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Introduction: Current research on potentially inappropriate prescribing (PIP) in polymedicated older adults with atrial fibrillation (AF) and multimorbidity is predominantly focused on PIP of oral anticoagulants (OAC). Our study aimed to assess (i) the overall prevalence of PIP in older multimorbid adults with AF, (ii) potential associated factors of PIP, and (iii) the association of PIP with adverse health outcomes in a nationwide sample of Swedish older adults.Methods: Swedish national registries were linked to establish a cohort with a 2-year follow-up of older adults (≥65y) who, on 1 January 2017, had a diagnosis of AF and had at least one comorbidity (n = 203,042). PIP was assessed using the reduced STOPP/START version 2 screening tool. The STOPP criteria identify potentially inappropriate prescribed medications (PIM), while the START criteria identify potential prescribing omissions (PPO). PIP is identified as having at least one PIM and/or PPO. Cox regression analyses were conducted to examine the association between PIP and adverse health outcomes: mortality, hospitalisation, stroke, bleeding, and falls.Results: PIP was highly prevalent in older adults with AF, with both polypharmacy (69.6%) and excessive polypharmacy (85.9%). In the study population, benzodiazepines (22.9%), hypnotic Z-medications (17.8%) and analgesics (8.7%) were the most frequent PIM. Anticoagulants (34.3%), statins (11.1%), vitamin D and calcium (13.4%) were the most frequent PPO. Demographic factors and polypharmacy were associated with different PIM and PPO categories, with the nature of these associations differing based on the specific type of PIM and PPO. The co-occurrence of PIM and PPO, compared to appropriate prescribing, was associated with an increased risk of adverse health outcomes compared to all appropriately prescribed medications: cardiovascular (CV) (Hazard ratio (HR) [95% confidence interval] = 1.97 [1.88–2.07]) and overall mortality (HR = 2.09 [2.03–2.16]), CV (HR = 1.34 [1.30–1.37]) and overall hospitalisation (HR = 1.48 [1.46–1.51]), stroke (HR = 1.93 [1.78–2.10]), bleeding (HR = 1.10 [1.01–1.21]), and falls (HR = 1.63 [1.56–1.71]).Conclusion: The present study reports a high prevalence of PIP in multimorbid polymedicated older adults with AF. Additionally, a nuanced relationship between prescribing patterns, patient characteristics, and adverse health outcomes was observed. These findings emphasise the importance of implementing tailored interventions to optimise medication management in this patient population.Keywords: polypharmacy, atrial fibrillation, inappropriate prescribing, STOPP/START, adverse health outcomes
INTRODUCTION
Worldwide, atrial fibrillation (AF), the most prevalent arrhythmia, affected 8.8% of the population aged 75 years or older, in 2019 (Global Burden of Disease Collaborative Network, 2020). The incidence and prevalence of AF increases with age (Lippi et al., 2021; Chen, 2016; Zhang et al., 2021; Kornej et al., 2020). Moreover, AF is associated with an increased risk of heart failure, stroke, bleeding, mortality, and substantial healthcare costs (Kornej et al., 2020; Buja et al., 2024; Burdett and Lip, 2022).
Older adults with AF often have a clinically complex profile (Romiti et al., 2022), presenting with multiple health conditions (multimorbidity) and, consequently, polypharmacy (concomitant use of ≥5 medications) (Kozieł et al., 2021; LaMori et al., 2011; Dalgaard et al., 2020; Proietti et al., 2019). Multimorbidity and polypharmacy contribute to the clinical complexity of AF patients, with implications for the treatment and prognosis (Proietti et al., 2020; Kannel et al., 1982; Grymonprez et al., 2024; Zheng et al., 2023), as well as increasing susceptibility to potentially inappropriate prescribing (PIP) (Payne et al., 2014). PIP involves prescribing medications that (i) may pose more risk than benefit, (ii) lack an evidence-based indication, or (iii) are potentially inappropriately omitted (O’Connor et al., 2012). Moreover, PIP is associated with adverse drug events, hospitalisation, increased healthcare costs, morbidity, and higher mortality, highlighting the need for vigilant monitoring of prescribing practices and interventions (Gallagher et al., 2020; Guaraldo et al., 2011; Lozano-Montoya et al., 2015; Lucchetti and Lucchetti, 2017; Wallace et al., 2017; Tommelein et al., 2015; Moriarty et al., 2019; Robinson et al., 2022). Current research on PIP in multimorbid and polymedicated older adults with AF is predominantly focused on PIP of (direct) oral anticoagulants ((D)OAC), and little evidence exists regarding the PIP of other medications (Amrouch et al., 2024).
Our study aimed to: (i) assess the overall prevalence of PIP in older adults with AF and multimorbidity, stratified by polypharmacy levels; (ii) investigate demographic characteristics and polypharmacy as potential associated factors of PIP; and (iii) quantify the association of PIP with adverse health outcomes using the Swedish administrative health registries.
Methodology
The present study was performed as part of the Atrial fibrillation integrated approach in frail, multimorbid and polymedicated older people Horizon 2020 project (AFFIRMO, grant agreement n. 899871). AFFIRMO aims to develop, implement, and assess the effectiveness of a patient-centred, holistic, and integrated care strategy based on the ‘Atrial Fibrillation Better Care’ ABC model (Johnsen et al., 2022).
Study design and participants
This study consists of a national register-based cohort comprising Swedish adults. Adults with a diagnosis of AF and at least one comorbidity between 1 January 2012, and 31 December 2016, and aged 65 years or older at baseline (1 January 2017) were included. The cohort was followed up for a period of 2 years (1 January 2017 - 1 January 2019). Drug dispensing data for the 90 days preceding baseline were collected. Ethical approval was granted by the Regional Ethical Review Board of Stockholm (dnr: 016/1001–31/4, 2020–03525; 2021–02004).
To establish the cohort, individual-level data from various Swedish national health registries were linked through the unique personal identification number and pseudonymised to the researchers, including the Swedish Total Population Register, National Education Register, National Patient Register, National Prescribed Drug Register, and the National Cause of Death Register1.
Data sources and variables
The Total Population Register, managed by Statistics Sweden, has been gathering life events data since 1968, from which information on age, sex, individual-based income, and civil status was extracted (Ludvigsson et al., 2016). The Swedish National Education Register documents the highest level of formal education attained by individuals, ranging from elementary to post-graduate level2.
The National Patient Register is a health register, recording in-patient admissions since 1987 and out-patient specialist visits since 20013. Primary care data are not included in this register. Extracted variables for this study included the date of hospital admission and discharge (for hospital admissions) and the diagnoses made during the hospitalisation or specialist visit. Diagnoses are coded using the International Classification of Diseases version 10 (ICD10). The chronic disease categories were derived from the recorded diagnoses (Calderon-Larranaga et al., 2017).
The National Prescribed Drug Register, established in July 2005, records pharmacy-dispensed medication prescriptions nationwide4. Medications are categorised using the Anatomical Therapeutic Chemical (ATC) classification. This register does not encompass medications administered in hospital settings, vaccines, and over-the-counter medications.
The National Cause of Death Register, documents all deaths electronically since 1952, including the date and causes of death using ICD10 codes (Socialstyrelsen, 2024).
This study focused on various adverse health outcomes, including overall causes of hospitalisation and death, cardiovascular (CV) causes of hospitalisation and death, bleeding, stroke, and injurious falls. Additional file A0 provide the ICD10 codes defining these outcomes.
Potentially inappropriate prescribing
The Screening Tool of Older Persons Prescriptions/Screening Tool to Alert doctors to Right Treatment (STOPP/START) version 2 (v2) medication screening tool was used to evaluate PIP (Mahony et al., 2018). STOPP consists of 80 criteria aimed at identifying potentially inappropriate prescribed medications (PIM), such as medications that should be avoided in older adults because the risk outweighs the benefit, doses that should not be exceeded and medications contraindicated for specific conditions. START consists of 34 criteria and identifies potential prescribing omissions (PPO). These are medications that are omitted from the treatment scheme but that should be prescribed (i.e., medications which are clinically indicated for a patient but are not prescribed). The STOPP/START criteria are organised in categories according to physiological systems.
The operationalisation of the reduced STOPP/START v2 criteria was based on the work of Huibers et al., 2019 (Additional file A1) (Huibers et al., 2019). To enable the automated application of the reduced STOPP/START v2 criteria, several assumptions and adjustments were necessary (Additional file A2). In the present data source, 65% (52/80) of the STOPP criteria and 59% (20/34) of the START criteria were applicable. None of the START categories related to Indication of medications, Urogenital system and Vaccines were applicable. A comprehensive overview can be found in additional file A2.
Statistical analysis
Categorical variables were presented as frequencies and percentages, while continuous variables were expressed as medians with interquartile ranges [IQR]. Statistical comparisons between proportions and non-parametric continuous variables were conducted using Chi-square tests and the Kruskal–Wallis Rank Sum test, respectively.
Multinomial logistic regression was used to identify demographic and clinical factors associated with PIP, presented as adjusted odds ratio (ORs) with 95% confidence interval (95%CI). PIP was categorised into four levels: appropriate prescribing (reference group), presence of only STOPP criteria (PIM), presence of only START criteria (PPO), and presence of both STOPP and START criteria (PIM&PPO). Unadjusted and adjusted multivariable binary logistic regression models were used to assess factors associated with the most prevalent reduced STOPP/START v2 categories (>5%), presented as ORs with 95%CI.
Cox proportional hazard regression models, unadjusted and multivariable adjusted, were fitted to examine the association between PIP, prevalent PIM/PPO categories and adverse health outcomes observed over a 2-year follow-up period. The results were presented as hazard ratio (HR) with 95%CI. These outcomes were examined independently and included overall and CV mortality, overall and CV hospitalisation, stroke, bleeding, and injurious falls. The reference group for the examination of PIP, PIM and PPO categories consisted of individuals with all medications appropriately prescribed.
Models were adjusted for demographic variables (sex, age, civil status, education, and income) and polypharmacy. Age was categorised into three groups: young old (65 - < 75 years) (reference group), old (75 - < 85 years) and oldest old (≥85 years). Civil status was categorised into two levels: married/partnered (reference group) and unpartnered (unmarried/divorced/widow). Education was differentiated into three levels: elementary (reference group), high school, and university or higher. Income data from 2016 was categorised into quintiles (Q) (reference group: income Q1). Polypharmacy was categorised into three levels: no polypharmacy (<5 medications) (reference group), polypharmacy (five to nine medications) and excessive polypharmacy (≥10 medications).
Data were assessed for multicollinearity (cut-off generalised variance-inflation factor >5), resulting in the exclusion of the number of diseases as a covariate (Fox and Monette, 1992; Vatcheva et al., 2016). Statistical significance was defined as p-value <0.05. Data analyses were performed using R version 4.3.2 and RStudio version 2024.04.0 + 735.
RESULTS
Demographic characteristics
This Swedish national register-based cohort study consisted of 203,042 persons aged 65 years or older with AF and at least one comorbidity. The median age of the study population was 79.4 years [IQR 73.2–85.6] with 55.2% of the cohort being male (Table 1). The median number of drugs taken was 7 [4–10] and the median number of diseases diagnosed was 6 [4–8]. Most (72.9%) were prescribed five or more medications. OAC were prescribed for 64.0% of the population, with 31.9% of the total population receiving specifically a direct OAC (DOAC).
TABLE 1 | Descriptive characteristics of the population at baseline.
[image: Table 1]Prevalence of PIP
Most of the study population (73.2%) had at least one PIM or PPO. In 14.5% of the population, only PIM were present without PPO, while in 33.9% of the population only PPO were identified without PIM. A total of 50,195 individuals (24.7%) had at least one PIM and at least one PPO (PIM&PPO) (Additional file A3: Supplementary Table S1).
Among the STOPP (PIM) categories, Central nervous system (CNS) drugs (benzodiazepines) (25.3%) and Fall Risk Increasing Drugs (FRIDs) (benzodiazepines, hypnotic Z-drugs) were highly prevalent (25.0%) (Additional file A3: Supplementary Table S1; Figure 1A). Analgesics were potentially inappropriately prescribed in 8.7% of the population. CV medications (β-blocker) and antiplatelet/anticoagulants (AP/OAC) were potentially inappropriately prescribed in respectively 3.4% and 5.0% of the study population. The other PIM categories occurred in less than 3.0% of the overall study population. Older adults with excessive polypharmacy consistently exhibited a higher prevalence of PIM compared to those with no polypharmacy and polypharmacy (Figure 1A).
[image: Figure 1]FIGURE 1 | Prevalence of the reduced STOPP (PIM)/START(PPO) criteria version 2 categories stratified by polypharmacy levels. PIM= potentially inappropriate prescribed medications, PPO = potential prescribing omissions.
Among the START (PPO) categories, CV drugs (OAC, statins, β-blocker and Angiotensin Converting Enzyme (ACE) inhibitors) (47.5%) and musculoskeletal (MSK) system drugs (vitamin D, calcium and bisphosphonates) (20.1%) were highly prevalent (Supplementary Table S1; Figure 1B). Specifically, in 34.3% of the population, no OAC were prescribed (START criterion A1), while in 25.9% of the population neither AP nor OAC were prescribed (STARTA2 criterion). The prevalence of other PPO categories was less than 5.0% in the overall population.
Factors associated with PIM, PPO and prevalent categories
Polypharmacy and excessive polypharmacy were significantly associated with higher odds of experiencing PIM, PIM&PPO, and prevalent PIM categories compared to individuals without polypharmacy, after multivariable adjustment (Table 2, 3). In contrast, patients with (excessive) polypharmacy showed lower odds of PPO and CV PPO, while exhibiting higher odds of MSK PPO.
TABLE 2 | Association (OR and 95%CI) between demographic factors and potentially inappropriate prescribing. Estimates are derived from multinomial regressions.
[image: Table 2]TABLE 3 | Association (OR and 95%CI) between demographic factors and each reduced STOPP (PIM)/START (PPO) category with prevalence >5% and cardiovascular PIM. Estimates are derived from adjusted binary logistic regression models.
[image: Table 3]Male sex was associated with lower odds of experiencing PIM and PIM&PPO. Similar trends were observed for CNS, FRIDs and Analgesics PIM, and MSK PPO. Hower, male sex demonstrated higher odds of CV, AP/OAC PIM, PPO and CV PPO. Older age groups were associated with higher odds of having at least one PIM, PPO and PIM&PPO, along with prevalent PIM/PPO categories, except for AP/OAC and Analgesics PIM. Unpartnered individuals had significantly higher odds of PIM/PPO categories, except for CV and AP/OAC PIM. A higher income was associated with lower odds of PPO, PIM&PPO, Analgesics PIM and CV PPO. Only those in the highest quintile (Q5) had higher odds of AP/OAC PIM compared to those in the lowest quintile (Q1). On the contrary, higher income was associated with higher odds of CV, CNS and FRIDs PIM. No significant association was found between income, overall and CV PIM and MSK PPO. Higher education was associated with higher odds of PIM and PIM&PPO, and with lower odds of PPO and Analgesics PIM. However, no association was found between higher education and MSK PPO, whereas an association was observed with CV PPO.
Additionally, potential associated factors of START criterion A1: OAC PPO (Additional file A3: Supplementary Table S2) were explored. Polypharmacy, male sex, and higher income were associated with lower odds of OAC PPO, while older age and being unpartnered were linked to higher odds. However, education was not a statistically significant associated factor for OAC PPO.
PIM, PPO and prevalent categories associated with adverse health outcomes
Multimorbid older adults with AF who had either a PIM or both a PIM and PPO (PIM&PPO) had a higher estimated conditional hazard for all adverse health outcomes compared to those whose medications were all appropriately prescribed. Specifically, among the PIM categories, only PIM of AP/OAC demonstrated a 30% higher estimated conditional hazard for bleeding. Both PPO and prevalent PPO categories had significantly higher hazards for all adverse health outcomes, excluding bleeding, compared to those with all medications appropriately prescribed (Figure 2).
[image: Figure 2]FIGURE 2 | Association between PIM/PPO categories and adverse health outcomes. Estimates are derived from adjusted Cox proportional regression analyses conducted over a 2-year follow-up period. HR = hazard ratio, CV= cardiovascular, AP/OAC = antiplatelets/anticoagulants, CNS = central nervous system, FRIDs = Fall Risk Increasing Drugs, MSK = musculoskeletal. Models are adjusted by sex, age, civil status, education, income and polypharmacy.
Among older adults with OAC PPO (START criterion A1) the risk of stroke, all-cause and CV mortality was found to be twice as high (Additional file A3: Supplementary Table S3). Additionally, after multivariable adjustment, individuals with OAC PPO had a 40% higher risk of experiencing injurious falls and hospitalisation. Finally, no statistically significant association with bleeding was observed compared to those with appropriately prescribed medications.
DISCUSSION
The present national register-based cohort study comprehensively analysed the prevalence of overall PIP among multimorbid older Swedish adults (≥65 years) with AF. Additionally, the study assessed potential determinants of PIP, prevalent reduced STOPP(PIM)/START(PPO) categories, and their association with adverse health outcomes over a 2-year period.
Our principal findings are: (i) In the total population 39.2% of the participants had at least one PIM and 58.6% at least one PPO, while 24.7% exhibited both a PIM and PPO; (ii) Demographic variables and polypharmacy were identified as positive associated factors of PIM and PPO; (iii) PIM resulted in a higher risk of all adverse health outcomes, while PPO was associated with all outcomes except for bleeding.
Prevalence of PIM and PPO
In the current literature, the prevalence of PIP varies significantly within the non-AF-specific older population, with PIM ranging from 36.7% to 88.3% and PPO from 29.9% to 85.0% (Tian et al., 2023; Brunetti et al., 2019; Mekonnen et al., 2021; Bare et al., 2022; Abukhalil et al., 2022; Anrys et al., 2018; Brkic et al., 2022). A systematic review assessing the prevalence of PIP in multimorbid and polymedicated older adults with AF highlighted a predominant focus on PIP linked to OAC (Amrouch et al., 2024). The review reported a pooled prevalence of 35.2% for PIP related to OAC. However, considerable variation existed among the included studies, with PIMs of OAC ranging from 8.9% to 56.5%, and PPO ranging from 13.8% to 39.3%. In our study, we observed PIM and PPO of OAC in 5.0% and 34.3% of the population, respectively. Limited knowledge of anticoagulation management among clinicians and patients, and clinicians’ concerns regarding perceived bleeding risks might contribute to the significant omission of appropriate antithrombotic treatment (Andrade et al., 2016; Ding et al., 2017; Osasu et al., 2021; Swed et al., 2024).
Currently, only one other study has assessed prevalence of PIP in older adults with AF, using STOPP/STARTv2 as a medication review tool. Guo et al., 2022 (Guo et al., 2022) reported a higher prevalence of PIM (43.6%) and PPO (71.6%) in their cross-sectional survey on 500 randomly selected patients (≥65 years) of the China Atrial Fibrillation Registry Study, a hospital-based register that enrolled patients from 2011 to 2017. The manual application of all STOPP/STARTv2 criteria and the inclusion of traditional Chinese medicine compounds, which were the most prevalent PIM, may have contributed to the observed higher prevalence. In line with our findings, AP/OAC, ACEIs/ARBs, β-blockers, and statins were the most common PPO (Guo et al., 2022).
The prevalent PPO involving CV medications highlights the insufficient cardiovascular risk prevention (e.g., statins) and ABC-concordant AF management (e.g., β-blockers). Similarly, the high prevalence of PPO related to vitamin D, calcium and bisphosphonates might suggest a disregard for the prevention of osteoporotic fractures (Mekonnen et al., 2021; Bare et al., 2022; Solomon et al., 2003; Steinman et al., 2006; D et al., 2018). However, the over-the-counter availability of calcium and vitamin D, not captured in this study, might also partially explain such high undertreatment. Consistent with other studies (non-AF-specific), CNS and FRIDs PIM were a prevalent phenomenon in older adults with AF and should be one of the key targets for deprescribing (Tommelein et al., 2015; Mekonnen et al., 2021; Bare et al., 2022; D et al., 2018; San-José et al., 2015; Wang et al., 2016).
These prescribing patterns and the prevalence of PIM and PPO emphasise the importance of comprehensive medication reviews, rather than focusing solely on the appropriateness of OAC, in this complex population.
Factors associated with PIM, PPO and prevalent categories
In this study, patients with polypharmacy, a recognised risk factor for PIM (Tommelein et al., 2015; Tian et al., 2023), showed lower odds of PPO compared to subjects without polypharmacy. The association patterns between polypharmacy and PPO differ across studies (Guo et al., 2022; Steinman et al., 2006; San-José et al., 2015; Blanco-Reina et al., 2015). This might suggest that the number of medications may not reliably predict PPO. While polypharmacy demonstrated a similar trend in CV PPO as for overall PPO, a contrasting relationship was identified concerning MSK PPO. This potentially indicates that clinicians may prioritise prescribing preventive CV medications but are less likely to initiate osteoporosis treatment (vitamin D and calcium) in the more clinically complex individuals. This suggests a complex and multifaceted interplay between polypharmacy, PIM, and PPO.
In older age groups and among unpartnered individuals, the odds of having PIM, PPO, or PIM&PPO rather than appropriately prescribed medications, was significantly higher compared to the reference group. While several studies, in older populations not specific to AF support these findings, others have reported conflicting or nonsignificant results (Tommelein et al., 2015; Tian et al., 2023; Guo et al., 2022; Bare et al., 2023; Bongue et al., 2009). Functional decline and frailty, which increase with advancing age (Hajek and Konig, 2016; Hajek et al., 2016), have both been associated with PIM and PPO (Zuleta et al., 2024; Tommelein et al., 2017). Additionally, unpartnered older adults, especially those living alone, have been associated with greater functional decline, increased hospitalisation, and higher mortality rates (Hajek and Konig, 2016; Pimouguet et al., 2017; Holt-Lunstad et al., 2015).
Male sex was associated with lower odds of PIM and PIM&PPO, but higher odds of PPO, aligning with previous findings (Bare et al., 2023; Johnell et al., 2009; Morgan et al., 2016; Buzancic et al., 2024). Other studies have reported null associations between sex and PIP (Tommelein et al., 2015; Hill-Taylor et al., 2013). Our study population might show a higher clinical complexity, characterised by multimorbidity and polypharmacy. Additionally, our focus is on sex differences, but gender-related sociocultural factors might also play a part in the observed PIM and PPO patterns (Rochon et al., 2021).
Higher income was associated with lower odds of PPO and PIM&PPO, while no statistically significant association was found with PIM. In contrast, higher educational attainment was statistically significantly associated with increased odds of PIM and PIM&PPO, and lower odds of PPO. Interestingly, Hwang et al., 2022 used, in addition, a cumulative socioeconomic status score based on education, income and area of deprivation index, which revealed a lower socioeconomic status score to be significantly associated with higher odds of PIM (Hwang et al., 2022). This suggests that a cumulative socioeconomic status score may better explain the association with PIM. Additionally, individuals with higher education may tend to seek second opinions and consult multiple healthcare providers, contributing to fragmentation of care (Tam et al., 2005; Okamoto et al., 2015). This fragmentation, in turn, has been associated with higher rates of PIM and mortality (Prior et al., 2023). Addressing fragmented care through the improvement of integrated healthcare systems could serve as a strategy to reduce instances of PIM.
These findings clearly underscore the importance of conducting personalised and targeted medication reviews, with careful consideration given the clinical, but also demographic factors associated with PIM and PPO outcomes.
Association of PIM and PPO with adverse health outcomes
The association between PIM and adverse health outcomes in older adults, regardless of AF, has shown conflicting results, with some studies showing an association and others not (Mekonnen et al., 2021; Mekonnen et al., 2022; Wauters et al., 2016; Veldhuis et al., 2023). Specifically, AP/OAC PIM was associated with a 30% higher risk of bleeding, corroborating clinicians’ concerns on bleeding complications with antithrombotic treatment (Andrade et al., 2016; Ding et al., 2017; Osasu et al., 2021; Swed et al., 2024). Similarly, individuals with PPO demonstrated a higher hazard for all adverse health outcomes except for bleeding, a trend documented in prior research (Mekonnen et al., 2021; Wauters et al., 2016; Cardwell et al., 2020).
Moreover, individuals with PPO&PIM had twice the risk of mortality compared to those with appropriate prescribing, highlighting the importance of assessing both PIM and PPO. Previous studies have also linked CNS and FRIDs PIM, along with MSK and CV PPO, to drug-related hospitalisations, an aspect not examined in our study but nonetheless relevant (Mekonnen et al., 2021).
Furthermore, PPO involving MSK system medications was associated with an 87% higher estimated conditional hazard for injurious falls, indicating the potential role of appropriate prescribing of vitamin D, calcium, and antiresorptive medications in fall prevention (LeBoff et al., 2022). Additionally, PPO of CV preventive medications, particularly antithrombotic therapy for stroke prevention, was associated with mortality, stroke, hospitalisation, and injurious falls. Thus, it is essential to deprescribe CNS medications and ensure appropriate prescribing of preventive MSK medications to mitigate fall risks, as well as OAC treatment to prevent strokes. Thomas et al., 2023 also demonstrated a higher risk of mortality for those with PPO, especially CV PPO, and reported a significant decrease in mortality when these omissions were corrected, suggesting that addressing PPO could be beneficial (Thomas et al., 2023).
These findings highlight the importance of prioritising deprescribing interventions and optimising preventive prescribing practices to mitigate the risk of adverse health outcomes.
Clinical implications
The identified prescribing patterns enable a focused medication review targeting prevalent PIM and PPO. Moreover, this study provides comprehensive insights into the demographic and clinical characteristics of individuals susceptible to PIM and PPO, alongside with the associated adverse health outcomes. It is essential to acknowledge that these PIM and PPO may not always be inappropriate in specific clinical contexts and settings (Parodi Lopez et al., 2022). The decision to initiate or withhold medication in multimorbid older adults is complex and often determined on a case-by-case basis, considering individual patient factors. Therefore, a qualitative assessment of the reasons behind the PIM or PPO of medications is crucial for gaining a deeper understanding of the clinician’s prescribing decisions.
Medication review and judicious deprescribing in older inpatients can reduce PIM and reduce hospital readmission rates (Carollo et al., 2024). Several strategies have been developed and evaluated, highlighting the importance of the regular performance of medication reviews, continuous communication between healthcare professionals, a multidisciplinary team approach, and comprehensive documentation. These factors are key contributors to the effectiveness of interventions aimed at improving prescribing practices and patient related outcomes (Carollo et al., 2024).
Given the complex health profile of multimorbid and polymedicated older adults with AF, there is a recognised imperative for a holistic and patient-tailored healthcare provision. The AFFIRMO framework aims to improve the therapeutic management, according to the ABC (The Atrial fibrillation Better Care pathway) integrated care approach for this study population (Lip, 2017). These findings may contribute to shaping the AFFIRMO framework, especially in terms of risk stratification.
Limitations
A limitation of this study is that not all STOPP/STARTv2 categories could be assessed due to restrictions of the registries. Assumptions may have led to an over- or underestimation of PIP prevalence. Moreover, while multicollinearity prevented the inclusion of the number of diseases in the association analyses, the multimorbidity profile of these patients may also contribute to understanding PIP and prescribing patterns, emphasising the need for assessment in future studies.
Although the third version of STOPP/START is available, the second version was used in this study due to the lack of a technical translation for the third version. The second version may be considered outdated. For instance, current European Society of Cardiology guidelines advise against monotherapy of antiplatelets for stroke prevention (criterion STARTA2) in adults with AF (Hindricks et al., 2021). Despite this potential limitation, the second version was preferred because Huibers et al., 2019 provide an operationalisation of the reduced STOPP/STARTv2, developed through a multidisciplinary consensus procedure (Huibers et al., 2019). This ensures replicability and improves comparability.
Finally, we studied a predominantly white European population in Sweden, and further investigation is warranted to generalise our findings to other ethnic groups or to populations in low- and middle-income countries, given recognised ethnic differences in AF and AF-related complications (Kang et al., 2024).
CONCLUSION
The present study reports a high prevalence of PIP in multimorbid older adults with AF. Additionally, the association analyses highlight a nuanced relationship between prescribing patterns, patient characteristics, and adverse health outcomes. These findings emphasise the importance of tailored interventions to optimise medication management in this patient population.
DATA AVAILABILITY STATEMENT
The datasets presented in this article are not readily available because, according to the Swedish Ethical Review Act, the General Data Protection Regulation, the Public Access to Information and Secrecy Act, registry data can only be made available after legal review for researchers who meet the criteria for access to this type of confidential data. Requests to access the datasets should be directed to socialstyrelsen: socialstyrelsen@socialstyrelsen.se.
ETHICS STATEMENT
The studies involving humans were approved by Ethical approval was granted by the Regional Ethical Review Board of Stockholm (dnr: 016/1001–31/4, 356 2020–03525; 2021–02004). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’; legal guardians/next of kin because the data sources are national health registries.
AUTHOR CONTRIBUTIONS
CA: Writing–review and editing, Writing–original draft, Visualization, Software, Project administration, Methodology, Investigation, Formal Analysis, Conceptualization. DV: Writing–review and editing, Supervision, Resources, Project administration, Methodology, Funding acquisition, Data curation, Conceptualization. CD: Writing–review and editing, Software, Methodology, Investigation, Formal Analysis. LD: Writing–review and editing, Methodology, Investigation, Formal Analysis, Data curation. AC-L: Writing–review and editing, Resources, Project administration, Funding acquisition, Conceptualization. MG: Writing–review and editing, Formal Analysis. MaP: Writing–review and editing, Resources, Project administration, Funding acquisition, Conceptualization. GL: Writing–review and editing, Resources, Project administration, Methodology, Funding acquisition, Conceptualization. SJ: Writing–review and editing, Resources, Project administration, Methodology, Funding acquisition, Conceptualization. JW: Writing–review and editing, Investigation, Data curation. KJ: Writing–review and editing, Investigation, Data curation. DD: Writing–review and editing, Visualization, Supervision, Resources, Project administration, Investigation, Funding acquisition, Conceptualization. MP: Writing–review and editing, Visualization, Supervision, Resources, Project administration, Investigation, Funding acquisition, Conceptualization.
FUNDING
The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by the European Union’s Horizon 2020 research and innovation programme [899871].
ACKNOWLEDGMENTS
The AFFIRMO project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 899871.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2024.1476464/full#supplementary-material
FOOTNOTES
1https://www.socialstyrelsen.se/en/statistics-and-data/registers/
3https://www.socialstyrelsen.se/en/statistics-and-data/registers/national-patient-register/
4https://www.socialstyrelsen.se/en/statistics-and-data/registers/national-prescribed-drug-register/
2https://rut.registerforskning.se/metadatakatalog/register/40a71c3f-ad03-4677-84bd-7850db9a8f3a/
REFERENCES
 Abukhalil, A. D., Al-Imam, S., Yaghmour, M., Abushama, R., Saad, L., Falana, H., et al. (2022). Evaluating inappropriate medication prescribing among elderly patients in Palestine using the STOPP/START criteria. Clin. Interventions Aging 17, 1433–1444. doi:10.2147/CIA.S382221
 Amrouch, C., Vauterin, D., Amrouch, S., Grymonprez, M., Dai, L., Damiano, C., et al. (2024). Potentially inappropriate prescribing in multimorbid and polymedicated older adults with AF: a Systematic Review and Meta-Analysis. Drugs Aging 41 (1), 13–30. doi:10.1007/s40266-023-01078-6
 Andrade, J. G., Krahn, A. D., Skanes, A. C., Purdham, D., Ciaccia, A., and Connors, S. (2016). Values and preferences of physicians and patients with nonvalvular atrial fibrillation who receive oral anticoagulation therapy for stroke prevention. Can. J. Cardiol. 32 (6), 747–753. doi:10.1016/j.cjca.2015.09.023
 Anrys, P. M. S., Strauven, G. C., Foulon, V., Degryse, J. M., Henrard, S., and Spinewine, A. (2018). Potentially inappropriate prescribing in Belgian nursing homes: prevalence and associated factors. J. Am. Med. Dir. Assoc. 19 (10), 884–890. doi:10.1016/j.jamda.2018.06.010
 Bare, M., Lleal, M., Ortonobes, S., Gorgas, M. Q., Sevilla-Sanchez, D., Carballo, N., et al. (2022). Factors associated to potentially inappropriate prescribing in older patients according to STOPP/START criteria: MoPIM multicentre cohort study. BMC Geriatr. 22 (1), 44. doi:10.1186/s12877-021-02715-8
 Bare, M., Lleal, M., Sevilla-Sanchez, D., Ortonobes, S., Herranz, S., Ferrandez, O., et al. (2023). Sex differences in multimorbidity, inappropriate medication and adverse outcomes of inpatient care: MoPIM cohort study. Int. J. Environ. Res. Public Health 20 (4), 3639. doi:10.3390/ijerph20043639
 Blanco-Reina, E., Ariza-Zafra, G., Ocaña-Riola, R., León-Ortíz, M., and Bellido-Estévez, I. (2015). Optimizing elderly pharmacotherapy: polypharmacy vs. undertreatment. Are these two concepts related?Eur. J. Clin. Pharmacol. 71 (2), 199–207. doi:10.1007/s00228-014-1780-0
 Bongue, B., Naudin, F., Laroche, M. L., Galteau, M. M., Guy, C., Gueguen, R., et al. (2009). Trends of the potentially inappropriate medication consumption over 10 years in older adults in the East of France. Pharmacoepidemiol Drug Saf. 18 (12), 1125–1133. doi:10.1002/pds.1762
 Brkic, J., Fialova, D., Okuyan, B., Kummer, I., Sesto, S., Capiau, A., et al. (2022). Author Correction: prevalence of potentially inappropriate prescribing in older adults in Central and Eastern Europe: a systematic review and synthesis without meta-analysis. Nature 12 (1), 21304. doi:10.1038/s41598-022-25155-9
 Brunetti, E., Aurucci, M. L., Boietti, E., Gibello, M., Sappa, M., Falcone, Y., et al. (2019). Clinical implications of potentially inappropriate prescribing according to STOPP/START version 2 criteria in older polymorbid patients discharged from geriatric and internal medicine wards: a prospective observational multicenter study. J. Am. Med. Dir. Assoc. 20 (11), 1476 e1–e1476. doi:10.1016/j.jamda.2019.03.023
 Buja, A., Rebba, V., Montecchio, L., Renzo, G., Baldo, V., Cocchio, S., et al. (2024). The cost of atrial fibrillation: a systematic review. Value Health 27, 527–541. doi:10.1016/j.jval.2023.12.015
 Burdett, P., and Lip, G. Y. H. (2022). Atrial fibrillation in the UK: predicting costs of an emerging epidemic recognizing and forecasting the cost drivers of atrial fibrillation-related costs. Eur. Heart J. Qual. Care Clin. Outcomes 8 (2), 187–194. doi:10.1093/ehjqcco/qcaa093
 Buzancic, I., Drzaic, M., Kummer, I., Hadziabdic, M. O., Brkic, J., and Fialová, D. (2024). Author Correction: deprescribing potential of commonly used medications among community-dwelling older adults: insights from a pharmacist's geriatric assessment. Sci. Rep. 14 (1), 9236. doi:10.1038/s41598-024-60073-y
 Calderon-Larranaga, A., Vetrano, D. L., Onder, G., Gimeno-Feliu, L. A., Coscollar-Santaliestra, C., Carfi, A., et al. (2017). Assessing and measuring chronic multimorbidity in the older population: a proposal for its operationalization. J. Gerontol. A Biol. Sci. Med. Sci. 72 (10), 1417–1423. doi:10.1093/gerona/glw233
 Cardwell, K., Kerse, N., Hughes, C. M., Teh, R., Moyes, S. A., Menzies, O., et al. (2020). Does potentially inappropriate prescribing predict an increased risk of admission to hospital and mortality? A longitudinal study of the 'oldest old. Bmc Geriatr. 20 (1), 28. doi:10.1186/s12877-020-1432-4
 Carollo, M., Crisafulli, S., Vitturi, G., Besco, M., Hinek, D., Sartorio, A., et al. (2024). Clinical impact of medication review and deprescribing in older inpatients: a systematic review and meta-analysis. J. Am. Geriatr. Soc. doi:10.1111/jgs.19035
 Chen, M. A. (2016). Multimorbidity in older adults with atrial fibrillation. Clin. Geriatr. Med. 32 (2), 315–329. doi:10.1016/j.cger.2016.01.001
 D, O. R., Aubert, C. E., Walsh, K. A., Van Dorland, A., Rodondi, N., Du Puy, R. S., et al. (2018). Prevalence of potentially inappropriate prescribing in a subpopulation of older European clinical trial participants: a cross-sectional study. BMJ Open 8 (3), e019003. doi:10.1136/bmjopen-2017-019003
 Dalgaard, F., Xu, H., Matsouaka, R. A., Russo, A. M., Curtis, A. B., Rasmussen, P. V., et al. (2020). Management of atrial fibrillation in older patients by morbidity burden: insights from get with the guidelines-atrial fibrillation. J. Am. Heart Assoc. 9 (23), e017024. doi:10.1161/JAHA.120.017024
 Ding, M., Fratiglioni, L., Johnell, K., Fastbom, J., Ljungdahl, M., and Qiu, C. (2017). Atrial fibrillation and use of antithrombotic medications in older people: a population-based study. Int. J. Cardiol. 249, 173–178. doi:10.1016/j.ijcard.2017.07.012
 Fox, J., and Monette, G. (1992). Generalized collinearity diagnostics. J. Am. Stat. Assoc. 87 (417), 178–183. doi:10.2307/2290467
 Gallagher, C., Nyfort-Hansen, K., Rowett, D., Wong, C. X., Middeldorp, M. E., Mahajan, R., et al. (2020). Polypharmacy and health outcomes in atrial fibrillation: a systematic review and meta-analysis. Open Heart 7 (1), e001257. doi:10.1136/openhrt-2020-001257
 Global Burden of Disease Collaborative Network (2020). Global burden of disease study 2019 (GBD 2019) results. Seattle, WA, United States: Institute for Health Metrics and Evaluation IHME. Available at: https://vizhub.healthdata.org/gbd-results/.
 Grymonprez, M., Petrovic, M., De Backer, T. L., Steurbaut, S., and Lahousse, L. (2024). The impact of polypharmacy on the effectiveness and safety of non-vitamin K antagonist oral anticoagulants in patients with atrial fibrillation. Thromb. Haemost. 124 (2), 135–148. doi:10.1055/s-0043-1769735
 Guaraldo, L., Cano, F. G., Damasceno, G. S., and Rozenfeld, S. (2011). Inappropriate medication use among the elderly: a systematic review of administrative databases. Bmc Geriatr. 11, 79. doi:10.1186/1471-2318-11-79
 Guo, X., Li, M., Du, X., Jiang, C., Li, S., Tang, R., et al. (2022). Multimorbidity, polypharmacy and inappropriate prescribing in elderly patients with atrial fibrillation: a report from the China Atrial Fibrillation Registry Study. Front. Cardiovasc Med. 9, 988799. doi:10.3389/fcvm.2022.988799
 Hajek, A., Brettschneider, C., Posselt, T., Lange, C., Mamone, S., Wiese, B., et al. (2016). Predictors of frailty in old age - results of a longitudinal study. J. Nutr. Health Aging 20 (9), 952–957. doi:10.1007/s12603-015-0634-5
 Hajek, A., and Konig, H. H. (2016). Longitudinal predictors of functional impairment in older adults in europe--evidence from the survey of health, ageing and retirement in europe. PLoS One 11 (1), e0146967. doi:10.1371/journal.pone.0146967
 Hill-Taylor, B., Sketris, I., Hayden, J., Byrne, S., O'Sullivan, D., and Christie, R. (2013). Application of the STOPP/START criteria: a systematic review of the prevalence of potentially inappropriate prescribing in older adults, and evidence of clinical, humanistic and economic impact. J. Clin. Pharm. Ther. 38 (5), 360–372. doi:10.1111/jcpt.12059
 Hindricks, G., Potpara, T., Dagres, N., Arbelo, E., Bax, J. J., Blomstrom-Lundqvist, C., et al. (2021). 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with the European Association for Cardio-Thoracic Surgery (EACTS): the Task Force for the diagnosis and management of atrial fibrillation of the European Society of Cardiology (ESC) Developed with the special contribution of the European Heart Rhythm Association (EHRA) of the ESC. Eur. Heart J. 42 (5), 373–498. doi:10.1093/eurheartj/ehaa612
 Holt-Lunstad, J., Smith, T. B., Baker, M., Harris, T., and Stephenson, D. (2015). Loneliness and social isolation as risk factors for mortality: a meta-analytic review. Perspect. Psychol. Sci. 10 (2), 227–237. doi:10.1177/1745691614568352
 Huibers, C. J. A., Sallevelt, BTGM, de Groot, D. A., Boer, M. J., van Campen, JPCM, Davids, C. J., et al. (2019). Conversion of STOPP/START version 2 into coded algorithms for software implementation: a multidisciplinary consensus procedure. Int. J. Med. Inf. 125, 110–117. doi:10.1016/j.ijmedinf.2018.12.010
 Hwang, J. M., Lyu, B. N., Ballew, S., Coresh, J., Grams, M., and Shin, J. I. (2022). Abstract P136: the association between socioeconomic status and use of potentially inappropriate medications in older adults. Circulation 145. doi:10.1161/circ.145.suppl_1.p136
 Johnell, K., Weitoft, G. R., and Fastbom, J. (2009). Sex differences in inappropriate drug use: a register-based study of over 600,000 older people. Ann. Pharmacother. 43 (7), 1233–1238. doi:10.1345/aph.1M147
 Johnsen, S. P., Proietti, M., Maggioni, A. P., and Lip, G. Y. H. (2022). A multinational European network to implement integrated care in elderly multimorbid atrial fibrillation patients: the AFFIRMO Consortium. Eur. Heart J. 43 (31), 2916–2918. doi:10.1093/eurheartj/ehac265
 Kang, D. S., Yang, P. S., Kim, D., Jang, E., Yu, H. T., Kim, T. H., et al. (2024). Racial differences in bleeding risk: an ecological epidemiological study comparing Korea and United Kingdom subjects. Thromb. Haemost. 124, 842–851. doi:10.1055/a-2269-1123
 Kannel, W. B., Abbott, R. D., Savage, D. D., and McNamara, P. M. (1982). Epidemiologic features of chronic atrial fibrillation: the Framingham study. N. Engl. J. Med. 306 (17), 1018–1022. doi:10.1056/NEJM198204293061703
 Kornej, J., Borschel, C. S., Benjamin, E. J., and Schnabel, R. B. (2020). Epidemiology of atrial fibrillation in the 21st century: novel methods and new insights. Circ. Res. 127 (1), 4–20. doi:10.1161/CIRCRESAHA.120.316340
 Kozieł, M., Simovic, S., Pavlovic, N., Kocijancic, A., Paparisto, V., Music, L., et al. (2021). Impact of multimorbidity and polypharmacy on the management of patients with atrial fibrillation: insights from the BALKAN-AF survey. Ann. Med. 53 (1), 17–25. doi:10.1080/07853890.2020.1799241
 LaMori, J. C., Gross, H. J., Patel, A. A., Crain, M., DiBonaventura, M. D., Mody, S. H., et al. (2011). Burden of comorbidities among patients with atrial fibrillation. Value Health 14 (3), A34–A. doi:10.1016/j.jval.2011.02.201
 LeBoff, M. S., Greenspan, S. L., Insogna, K. L., Lewiecki, E. M., Saag, K. G., Singer, A. J., et al. (2022). The clinician's guide to prevention and treatment of osteoporosis. Osteoporos. Int. 33 (10), 2049–2102. doi:10.1007/s00198-021-05900-y
 Lip, G. Y. H. (2017). The ABC pathway: an integrated approach to improve AF management. Nat. Rev. Cardiol. 14 (11), 627–628. doi:10.1038/nrcardio.2017.153
 Lippi, G., Sanchis-Gomar, F., and Cervellin, G. (2021). Global epidemiology of atrial fibrillation: an increasing epidemic and public health challenge. Int. J. Stroke 16 (2), 217–221. doi:10.1177/1747493019897870
 Lozano-Montoya, I., Vélez-Diaz-Pallarés, M., Delgado-Silveira, E., Montero-Errasquin, B., and Jentoft, A. J. C. (2015). Potentially inappropriate prescribing detected by STOPP-START criteria: are they really inappropriate?Age Ageing 44 (5), 861–866. doi:10.1093/ageing/afv079
 Lucchetti, G., and Lucchetti, A. L. (2017). Inappropriate prescribing in older persons: a systematic review of medications available in different criteria. Arch. Gerontol. Geriatr. 68, 55–61. doi:10.1016/j.archger.2016.09.003
 Ludvigsson, J. F., Almqvist, C., Bonamy, A. K. E., Ljung, R., Michaëlsson, K., Neovius, M., et al. (2016). Registers of the Swedish total population and their use in medical research. Eur. J. Epidemiol. 31 (2), 125–136. doi:10.1007/s10654-016-0117-y
 Mahony, D. O., Sullivan, D. O., Byrne, S., Connor, M. N. O., Ryan, C., and Gallagher, P. (2018). Corrigendum: STOPP/START criteria for potentially inappropriate prescribing in older people: version 2. Age Ageing 47 (3), 489. doi:10.1093/ageing/afx178
 Mekonnen, A., Redley, B., Crawford, K., Jones, S., De Courten, B., and Manias, E. (2022). Associations between hyper-polypharmacy and potentially inappropriate prescribing with clinical and functional outcomes in older adults. Expert Opin. Drug Saf. 21 (7), 985–994. doi:10.1080/14740338.2022.2044786
 Mekonnen, A. B., Redley, B., de Courten, B., and Manias, E. (2021). Potentially inappropriate prescribing and its associations with health-related and system-related outcomes in hospitalised older adults: a systematic review and meta-analysis. Br. J. Clin. Pharmacol. 87 (11), 4150–4172. doi:10.1111/bcp.14870
 Morgan, S. G., Weymann, D., Pratt, B., Smolina, K., Gladstone, E. J., Raymond, C., et al. (2016). Sex differences in the risk of receiving potentially inappropriate prescriptions among older adults. Age Ageing 45 (4), 535–542. doi:10.1093/ageing/afw074
 Moriarty, F., Cahir, C., Bennett, K., and Fahey, T. (2019). Economic impact of potentially inappropriate prescribing and related adverse events in older people: a cost-utility analysis using Markov models. BMJ Open 9 (1), e021832. doi:10.1136/bmjopen-2018-021832
 O’Connor, M. N., Gallagher, P., and O'Mahony, D. (2012). Inappropriate prescribing: criteria, detection and prevention. Drugs Aging 29 (6), 437–452. doi:10.2165/11632610-000000000-00000
 Okamoto, S., Kawahara, K., Okawa, A., and Tanaka, Y. (2015). Values and risks of second opinion in Japan's universal health-care system. Health Expect. 18 (5), 826–838. doi:10.1111/hex.12055
 Osasu, Y. M., Cooper, R., and Mitchell, C. (2021). Patients' and clinicians' perceptions of oral anticoagulants in atrial fibrillation: a systematic narrative review and meta-analysis. BMC Fam. Pract. 22 (1), 254. doi:10.1186/s12875-021-01590-x
 Parodi Lopez, N., Svensson, S. A., and Wallerstedt, S. M. (2022). Clinical relevance of potentially inappropriate medications and potential prescribing omissions according to explicit criteria-a validation study. Eur. J. Clin. Pharmacol. 78 (8), 1331–1339. doi:10.1007/s00228-022-03337-8
 Payne, R. A., Avery, A. J., Duerden, M., Saunders, C. L., Simpson, C. R., and Abel, G. A. (2014). Prevalence of polypharmacy in a Scottish primary care population. Eur. J. Clin. Pharmacol. 70 (5), 575–581. doi:10.1007/s00228-013-1639-9
 Pimouguet, C., Rizzuto, D., Lagergren, M., Fratiglioni, L., and Xu, W. (2017). Living alone and unplanned hospitalizations among older adults: a population-based longitudinal study. Eur. J. public health 27 (2), 251–256. doi:10.1093/eurpub/ckw150
 Prior, A., Vestergaard, C. H., Vedsted, P., Smith, S. M., Virgilsen, L. F., Rasmussen, L. A., et al. (2023). Healthcare fragmentation, multimorbidity, potentially inappropriate medication, and mortality: a Danish nationwide cohort study. BMC Med. 21 (1), 305. doi:10.1186/s12916-023-03021-3
 Proietti, M., Marzona, I., Vannini, T., Tettamanti, M., Fortino, I., Merlino, L., et al. (2019). Long-term relationship between atrial fibrillation, multimorbidity and oral anticoagulant drug use. Mayo Clin. Proc. 94 (12), 2427–2436. doi:10.1016/j.mayocp.2019.06.012
 Proietti, M., Romiti, G. F., Olshansky, B., Lane, D. A., and Lip, G. Y. H. (2020). Comprehensive management with the ABC (atrial fibrillation better care) pathway in clinically complex patients with atrial fibrillation: a post hoc ancillary analysis from the affirm trial. J. Am. Heart Assoc. 9 (10), e014932. doi:10.1161/JAHA.119.014932
 Robinson, E. G., Hedna, K., Hakkarainen, K. M., and Gyllensten, H. (2022). Healthcare costs of adverse drug reactions and potentially inappropriate prescribing in older adults: a population-based study. BMJ Open 12 (9), e062589. doi:10.1136/bmjopen-2022-062589
 Rochon, P. A., Petrovic, M., Cherubini, A., Onder, G., O'Mahony, D., Sternberg, S. A., et al. (2021). Polypharmacy, inappropriate prescribing, and deprescribing in older people: through a sex and gender lens. Lancet Healthy Longev. 2 (5), E290–E300. doi:10.1016/S2666-7568(21)00054-4
 Romiti, G. F., Proietti, M., Bonini, N., Ding, W. Y., Boriani, G., Huisman, M. V., et al. (2022). Clinical complexity domains, anticoagulation, and outcomes in patients with atrial fibrillation: a report from the GLORIA-AF registry phase II and III. Thromb. Haemost. 122 (12), 2030–2041. doi:10.1055/s-0042-1756355
 San-José, A., Agust, A., Vidal, X., Formiga, F., Gómez-Hernández, M., García, J., et al. (2015). Inappropriate prescribing to the oldest old patients admitted to hospital: prevalence, most frequently used medicines, and associated factors. Bmc Geriatr. 15, 42. doi:10.1186/s12877-015-0038-8
 Socialstyrelsen (2024). National cause of death register. Available at: https://www.socialstyrelsen.se/en/statistics-and-data/registers/national-cause-of-death--register/.
 Solomon, D. H., Finkelstein, J. S., Katz, J. N., Mogun, H., and Avorn, J. (2003). Underuse of osteoporosis medications in elderly patients with fractures. Am. J. Med. 115 (5), 398–400. doi:10.1016/s0002-9343(03)00357-7
 Steinman, M. A., Landefeld, C. S., Rosenthal, G. E., Berthenthal, D., Sen, S., and Kaboli, P. J. (2006). Polypharmacy and prescribing quality in older people. J. Am. Geriatr. Soc. 54 (10), 1516–1523. doi:10.1111/j.1532-5415.2006.00889.x
 Swed, S., Bohsas, H., Alibrahim, H., Nasif, M. N., Abouainain, Y., Jawish, N., et al. (2024). Assessing physicians' knowledge, attitude, and practice on anticoagulant therapy in non-valvular atrial fibrillation: Syrian insights. Future J. Pharm. Sci. 10 (1), 36. doi:10.1186/s43094-024-00595-4
 Tam, K. F., Cheng, D. K., Ng, T. Y., and Ngan, H. Y. (2005). The behaviors of seeking a second opinion from other health-care professionals and the utilization of complementary and alternative medicine in gynecologic cancer patients. Support Care Cancer 13 (9), 679–684. doi:10.1007/s00520-005-0841-4
 Thomas, R. E., Azzopardi, R., Asad, M., and Tran, D. (2023). Multi-year retrospective analysis of mortality and readmissions correlated with STOPP/START and the American geriatric society beers criteria applied to calgary hospital admissions. Geriatr. (Basel) 8 (5), 100. doi:10.3390/geriatrics8050100
 Tian, F., Chen, Z., Zeng, Y., Feng, Q., and Chen, X. (2023). Prevalence of use of potentially inappropriate medications among older adults worldwide: a systematic review and meta-analysis. JAMA Netw. open 6 (8), e2326910. doi:10.1001/jamanetworkopen.2023.26910
 Tommelein, E., Mehuys, E., Petrovic, M., Somers, A., Colin, P., and Boussery, K. (2015). Potentially inappropriate prescribing in community-dwelling older people across Europe: a systematic literature review. Eur. J. Clin. Pharmacol. 71 (12), 1415–1427. doi:10.1007/s00228-015-1954-4
 Tommelein, E., Mehuys, E., Van Tongelen, I., Petrovic, M., Somers, A., Colin, P., et al. (2017). Community pharmacists' evaluation of potentially inappropriate prescribing in older community-dwelling patients with polypharmacy: observational research based on the GheOP³S tool. J. Public Health (Oxf). 39 (3), 583–592. doi:10.1093/pubmed/fdw108
 Vatcheva, K. P. L. M., McCormick, J. B., and Rahbar, M. H. (2016). Multicollinearity in regression analyses conducted in epidemiologic studies. Epidemiol. (Sunnyvale) 6, 227. doi:10.4172/2161-1165.1000227
 Veldhuis, A., Sent, D., Loijmans, R. J. B., and Abu-Hanna, A. (2023). Time-dependent association between STOPP and START criteria and gastrointestinal bleeding in older patients using routinely collected primary care data. Plos One 18 (12), e0292161. doi:10.1371/journal.pone.0292161
 Wallace, E., McDowell, R., Bennett, K., Fahey, T., and Smith, S. M. (2017). Impact of potentially inappropriate prescribing on adverse drug events, health related quality of life and emergency hospital attendance in older people attending general practice: a prospective cohort study. J. Gerontol. A Biol. Sci. Med. Sci. 72 (2), 271–277. doi:10.1093/gerona/glw140
 Wang, Y., Singh, S., and Bajorek, B. (2016). Old age, high risk medication, polypharmacy: a 'trilogy' of risks in older patients with atrial fibrillation. Pharm. Pract. (Granada). 14 (2), 706. doi:10.18549/PharmPract.2016.02.706
 Wauters, M., Elseviers, M., Vaes, B., Degryse, J., Dalleur, O., Vander Stichele, R., et al. (2016). Too many, too few, or too unsafe? Impact of inappropriate prescribing on mortality, and hospitalization in a cohort of community-dwelling oldest old. Br. J. Clin. Pharmacol. 82 (5), 1382–1392. doi:10.1111/bcp.13055
 Zhang, J., Johnsen, S. P., Guo, Y., and Lip, G. Y. H. (2021). Epidemiology of atrial fibrillation: geographic/ecological risk factors, age, sex, genetics. Card. Electrophysiol. Clin. 13 (1), 1–23. doi:10.1016/j.ccep.2020.10.010
 Zheng, Y., Li, S., Liu, X., Lip, G. Y. H., Guo, L., and Zhu, W. (2023). Effect of oral anticoagulants in atrial fibrillation patients with polypharmacy: a meta-analysis. Thromb. Haemost. doi:10.1055/s-0043-1770724
 Zuleta, M., San-Jose, A., Gozalo, I., Sánchez-Arcilla, M., Carrizo, G., Alvarado, M., et al. (2024). Patterns of inappropriate prescribing and clinical characteristics in patients at admission to an acute care of the elderly unit. Eur. J. Clin. Pharmacol. 80 (4), 553–561. doi:10.1007/s00228-024-03627-3
Conflict of interest: MG declares that he received a research grant from the Research Foundation Flanders (project number 11C0820N). Additionally, he declares payment to his institution for giving lectures to IPSA, a non-profit organisation. GL declares consultancy and speaker fees from BMS/Pfizer, Boehringer Ingelheim and Daiichi-Sankyo. MP declares that he is the President of the European Geriatric Medicine Society.
The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Amrouch, Vetrano, Damiano, Dai, Calderón-Larrañaga, Grymonprez, Proietti, Lip, Johnsen, Wastesson, Johnell, De Smedt and Petrovic. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-15-1476464-t003.jpg
CV PIM OR
[95%Cl]

AP/OACPIM  CNS PIM OR

OR [95%Cl]

[95%Cl]

FRIDs PIM
OR [95%Cl]

Analgesics
PIM OR
[95%Cl]

CV PPO OR
[95%Cl]

MSK PPO
OR [95%CI]

Age

75-84 years
285 years

Sex

1.22 [1.15-1.30]

1.26 [1.18-135)

0.90 [0.86-0.95]

067 [0.64-0.71]

133 (1.30-137)

186 (181-1.92]

136 [1.33-140]

1.9 [1.93-2.05]

084 [081-0.88]

083 [0.80-0.87)

120 [117-1.22]

1.49 [145-1.52]

117 (113-120]

167 (162-1.72]

Male sex
Education
High school

University or
more

Civil status
Unpartnered

Income

@

118 [1.11-124]

1.07 [1.01-1.13]

1,00 [0.93-1.07]

0.90 [0.85-0.95]

0.99 [0.92-1.08]

142 [1.35-149]

104 [0.99-1.09]

112 [1.06-1.18]

095 [0.91-0.99]

0.97 [0.91-1.04]

0.64 [0.63-0.66]

106 (1.04-1.09]

118 (1.14-122)

123 (1.20-1.26]

106 (1.02-1.09]

0.66 [0.64-0.67)

1.06 [1.03-1.08]

117 [113-121]

127 [1.24-130]

107 [1.03-1.10]

081 [0.78-0.83]

0.99 [0.95-1.02]

093 [089-0.97)

115 [1.11-120]

0.99 [0.95-1.04]

1.25 [1.23-1.28]

101 (0.99-1.03]

0.94 [0.91-0.96]

1.20 [1.18-1.22]

101 (0.98-1.04]

076 [0.74-0.78]

1.00 [0.97-1.03]

1.00 [0.96-1.03]

113 [1.10-1.15]

1.00 [0.96-1.03]

@
@

111 [1.02-1.20]

112 [1.03-121]

1.04 [0.97-1.11]

102 [0.95-1.09]

1.05 (1.01-1.09]

1,00 [0.96-1.03]

1.05 [1.01-1.09]

0.99 [0.95-1.02]

1.009 (0.96-1.06]

091 [0.86-0.96]

0.96 [0.93-0.89]

0.87 [0.84-0.90]

1.01[0.97-1.05]

1.03 [0.99-1.07]

Qs

Polypharmacy
status.

Polypharmacy

Excessive
polypharmacy

1.09 [1.00-1.19]

246 (2.28-2.67)

3.80 [3.51-4.12]

1.10 [1.02-1.18]

347 [3.23-3.74]

6.83 [6.35-7.37]

100 (0.96-1.04]

359 [3.46-3.72]

1057 [10.18-1097]

0.99 [0.95-1.03]

344 [332-357)

9.91 [9.55-10.29]

0.85 [0.80-0.90]

370 [3.48-3.95]

954 (8.96-10.16]

0.79 [0.77-0.82)

0.53 [0.52-0.54]

0.56 0.55-0.58]

0.98 [0.94-1.02]

128 (1.24-132)

1.92 [1.86-1.98]

AP/OAC, antiplatelets/anticoagulants; CI, confidence interval; CNS, central nervous system; CV, cardiovascular system; FRIDs, Fall Risk Inducing Drugs; MSK, musculoskeletal system; OR,
odds ratio; PIM, potentially inappropriate prescribed medications; PPO, potential prescribing omissions; PIM&PPO, having at least one PIM, and one PPO; Q, income quintile. The reference
groups are: the complement of the prevalent PIM, and PPO, categories, age range [65-74] years, female sex, elementary education, having a partner, lowest income quintile (Q1), and no
polypharmacy. The numbers in Italic suggest that the values were statistically nonsignificant p > 0.05.
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Variables Total n = No polypharmacy (<5) Polypharmacy (5-9) Excessive polypharmacy

203,042 n = 54,943 n = 95212 (210) n = 52,887
Age, median [IQR] 79.4 [73.2-85.6] 767 [715-83.2] 79.8 [73.6-85.9] 813 [747-87.0]
Female, n (%) 91027 (44.8%) 20324 (37.0%) 42889 (45.0%) 27814 (52.6%)

Age groups (years), n (%)

65-74 years 66100 (32.6%) 23633 (43.0%) 29104 (30.6%) 13363 (25.3%)
75-84 years 81231 (40.0%) 20641 (37.6%) 38764 (40.7%) 21826 (41.3%)
+85 years 55711 (27.4%) 10669 (19.4%) 27344 (28.7%) 17698 (33.5%)

Education, n (%)

Elementary 82743 (40.8%) 18993 (34.6%) 39266 (41.2%) 24484 (46.3%)
High school 76122 (37.5%) 21155 (38.5%) 35651 (37.4%) 19316 (36.5%)

University or more 44177 (21.8%) 14795 (26.9%) 20295 (21.3%) 9.087 (17.2%)
» Civil status, n (%) [

Married/partnered 97352 (47.9%) | 29865 (51.4%) 45979 (48.3%) 21508 (107%)

Unpartnered 105690 (52.1%) 25078 (45.6%) 49233 (51.7%) 31379 (59.3%)

Income, n (%)

Q 39726 (19.6%) 9,583 (17.4%) 18998 (20.0%) 11145 (21.1%)

Q 40622 (20.0%) 9,026 (16.4%) 18978 (19.9%) 12618 (23.9%)
» 40880 (20.1%) 9,829 (17.9%) 19081 (20.0%) 11970 (22.6%)

@ 40888 (20.1%) 11861 (21.6%) 19406 (20.4%) 9,621 (18.2%)

Qs 40926 (20.1%) 14644 (26.7%) 18749 (19.7%) 7,533 (14.2%)

Number of medications, | 7 [4-10] B [2-4] 7 6-8] ™ [11-14]

median [IQR]

Number of diseases, 6[4-8] 4 [3-6] 6 [4-8] [ 9 [6-11]

median [IQR]

OAC (VKA" or DOAC?) | 130040 (64.0%) 28569 (52.0%) 65654 (69.0%) 35817 (67.7%)

use, n (%)

DOAC use, n (%) 64782 (31.9%) 14829 (27.0%) 31876 (33.5%) 18077 (34.2%)

Antiplatelet” use, n (%) 24690 (12.2%) 3227 (59%) 11582 (12.2%) 9,881 (18.7%)

DOAC, direct oral anticoagulants; IQR , interquartile range [IQR]; OAC, oral anticoagulants; VKA, vitamin K antagonists; Q = quintile, 'ATC code for VKA, BOIAA; ATC codes for DOAC,
BO1AEO7; BOIAFO1; BO1AF02; and BO1AF03; *ATC code for antiplatelets BO1AC.
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PIM OR [95%Cl] PPO OR [95%Cl] PIM&PPO OR [95%Cl]

Age

75-84 years 121 [117-126] 120 [1.17-123] 142 [1.37-1.46]
285 years 160 (153-167) 162 [1.57-1.68] 229 [2.21-2.37]
Sex

Male sex 0.7 (0.75-0.80] 114 [111-1.17] 0.88 (0.86-091]
Education

High school 1.06 (1.02-1.09] 1.02 [0.99-1.04] 1.06 [1.02-1.09]
University or more 114 [1.09-1.19] 096 [093-099] 1,03 [0.99-1.07]
Civil status

Unpartnered 114 (110-117) 12 [117-123] 137 [1.33-141]
Income I

@ 1.02 [0.97-1.07] 0.98 [0.94-1.02] | 1,04 [0.999-1.09]
Q3 1.03 [0.98-1.07] 0.96 [0.92-0.99] 1.05 [1.01-1.10]
Q4 1.00 [0.95-1.05] 0.89 [0.85-0.92] 0.91 [0.88-0.86]
Qs 1.02 [0.97-1.08] 081 [0.78-0.84] 0.82 [0.79-0.86]
Polypharmacy status

Polypharmacy 404 [384-424] 0.59 [0.57-0.60] 2.37 [2.29-2.46]
Excessive polypharmacy 13.34 (12.64-14.08] 0.72 [0.70-0.75] 9.06 [8.69-7.44]

CI, confidence interval; OR, odds ratio; PIM, potentially inappropriate prescribed medications; PPO, potential prescribing omissions; PIM&PPO, having at least one PIM, and one PPO, The
reference groups are: All appropriately prescribed medications, age range [65-74] years, female sex; elementary education, having a partner, lowest income quintile (Q1), and no polypharmacy. The
numbers in Italic suggest that the values were statistically nonsignificant p > 0.05.
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