with surgery were assessed (53.8% female) with a 

median [IQR] age of 75 [70,81].  The prevalence of potentially inappropriate medication among 

patients with non-polypharmacy (<5) was 36.6% (95% CI 35.1-38.2), with polypharmacy (5-9) 80.2% 

(95% CI 79.2-81.2), and with hyper-polypharmacy 95.8% (95% CI 95.3-96.2). New potentially 

inappropriate medication use post-surgery occurred in 38.5% (95% CI 37.0-40.1). Risk factors included 

female sex,  increased comorbidity, and prior use of a multidose dispensing service. Compared with 

patients without potentially inappropriate medication use, patients with potentially inappropriate 

medication use they had a higher rate of postoperative diagnosis of medication-related harm (12.6% 

vs. 11.3%), increased 30-day mortality  (5.2% vs. 0.3%), longer hospital stay (3 [1,8] vs. 2 [1,5] days), 

and increased 30-day readmission rate (11.3% vs. 6.5%). 

Conclusions: Potentially inappropriate medication use is strongly associated with 

polypharmacy/hyper-polypharmacy and adverse outcomes in older surgical patients. Surgical 

hospitalization offers a critical window for medication review, deprescribing, and follow-up planning 

to reduce medication-related harm.  

Word count: 247 
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Introduction 

Significant advances in surgical and perioperative care have enabled surgical treatment for older and  

patients with a high comorbidity. Polypharmacy is commonly defined as the use of five or more 

medications1  and hyper-polypharmacy as the use of ten or more medications.2  Potentially 

inappropriate medication (PIM) use occurs when the harm outweighs the benefits of the medication.3 

Polypharmacy and hyper-polypharmacy have been identified as leading risk factors for PIM use.3-5  The 

World Health Organization launched a global health campaign highlighting the importance of 

optimizing medication use among individuals with polypharmacy to reduce medication-related harm.6  

The utilization of multidose drug dispensing (MDD) services, wherein patients receive their 

medications pre-packaged into unit-dose bags aims enhancing medication adherence and safety, 

particularly among older adults and those with complex medication regimens, emerging evidence 

suggests a correlation between MDD and increased instances of polypharmacy7, 8  and potentially PIM 

use.9  

Polypharmacy can be rational in patients with multimorbidity. However, it has also been identified as 

a potential quality indicator of prescribing practices and a proxy for inappropriate prescribing 

practices.4  This underscores the need to evaluate medication appropriateness in patients with 

polypharmacy to ensure optimal treatment. Furthermore, hospitalization has been associated with 

the incidence of new polypharmacy and PIM use. 7, 8, 10  

There are several studies on polypharmacy and PIM use among older patients that have focused on 

general practice21 and patients admitted to internal medicine8 , but less is know about the older 

surgical population.  

The study aimed to estimate the prevalence and incidence of PIM use and its association with the 

burden of polypharmacy among older surgical patients aged >65 years. Furthermore, we examined 

PIM use in relation to patient characteristics, procedural variables, and medication classes. We 

hypothesized that PIM use, both pre-admission and post-admission for surgery, would be common, 
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particularly among those with a high burden of comorbidity and frailty. Additionally, we hypothesied 

that preoperative PIM use would be associated with increased short- and long-term mortality, 

extended lengths of primary hospitalization, and an increased risk of readmission.  

Methods 

Study Population  

The retrospective population-based cohort study included all patients aged 65 years and older who 

underwent their first surgical procedure at Landspitali - The National University Hospital of Iceland- 

during December 2005 to December 2018, with a follow-up for medication refills and survival until 

March 11, 2021. The hospital provides secondary surgical care for most of Iceland, accounting for 75%, 

and tertiary surgical services across the entire nation. The databases used for this study were de-

identified prior to statistical analysis and comply with the General Data Protection Regulation of the 

European Union.  The research protocol was published on clinicaltrials.gov before analysis 

(NCT04805151). The study reporting follows the STROBE guidelines for epidemiological observational 

research studies.11  Approval for the study protocol was obtained from the National Bioethics 

Committee of Iceland (VSN-14-139-V1) and the Data Protection Authority of Iceland, with individual 

consent waived. 

Clinical and medication data 

For this study, the Icelandic perioperative database was utilized. This database contains clinical 

information on all surgeries performed at Landspitali, including elective and emergency, and all 

specialties.12  The type and anatomical location of surgery is described using the NOMESCO (Nordic 

Medico-Statistical Committee) (NCSP-IS, version 1.14) surgical classification.13  Comorbidities were 

recorded using the International Classification of Diseases, 9th and 10th revisions (ICD-9/10) from both 

hospital and primary care databases.14  The overall comorbidity burden was quantified by calculating 

the van Raven modified Elixhauser comorbidity index and was categorized as (<1), (1-4), (5-8), and 

https://clinicaltrials.gov/show/NCT04805151
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(>8).15  The Hospital Frailty Risk Score was used to classify frailty risk into three categories: low risk 

(<5), intermediate risk (5–15), and high risk (>15).16  The diagnosis of adverse drug reactions was based 

on the ICE9/10 codes (Y40-59, X40-59 and T36-59). Information on filled medication, coded by the 

Anatomical Therapeutic Chemical (ATC) system, was retrieved from the National Prescription 

Medicines Registry of the Directorate of Health database and included medication refills in the year 

before the year after discharge from hospital.  

Exposure Variable Definition 

The primary exposure was the degree of polypharmacy, measured by the number of different 

medications filled in the year preceding surgical admission to the hospital and in the year following 

hospital discharge. In this study, classifications were made for non-polypharmacy (<5), polypharmacy 

(5-9), and hyper-polypharmacy (≥10). Additionally, the prevalence of various medication class usage 

was calculated using anatomical/pharmacological groups (ATC 1st level) and 

pharmacological/therapeutical subgroups (ATC 2nd level). 

Outcome Data  

The primary outcome was the prevalence and incidence of PIM use, assessed using the 2019 Beers 

criteria.17  The evaluation was conducted by assessing all prescription medications filled and comparing 

them against the Beers criteria, which constitutes a list of medications deemed potentially 

inappropriate for most older adults ≥65 that should typically be avoided. Additionally, the incidence 

of new PIM use post-admission for surgery was calculated for patients who had not filled a PIM prior 

to admission. Other clinical outcomes evaluated included short-term (< 30 days) and long-term 

mortality, length of stay, and the risk of readmission within 30 days, as well as the odds of receiving a 

diagnosis of an adverse drug reaction post-operative. The likelihood of developing medication-related 

harm post-admission was assessed by applying the PRIME tool, which predicts the risk of medication-

related harm in older adults (≥65) after hospital discharge using clinical, medication, and psychosocial 

factors.18, 19  
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Statistical analysis  

Analysis of the data was performed from January 2023 to April 2025 using R (The R Foundation for 

Statistical Computing, Austria) version 4.0.3, via Rstudio (RStudio PBC, USA), version 1.4.1106.  

Descriptive statistics were utilized to summarize the cohort’s demographics and clinical 

characteristics, types of surgical procedures, and clinical outcomes, along with the number of 

medications filled, which were categorized into non-polypharmacy, polypharmacy, and hyper-

polypharmacy. In addition, the prevalence and incidence of PIM use were evaluated based on the 

2019 Beers criteria. The proportion of patients receiving PIM use was reported with a 95% confidence 

interval by calculating using the Pearson-Klopper method in the binom package in R.  

A restricted cubic spline model was employed to illustrate the association between the number of 

medications filled and the proportion of patients filling a PIM. Knots were prespecified at 0, 5, and 10 

medications. 

A multivariable logistic regression model was generated to identify the patient- and procedure-related 

risk factors associated with the initiation of a new prescription for a PIM. Covariates included age, sex 

(female versus male), Elixhauser comorbidity index (≥1 versus <1), MDD service (versus non-use), pre-

admission medication use category (polypharmacy and hyper-polypharmacy versus non-

polypharmacy), and documented diagnosis of fall or adverse drug reaction diagnosis prior to 

admission, as covariates. No missing data were identified; however, it is noted that the absence of a 

record of a condition (diagnosis or medication) is interpreted as the condition not being present. 

Results  

The study cohort included 30 082 surgical patients 65 years and older. Of these, 12 884 (42.8%) had 

non-first surgeries during the study period, which included reoperations or subsequent unrelated 

surgeries. Excluding these secondary surgeries, the final study population consisted of 17 198 patients 

who underwent their first surgery within the study period. (Figure 1) Out of the entire cohort, 9252 
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(53.8%) were female, and the median age of all patients [IQR] was 75 [70, 81]. Most of the study cohort 

had a low (<5) hospital frailty risk score class 12276 (71.4%). the most common comorbidities were 

hypertension (57.0%), ischemic heart disease (32.1%) and malignant neoplasm (27.7%). The most 

common surgical procedures were orthopedic (37.5%), abdominal (14.4%), and urological (11.4%), 

with the majority being elective (67.3%). They used a median [IQR] of 9 [5,13] medications in the year 

preceding the admission and 9 [6,14] post-admission for surgery and MDD service was utilized by 

32.8% of the cohort. 

Out of all patients included in the study cohort 13 386 (77.8%), 95% (CI 77.2-78.5%) filled a prescription 

for at least one PIM use in the year preceding the admission (Table 1). Figure 1 illustrates the 

prevalence of PIM across various levels of pre-admission polypharmacy. Among patients with non-

polypharmacy, the prevalence of PIM use was 36.6% (95% CI 35.1-38.2), compared to 80.2% (95% CI 

79.2-81.2) for those with polypharmacy and 95.8% (95% CI 95.3-96.2) for patients with hyper-

polypharmacy, respectively.  

Table 1 presents the characteristics of the patients, their comorbidities, the surgical procedures 

performed, and the clinical outcomes compared between patients who did and did not fill a PIM prior 

to admisson. Patients with PIM use were more likely to be female (57.0% vs. 42.5%) and to fill more 

medications both prior to and following admission. MDD service was used more frequently by those 

who had filled a PIM, 36.0% compared to 21.3%. They also had a higher burden of comorbidities 

quantified with Elixhauser comorbidity Index 2 [0,5] vs. 0 [0,4] and a higher Hospital Frailty Risk score 

class with 30.2% vs 23.3% having medium or high-risk score class.  

Table 1 additionally compares the urgency and surgical classification of the patients. Patients with PIM 

use were less likely to undergo emergency surgery (30.0% vs. 42.1%). Patients with PIM use were more 

likely to undergo the following surgeries abdominal surgery (14.9% vs. 12.8%), neurosurgery (9.3% vs. 

5.5%) and gynecology (6.4% vs. 2.6%). Additionally, they were more likely to have a higher PRIME risk 
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estimate of the risk of experiencing medication-related harm post-admission, with a median [IQR] of 

10.7 [7.2-14.5] compared to 10.2 [7.4-15.3]. 

Incidence of new PIM use  

Table 2 compares patient characteristics, types of surgery, comorbidities, and clinical outcomes 

between cohorts of patients prescribed a new PIM following discharge (1481, 38.5%, 95% CI 37.0-

40.1) and those who continued without filling a PIM (2366, 61.5%, 95% CI 59.9-63.0). Patients 

prescribed new PIM were more likely to be female (60.0% vs. 56.5%), utilize MDD services (28.4% vs. 

17.1%), and take a higher number of medications both prior to admission (5[2,7] vs. 3[0,6]) and post-

discharge for surgery (9 [6,12] vs. 3 [0,6]). Additionally, they had a higher Elixhauser risk score (4 [0,7] 

vs. 2 [0,6]) but a lower Hospital frailty risk score classification (75.4% vs. 78.4% having a low-risk 

classification). Patients prescribed a new PIM were more likely to have malignant neoplasm (29.2% vs. 

19.4%), ischemic heart disease (29.6% vs. 20.3%), and hypertension (18.5% vs. 15.4%), and less likely 

to have a diagnosis of a psychiatric condition (6.2% vs. 11.4%), dementia (1.8% vs. 4.4%), and delirium 

(2.6% vs. 3.9%). Patients prescribed a new PIM post-admission for surgery were more likely to undergo 

cardiac surgery (14.9% vs. 4.4%), vascular surgery (11.1% vs. 8.2%), and gynecological surgery (4.3% 

vs. 1.7%) and less likely to undergo orthopedic surgery (28.6% vs. 47.0%) and emergency surgery 

(31.9% vs 48.3%). 

Patients prescribed a new, PIM post-admission for surgery were more likely to have a longer hospital 

stay (3 [1,8] vs. 2 [1,5] days), a higher 30-day readmission risk (11.3% vs. 6.5%), and increased 30-day 

mortality (5.2% vs. 0.3%). Additionally, patients with new, PIM were more likely to receive a diagnosis 

of an adverse drug reaction both prior to hospital admission (3.7% vs. 3.3%) and post-admission for 

surgery (3.7% vs. 2.2%). 

Figure 2 shows the results of a multivariable logistic regression model applied to evaluate patient- and 

admission-related variables associated with a new prescription for a PIM in the year following 

discharge. After adjustment for comorbidities and admission information, filling a prescription for a 
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new PIM use following discharge was associated with higher odds of using pre-admission MDD service 

(OR 2.52, 95% CI 2.11-3.02), pre-admission hyper-polypharmacy (OR 2.40,95% C 1.3.10), pre-

admission polypharmacy (OR 1.76,95% CI 1.51-2.05) and pre-admission malignant neoplasm (OR 1.83, 

95% CI 1.55-2.16). However, having a diagnosis of pre-admission dementia was associated with lower 

odds (OR 0.47, 95% CI 0.29-0.73) of filling a prescription for PIM. Figure 3 illustrates an unadjusted 

restricted cubic spline analysis demonstrating a non-linear association between the absolute number 

of different medications filled in the year preceding admission and the rate of PIM use. The highest 

proportion of patients filled prescriptions for PIMs acting on the central nervous system and 

gastrointestinal system. Further analysis of these categories revealed a strong relationship between 

increasing levels of pre-admission polypharmacy and the likelihood of having filled a prescription for 

benzodiazepines and Z-drugs (Figure 4), as well as for gastrointestinal medications that act on the 

gastrointestinal system, particularly proton pump inhibitors (Figure 5). 

Supplementary table 1 compares the Beers criteria subgroups met by the entire cohort, categorized 

by varying degrees of polypharmacy prior to admission. The most frequently observed Beers criteria 

among the entire cohort in the year prior to admission were for medications that act on the central 

nervous system (50.0%), with z-drugs being the most common (36.2%), followed by benzodiazepines 

(22.7%). The second most frequently encountered Beers criteria were gastrointestinal medications 

(35.2%), with proton pump inhibitors being the most common (34.0%). The most frequently added 

medication post-admission for surgery that met Beers criteria were proton pump inhibitors (11.3%), 

Z-drugs (9.7%), benzodiazepines (6.4%), antipsychotics (3.3%) and anticholinergics (3.8%). 

Discussion 

This study identifis that pre-admission PIM use among older surgical patients is common and increases 

with the rising burden of polypharmacy. Additionally, the use of new, PIM post-admission was high 

among the surgical cohort.  The findings confirm that pre-admission use of PIM is associated with 

higher short-term mortality, longer primary hospital stays, and a higher 30-day readmission rate.  
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Previous studies have examined PIM use, revealing that its prevalence and incidence vary among 

countries; however, there is a general trend of increasing prevalence of PIM use.1, 20-25  These studies 

are often difficult to compare due to methodological differences and heterogeneous study 

populations.  

PIM use can be evaluated through various criteria.26  Beers criteria have been widely studied in general 

practice 3, 27 and hospital settings28 , but few studies have focused solely on surgical patients. This study 

found that the prevalence of pre-admission filling of a PIM was 77.8%, which is lower than the 82.7% 

reported in our recently published study utilizing the same methodology in patients admitted by 

internal medicine.8  The reported prevalence of PIM use varies across different settings. A meta-

analysis examined the prevalence in outpatient settings, revealing a range from 1.3% to 95.2%, with a 

pooled prevalence of 36.7%. 29  However, a recently published study on older internal medicine 

patients reveals the vast difference between patients admitted to internal medicine and those 

admitted to surgical wards.28  Generally, internal medicine patients are older, have higher 

comorbidities and increased frailty, and use more medications than surgical patients; therefore, they 

are also more likely to use PIMs.8  These results also emphasize the need for tailored care for surgical 

patients. They may benefit from targeted interventions to optimize medication therapy prior to 

elective surgery, with an emphasis on reducing the use of PIMs, especially those known to impact 

clinical outcomes related to surgery, such as benzodiazepines and opioids. 12  For patients with a high 

burden of comorbidities and associated polypharmacy or hyperpolypharmacy, geriatricians and 

clinical pharmacists could offer specialized perioperative care. 30-32  Furthermore, there should be a 

greater emphasis on enhancing follow-up for new medications introduced during surgical admissions 

to empower patients and their caregivers to mitigate the risk of their use by providing adequate 

information and guidance on temporary use and support. Although the surgical population is generally 

younger and has fewer comorbidities, there are also complex surgical patients who might benefit from 

a multidisciplinary perioperative approach involving internal medicine specialists, geriatricians, and 
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clinical pharmacists, which would provide a comprehensive review and increased follow-up during 

transitions of care.  

Another option is to utilize risk stratification tools like PRIME tool to identify patients at risk of 

experiencing medication-related harm after discharge.19  One potential application could be using it as 

risk stratification post-discharge to guide support by categorizing patients into appropriate follow-up 

levels. For example, low-risk patients could receive assistance from a community pharmacy, 

moderate-risk patients from clinical pharmacists prescribers or doctors within general practice and 

high-risk patients from a specialist pharmacist or geriatrician in outpatient settings. 

The results of this study indicate a correlation between female sex and PIM use (57.0% vs. 43.0%), 

which aligns with previous research studies.3, 33, 34  Studies have identified that females are more likely 

to have polypharmacy and hyperpolypharmacy, which is associated with an increased risk of PIM use.7, 

28, 35  These findings may be explained by the fact that females are more often prescribed medications 

that act on the central nervous system, such as benzodiazepines and Z-drugs33 . They are also more 

likely to visit healthcare providers more frequently, which may create additional opportunities for new 

prescriptions. 36  This warrants further research into the gender differences in the use of potentially 

inappropriate medications. The findings from this study should highlight the necessity for healthcare 

practitioners to recognize sex and gender differences concerning the use of PIM. There are significant 

differences between genders regarding biological factors that influence the pharmacokinetics and 

pharmacodynamics of medications.37-39  This study found an association between the use of MDD 

services and PIM use, which aligns with previous research.9  These findings highlight the importance 

of systematically reviewing medications dispensed via MDD services. Prior studies have identified 

MDD as a risk factor for uncritical prescription renewals and suboptimal medication optimization. 23, 

40, 41  The use of MDD services was associated with a higher likelihood of developing new, PIM use after 

discharge. This may be due to patients who utilize MDD services generally being older and exhibiting 

greater comorbidity and more complex healthcare needs. Due to the heavy workload in primary care, 
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primary care physicians often find it challenging to provide these review services.42 Clinical 

pharmacists may be able to support providing the service, helping to alleviate the burden on 

physicians and ensure patients receive comprehensive medication reviews.  

In line with the previously stated hypothesis, this study found that PIM use is linked to worse clinical 

outcomes, such as extended hospital stays, increased readmission risk, mortality, and a higher 

likelihood of adverse drug reactions, which is largely in line with previous research.  It is unclear 

whether PIM use directly causes poorer clinical outcomes or whether it serves as a marker of increased 

comorbidity. However, various studies have reported that PIM use may lead to worse clinical 

outcomes due to adverse drug events, such as side effects due to increased anticholinergic burden, 

fall risk, delirium, extended hospital stays, readmission, and increased mortality.43-46  

It is essential to review the use of new medications after a surgical admission, as they are typically 

intended for short-term use. Hyperpolypharmacy and polypharmacy are also linked to a higher risk of 

acquiring new, PIM following surgical admission. Additionally, patients with malignant neoplasms 

were at increased risk for polypharmacy and PIM with spikes towards the end of life, which are often 

questionable prescriptions both for symptamatic control but also longterm preventive meidcations.47  

Studies have reported that older patients with malignant neoplasms exhibit greater frailty and 

geriatric syndromes compared to older adults without malignant neoplasms and are more vulnerable 

to PIM use, which may also affect cancer therapy negatively. 48  The diagnosis of dementia was linked 

to lower odds of developing new, PIM use post-admission for surgery, possibly due to healthcare 

providers' awareness of the increased risk of adverse drug events associated with such medications, 

including anticholinergic burden and fall risk delirium.  

The most frequently prescribed PIMs in the year leading up to a surgical admission were those 

affecting the central nervous system, such as Z-drugs and benzodiazepines which emphasizes the 

importance of medication optimization as a part of the pre-operative management. For elective 
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surgeries, the waiting time for an upcoming surgery provides an ideal opportunity to deliver focused 

intervention on medicines optimization. After surgical admission, the most frequently used new PIMs 

included proton pump inhibitors, Z-drugs, and benzodiazepines. These medication categories are 

generally intended for short-term treatments, which should be evaluated soon after admission. This 

highlights the importance of clear counselling for patients and caregivers during the transition of care 

and handover to primary care following discharge as they may cause adverse drug events like 

delirium49  and falls.50   

The study's strengths include a nationwide centralized Prescription Medicine Registry, which provides 

detailed information covering over 95% of all prescriptions in the country. It also facilitates the linking 

of various registries and the collection of information through personal identification numbers. 

Another strength is the large number of participants included in the extensive surgical database and 

the comprehensive follow-up for survival analysis. Additionally, all surgeries were conducted at the 

same national hospital.  

A limitation worth mentioning is the using medication filling as a proxy for medication use. This 

approach may inflate the number of medications participants take regularly due to insufficient 

information on medication adherence. However, there is also an underestimation because over-the-

counter medications are not included, as well as medications often used as combination drugs, such 

as angiotensin receptor blockers combined with a thiazide, which are counted as one medication.  

Furthermore, we cannot confirm that the increased risk of readmission, mortality, and extended 

hospitalization is attributable to medication-related problems. Additionally, it should be noted that, 

because of variations in healthcare systems and prescribing practices across different countries, these 

results may have limited relevance in other nations. 



 14 
 

 

 

Conclusion 

This study revealed a strong association between the increased burden of PIM use, polypharmacy, and 

hyper-polypharmacy. Certain sub-groups were at a greater risk of developing increased PIM use after 

admission, highlighting the need for enhanced follow-up and medication review. Surgical 

hospitalization presents an opportunity to review and optimize medication regimens. When 

medications are added or modified during admission, it essential to ensure appropriate follow-up and 

continuity of care during transitions. Additionally, our study highlights the necessity for improved 

follow-up for patients at risk of acquiring new PIM after admission. Ideally, this process should include 

a targeted medication review and deprescribing performed by a multidisciplinary team including to 

patients at highest risk. 
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Figure Legends 

Figure 1.  

A consort diagram of participant inclusion, level of polypharmacy based on the number of different 

medications filled in the year preceding surgical admission (<5 medications = non-polypharmacy, 5-9 

medications = polypharmacy and ≥ 10 medications = hyper-polypharmacy), and the proportion of 

participants within each group filling at least one potentially inappropriate medications based on 2019 

Beers criteria.  

Figure 2. 

The results of a multivariable regression model of the risk factors of receiving a new prescription for a 

potentially inappropriate medication in the year following admission using age, sex (female compared 

with male), Elixhauser comorbidity index class (compared with <1), individual comorbidities, use of 

multidose dispensing service (compared with no use), category of medication usage (polypharmacy 

and hyper-polypharmacy compared with non-polypharmacy) prior to admission and a diagnosis of an 

adverse drug reaction diagnosis prior to a surgical admission, as covariates. 

Figure 3.  

The correlation between the number of different medications filled (x-axis) pre-admission and the 

ratio (y-axis) of patients who filled a prescription within a subcategory of medication that is potentially 

inappropriate based on the 2019 Beers criteria. The figure shows the result of the restricted cubic 

spline analysis of the proportion of patients with the different polypharmacy categories. Colors 

indicate the polypharmacy category based on the different medications filled in the year preceding 

surgical admission (green <5 medications = non-polypharmacy, yellow 5-9 medications = 

polypharmacy, and red ≥ 10 medications = hyper-polypharmacy). 
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Figure 4.  

The association between the number of medications pre-admission and risk of potentially 

inappropriate medication use based on the 2019 Beers criteria for specific medications acting on the 

central nervous system. The figure shows the result of the restricted cubic spline analysis of the 

proportion of patients with the different polypharmacy categories. Colours indicate the number of 

different medications (green <5 medications = non-polypharmacy, yellow 5-9 medications = 

polypharmacy, and red ≥ 10 medications = hyper-polypharmacy) filled in the year preceding surgical 

admission. 

Figure 5.  

The association between the number of medications pre-admission and risk of potentially 

inappropriate medication use and the 2019 Beers criteria for medications acting on gastrointestinal 

system. The figure shows the result of the restricted cubic spline analysis of the proportion of patients 

with the different polypharmacy categories. Colours indicate the number of different medications 

(green <5 medications = non-polypharmacy, yellow 5-9 medications = polypharmacy, and red ≥ 10 

medications = hyper-polypharmacy) filled in the year preceding surgical admission. 
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