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Editorial on the Research Topic 
Clinical pharmacist service promotes the improvement of medical quality


INTRODUCTION
Clinical pharmacists play a vital role in the healthcare system, improving the rational use of medications (Gu et al., 2018) then clinical outcomes (Shi et al., 2021; Shi et al., 2023), and fostering unity within the multidisciplinary teams (Shi et al., 2020). This Research Topic “Clinical Pharmacist Service Promotes the Improvement of Medical Quality” highlights the role of clinical pharmacists, featuring 26 articles (23 original research articles, one brief research report, one policy and practice review, and one systematic review). These articles explore various aspects of clinical pharmacy services, including providing medication therapy management (MTM) services and pharmaceutical care, expanding pharmacovigilance information, participating in clinical trials, and filling gaps in knowledge regarding medical education and counselling.
MEDICATION THERAPY MANAGEMENT SERVICE AND PHARMACEUTICAL CARE
A systematic evaluation of the role of clinical pharmacists provides a deeper understanding of their value. Deng et al. conducted a systematic review and meta-analysis to assess the multifaceted benefits of MTM services, considering economic, clinical, and humanistic outcomes. Their findings suggest that MTM services provided by pharmacists significantly improve clinical outcomes, notably by reducing readmission rates, emergency department visits, adverse drug events, and the length of hospital stays. However, these services are less effective in achieving economic and humanistic outcomes.
Several high-quality clinical studies have been conducted to confirm the role of clinical pharmacists in disease management. Khan et al. carried out a randomized, usual care-controlled study in Pakistan to evaluate the impact of pharmacist-led interventions on health-related quality of life (HRQOL) among tuberculosis patients using the EuroQol-5D-3L instrument. They found that patient-centered care interventions led by pharmacists significantly improved (HRQOL), supporting the inclusion of clinical pharmacists in interdisciplinary teams for tuberculosis management. In Japan, Suzuki et al. demonstrated through a multicenter prospective observational study that hospital pharmacist interventions effectively promoted appropriate prescription practices, reducing the number of medications used, and decreasing polypharmacy. Cheng et al. Evaluated the role of clinical pharmacists in anti-infective treatment for patients with central nervous system infections through a single-center retrospective cohort study, finding improvements in the effectiveness and appropriateness of treatment. Yu et al. assessed the impact of a clinical pharmacist-led antimicrobial stewardship program in a neurosurgical intensive care unit through a cohort study, noting a significant reduction in critical antibacterial agents and multi-drug resistant organism infections. Lastly, Gao et al. explored the effects of continuous pharmaceutical care led by clinical pharmacists on medication adherence and clinical outcomes in coronary heart disease patients through a prospective cohort study. Their findings indicated significantly higher medication adherence and improved clinical indicators, such as low-density lipoprotein cholesterol and blood pressure, with a substantially lower incidence of adverse drug reactions. Although there were no statistical differences in overall readmission rates, the intervention group showed a trend toward lower rates.
Establishing and verifying effective pharmaceutical care models can significantly improve clinical treatment. Xie et al. developed a model for managing cancer pain in primary care settings in China using the Delphi method. This model was shown to significantly increase the rate and accuracy of pain assessments, reduce pain scores, and decrease the incidence of adverse reactions. In Australia, Atey et al. piloted a partnered pharmacist medication charting system in the emergency department of a tertiary hospital, which significantly reduced potentially inappropriate medication use among older patients in the emergency department. However, this benefit was not observed at hospital discharge, suggesting the need for greater interprofessional collaborations. The same model was also associated with significantly lower relative stay indices and admission costs, saving an average of $1,269 per admission. Despite these economic benefits, the model did not affect clinical outcomes.
PHARMACOVIGILANCE STUDY
New pharmacovigilance information can help clinical pharmacists better anticipate drug risks and control adverse drug events. Deng et al. used the US Food and Drug Administration Adverse Event Reporting System (FAERS) to quantify the risk of rhabdomyolysis associated with newer-generation anti-seizure medications, identifying seven medications related to this condition. Similarly, He et al. investigated diazepam-related adverse events using FAERS data, uncovering significant unlisted effects such as congenital nystagmus, developmental delays, and rhabdomyolysis. Gao et al. analyzed the clinical characteristics and risk factors for aripiprazole-induced liver injury using the China Adverse Drug Reaction Monitoring System. Furthermore, Jiang et al. developed a pharmacist-led risk management service to predict and manage risks associated with infusions of iodinated contrast media. This system, operated by a multidisciplinary team, provides personalized risk identification and assessment before infusion, effectively minimizing adverse reactions.
PARTICIPATION IN CLINICAL TRIALS
Clinical pharmacists play an integral role in clinical trials by formulating trial plans and overseeing pharmaceutical aspects to ensure drug safety. Lu et al. assessed the minimum plasma concentration and safety of nirmatrelvir/ritonavir in patients with hemodialysis and mild COVID-19. They discovered that the two dose regimens of nirmatrelvir/ritonavir were excessive for such patients, suggesting a need to optimize the medication regimen for this group. Based on this research, Yan et al. investigated the effectiveness and safety of nirmatrelvir/ritonavir in patients with kidney dysfunction and COVID-19. This trial included consultations with pharmacists about prescription safety and dose adjustments. Furthermore, Hu et al. evaluated the impact of body mass index on responses to ABVD-like chemotherapy in newly diagnosed patients with Hodgkin lymphoma. Their findings indicate that the body mass index is an independent risk factor for a poorer overall response, highlighting the need for personalized cancer treatment plans for obese or overweight patients.
MEDICAL EDUCATION AND COUNSELING
Detecting gaps in medication knowledge is essential to improve medical education and counseling. Chang et al. translated and validated the Jessa Atrial Fibrillation Knowledge Questionnaire (JAKQ) and assessed patients’ knowledge of atrial fibrillation and oral anticoagulation. They found that the Chinese version of JAKQ was reliable and valid, making it a valuable tool for assessing patient knowledge. In contrast, Xie et al. reported that nurses in China had a limited understanding of inhalation therapy and the use of inhaler devices, suggesting the need for pharmacists to strengthen training in these areas, especially in hospitals without clinical pharmacists. Alorfi et al. assessed the knowledge of drug-drug interactions among community pharmacists in Jeddah, Saudi Arabia, using a self-administered questionnaire and discovered that most could not correctly answer questions on this topic, underscoring the importance of ongoing training and education. Lu et al. used a questionnaire to explore attitudes, involvement, and knowledge of clinical pharmacists in Guangdong province, China, about postoperative acute pain services. They found a positive attitude but insufficient participation, indicating the need for systematic training and established work protocols. Rendrayani et al. evaluated knowledge, attitudes, and practices regarding medication therapy management among pharmacists at community health centers in Indonesia, revealing high levels of expertise but inadequate attitudes and practices, suggesting that direct participation or training programs are necessary to improve skills and collaboration with healthcare professionals. Lastly, Zheng et al. conducted a cross-sectional study on the appropriateness of anticoagulation therapy among patients with nonvalvular atrial fibrillation, identifying issues with underdosing, particularly in patients with renal dysfunction or paroxysmal atrial fibrillation.
Identifying barriers in pharmaceutical care on time is crucial to improving clinical pharmacist training programs. Chen et al. developed and validated an instrument to measure pharmaceutical care barriers in Chinese hospitals, providing administrators and policymakers with a reliable tool to guide improvements in the pharmaceutical care system. Robberechts et al. created a quality assessment instrument for type 3 medication reviews, consisting of eight domains, using an electronic questionnaire distributed to pharmacists, pharmacy academics, pharmacists trained in medication review, and pharmacy students. They highlighted eight critical statements as essential, such as employing understandable language in patient conversations. Jairoun et al. assessed the pharmaceutical care status of community pharmacists for cardiovascular disease patients in the United Arab Emirates using a structured questionnaire in a cross-sectional study. They found that community pharmacists actively contribute to managing and preventing cardiovascular diseases. They recommend that pharmacists in the United Arab Emirates improve their participation in other healthcare services, such as monitoring treatment responses, reviewing medication refill histories, and providing medication counselling.
The application of information technology tools can enhance medication guidance. Liu et al. developed a WeChat-based Internet pharmacy service platform named Xiang Medicine Guidance, designed to offer medication guidance, reminders, and consultation services. They discovered that this platform significantly improved medication adherence and allowed patients to better manage their medications.
FUTURE PERSPECTIVES
As expected, we have enjoyed widespread participation from clinical pharmacists worldwide in this Research Topic. We acknowledge that many new perspectives and practices are urgently needed to advance the field of clinical pharmacy. This initiative aims to facilitate improved communication and learning among clinical pharmacists globally. We eagerly anticipate further engagement with our international colleagues in the second season of this particular Research Topic in the future.
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Background: Nirmatrelvir/ritonavir has demonstrated effectiveness in high-risk patients with coronavirus disease 2019 (COVID-19). However, investigations on the efficacy and safety of nirmatrelvir/ritonavir in patients with kidney dysfunction are limited.
Methods: Data were collected from the patients admitted to a COVID-19 referral center in Shanghai, China. Patients were at least 18 years of age and had a baseline estimated glomerular filtration rate (eGFR) of <60 ml/min/1·73 m2. The primary endpoint was a composite of all-cause mortality, intensive care unit admission, or cardiovascular events. The secondary endpoint was viral shedding.
Results: Among the 195 participants, 73 received nirmatrelvir/ritonavir. A lower risk of the primary endpoint was observed in nirmatrelvir/ritonavir recipients compared with non-recipients [adjusted HR 0.56 (95% CI: 0.32–0.96); p = 0.035]. Nirmatrelvir/ritonavir recipients experienced a shorter duration of viral shedding [adjusted HR 3·70 (95%CI: 2.60–5.28); p < 0.001) and faster viral load clearance versus non-recipients. Among the nirmatrelvir/ritonavir users, earlier initiation of nirmatrelvir/ritonavir within 5 days since COVID-19 diagnosis was related with shorter viral shedding time (adjusted HR 7.84 [95% CI: 3.28–18.76]; p < 0.001) compared to late initiation. No patients reported serious adverse events during treatment.
Conclusion: Our findings support the early initiation of nirmatrelvir/ritonavir for high-risk patients with impaired kidney function. This could improve patient outcomes and shorten the viral shedding period.
Keywords: nirmatrelvir/ritonavir, COVID-19, SARS-CoV-2, omicron, outcomes, impaired kidney function
1 INTRODUCTION
Coronavirus disease 2019 (COVID-19), originated from severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has become a global pandemic (Hu et al., 2021). SARS-CoV-2 variants have also emerged within the last few years. At present, the Omicron variant is the predominant strain (Graham, 2021; Fan et al., 2022; Gao et al., 2022). Data suggests that the Omicron variant is less virulent than the preceding ones (Christensen et al., 2022). However, the vulnerable individuals, such as the elderly and those with comorbidities, have worse outcomes than the general population (Kim et al., 2021; Zhang et al., 2022a; Lu et al., 2022). The Omicron variant evades the present neutralizing antibodies and increases the risk of vaccine breakthrough associated with the mutation ability of the spike protein (Christensen et al., 2022; Dejnirattisai et al., 2022). The immune escape character of the Omicron variant may challenge the development of new medications and vaccines. In addition, studies show that individuals with coexisting kidney dysfunction are vulnerable to more severe COVID-19-related illnesses and poorer prognosis than those with normal kidney function. Patients with concomitant kidney dysfunction are among the vulnerable population requiring specific care and management (Ozturk et al., 2020; Carlson et al., 2021; Flythe et al., 2021; Russo et al., 2021).
The new antiviral candidate, Paxlovid (nirmatrelvir/ritonavir, a SARS-CoV-2 protease inhibitor), is emergently authorized for the treatment of patients with COVID-19 (Food and Drug Administration, 2021). Ritonavir acts as a CYP3A4 inhibitor enhancing the bioavailability of nirmatrelvir. Results from the Evaluation of Protease Inhibition for COVID-19 in High-Risk Patients (EPIC-HR) study in unvaccinated individuals demonstrate the effectiveness of nirmatrelvir/ritonavir to reduce the risk of death or hospitalization by 89%, when compared with a placebo (Mahase, 2021; Hammond et al., 2022). The efficacy of SARS-CoV-2 medications probably change along with the evolution of new virus variants. Nirmatrelvir/ritonavir targets Mpro, which is the essential protein of SARS-CoV-2. Given the well-conserved characteristics of the Mpro active site, an Mpro inhibitor may be able to maintain anti-viral activity against potentially immune-evasive SARS-CoV-2 variants (Owen et al., 2021; Qiao et al., 2021). In the EPIC-HR trial, adverse events that required emergency management were comparable between nirmatrelvir/ritonavir (19%) and placebo (21%), most of which were mild in intensity (Hammond et al., 2022). Certain medications ought to be prescribed with caution or avoided in patients with an impaired kidney function. To date, nirmatrelvir/ritonavir is not yet recommended in patients with severely impaired kidney function as there is insufficient evidence for nirmatrelvir/ritonavir application in this patient population (Fact Sheet for Healthcare Providers, 2022).
It is worth noting that, after genomic analysis of the emergent viruses in Shanghai, China, in March 2022, the new infection cases were revealed to be caused by viruses belong to the Omicron BA.2.2 sub-lineages (Zhang et al., 2022b). Data has demonstrated that nirmatrelvir/ritonavir is effective against the Delta and Omicron variants. However, data are limited concerning nirmatrelvir/ritonavir’s effectiveness on subsequent Omicron sub-lineages. To address these knowledge gaps mentioned above, we examined the efficacy and safety of nirmatrelvir/ritonavir therapy in patients with Omicron variant infections and impaired kidney function.
2 PATIENTS AND METHODS
2.1 Study subjects
City-wide management and control were implemented in Shanghai during the Omicron surge since March 2022. Daily screening for SARS-CoV-2 infection was performed and individuals who were confirmed with positive real-time polymerase chain reaction (RT-PCR) findings of SARS-CoV-2 were then transferred to COVID-19 referral centers for further treatment (Zhang et al., 2022b). We conducted a retrospective cohort study in one of the COVID-19 referral centers, from 1 April to 30 June 2022. Patients were included if they were 18 years or older, with a baseline estimated glomerular filtration rate (eGFR) of <60 ml/min/1·73 m2, including maintenance hemodialysis patients (Levey et al., 2009). We excluded patients with systematic antiviral medication use either before or during admission. Follow-up ended at the time points: patient death, the occurrence of endpoints, or the end of the study, whichever came first. The study was carried out in accordance with Declaration of Helsinki and approved by the institution ethics committee (KY 2022-159-B). The requirement of informed consent was remitted due to the retrospective study design.
2.2 Data collection
The COVID-19 registry of the referral center was established during the Omicron surge. Patient information was recorded carefully and verified by specific data administrators. Our research data were extracted from the registry, including demographic and clinical information, such as age, sex, laboratory findings, coexisting chronic diseases, medications, and clinical outcomes. COVID-19 related data included symptoms, clinical presentation, nirmatrelvir/ritonavir therapy, and the duration of viral shedding. We found no missing of key variables after examination of the retrieved research data.
2.3 Exposure
Patients who received nirmatrelvir/ritonavir therapy during hospitalization were defined as having treatment exposure. Prescription and dose adjustment of nirmatrelvir/ritonavir was on the basis of the medication instructions and pharmacist consultation as there was limited data in patients with severely impaired kidney function. Eligibility for the administration of nirmatrelvir/ritonavir considered contraindications and drug-drug interactions, which were described in the medication instructions (Fact Sheet for Healthcare Providers, 2022). According to the treatment recommendations, nirmatrelvir/ritonavir was administered as 150 mg of nirmatrelvir with 100 mg of ritonavir, twice daily for 5 days for those with an eGFR of 30 to <60 ml/min/1·73 m2. For patients with advanced stage kidney dysfunction of eGFR <30 ml/min/1·73 m2 not receiving maintenance hemodialysis, we cautiously applied the dosage as 150 mg of nirmatrelvir with 100 mg of ritonavir, once daily for 5 days, given the unavailability of data on nirmatrelvir/ritonavir use in this patient population. All the recruited maintenance hemodialysis patients received routine dialysis treatment thrice a week (4 h per session). Blood flow rate was 220–280 ml/min, and dialysate flow rate was 500 ml/min. The mean Kt/V (dialysis adequacy) was 1·67. These patients received a dosage of 150 mg of nirmatrelvir with 100 mg of ritonavir, once daily for 5 days (after the dialysis session if on the dialysis day). All of the patients receiving nirmatrelvir/ritonavir were informed prior to the trial and provided their relevant informed consent. The protocol was additionally approved by the medical service department of the hospital.
2.4 Outcomes
The primary endpoint was a composite of all-cause mortality, intensive care unit (ICU) admission, or cardiovascular events. The secondary endpoint was viral nucleic acid shedding, which was defined according to the National guidelines (National Health Commission of the People’s Republic of China, 2022), including: 1) Cycle threshold (Ct) value of 35 or higher in both ORF1ab and N genes on RT-PCR assay for SARS-CoV-2; 2) two consecutive negative nucleic acid results of at least 24 h apart. The index date of nirmatrelvir/ritonavir recipients corresponded to the day the recipient initiated the nirmatrelvir/ritonavir treatment, while the index date corresponded to the day of confirmed diagnosis of SARS-CoV-2 infection for non-nirmatrelvir/ritonavir recipients. When analyzing the viral shedding time in the subgroup of patients who received nirmatrelvir/ritonavir treatment, the index date corresponded to the day of confirmed diagnosis of SARS-CoV-2 infection. The duration of viral shedding was defined as the time interval from the respective index date to the time point of viral shedding.
2.5 Safety analysis
We considered the safety endpoint as the adverse events after nirmatrelvir/ritonavir uptake. We compared the results of several essential clinical parameters at baseline and 10 days after nirmatrelvir/ritonavir initiation and collected the adverse events, serious adverse events, and withdrawal of nirmatrelvir/ritonavir treatment due to adverse events. Safety information were collected from nirmatrelvir/ritonavir initiation to the end of the study or patient death.
2.6 Statistical analysis
Continuous variables were presented as median (interquartile range) or mean (Standard Deviation) and compared with Mann-Whitney U test or t-test. Categorical variables were presented as numbers (%) and compared by χ2 test. Kaplan-Meier analysis with a log-rank test and multivariate Cox proportional-hazards regression model were used to estimate the association between nirmatrelvir/ritonavir treatment and the outcomes. Nirmatrelvir/ritonavir therapy was treated as a time-dependent variable in the survival analyses, allowing subjects to convert from one exposure group to another. SPSS software, version 26 (IBM Corp., Armonk, NY, United States) and R statistical software, version 3.5.0 (R Foundation) were used for statistical analyses. A two-sided p < 0·05 was considered statistically significant.
3 RESULTS
3.1 Characteristics of the patients at baseline
A total of 3,310 patients were admitted with SARS-CoV-2 infection during the study period, 195 of whom met the eligibility criteria. The evaluation process for eligibility is described in Supplementary Figure S1. Among all the patients enrolled, the median age was 74.0 years and 109 (55.9%) participants were male. The participants were divided according to the baseline eGFR level. Among these participants, 73 (37.4%) received nirmatrelvir/ritonavir therapy at a median age of 77·0 years. Among these recipients, 45 (48.4%) had an eGFR of 30–59 ml/min/1·73 m2, nine (22·5%) had an eGFR<30 ml/min/1·73 m2 and were not receiving dialysis, and 19 (30.6%) were receiving maintenance hemodialysis. The most common concomitant comorbidities were hypertension and cardiovascular disease. 132 (67·7%) patients had two or more coexisting conditions (Table 1).
TABLE 1 | Baseline characteristics of patients with SARS-CoV-2 infection and impaired kidney function, according to eGFR group.
[image: Table 1]3.2 Associations of nirmatrelvir/ritonavir uptake and outcomes
We compared the clinical characteristics between the nirmatrelvir/ritonavir recipients and non-recipients (Table 2). No significant differences were found between the two groups concerning age, sex, and most of the baseline laboratory results. All the patients who received nirmatrelvir/ritonavir therapy had more comorbidities than those who did not receive nirmatrelvir/ritonavir. Medication use was generally comparable between the two groups, except for higher rate of use of renin angiotensin aldosterone system inhibitor (RAASi), lipid-lowering agents, and antiplatelet or anticoagulation agents in nirmatrelvir/ritonavir recipients. The proportion of patients who reached the combined primary endpoint of all-cause mortality, ICU admission, or cardiovascular events was lower in nirmatrelvir/ritonavir recipients than in controls [20 (27.4%) versus 57 (46.7%), p = 0.008] (Table 2). A lower risk of the combined primary endpoint was observed in nirmatrelvir/ritonavir recipients compared with non-nirmatrelvir/ritonavir recipients [adjusted HR 0.56 (95% CI: 0.33–0.95); p = 0.032] (Table 3). Patients who received nirmatrelvir/ritonavir therapy experienced a shorter duration of viral shedding [5.00 days [3.00, 10.00] vs. 13.00 days (10.00, 17.00), p < 0.001], shorter length of hospital stay [16.00 days (11.00, 22.00) vs. 17.50 days [14.00, 23.00], p = 0·026], and faster viral load clearance versus patients who did not receive nirmatrelvir/ritonavir (Table 2; Figures 1, 2). Further, Cox regression analysis showed that nirmatrelvir/ritonavir therapy was associated with shorter viral shedding time [adjusted HR 4.57 (95% CI: 2.86–7.30); p < 0·001] (Table 3).
TABLE 2 | Characteristics of patients with SARS-CoV-2 infection and impaired kidney function with or without Nirmatrelvir/ritonavir therapy.
[image: Table 2]TABLE 3 | Outcomes for patients with SARS-CoV-2 infection and impaired kidney function with and without Nirmatrelvir/ritonavir therapy.
[image: Table 3][image: Figure 1]FIGURE 1 | Kaplan-Meier analyses of time to the combined primary endpoint and the secondary endpoint in patients with SARS-CoV-2 infection and impaired kidney function with or without nirmatrelvir/ritonavir therapy. The Kaplan-Meier estimate of the duration from the respective index date to the combined primary endpoint and the secondary endpoint. The index date corresponded to the day of nirmatrelvir/ritonavir initiation for patients who received nirmatrelvir/ritonavir therapy, while for patients who did not receive nirmatrelvir/ritonavir, index date corresponded to the day of diagnosis of SARS-CoV-2 infection.
[image: Figure 2]FIGURE 2 | Changes of ORF1ab gene cycle threshold values in patients with SARS-CoV-2 infection and impaired kidney function with or without nirmatrelvir/ritonavir therapy. Data are mean (standard error of mean). ***p < 0.001; **p < 0.01; *p < 0.05.
3.3 Associations of the timing of nirmatrelvir/ritonavir initiation and outcomes
We divided the nirmatrelvir/ritonavir recipients according to the timing of nirmatrelvir/ritonavir initiation. No significant difference was observed in the proportion of patients who reached the combined primary endpoint in nirmatrelvir/ritonavir recipients and controls [9 (25.0%) versus 11 (29·7%), p = 0.65] (Supplementary Table S1). Nirmatrelvir/ritonavir prescription within 5 days of diagnosis resulted in a shorter duration of viral shedding [8.50 days (5.50, 11.50) vs. 17.00 days (13.00, 22.00), p < 0.001], higher viral shedding rate within 10 and 14 days (69.4% vs. 13.5%, p < 0.001 and 94.4% vs. 32.4%, p < 0.001, respectively), shorter length of hospital stay [14.00 days (10.00, 20.50) vs. 19.00 days (15.00, 26.00), p = 0.003], and faster viral load clearance (Supplementary Table S1; Supplementary Figures S2–S4). Cox regression analysis showed that earlier initiation of nirmatrelvir/ritonavir within 5 days since the diagnosis of SARS-CoV-2 infection was associated with shorter viral shedding time compared to late initiation [adjusted HR 7.84 (95% CI: 3.28–18.76); p < 0.001] (Supplementary Table S2). In addition, the timing of nirmatrelvir/ritonavir initiation and length of hospital stay had a linear correlation (p < 0.001) (Supplementary Figure S5).
3.4 Safety information
We compared the leucocyte, platelet, alanine transaminase, aspartate transaminase, total bilirubin, and eGFR levels at baseline and 10 days after nirmatrelvir/ritonavir initiation (Supplementary Figure S6). A total of five (6.8%) adverse events were reported among the nirmatrelvir/ritonavir recipients, including one mild liver dysfunction with elevated alanine transaminase and aspartate transaminase, one acute kidney injury, two patients experiencing vomiting, and one patient having transient dysgeusia. All of them were resolved without further intervention. Significant difference was seen between the platelet levels at baseline and 10 days after nirmatrelvir/ritonavir initiation, while they were all stable or varying within the normal range. Seven patients died during hospitalization. The time of death was all beyond 14 days after the end of the nirmatrelvir/ritonavir course. Medical group’s discussions on death cases considered that the deaths were most probably due to the progression of their underlying comorbidities (one diabetic ketosis, one cerebral hemorrhage, one malignancy dyscrasia, two acute on chronic heart failure, and two severe bacteria pneumonia cases). Overall, no patient reported serious adverse events that called for the suspension of nirmatrelvir/ritonavir therapy.
4 DISCUSSION
We have shown that treatment with nirmatrelvir/ritonavir for high-risk patients with impaired kidney function was related with a lower risk of the composite of all-cause mortality, ICU admission, or cardiovascular events, as well as markedly reduced duration of viral shedding, a quick reduction in viral load, and a shorter length of hospital stay. Earlier initiation of nirmatrelvir/ritonavir within 5 days of SARS-CoV-2 infection diagnosis yielded further efficacy in reducing viral shedding time compared with late initiation. No serious adverse events were reported among nirmatrelvir/ritonavir recipients.
It was worth noting that this investigation was carried out in Shanghai, China while Omicron BA.2.2 was the dominant variant and demonstrated the efficacy of nirmatrelvir/ritonavir in treating the infection by Omicron sub-lineage. Previous data demonstrated that Omicron variant tended to result in more infections while less serious cases. However, repeated outbreaks of the pandemic and the large population base of the vulnerable individuals brought the medical system overwhelmed (Carlson et al., 2021; Zhang et al., 2022a; Gao et al., 2022; Lu et al., 2022). Preventing poor outcomes and decreasing the course of the disease with nirmatrelvir/ritonavir therapy could be an optimal option to fight against COVID-19.
Both indication and intervention time are key factors for antiviral medication usage. To date, nirmatrelvir/ritonavir is recommended for non-hospitalized patients with a high risk of progressing to serious COVID-19 cases within 5 days since the occurence of symptoms and yielded satisfactory effectiveness. However, our real-world study focuses on its efficacy in hospitalized patients. Because under the local prescription medication regulation and city-wide management and control, patients did not have access to nirmatrelvir/ritonavir until they were transferred to a COVID-19 referral hospital. Thus a proportion of patients received nirmatrelvir/ritonavir beyond 5 days since the established diagnosis of SARS-CoV-2 infection. It should be noted that nirmatrelvir/ritonavir might be prescribed earlier in the EPIC-HR study than our real-world cohort. Nirmatrelvir/ritonavir was administered within 5 days since symptom onset in the EPIC-HR trial, whereas in our cohort, participants were enrolled up to 5 days since the laboratory confirmation of SARS-CoV-2 infection.
In comparison between the nirmatrelvir/ritonavir users and non-users, our study demonstrated the association of nirmatrelvir/ritonavir therapy with a lower risk of the composite of all-cause mortality, ICU admission, or cardiovascular events, and also a shortened duration of SARS-CoV-2 viral shedding in patients with impaired kidney function. The results are in consistent with the previous studies which has revealed positive role of nirmatrelvir/ritonavir therapy in treating patients with SARS-CoV-2 infection (Mahase, 2021; Owen et al., 2021; Arbel et al., 2022; Hammond et al., 2022). However, studies focusing on patients with impaired kidney function, particularly those with an eGFR <45 ml/min/1·73 m2 and maintenance hemodialysis patients, are still limited and covering small sample size (Lingscheid et al., 2022; Toussi et al., 2022). Previous studies reported the relationship of CKD with poor outcomes in COVID-19 (Ozturk et al., 2020; Carlson et al., 2021; Flythe et al., 2021; Russo et al., 2021). Notably, we included eGFR as a confounding variable in cox regression analysis, which suggested that the effectiveness of nirmatrelvir/ritonavir was regardless of the severity of kidney dysfunction.
Owing to the pandemic prevention and control measures and the prescription medication regulation of the government, 37 (50.7%) of the nirmatrelvir/ritonavir recipients in our cohort initiated the drug administration beyond 5 days since the diagnosis of SARS-CoV-2 infection. Moreover, These patients started nirmatrelvir/ritonavir intervention at a median 11.0 days since the diagnosis. The time interval from the diagnosis of SARS-CoV-2 infection to the initiation of nirmatrelvir/ritonavir therapy can affect the duration of viral elimination. Thus, we did further analysis to examine the associations of the timing of nirmatrelvir/ritonavir initiation and the patient outcomes. Our study demonstrated the association of earlier initiation of nirmatrelvir/ritonavir therapy within 5 days of SARS-CoV-2 infection diagnosis with a shortened viral shedding time compared with late nirmatrelvir/ritonavir initiation, regardless of the severity of kidney dysfunction. However, we did not find significant association of earlier initiation of nirmatrelvir/ritonavir with the combined primary outcomes, probably due to the retrospective study in nature and the small sample size.
Israel was among the first countries in the world to apply large-scale administration of new oral antiviral medications. Data revealed few and mild side effects resulted from the drug (Arbel et al., 2022). Among the reported adverse events, the most common ones were diarrhea and dysgeusia. Other adverse events included liver dysfunction, abnormal D-dimer levels, nausea, and headache, most of which were grade 1 or 2 and could resolve spontaneously in a short time. Few patients experienced serious adverse events, such as increased serum creatinine level and COVID-19 pneumonia. To date, particularly in patients with underlying comorbidities, safety information of the new oral antivirals in the clinical setting are still limited. The concomitant administration of nirmatrelvir/ritonavir and certain medications might cause potentially harmful drug interaction and increase the risk of adverse reactions (Fact Sheet for Healthcare Providers, 2022). For the safety concern, we consulted the pharmacist about the prescription and dose adjustment of nirmatrelvir/ritonavir in patients with severely impaired kidney function. In our cohort, five (6.8%) patients experienced mild grade adverse events. Seven patients died beyond 14 days after the end of the nirmatrelvir/ritonavir course and most probably due to the progression of their underlying comorbidities by the attending physician’s clinical judgement. It is worth noting that the mortality rate of the nirmatrelvir/ritonavir group was lower than the non-nirmatrelvir/ritonavir group (9.6% vs. 13.9%). Concerning the medication use in the cohort, we noticed a higher rate of usage of RAASi, lipid-lowering agents, and antiplatelet or anticoagulation agents in nirmatrelvir/ritonavir recipients. It is reported that angiotensin converting enzyme 2 serves as the target receptor of SARS-CoV-2 and RAASi may be associated with reduced mortality in COVID-19, however there are no consistent conclusions among different studies (Gnanenthiran et al., 2022; Wang et al., 2022). The patients who used lipid-lowering agents, and antiplatelet or anticoagulation agents were those who had concomitant hypertension, diabetes or cardiovascular disease. The patients took these drugs regularly and the medication use suggested the burden of comorbidities. Therefore, we included comorbidity number in the multivariate analysis to address the confounding effect of underlying diseases.
Our study is a preliminary investigation of the efficacy and safety of nirmatrelvir/ritonavir therapy in patients with impaired kidney function in the real world, aiming to provide evidence in this field. Recent data showed promising pharmaceutical application of nano materials in the management of COVID-19, including early detection of the infection and targeted delivery of antivirals (Nahhas and Webster, 2021; Zhu et al., 2021). We may expect that the new technique would play a role in enhancing antiviral drug efficacy and decreasing adverse reactions. Our study has several limitations. 1) This was a single center study. The results in our cohort only represent the specific patient population and do not extend to all the patients infected with Omicron in the world. 2) We applied viral shedding duration in the assessment of the efficacy of nirmatrelvir/ritonavir therapy, while not every patient received the diagnosis on the first day of infection. 3) As this was a retrospective study, various confounding variables might create bias in the results. We have attempted to adjust several important variables including comorbidities, yet we could not exclude all potential interference factors. 4) The safety analysis of nirmatrelvir/ritonavir therapy in our study was preliminary. Owing to the retrospective and non-controlled design, we were not able to analyze the safety information concisely. 5) It is necessary to design randomized controlled trial and prospective experiment and establish long-term observation to clarify the exact effectiveness, pharmacokinetics, and safety of nirmatrelvir/ritonavir application in patients with severely impaired kidney function. 6) Our sample size was small. Further investigations are needed to examine larger groups of patients.
5 CONCLUSION
In summary, our findings supported the early initiation of nirmatrelvir/ritonavir therapy for high-risk patients with impaired kidney function. This could facilitate improved patient outcomes, faster viral shedding, shorter length of hospital stay, and reduced need for medical resources. No evident safety concerns were noted in our cohort during hospitalization. However, large and long-term follow-up data are needed for verification.
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Background: Medication therapy management (MTM) services is a method that can effectively improve patients’ conditions, but the efficacy of economic and humanistic outcomes remain unclear. This systematic review and meta-analysis aim to use economic, clinical and humanistic outcomes to evaluate the multi-benefits of MTM services.
Method: A systematic review and meta-analysis was conducted by retrieving PubMed, EMBASE, the Cochrane Library and ClinicalTrial.gov from the inception to April 2022. There were two reviewers screening the records, extracting the data, and assessing the quality of studies independently.
Results: A total of 81 studies with 60,753 participants were included. MTM services were more effective in clinical outcomes with decreasing the rate of readmission (OR: 0.78; 95% CI: 0.73 to 0.83; I2 = 56%), emergency department visit (OR: 0.88; 95% CI: 0.81 to 0.96; I2 = 32%), adverse drug events (All-cause: OR: 0.68; 95% CI: 0.56 to 0.84; I2 = 61%; SAE: OR: 0.51; 95% CI: 0.33 to 0.79; I2 = 35%) and drug-related problems (MD: −1.37; 95% CI: −2.24 to −0.5; I2 = 95%), reducing the length of stay in hospital (MD: −0.74; 95% CI: −1.37 to −0.13; I2 = 70%), while the economic and humanistic outcomes were less effective.
Conclusion: Our systematic review and meta-analysis demonstrated that MTM services had great ability to improve patients’ clinical conditions while the efficacy of economic and humanistic outcomes, with some of the outcomes showing high degree of heterogeneity and possible publication bias, required more future studies to provide stronger evidence.
Systematic Review Registration: [https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=349050], identifier [CRD42022349050].
Keywords: medication therapy management, economic, clinical, humanistic, systematic review
1 INTRODUCTION
Medication therapy management (MTM) services encompass multiple medical services delivered by pharmacists. Since the concept of MTM was first proposed in the 1990s (Hepler and Strand, 1990), this novel and integrated strategy to improve patients’ quality of life attracted widespread attention. The MTM services were strongly supported by the US government to facilitate the development of an integrated healthcare system—known as Fairview Health Services, which helped millions of patients over the years (Burns, 2008). A meta-analysis in 2014 concluded that MTM services helped patients to reduce drug-related problems, decrease healthcare utilities, and cut down the cost of healthcare, while the evidence supporting the improvement in health outcomes was insufficient (Viswanathan et al., 2015). This meta-analysis investigated the efficacy of MTM services. The results indicated that the development of MTM services was hindered by the lack of strong evidence and suggested the need for comprehensive and rigorous studies in the future.
Economic, Clinical and Humanistic Outcomes (ECHO) is a model used to provide an omnidirectional view of medications and medical interventions (Reeder, 1995). It depicts the importance of pharmaceutical services combined with traditional clinical outcomes based on more contemporary measures of economic efficiency and quality (Kozma et al., 1993). According to the model, economic, clinical and humanistic outcomes are used to comprehensively analyze the efficacy of medical intervention. Although several studies comprehensively evaluated patient’s burden and medical interventions using the ECHO model, such as refill adherence measures and STOPP/START criteria (Reeder et al., 2000; Jeremy et al., 2011; Hill-Taylor et al., 2013; Zhao et al., 2019; Chua et al., 2020), few studies evaluated the efficacy of MTM services with full ECHO model. Despite descriptive studies demonstrating that MTM services improved patients’ clinical conditions, quality of life and potentially reduced healthcare disparities (Bunting and Cranor, 2006; Shrestha et al., 2022), studies analyzed the three parts of ECHO model in one assessment was little (Singhal et al., 1999; Cheng et al., 2013; Johnson et al., 2018). The incompleteness of the analysis may result in superficial conclusions and less precise outcomes.
Leveraging the ECHO model, our meta-analysis divided outcomes into economic, clinical and humanistic outcomes to evaluate the efficacy of MTM services. The goal of our study was to elucidate the benefits of MTM services and to provide robust evidence supporting the efficacy of MTM services.
2 METHODS
This systematic review and meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 2020 statement (Page et al., 2021). The study protocol (Deng et al., 2022) was registered on PROSPERO 2022 (Registered ID: CRD42022349050).
2.1 Database search
MTM services-related studies were retrieved systematically from several mainstream databases and websites (PubMed, The Cochrane Library, Embase and ClinicalTrial.gov) using comprehensive search strategies (Table 1). To ensure compatibility with the requirements of each database, one experienced researcher (WAH) reviewed and refined the search terms. The main key words used in search terms included: “medication therapy management,” “MTM,” “medication reconciliation” and “drug therapy management”. Two researchers (PSS and CJ) conducted the search independently. The final search was conducted on 16 April 2022.
TABLE 1 | Search terms for databases.
[image: Table 1]2.2 Inclusion and exclusion criteria
Studies included met the following criteria:
1) Predesigned of studies including RCTs and non-randomized studies.
2) Participants: Adults requiring MTM services.
3) Interventions: Containing MTM services administered by pharmacists.
4) Outcomes: At least one of the outcomes we interested in should be reported in the study, including clinical, economic, and humanistic outcomes.
Studies with following criteria were excluded:
1) Studies without control group.
2) Studies published in languages other than English.
3) Animal experiments.
4) Pilot studies and feasibility studies.
5) Studies comparing the efficacy between different MTM interventions.
2.3 Definition of outcomes
Basing on the definition from ECHO model for the clinical, economic and humanistic outcomes (Cheng et al., 2013; Shrestha et al., 2022; Gunter., 2023), the definition of outcomes included in our study was confirmed.
Clinical outcomes: Clinical outcomes were defined as medical events that occurred as a result of MTM services, including rate of readmission, emergency department visit, mortality, adverse drug events (including all-cause and serious adverse events), and so on.
Economic outcomes: Based on the definitions of direct and indirect cost in ECHO model, we defined the economic outcomes as measures of medical resource utilization such as hospitalization and medication costs. Indirect costs, such as evaluations of reduced productivity and lost work days, could be assessed if adequate studies results included in.
Humanistic outcomes: Humanistic outcomes were defined as the consequences of disease or treatment on patient functional status or quality of life, including physical function, social function, general health and wellbeing, and life satisfaction. Consequently, our study included life quality scales and evaluations of adherence as part of our assessment of humanistic outcomes.
2.4 Definition of intervention and comparison
Intervention: To be eligible for inclusion criteria in our meta-analysis, studies needed to involve the administration of MTM services. To avoid omission of studies and based on the definition of MTM services, medication reconciliation and drug therapy management were also included.
Comparison: The control interventions consisted of usual care or other standard therapies depending on the participants’ diseases. These usual care and standard therapies did not involve any additional medication administration or other therapies when compared with the intervention arm.
2.5 Study selection and data extraction
Two researchers (DZJ and GL) independently assessed the studies with eligibility criteria. The data of all included studies were extracted according to a predesigned format by two independent researchers. Any deviation from this approach was resolved by consensus or consultation with a third expert. The following data were extracted: 1) basic information (title, first author, year of publication, type of study, and location of study); 2) study population (age, sample size, detailed description of participants, and diseases); 3) details of interventions and comparison; 4) outcomes and 5) the length of follow-up time.
2.6 Quality assessment
The risk of bias of RCTs and non-randomized studies was evaluated by two independent researchers using Risk of Bias 2 tool (Hastert and Denni, 2003; Sterne et al., 2019) and ROBINS-I tool (Sterne et al., 2016), as recommended by Cochrane Handbook for Systematic Reviews of Interventions (version 6.3) (Cochrane, 2022), respectively. Any disagreement was resolved by consensus or consultation with a third expert.
2.7 Statistical analysis
All the data were imported and analyzed by RevMan (ver. 5.4). Outcomes including 3 studies or above were synthesized as the results. We used odds ratios (ORs) and 95% confidence intervals (CIs) to measure dichotomous variables, and mean differences (MDs) with 95% CIs for continuous variables. To synthesize the results with different scales involving the same outcomes, such as EQ-5D-3L and 5L, SF-12 and 36, and potential huge variance of unit in the cost in different studies, standard mean differences (SMDs) were calculated as effect measures to eliminate possible discrepancies in different scales. All the outcomes were applied with random-effects model. Heterogeneity was calculated using Chi-squared and I2. Results with an I2 value greater than 50% were deemed to have a high potential for heterogeneity.
Subgroup analysis was performed to detect the sources of heterogeneity. Type of studies (RCTs/No-randomized studies), district of studies (US/Non-US), and type of diseases (chronic disease/non-chronic disease/undefined) were predetermined as subgroups to analyze the outcomes. Additionally, the robustness of results was evaluated via sensitivity analysis—using the method that eliminated one study in the outcome at a time to synthesize the results of remaining studies. Publication bias was assessed via funnel plots and Egger’s test using RevMan (ver. 5.4) and STATA (ver. 16), respectively.
3 RESULTS
3.1 Study selection
A PRISMA flow diagram was used to illustrate our process in study selection (Figure 1). A total of 2,550 records were identified in our initial search with comprehensive search strategies (Table 1). Finally, our quantitative analysis encompassed 81 studies, consisting of 66 RCTs and 15 non-randomized studies (included 10 NRCTs and 5 cohort studies). These studies were conducted across various countries and covered a range of diseases.
[image: Figure 1]FIGURE 1 | PRISMA flow diagram.
3.2 Study characteristics
According to the baseline table, 81 studies involved a total of 60,753 participants, with 29,587 in the intervention group and 31,166 in the control group. Aside from 30 studies conducted in the US, the remaining studies were conducted across various countries such as China, Japan, Australia, and England. In summary, 25 studies were conducted in Europe, 13 in the Aisa and 13 in other locations. This distribution of location roughly showed an overview of development of MTM services in the world, which means the US and Europe was advanced to other countries. Regarding research type, 66 studies were designed as RCT, 15 as non-randomized studies (including 10 NRCTs and 5 cohort studies). Furthermore, among the included studies, 16 studies distinctly focused on patients with chronic diseases, 5 studies included non-chronic disease patients, and 30 studies included patients with no specific definition of diseases. These findings highlight the need to pay more attention to non-chronic diseases and emphasize that MTM services could benefit various kinds of patients, not only those with chronic diseases. Besides, the follow-up time of these studies varied from 30 to 780 days, indicating that MTM services could cover both short-term and long-term care. A baseline table was formulated for the detail characteristics of included studies (Supplementary Table S1).
The evaluation of risks of bias showed that RCTs had lower risks of bias than non-randomized studies (Figures 2, 3). In RCT studies, the most critical factor leading to bias was randomization process with 28 studies having some concern and 7 having high risk in this domain. In the results of ROBINS-I, confounding had a higher risk of bias than other domains, indicating that many of the included non-randomized studies had less control over confounding factors.
[image: Figure 2]FIGURE 2 | Summaries of risk of bias assessment. (A) Risk of Bias 2; (B) ROBINS-I.
[image: Figure 3]FIGURE 3 | Details of risk of bias assessment. (A) Risk of Bias 2; (B) ROBINS-I.
3.3 Clinical outcomes
Seven clinical outcomes were analyzed including: rate of readmission, emergency department (ED) visit, mortality, adverse drug event (ADE) which included all-cause ADE and serious adverse event (SAE), the length of stay (LoS) in hospital, drug-related problems (DRPs) and medication appropriateness index (MAI) (Figure 4). Most outcomes demonstrated significant improvement in patient condition with MTM services, though some of them showed high degree of heterogeneity (Figure 2). MTM services effectively reduced the rate of readmission (OR: 0.77; 95% CI: 0.73 to 0.82; I2 = 55%), ED visit (OR: 0.88; 95% CI: 0.81 to 0.96; I2 = 32%), ADE (All-cause: OR: 0.68; 95% CI: 0.56 to 0.84; I2 = 61%; SAE: OR: 0.51; 95% CI: 0.33 to 0.79; I2 = 35%), the number of DRPs (MD: −1.37; 95% CI: −2.24 to −0.5; I2 = 95%) and MAI (MD: −2.11; 95% CI: −3.74 to −0.48; I2 = 98%). Also, the LoS in hospital was significantly shortened (MD: −0.74; 95% CI: −1.37 to −0.13; I2 = 70%). However, the mortality rate (OR: 0.91; 95% CI: 0.83 to 1.01; I2 = 1%) was not affected by MTM services. The subgroup analysis showed that the disease type was associated with a high possibility of high heterogeneity. For example, based on the results of readmission, three groups of diseases showed huge heterogeneity (chronic disease: OR: 0.82; 95% CI: 0.72 to 0.93; I2 = 70%; non-chronic disease: OR: 0.96; 95% CI: 0.69 to 1.34; I2 = 0%; undefined: OR: 0.75; 95% CI: 0.7 to 0.81; I2 = 41%). All the results of subgroup analysis are presented in Supplementary Figures S16–S39.
[image: Figure 4]FIGURE 4 | Results of clinical outcomes. (A) Readmission; (B) ED visit; (C) Mortality; (D) All cause ADE; (E) SAE; (F) LoS; (G) DRPs; (H) MAI; (I) Summary of clinical outcomes.
3.4 Economic outcomes
Our results showed that the total cost (SMD: −0.1; 95% CI: −0.3 to 0.09; I2 = 87%) and the cost of hospitalization (SMD: −0.01; 95% CI: −0.25 to 0.22; I2 = 91%) were not reduced, while the medication cost was significantly decreased (SMD: −0.19; 95% CI: −0.37 to −0.01; I2 = 90%) (Figure 5). District of study was inferred as a high possibility source of heterogeneity in medication cost. (US: SMD: −0.37; 95% CI: −0.74 to 0.00; I2 = 92%; Non-US: SMD: 0.00; 95% CI: −0.14 to 0.15; I2 = 69%). The results of subgroup analysis are presented in the Supplementary Figures S40–S48.
[image: Figure 5]FIGURE 5 | Results of economic outcomes. (A) Total cost; (B) Medication cost; (C) Cost of hospitalization (D) Summary of economic outcomes.
3.5 Humanistic outcomes
Humanistic outcomes included quality of life and patient’s adherence (Figure 6). The subgroup analysis is presented in the Supplementary Figures S49–S60.
[image: Figure 6]FIGURE 6 | Results of humanistic outcomes. (A) EQ-5D; (B) SF-Physical outcomes; (C) SF-Mental outcomes; (D) Adherence; (E) Summary of humanistic outcomes.
The quality of life was measured using EQ-5D (3L and 5L) and SF (12D and 36D) scales. The patient’s quality of life based on EQ-5D was not increased by MTM services (SMD: 0.15; 95% CI: −0.01 to 0.31; I2 = 69%). The SF scale evaluated the quality of life based on physical and mental outcomes. Notably, MTM services effectively improved physical outcomes (SMD: 0.26; 95% CI: 0.03 to 0.5; I2 = 88%), while negligible effect was observed in mental outcomes (SMD: 0.05; 95% CI: −0.02 to 0.12; I2 = 43%).
In the analysis of patient’s adherence, the proportion of days covered of medication and the MMAS8 scale were both used as the method to evaluate patient’s adherence in medication administration. The results showed that MTM services had no effect on promoting adherence during the therapy (SMD: 0.47; 95% CI: −0.01 to 0.95; I2 = 96%).
3.6 Publication bias and sensitivity analysis
Publication bias was assessed by funnel plots and Egger’s test respectively. And according to the Egger’s test, ED visit and medication cost may have the potential of publication bias. Funnel plots were presented in Supplementary Figures S61-S75 and results of Egger’s test were in Supplementary Table S2.
The results of sensitivity analysis indicated that some outcomes, such as mortality, adherence, MAI, medication cost and cost of hospitalization, might have problems of robustness of results. For example, in results of cost of hospitalization, the elimination of Cowper et al.’s (Cowper et al., 1998) study changed the result from negative to positive. However, this change might be attributed to the old year of study. All the results of sensitivity analysis are presented in the Supplementary Figures S76–S90.
4 DISCUSSION
Our meta-analysis evaluated the impact of MTM services with ECHO model on multiple outcomes in one assessment. The pooled analysis of 81 studies demonstrated the significant clinical efficacy of MTM services. However, due to limited study numbers and high degree of heterogeneity brought by methodological variations in measuring the economic and humanistic outcomes, the efficacy in economic and humanistic outcomes requires further investigation through additional studies.
4.1 Clinical outcomes
Collectively, our meta-analysis demonstrated that MTM services were effective in improving clinical outcomes by decreasing the risks of readmission, ED visit after discharge, lowering the rate of ADE, the numbers of DRPs, shortening the LoS in the hospital and lowering the score of MAI. These results of clinical outcomes were consistent with the results of previous meta-analysis in 2014 (Viswanathan et al., 2015). Other studies also confirmed the clinical efficacy of MTM services, like reducing return visits to emergency department (Hayes et al., 2012) and improving short-term outcomes of patients with diabetes and cardiovascular conditions (Babar et al., 2018). Further, data from Minnesota’s Fairview Health System revealed that about 85% of patients had at least 1 DRP, while the health conditions of 55% of patients improved after receiving comprehensive medication management (McFarland et al., 2021). Despite the remarkable efficacy of MTM services in improving patients’ near-term conditions, the effectiveness of MTM services at usance, as the result of mortality in our meta-analysis showed, was not significant. Some of RCTs and reviews attributed the unsignificant results of reducing the rate of mortality to the inadequate follow-up time (Christensen and Lundh, 2016; Lea et al., 2020) while our meta-analysis, which was larger than previous studies, included more studies with a follow-up time greater than 1 year, yielded the same non-significant results. The primary objective of MTM services was to facilitate patients’ self-managing their health conditions, rather than directly curing the disease and extending their lifetime expectancy. Consequently, the MTM services were more effective in improving patients’ near-term conditions, with limited long-term effects beyond a year.
4.2 Economic outcomes
In terms of economic outcomes, the MTM services reduced the need for additional medication, thereby decreasing the medication cost directly. The intervention reduced ADEs, facilitated adherence to evidence-based guidelines, timely implemented medication therapies, and increased the use of cost-effective drug therapies (Morgan et al., 2018). MTM services significantly reduced the rates of readmission and ED visits, which benefit-cost ratio of MTM services was reported that ranged from 2.1:1 to 2.6:1 by another review (Moczygemba et al., 2019). A prospective study demonstrated that MTM services contributed to a 57.9% reduction in facility costs and an 11.1% reduction in professional claims, despite a 19.7% increase in prescription drug expenditures (Isetts et al., 2008). Though many same conclusions were reported to demonstrate the efficacy of saving partial cost by MTM services (Campbell et al., 2018; Ni et al., 2018; Chung et al., 2020; Bezerra et al., 2022), several other costs apart from the medication cost might be increased by delivering MTM services, which diluted the efficacy in reducing total cost.
4.3 Humanistic outcomes
The results of humanistic outcomes showed that MTM services were more effective in improving physical outcomes like SF in the physical outcome compared with mental results, such as adherence and SF in the mental outcome. This result indicated that MTM services focused more on the patients’ physical condition and less on the mental condition. Numerous studies had reported similar results, suggesting the need for further research with greater methodological rigor to obtain evidence supporting mental health (Finley et al., 2003; Rubio-Valera et al., 2014; Hattingh et al., 2016; Silva et al., 2018). In contrast to a Cochrane review assessing multiple pharmaceutical interventions in elders and reporting little or slight effects on improving patients’ adherence, appropriateness of polypharmacy and quality of life (Rankin et al., 2018), our meta-analysis demonstrated some efficacy of MTM services in humanistic outcomes. While this Cochrane review focused on elders receiving polypharmacy, our meta-analysis was not restricted to a specific population, which enhances the generalizability of our results. Besides, as a general instrument involving the general population (Rabin and de Charro, 2001), EQ-5D might result in a less precise evaluation of a patient’s condition with a specific disease. A combination of this general instrument and disease-specific scales, such as the global registry of acute coronary events (GRACE) risk score, would be more beneficial for a comprehensive analysis. These considerations highlight the necessity for improved measures to evaluate patients’ quality of life. In adherence outcomes, due to differences in the definition of “adherent” and the lack of diagnostic gold standard, the rate of adherence in a patient with chronic conditions was reported to range between 43% and 78% (Osterberg and Blaschke, 2005) as a result. However, patients receiving multiple pharmaceutical care have a higher rate of adherence, reported to be approximately 72% (DiMatteo, 2004). Thus, despite the results of negative adherence and high levels of heterogeneity in our meta-analysis, the efficacy of MTM services for improving patients’ adherence was undeniable.
4.4 Prospects and limitations
Our meta-analysis also provided the idea that more studies need to focus on economic and humanistic outcomes to provide more comprehensively perspective of MTM services. Although MTM services could provide continuous support to patients with chronic conditions for a prolonged period, the identified disparities, according to our results, between the near-term and long-term outcomes of MTM services underscore the need for more targeted and precise research for long-term studies. Based on the results of risks of bias assessment, both RCT studies and non-randomized studies face challenges in controlling bias. To further enhance the quality of evidence generated from future studies, the adoption of the Grading of Recommendations, Assessment, Development and Evaluations (GRADE) framework (Guyatt et al., 2008) could be considered to provide a comprehensive assessment of the evidence quality and ensure the validity of the evidence generated. As MTM services are an intervention designed to guide patients in developing self-management (Burns, 2008), a lot of anthropic factors and confounding factors makes trials more difficulty to control the bias, especially in the non-randomized studies. Though subgroup analysis indicated that there was little heterogeneity in results between RCTs and non-randomized studies, future study design should be more cautious in controlling for bias and clarifying confounding factors to enhance the confidence of study results. The subgroup analysis also reveals the differences in the efficacy of MTM services between the US and other countries. These findings can be further explored to understand the variations in the more developed MTM services system in the US compared to other countries that are relatively new to this field.
Several limitations exist in this meta-analysis. First, despite the best possible search of databases, the omission of studies was inevitable, including grey articles and ongoing clinical trials. Second, though the extensive outcomes including the evaluation of the ECHO model leading to comprehensive conclusions, the meta-analysis is limited by the inadequate number of studies for every outcome analyzed. Several outcomes were predesigned in our protocol, while some of them were eventually excluded in our meta-analysis after retrieving studies. Third, the results of sensitivity analysis and publication bias showed that several outcomes, like cost of hospitalization, medication cost, mortality, and MAI, involved unstable results or publication bias. Finally, although a subgroup analysis was performed to identify the sources of heterogeneity, it was difficult to explain all the reasons underlying the high degree of heterogeneity.
The RCTs, with more rigorous inclusion and exclusion criteria, could generate more robust findings than non-randomized studies, while these restrictions limited generalizability of RCT results to real-world settings compared to non-randomized studies. And some studies reported that these two types of studies might induce the heterogeneity (Mekonnen et al., 2016; Ahmed et al., 2022). Based on these facts, we supposed that if both types of studies showed consistent tendencies of results in terms of specific outcomes, the combination analysis of these two types of studies would be more considered valid. The second one of possible source of heterogeneity was the type of diseases. Subgroup analysis revealed that MTM services were more effective in studies including patients with chronic diseases. This result was consistent with the results of other studies assessing chronic conditions (Hohmeier et al., 2019; Thompson et al., 2020; Wang et al., 2021). But limited studies showed the efficacy of MTM services in patients with non-chronic conditions, like cancer (Dürr et al., 2021) and acute coronary syndrome (Kang et al., 2018). These results showed possibility of heterogeneity in the type of diseases and indicated the need for additional evidence to support the efficacy of MTM services for managing patients with non-chronic disease. The development level and different work model of MTM services system in different countries was another main factor being considered. MTM services in the US, for instance, developed over the years and the fees were covered by American healthcare (H.R.1–108th Congress (2003-2004): Medicare Prescription Drug, Improvement, and Modernization Act of 2003, 2019), while other countries such as China offered similar MTM services free of charge. These discrepancies between different countries led to large disparities in medical expenses and healthcare use (Khalil et al., 2017; Maria et al., 2021), resulting in a high degree of heterogeneity. As a review resulted that the impact of the payment model on healthcare spending and utilization was found to vary considerably across studies (Agarwal et al., 2020), this difference might also be a source of heterogeneity. Furthermore, it is important to acknowledge that in addition to the factors mentioned, there might be other potential sources of heterogeneity such as variations between urban and rural patients, differences between those with medical insurance and those without, and variances in MTM services provided by a medical team versus those solely delivered by pharmacists. However, due to limited studies including these facts, the conduction of these analysis required more future studies focusing on them.
5 CONCLUSION
The results of our meta-analysis provide some evidence demonstrating the effectiveness of MTM services across multiple outcome measures. The findings suggest that MTM services are beneficial in improving short-term patient outcomes. However, due to high heterogeneity and unstable results observed in some economic and humanistic outcomes, additional studies are necessary to establish their efficacy in reducing patient costs and enhancing their quality of life. Further evaluation and standardization of economic outcome measures are necessary for a more effective analysis. Moreover, the humanistic outcomes should underscore the importance of mental healthcare in promoting patients’ overall wellbeing.
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Objective: To understand the level of knowledge about inhaler devices among medical staff.
Methods: This study evaluated the knowledge of inhalation therapy and the use of inhaler devices among nurses in China. We administered a new self-designed online questionnaire to 1,831 nurses. The questionnaire comprised 11 questions, including the storage location of inhaler devices, steps involved in using inhaler devices, and common errors when using various devices.
Results: Among the 1,831 participants, 816(44.57%), 122(6.66%), and 893(48.77%) nurses worked in community, secondary, and tertiary hospitals, respectively. Adequate knowledge of inhaler devices was demonstrated by 20.10%, 8.20%, and 13.10% of nurses working in community, secondary, and tertiary hospitals, respectively. Of the nurses working in community hospitals, 27.70% knew the key points for using inhalers compared to 15.57% in secondary hospitals and 23.18% in tertiary hospitals (p < 0.01). Only 9.50%–26.00% of participants chose correct answers to the 9 questions about the use of inhalers. The accuracy rate of the responses was generally low, and the highest accuracy rate was 26.00%.
Conclusion: Knowledge of inhalation therapy was better among nurses working in community hospitals than among those working in high-level hospitals. This is because of the clearer division of work and higher workload in high-level hospitals. Overall, nurses’ knowledge of inhalation therapy is low. Furthermore, knowledge about inhaler devices should be strengthened among nurses in Chinese hospitals. It is necessary to create training opportunities for nurses in China to increase their awareness and knowledge regarding the management of chronic respiratory diseases.
Keywords: inhaler devices, chronic disease, community hospital, nurses, knowledge of inhalation therapy
INTRODUCTION
Non-communicable diseases are the leading cause of death worldwide. Chronic respiratory diseases are among the leading causes of morbidity and mortality, and their prevalence is expected to increase in the coming years (World Health Organization, 2007; GBD Chronic Respiratory Disease Collaborators, 2020). In a national cross-sectional study, the overall prevalence of asthma in China was 4.2%, representing 45.7 million Chinese adults (Huang et al., 2019). The overall prevalence of spirometry-defined chronic obstructive pulmonary disease (COPD) in China is 8.6%, accounting for 99.9 million people with COPD (Zhu et al., 2018). In people aged ≥40 years, the prevalence was higher (13.7%) than that in the Chinese national survey conducted in 2007 (8.2%) (Wang et al., 2018).
Although they have become a major public health problem, chronic respiratory diseases are often incompletely treated. The asthma control level improved from 28.7% in 2007–2008 to 39.2% in 2015–2016 (p < 0.01), whereas there was no significant improvement in the rate of peak flow meter usage in the same period (Lin et al., 2018). A national survey across seven provinces found that the regular medical treatment rate of COPD patients was only 7.9% (Zhong et al., 2007). It is crucial to increase awareness of disease and self-management among patients to reduce the disease burden.
Efficient delivery of inhaled medication is essential for the success of chronic respiratory disease therapy. Thus, the correct inhaler technique is crucial as it can impact the efficient delivery of inhaled medication. A poor inhaler technique causes uncontrolled chronic respiratory disease, as failure to effectively deliver the medication to the lungs compromises its clinical efficacy (Manjulakshmi et al., 2019). Several patients with chronic airway disease do not use inhaler devices properly, which contributes to poor disease control (Anna et al., 2021). A previous study showed that non-adherent patients to treatment were almost twice as likely to die compared to adherent patients (Aramís et al., 2021).
To increase clinical efficacy, it is essential to ensure that the patient understands the correct inhaler technique. Studies have shown that patients often get confused about various attributes of different inhalers, and poor technique is common regardless of the device used (Mark et al., 2019; Sarah et al., 2021). Therefore, medical staff play a critical role in educating patients on appropriate inhaler use and ensuring medication adherence. Particularly in China, nurses are responsible for educating patients on using inhaler devices.
Therefore, we surveyed nurses’ knowledge of inhalation therapy and the use of inhaler devices in China. The results of this study provide basic data for recommendations regarding physician education in this arena.
MATERIALS AND METHODS
Selection of participants
A total of 1,831 nurses working in community, secondary, and tertiary hospitals in the Yangtze River Delta Integration Model area, China, were selected for this study. The researcher visited each clinical unit in each hospital and participated in ward meetings. After each meeting, the researcher requested all nurses to fill out an online questionnaire according to their wishes. The nurses participating in the study included personnel from all departments of the hospitals, including the department of respiratory medicine. Finally, the researcher collected the responses to the questionnaire from the web.
Questionnaire respondents were included in the study based on the following criteria: nurses who had worked in public hospitals in the Yangtze River Delta Integration Model area, China; provided informed consent; and voluntarily participated in this study. The exclusion criteria were as follows: personnel on vacation or sick leave and those not willing to participate in the research.
Questionnaire
We designed a new questionnaire to assess the knowledge of inhaler devices. The questionnaire was verified by experts in the fields of respiratory medicine, nursing, and pharmacy. About 5 doctors, 10 pharmacists, and 10 nurses participated in the design of the questionnaire, which was checked and revised repeatedly. The questionnaire consisted of two parts. The first part recorded participants’ age, sex, education level, and contact information. The second part consisted of 11 questions on all types of inhaler devices. The first question concerned the main route of drug administration for asthma and COPD. The second question concerned the storage location of the inhaler devices. The third question asked participants to list the steps involved in using inhaled drugs. The fourth and fifth questions were about the main points in using the metered dose inhaler (MDI) and dry-powder inhaler (DPI), respectively. Questions 6–11 asked participants to identify the wrong options when using Turbuhaler, Accuhaler, Ellipta, HandiHaler, Respimat, and Easyhaler, respectively. The study was conducted online from October 2020 to January 2021.
Statistical analysis
Statistical analyses were performed using SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY, United States). Socio-demographic characteristics and other categorical variables are presented as frequencies and percentages. The chi-squared test was used to test for differences. The significance level was set at p < 0.05.
RESULTS
Baseline characteristics
Table 1 shows the participants’ sociodemographic characteristics. A total of 751 (41.02%) nurses were aged between 20 and 30 years. Most participants were women (98.69%) and came from province-level municipalities (87.39%). The numbers of nurses working in community, secondary, and tertiary hospitals were 816 (44.57%), 122 (6.66%), and 893 (48.77%), respectively. Most nurses held junior (49.65%) and intermediate (32.22%) positions. Their education level was mainly undergraduate (54.18%) and junior college (41.23%), and most (74.71%) had never worked in the department of respiratory medicine.
TABLE 1 | Sociodemographic characteristics of participants.
[image: Table 1]Inhaler device storage
As shown in Figure 1, inhaler devices should be stored in a living room cabinet or the bedroom after opening. The percentage of nurses choosing two options was 82.8% and 78.59%, respectively. A total of 50.52% of the nurses chose both options, and 49.48% chose unsuitable storage locations (such as the bathrooms, balconies, kitchens, or refrigerators) for inhaler devices.
[image: Figure 1]FIGURE 1 | Storage place of inhaler devices after opening. The numbers indicate the percentage of the selection. The two blue strips represent the correct choices.
Knowledge of inhaler devices
Figure 2 shows that 1,576 (86.07%) nurses selected inhalation as the main route of drug administration for asthma and COPD, and 13.93% incorrectly selected oral, intravenous, or other routes as the main route of administration.
[image: Figure 2]FIGURE 2 | Main route of drug administration for asthma and COPD. The numbers indicate the percentage of the selection. The blue strip represents the correct choice. COPD, chronic obstructive pulmonary disease.
Supplementary Table S1 shows the sociodemographic characteristics and knowledge of the inhaler devices. Adequate knowledge of inhaler devices was demonstrated by 20.10%, 8.2%, and 13.1% of nurses working in community, secondary, and tertiary hospitals, respectively, and the difference was statistically significant (p < 0.01) (Figure 3). Only 54 of 117 nurses working in the department of respiratory medicine had adequate knowledge of inhalers. The knowledge of inhaler devices was significantly different between nurses working in the department of respiratory medicine and those who had never worked in the department of respiratory medicine (p < 0.01).
[image: Figure 3]FIGURE 3 | Percentage of participants with adequate knowledge of inhaler devices. There are significant differences between community and secondary/tertiary hospitals (p < 0.01).
Technique of inhaler use
As shown in Supplementary Table S2, a slightly higher proportion (27.70%) of nurses in community hospitals knew the operational key points of using inhalers (MDI and DPI) than those in secondary hospitals (15.57%) and tertiary hospitals (23.18%). This difference was statistically significant (Figure 4). The proportions of nurses holding senior (28.57%) and intermediate (26.44%) positions who knew the operational key points were higher than those of nurses with junior (23.32%) and below junior (25.16%) positions.
[image: Figure 4]FIGURE 4 | Percentage of participants knowing operational key points of inhalers (MDI and DPI). There are significant differences between community and secondary (p < 0.01)/tertiary hospitals (p < 0.05). MDI, metered dose inhaler; DPI, dry-powder inhaler.
As shown in Table 2, the main points of MDI include inhalation and pressing, being synchronized, slow and deep inhalation, and 21.41% of participants chose these two points. DPI does not require hand–mouth synchronization but need inhalation hardly and deeply, and 9.50% of participants chose these two points. Only 114 (6.23%) nurses answered both questions correctly.
TABLE 2 | Overview of the questions about knowledge of inhaler use.
[image: Table 2]Knowledge of inhaler use
As shown in Table 2, there were nine questions about the knowledge of inhaler use. The first question asked participants to list the steps involved in using inhaled drugs. Only 25.34% of the nurses got this correct. The second and third questions pertained to the main points of using MDI and DPI, respectively. Question 6 (Which of the following are the wrong options when using Ellipta?) had the highest percentage of correct answers (26.00%). The question with the lowest rate of correct answers (9.50%) was question 3 (What are the main points that need to be followed when using DPI?). Regarding the use of different inhaler devices in this survey, the maximum number of correct answers was received for Ellipta (26.00%) and the minimum was for Respimat (10.32%).
DISCUSSION
This survey showed that a very high proportion of nurses who worked in hospitals in China lack adequate knowledge of inhaled therapy and related patient education. Overall, 463 (25.29%) nurses had past or current experience in the department of respiratory medicine. Owing to an aging population, an increasing number of elderly patients require medical services in the hospital. Thus, patients with chronic airway disease may be presented to any clinical department, not just the department of respiratory medicine. Therefore, nurses in other clinical departments also need to be trained in using inhalers.
Many patients with chronic airway disease achieve incomplete treatment benefits, due to poor disease control and adherence (Pearce and Fleming, 2018; López-Campos et al., 2019). The reasons for poor disease control and adherence include the type of medication, dosing frequency, patients’ awareness of control, and various patient beliefs and sociocultural and psychological variables (Jordi et al., 2020). Adherence is a major problem for all chronic diseases. However, the inappropriate use of inhalers poses additional difficulties in patients with asthma and COPD. Several patients do not receive appropriate inhaler training, and their inhaler techniques are not monitored. The main reason for the current situation is that physicians and nurses who prescribe or supervise these inhalers have poor knowledge and skills regarding their use (Bamidele et al., 2018; Maepa et al., 2019). Studies have shown that patients with good adherence have a 44% lower rate of severe exacerbation (Jose and Oliver, 2019).
Hospitals in China are divided into three levels according to the National Health Commission of China: community, secondary, and tertiary hospitals. The national roadmap, the Healthy China 2030 plan (CPC, 2016), highlights the important role of primary healthcare in substantially strengthening chronic disease management (Gao et al., 2021). In China, especially in the community hospital, nurses usually teach patients about inhaler devices. Our study found that 44.57% of the participants worked in community hospitals. Moreover, they had better knowledge of inhaler devices than nurses in secondary and tertiary hospitals. The number of nurses who knew at least two essential steps in inhaler use was higher in community hospitals than that in secondary and tertiary hospitals. This result is consistent with Chinese national conditions. This may be because the division of labor in secondary and tertiary hospitals in China is relatively fine, leading to a lack of knowledge among non-respiratory nurses. Nurses holding junior and below positions often undertake more clinical work, while nurses holding intermediate and senior positions undertake some management work. It is suggested that nurses from non-respiratory wards, such as the department of cardiology and geriatric medicine, be trained in the department of respiratory medicine to provide inhalation education, to ensure good education for patients with non-respiratory wards, and to gain medication safety.
Our questionnaire differed from other questionnaires where it focused on the errors that patients tend to make when using various inhalation devices. Our study included the important points of commonly used inhalers. It was more friendly and concise, and we easily obtained the cooperation of the responders. In contrast, other questionnaires are more complicated, assess only the types of inhalers, and no specific device is evaluated. Regarding the composite variable, general knowledge of inhaled therapy, we pooled the answers to the questions about the use of inhaler devices; only 9.50%–26.00% of participants in our study responded correctly to the 9 questions. Our results indicate that the nurses’ knowledge of inhalers is not sufficient for effective communication with patients. This finding is similar to the results of other studies. Hajed evaluated that the healthcare providers’ knowledge of aerosol drug delivery is completely inadequate. There is an urgent need to introduce an aerosol drug delivery educational package in the curricula (Al-Otaibi, 2020). Another study showed that the general level of knowledge regarding the use of inhalation devices is low among nurses working in this field in Spain (Jordi et al., 2016). Vinita et al. (2021) reported that even nurses in the department of respiratory medicine did not fully master all inhaler devices. This study revealed a strong correlation between the number of inhalers prescribed in the previous year and nurses’ inhaler device scores. Our previous study demonstrated that inhaler training can increase the patients’ peak inhalation flow rate and improve their ability to use DPIs (Hua et al., 2021). Thus, educating healthcare workers is vital for teaching patients about the correct use of inhaler devices.
In this study, we identified that there is a lack of knowledge about inhaler devices among nurses in China. Based on the current situation, it is necessary to create training opportunities for nurses to increase their knowledge of inhaler devices. In addition, we should establish a team of professionals to regularly measure nurses' knowledge of inhaler devices. Regular assessment and ongoing education on the correct inhaler technique for respiratory nurses are necessary to optimize device usage by nurses. Finally, related institutional improvements are important. Chronic diseases require long-term management, including patient self-management based on accurate knowledge of drug use and regular review at the hospital. The hierarchical medical system in China is a good way to facilitate the medical treatment of patients with chronic diseases in community hospitals. Many patients with chronic diseases receive medication guidance in community hospitals. As some tests are only performed in tertiary hospitals, nurses in tertiary hospitals must master the key points of medication for chronic diseases.
This survey is the first domestic exploration of the problem of medication errors in inhalation preparations in China. It is a comprehensive survey of nurses in community, secondary, and tertiary hospitals. However, this study had some limitations. First, all participants were nurses. Second, participants were not screened, and nurses not working in the department of respiratory medicine or who have not been exposed to inhaler devices may not have sufficient knowledge in this regard. Third, the questionnaire was completed once without repeated verification. It may be necessary to expand the inclusion criteria to include physicians and pharmacists in future studies, so that more accurate and relevant data are obtained.
In conclusion, nurses lack knowledge of inhaler devices. Nurses working in community hospitals had better knowledge about handling of inhaler devices than those in secondary and tertiary hospitals. Therefore, sufficient professional training focused on inhaler devices is urgently needed. Based on the current situation in China, we also proposed specific measures to solve this problem. Although the findings of our study are preliminary, they may provide a possible explanation for the current issues with inhaler use.
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Background: With the increasing development of medical imaging, the use of iodinated contrast media has become more widespread. Adverse reactions caused by iodinated contrast media have drawn much attention. Despite this, there is still a lack of unified standards for the safe infusion process of iodinated contrast media in clinical practice both domestically and internationally.
Objectives: Establishing a risk management service system to better predict the risks associated with iodinated contrast media infusion, reduce the incidence of adverse reactions and minimize patient harm.
Method: A prospective interventional study was carried out from April 2021 to December 2021 at Nanjing Drum Tower Hospital in China. During this study, a service system was established to manage the risks associated with the infusion of iodinated contrast media. Personalized risk identification and assessment were performed by a pharmacist-led multidisciplinary team before iodinated contrast media infusion. Early warning, prevention, and adverse reaction management were performed according to different risk levels during and after infusion.
Results: A multidisciplinary team led by pharmacists was established to evaluate the risks associated with infusion of iodinated contrast media. A total of 157 patients with risk factors related to the iodinated contrast media were screened out, which prevented 22 serious adverse events and enhanced the quality of medical care. All participants expressed high satisfaction with the service.
Conclusion: Through practical exploration, the pharmacist-led multidisciplinary team can provide advance warning and effectively limit the risks of adverse reactions caused by iodinated contrast media to a preventable and controllable level. This approach serves as a valuable reference for developing strategies and schemes to reduce the incidence of such reactions. Therefore, we encourage the implementation of this intervention in other areas of China.
Keywords: iodinated contrast media, pharmacist, multidisciplinary, risk assessment, contrast-enhanced computed tomography
1 INTRODUCTION
With the advancements in medical imaging, it is estimated that over 100 million procedures are performed worldwide each year using iodinated contrast media (ICM) (Böhm et al., 2017). Despite the improvement in the properties of ICM, national monitoring data and literature indicate that the growing usage has resulted in an increase in adverse drug reactions (ADR) (Chen et al., 2014). Consequently, the safety of ICM has become a matter of increasing concern.
Contrast-associated acute kidney injury (CA-AKI) is a sudden drop in kidney function within 48 h of receiving intravascular Iodinated Contrast Media (ICM). It has become the third most common cause of hospital-acquired acute kidney injury (AKI) (Nash et al., 2002). The occurrence of CA-AKI in the general population is low, ranging from 1% to 2% (Everson et al., 2020). However, patients with risk factors have a significantly higher incidence, ranging from 5% to 30% (Davenport and Perazella, 2020). Kidney damage can have serious consequences, such as an increased risk of complications during hospitalization, including the development of chronic kidney disease (CKD) (1%), requiring renal replacement therapy (0.06%), or even death (Kooiman et al., 2012). Hypersensitivity reaction to ICM is another common problem that causes concern among healthcare workers. The rate of true anaphylaxis is reported to be between 0.3% and 3% (Chen et al., 2017; Topaz et al., 2018), whereas severe reactions occur in 0.03%–1.6% of injections (Newmark et al., 2012). The most common reaction is an itchy rash all over the body or locally. In severe cases, patients may develop diffuse facial and laryngeal edema, bronchospasm, and dyspnea, leading to anaphylactic shock, which can result in permanent illness or even death if not managed properly. In addition, the use of ICM can affect the progression of certain diseases. In patients with hyperthyroidism, the use of ICM can worsen their condition and even lead to a thyroid crisis (Chen et al., 2014). ICM injections can also cause significant hemodynamic changes in patients with valvular heart disease and pulmonary hypertension (John and Yadav, 2019). Moreover, ICM can worsen myasthenia symptoms (Somashekar et al., 2013) and cause a hypertensive crisis in patients with pheochromocytoma (Nakano et al., 2011).
Current consensus and guidelines provide information on the types of adverse reactions common to ICM and their associated risk factors, highlighting the importance of risk assessment (Li et al., 2018; van der Molen et al., 2018; Davenport et al., 2020; ACR comittee on drugs and contrast media, 2022). However, through the preliminary survey, our hospital still faces the following challenges: 1) Some patients have complex medical histories that may increase their risk of adverse reactions to ICM infusion. 2) Currently, nurses in our hospital are only responsible for basic inquiries before administering ICM, and there is a lack of a complete and standardized risk assessment and intervention system to predict and address adverse reactions promptly. 3) There is a shortage of qualified pharmacists to determine whether medications taken by patients during screening may increase their risk of ADR. 4) A standardized risk assessment workflow has not been established, and communication among doctors, nurses and pharmacists, regarding their respective roles and responsibilities is unclear. 5) In some cases, the risk of ADR may be overestimated, leading to delayed diagnosis and treatment.
The key step to ensure a smooth imaging examination is the infusion of ICM. To achieve an efficient, reasonable, safe and standardized infusion process, the medical technicians must cooperate and maintain a high level of performance. Additionally, the pharmacist plays a crucial role in a multidisciplinary team responsible for managing adverse drug events in hospitals, promoting the safe use of drugs (Choukroun et al., 2021; Shrestha et al., 2022). Therefore, in April 2021, a multidisciplinary collaborative management team for risk assessment of ICM infusion was established in our hospital, consisting of clinicians, nurses and pharmacists. Stratified assessment and personalized management of risk were implemented throughout the entire process, from the patients’ appointment to the injection of ICM.
1.1 Aim of the study
The study aimed to develop a risk management service system that enhances the ability to predict and mitigate the risks associated with the infusion of ICM, thereby reducing the incidence of adverse reactions and improving drug safety in patients.
2 METHOD
2.1 Study participants
The risk early warning and prevention study was conducted at Nanjing Drum Tower Hospital from April 2021 to December 2021. A risk self-assessment questionnaire was designed for patients based on the main risk factors associated with ICM by referring to relevant literature and guides (Chen et al., 2014; Rosado Ingelmo et al., 2016; van der Molen et al., 2018; John and Yadav, 2019; Davenport et al., 2020; ACR comittee on drugs and contrast media, 2022) (Figure 1). Inclusion criteria: 1) patients who underwent routine contrast-enhanced computed tomography (CECT) from April 2021 to December 2021; 2) Volunteer to participate in this risk assessment service; 3) patients were able to maintain good communication with researchers to complete this study as required; 4) there was no age limit for patients. Patients who were pregnant or scheduled for surgery within 1 week were excluded from the study. Patients who agreed to participate signed an informed consent form and arranged meetings with pharmacists after completing the self-assessment questionnaire.
[image: Figure 1]FIGURE 1 | Iodinated contrast media risk self-assessment questionnaire.
2.2 Building a multidisciplinary team
A comprehensive ICM infusion risk management service was carried out by a pharmacist-led, multidisciplinary team. Clinical pharmacists who participated in this study were pharmacy graduate students with at least 5 years of clinical experience and had successfully completed the Medication Therapy Management Program offered by the University of Minnesota College of Pharmacy. All team members received uniform training before providing this service. Besides, they are responsible for understanding the types and uses of contrast media, as well as being familiar with their potential adverse reactions, identifying corresponding risk factors, and knowing how to prevent and treat adverse reactions correctly. The roles and responsibilities of the multidisciplinary team members are as follows: Clinical departments: 1) Diagnosis of patients’ condition and ordered a CECT scan; 2) Balance the potential risks of contrast media administration with diagnostic benefits and consider alternative plans when the risks are large. Radiologists: 1) Preparing contrast media and high-pressure syringe pipeline; 2) Communicating with patients and take appropriate posture; 3) Set dose and flow rate; 4) Watching closely for adverse reactions during the CECT examination. Pharmacists: 1) Responsible for stratified risk assessment before infusion of ICM. 2) Related risk explanation and adequate hydration guidance; 3) Developing strategies for managing adverse reactions and informing nurses of its use 4) follow-up of patients. Radiology nurses: 1) Checking the patients’ basic information 2) Confirming whether there are contraindications for examination again 3) Evaluating the skin and blood vessels at the puncture site, placing indwelling needle. 4) Telling patients to stay under observation, quickly identifying adverse reactions and giving timely and appropriate treatment according to the patient’s condition after examination, extracting needle correctly. In addition, a staff member was set up to book examination time and guide patients to fill in the risk self-assessment form.
2.3 Establish risk assessment workflow
ICM infusion risk assessment flowchart was established in our hospital (Figure 2). After the doctor ordered a CECT scan, the front desk personnel guided the patients to fill in the risk self-assessment form before the appointment. When patients have contrast risk factors, a comprehensive risk assessment should be conducted face-to-face with a pharmacist. Pharmacist classified patients into high, medium and low risk from three aspects: anaphylaxis, CA-AKI and others. Examination were cancelled or delayed if there were absolute contraindications. If there were relative contraindications, the doctor balanced the potential risks of contrast media administration with diagnostic benefits and considered alternative plans or canceled the examination. All patients were informed by pharmacists of the risks and precautions associated with the ICM, and monitored throughout the examination process by members of the multidisciplinary team. All the ADRs were recorded within half an hour and a week after examination.
[image: Figure 2]FIGURE 2 | Iodinated contrast media infusion risk assessment flowchart in our hospital. CECT, contrast-enhanced computed tomography; ICM, iodinated contrast media; ADR, adverse drug reactions.
2.4 Risk stratification assessment criteria
The risk-stratified assessment form was designed by referring to a large number of guidelines and literatures (Figure 3). Each risk factor related to the use of ICM was carefully reviewed and sorted into one of three categories: high risk, medium risk, or low risk. The table identifies high-risk factors with ★ and medium-risk factors with a ●. At our hospital, patients with uncontrolled asthma, untreated or uncontrolled hyperthyroidism, or who have not discontinued metformin for at least 48 h are considered absolute contraindications for ICM. For patients who have experienced allergic-like reactions in the past, doctors will evaluate the risks and benefits of using a different type of ICM or canceling the examination altogether. If a patient has at least one high-risk factor, they are classified as high risk, regardless of whether they also have moderate-risk factors. If a patient has only one or more moderate-risk factors and no high-risk factors, they are classified as medium risk. Patients with neither high-risk nor moderate-risk factors are considered low risk.
[image: Figure 3]FIGURE 3 | Risk assessment form for iodinated contrast media use. ICM, iodinated contrast media; eGFR, epidermal growth factor receptor; NSAIDs, nonsteroidal anti-inflammatory drugs; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; CA-AKI, contrast-associated acute kidney injury.
2.5 Management of ADRs by ICM in our hospital
Based on established guidelines, we developed treatment standards for managing the common adverse reactions of ICM (Chen et al., 2014; Li et al., 2018; ACR comittee on drugs and contrast media, 2022). All patients were closely monitored for at least 30 min after the examination. Mild allergic reactions such as itching and hives were carefully observed, and moderate reactions were typically treated with anti-H1 blockers. Severe allergic reactions require treatment with epinephrine, while oxygen and inhaled β2-agonists may be administered to alleviate bronchospasm. High-risk patients for CA-AKI (contrast-induced acute kidney injury) received typical oral hydration volume expansion therapy, and renal function was reevaluated 48 h after the examination (Sebastià et al., 2021). In the event of hypertensive crises due to pheochromocytoma, phentolamine was administered. For the treatment of venous air embolism, patients were given 100% oxygen and positioned on their left side. If ICM extravasates (leaks out of the vein), the affected limb should be elevated above the level of the heart.
2.6 Patient satisfaction surveys
Each participant was given a four-question survey to assess patient satisfaction (refer to Table 1). Each answer was rated on a scale of 1–5, with 1 being the worst and 5 being the best response. The total score, which ranged from 4 to 20, was then categorized into three groups: low satisfaction (4–9), moderate satisfaction (10–14), and high satisfaction (15–20).
TABLE 1 | Satisfaction survey.
[image: Table 1]2.7 Statistical analysis
A Microsoft Access database was designed to facilitate data collection. Completed questionnaires were analyzed by the Statistical Package for the Social Sciences software version 26 (SPSS, International Business Machines Corp., Armonk, New York, United States). Ratios were used for categorical variables, and mean ± standard deviation (SD) for continuous variables of descriptive data.
3 RESULTS
The study enrolled a total of 157 patients, of whom 61.1% were female. Details on patients’ demographics and other clinical characteristics are given in Table 2. According to the risk stratification criteria, 22 patients (14.0%) were classified as high risk, 125 patients (79.6%) as moderate risk, and 10 patients (6.4%) as low risk. Among patients at high risk, 16 patients had a prior allergic-like reaction to ICM, 1 had uncontrolled asthma, 1 was taking metformin, 2 had eGFR of 30–44 mL/min/1.73m2 combined with positive urinary protein or others CA-AKI risk factors, and 2 had untreated or uncontrolled hyperthyroidism. Out of these 17 patients (10.8%) at high risk of anaphylaxis, 12 attempted to switch to ICM with different ingredients, 1 patient chose magnetic resonance imaging instead of CECT scanning, 3 patients canceled the examination, and the patient with uncontrolled asthma delayed the examination. Due to the necessity of diagnosis, patients at high risk of CA-AKI were usually examined after receiving adequate hydration. Additionally, patients with untreated or uncontrolled hyperthyroidism were advised to visit an endocrinologist and delay the examination. It was further discovered that when patients with no history of ICM use were first exposed to ICM, potential risk factors were easily underestimated or ignored due to a lack of self-knowledge. Effective communication of drug risks significantly improved patients’ knowledge about the risks of ICM.
TABLE 2 | Demograghic and general clinical characteristics of the patients (n = 157a).
[image: Table 2]Patients who have risk factors are more likely to experience adverse reactions to contrast media. Our study found that 29 cases (18.4%) experienced allergic-like or physiological reactions to ICM. Most of these reactions were mild and included localized hives, itching, coughing, fever, dizziness, and wheezing. 7 cases (4.5%) experienced moderate adverse reactions within 48 h of the scan, including widespread hives, itching, nausea, palpitations, and mild wheezing. Patients with significant symptoms were treated with anti-H1 blockers, and all improved within a week. The study found no significant difference in the levels of serum creatinine or thyrotropin in patients with kidney or thyroid problems before and after the scan. None of the patients experienced severe adverse reactions related to the contrast media within the first week after the scan. All patients expressed high levels of satisfaction with the pharmacist-led multidisciplinary risk assessment service for contrast media infusion, and the recommendation was to continue using this service.
4 DISCUSSION
4.1 Statement of key findings
Clinicians and radiologists face confusion when assessing patients due to the numerous risk factors outlined in various guidelines. Currently, there are no agreed-upon evaluation criteria to compare the risks and benefits of using ICM in clinical practice. Due to the unclear risk factors, most Chinese hospitals, particularly those in county areas, often choose to forgo examinations to avoid the risk of adverse reactions, which can complicate diagnoses (Li et al., 2016). The level of risk associated with ICM usage has become a significant concern. In our study, we have developed a comprehensive multidisciplinary risk assessment and risk management program for patients using ICM. All patients are required to undergo a risk assessment, which includes three areas of risk classification (anaphylaxis, contrast-induced acute kidney injury (CA-AKI), and other risks), three categories of risk (high, medium, and low), and three options following risk identification (elimination, reduction, or acceptance). The likelihood of developing risk increases exponentially with cumulative risk factors. Risk stratification tools help determine the level of risk for individual patients, allowing those at low risk to avoid unnecessary tests or overly burdensome preventive treatments, while those at high risk can receive effective preventive measures with close supervision. Our ultimate goal is to provide patients with personalized risk prevention and response programs.
Current evidence suggests that food and drug allergies are common, and have been increasing in prevalence in the last few decades (Sousa-Pinto et al., 2017; Loh and Tang, 2018). In our study, we found that 86.6% of patients had a history of allergy, atopy, or asthma, and many of them had multiple drug and food allergies or were allergic to two or more substances. The primary reason behind repeated allergic-like reactions was a prior allergic-like reaction to ICM (ACR comittee on drugs and contrast media, 2022). Our findings suggest that high-risk patients who had a previous allergic reaction without prophylactic medication had a 17.6% (3 of 12 examinations) chance of experiencing repeated allergies, which is similar to previous reports (Meth and Maibach, 2006; Davenport et al., 2009; Doña et al., 2020). Although the severity may not be that serious, patients with atopic diseases such as asthma or allergic predisposition are at increased risk of allergic reactions to ICM. The relative risk of an allergy-type reaction to ICM in people with a history of systemic allergies to several substances (excluding ICM) is twice as high as in the general population (Schopp et al., 2013).
Patients with asthma are nearly five times more likely to develop bronchospasm (Morcos, 2005). Therefore, it is crucial to consider any history of allergy-type reactions to ICM, as well as multiple allergies or asthma when evaluating patients for their risk of allergic reactions to ICM. While premedication (corticosteroid and antihistamine) can help prevent a recurrence of hypersensitivity reactions to contrast media, breakthrough reactions are still possible. About 10% of people still experience a breakthrough reaction while taking steroids, especially if the previous reaction was severe (Davenport et al., 2009). Recent research suggests that switching to a non-allergenic contrast media is more effective in reducing subsequent reactions than steroid premedication (Schrijvers et al., 2019; McDonald and Larson, 2021). However, ICM use is unavoidable in many disease evaluations, so for high-risk patients, we preferred to change the type of ICM.
Contrast-induced acute kidney injury (CI-AKI) refers to the rapid deterioration of renal function shortly after the administration of ICM. CI-AKI is a type of CA-AKI, which is associated with the use of contrast medias. However, there are few studies that distinguish CI-AKI from other types of CA-AKI in a suitable control group (ACR comittee on drugs and contrast media, 2022). Therefore, the more inclusive term CA-AKI is often used. Instead of serum creatinine-based screening, it is recommended to use epidermal growth factor receptor (eGFR) screening to identify individuals who may be at risk of CA-AK (Nyman et al., 2018; Davenport et al., 2020; ACR comittee on drugs and contrast media, 2022). The primary risk factor for CA-AKI is pre-existing renal impairment, particularly in patients with eGFR<30 min−1 1.73–2, who have a 30% risk of developing CA-AKI, much higher than the general population (Davenport et al., 2020). Patients with a personal history of kidney disease (e.g., chronic kidney disease, solitary kidney, kidney cancer, kidney surgery, remote AKI, kidney ablation, albuminuria) should undergo renal function determination before undergoing any examination that involves the use of contrast medias. Other risk factors for CA-AKI include the use of nephrotoxic drugs, high doses of ICM within a short period of time (<24 h), multiple myeloma, hyperuricemia (serum uric acid level >7 mg/dL in men and >6 mg/dL in women), intra-arterial administration of ICM, advanced age, and diabetes mellitus (Schönenberger et al., 2019; Davenport et al., 2020; Everson et al., 2020; ACR comittee on drugs and contrast media, 2022). When administering concurrent nephrotoxic drugs (e.g., anti-inflammatories, antibiotics such as vancomycin and aminoglycosides, chemotherapeutic agents such as cisplatin and methotrexate, diuretics, cyclosporine A, and others), doctors should carefully monitor their patients’ renal function and hydration levels (ACR comittee on drugs and contrast media, 2022). The risk of CA-AKI increases exponentially with the presence of multiple risk factors. Risk stratification tools can help determine the magnitude of risk for CA-AKI, allowing low-risk individuals to avoid unnecessary prophylactic treatments and kidney function testing. Perioperative renal protection measures can benefit patients who are at high risk. However, there are some limitations to clinical prediction rules, which hinder their application in daily practice. For instance, the predictive power of these models for CA-AKI ranges from poor to excellent, and none of the models have been evaluated in clinical practice. Additionally, some model characteristics include contrast volume, which is usually not known until the imaging examination is complete.
The majority of current risk assessment measures, such as the traditional Mehran score (Mehran et al., 2004) and ACEF scores (Andò et al., 2013), were originally designed for cardiac interventions and have not been validated for predicting the risk of CA-AKI in patients receiving intravenous contrast (Silver et al., 2015). Additionally, due to the low awareness of kidney disease among the representative sample of Chinese adults (Zhang et al., 2012), the number of participants at risk for CA-AKI was limited, with only 10.5% of CKD patients aware of their condition. Furthermore, outpatients are highly mobile and CA-AKI usually occurs within 48 h, making it difficult to detect in most cases. Unlike anaphylaxis, which can be easily identified, potential renal toxicity is often overlooked by patients even clinicians and radiologists.
Thyroid dysfunction (TD) is a rare but possible side effect of exposure ICM in the general population. Since ICM contains supraphysiological quantities of iodine, it may cause either hyperthyroidism (Hyper) or hypothyroidism (Hypo) (Bednarczuk et al., 2021). According to Kornelius et al. (2015), one in every 250 patients may be affected by ICM-induced Hyper or Hypo, leading to harmful consequences. These findings are supported by both single-institution retrospective analyses and a recent meta-analysis (Bervini et al., 2021). Clinicians must remain vigilant about potential thyroid TD caused by ICM, as many radiological exams employing ICM are routinely performed. Identifying undiagnosed TD before ICM exposure is crucial. Undiagnosed Hyper may be surprisingly prevalent in communities with an iodine deficit. In our study, two patients with untreated or uncontrolled Hyper had delayed CECT scanning. One patient was newly diagnosed with Hyper based on physical findings and serum thyroid hormone assays. The other patient had self-discontinued anti-thyroid medication for 2 weeks resulting in abnormal thyroid function. Both were referred to endocrinologists and treated with methimazole and beta-blockers. When assessing the potential risk of ICM-induced TD, clinical symptoms of TD, pre-existing thyroid diseases, and iodine intake should be considered.
4.2 Study strengths and limitations
As far as we know, this is the first management project led by clinical pharmacists on ICM infusion risk assessment. The involvement of pharmacists in patient care and multidisciplinary decision-making is essential. Clinical pharmacists have a pivotal role in detecting and evaluating ADRs (Salazar et al., 2022). In fact, a recent systematic review has shown that pharmacist-led interventions can significantly reduce the incidence of adverse drug events (Ali and Salahudeen, 2021). Given their specialized medication knowledge, training, and unique position at the interface between patients and medications, pharmacists are well-equipped to solicit information from patients more accurately and comprehensively than doctors and nurses. They can also obtain a patient’s history of drug allergies and medication use, identify drugs associated with nephrotoxicity, and provide individualized prophylactic medication regimens to prevent adverse reactions to ICM. With clinical pharmacists added to the multidisciplinary collaborative team, patients can receive clearer and more comprehensive advice from healthcare professionals.
Compared to previous studies, our study has taken into account all possible risks and conducted a comprehensive, individualized risk assessment for patients throughout the entire process of intravascular contrast media infusion during radiological examinations. Our risk management model is highly practical and suitable for use in all hospitals, as it is based on standardized work procedures, a stable workflow, comprehensive risk assessment, and specific implementation measures. No unique or cutting-edge technology is required, and the multidisciplinary team members can be trained to competently carry out this work. We have provided sufficient detail in this paper regarding the risk assessment workflow, intervention components, roles and responsibilities of team members, making replication of this model possible. So, this project can be implemented at the Grade II and III hospital in China.
It is important to consider several limitations when interpreting the findings of this study. Firstly, the study was conducted at a single center and had a relatively small sample size. The main focus of the study was to establish a standard working mode and process, and to objectively describe the results of risk assessment, rather than to conduct a comparative analysis before and after implementing risk management. Furthermore, patients with risk factors were identified through a self-assessment form, which may have resulted in some patients not participating in the assessment due to difficulties in understanding the information or different levels of emphasis on the risks associated with ICM infusion. Additionally, it may have been challenging to provide the risk assessment service to all patients, but high-risk patients may have been prioritized for its benefits. Despite these limitations, the study provides valuable insights and serves as a reference for improving risk assessment practices in the future. Conducting a pragmatic study with a larger population would be reasonable to further investigate this topic.
5 CONCLUSION
We have successfully implemented a comprehensive ICM infusion risk management process with high clinical practicability. We have clarified the roles and responsibilities of multidisciplinary team members in risk management, and ensured the professionalism and accuracy of risk assessment results. This has allowed us to timely identify, provide early warning, and control risk factors. It demonstrates the positive impact of a medication risk management service provided by a clinical pharmacist. This strategy can be replicated at numerous medical facilities.
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Background: Hemodialysis patients have a high risk of severe/critical COVID-19 and related high mortality, but nirmatrelvir/ritonavir is not recommended for hemodialysis patients with COVID-19 infection because of lack of evidence of safety.
Objectives: Our study aims to evaluate the minimum plasma concentration (Cmin) of nirmatrelvir and its safety of different doses of nirmatrelvir/ritonavir in hemodialysis patients with mild COVID-19.
Method: This was a prospective, two step, nonrandomized, open-label study. Participants were treated with nirmatrelvir 150 mg or 300 mg once a day (another 75 mg or 150 mg supplied after hemodialysis) and ritonavir 100 mg twice daily for 5 days, respectively. The primary outcome was the safety of nirmatrelvir/ritonavir, including the Cmin of nirmatrelvir and the number of adverse events (AE). The secondary outcome was the time of viral elimination in hemodialysis patients.
Results: Adverse events were happened in 3 and 7 participants in the step 1 and step 2 group, respectively (p = 0.025). Among them, 2 and 6 participants were identified as drug-related adverse events (p = 0.054). No SAE or liver function damage happened. The Cmin of nirmatrelvir in step 1 and step 2 group were 5,294.65 ± 2,370.59 ng/mL and 7,675.67 ± 2,745.22 ng/mL (p = 0.125). The Cmin of the control group was 2,274.10 ± 1,347.25 ng/mL (p = 0.001 compared to step 2 and p = 0.059 compared to step 1). Compared to hemodialysis patients without nirmatrelvir/ritonavir, there were no statistical differences in overall viral elimination time (p = 0.232).
Conclusion: In our study, two doses of nirmatrelvir/ritonavir appeared to be excessive for hemodialysis patients. Although all of the patients tolerated 5-day administration, nearly half of the patients experienced drug-related adverse events. In addition, the medication group did not show a significant advantage in the time of viral elimination.
Keywords: hemodialysis, nirmatrelvir, ritonavir, pharmacokinetics, COVID-19
INTRODUCTION
In the last 3 years, COVID-19 has threatened the health of the global population. People over 60 years old, smoking or suffering from cardiovascular disease, obesity, immune deficiency, liver disease, and chronic kidney disease have a higher risk of severe/critical COVID-19 and related high mortality (Zhang et al., 2020; Terada et al., 2021; Western Cape Department of Health in collaboration with the National Institute for Communicable Diseases and South Africa, 2021). The incidence rate and mortality of COVID-19 in patients receiving maintenance dialysis were higher than those in patients with chronic kidney disease who did not need renal replacement therapy (Hsu et al., 2021). It had been demonstrated that treatment with nirmatrelvir/ritonavir reduce the risk of progression to severe COVID-19. The World Health Organization strongly recommended the use of nimatrivir/ritonavir for patients with a high risk of hospitalization, as it can effectively reduce the risk of developing serious diseases (Agarwal et al., 2020). However, due to the lack of clinical trial data, nimatrivir/ritonavir has not been recommended for hemodialysis patients with COVID-19 infection. In this study, we conducted a prospective study to evaluate the minimum plasma concentration (Cmin) of nirmatravir and its safety of different doses of nirmatravir/ritonavir in hemodialysis patients with mild COVID-19, as well as its effect in this special population.
METHODS
Design and participants
This was a prospective, two step, nonrandomized, open-label study, and was conducted from April 2022 to June 2022. Eligible patients were between 18 and 75 years of age, who had received hemodialysis twice or three times a week for more than 1 month with COVID-19 infection. The complete inclusion/exclusion criteria are provided in the Supplementary File. Six patients, who had normal renal function with mild COVID-19 infection were used as a reference for the plasma concentration of nirmatrelvir. Thirty-five hemodialysis patients without nirmatrelvir/ritonavir treatment were compared for the viral elimination time. The study was carried out in accordance with the Declaration of Helsinki. All patients provided their written informed consent prior to screening. The study protocol and the informed consent form were approved by the Ethics Committee of Renji Hospital. The Clinical Trial registration number was NCT05366192.
Treatment and outcomes
In the step 1 group, participants were treated with nirmatrelvir 150 mg once daily (75 mg supplied after hemodialysis) and ritonavir 100 mg twice daily for 5 days. In the step 2 group, participants were treated with nirmatrelvir 300 mg once daily (150 mg supplied after hemodialysis) and ritonavir 100 mg twice daily for 5 days. In the control group, participants were treated with nirmatrelvir 300 mg twice daily and ritonavir 100 mg twice daily for 5 days. All of the hemodialysis patients received hemodialysis treatment on day 2 and day 4. No hemodiafiltration and hemoperfusion were performed during the study. Routine blood samples were collected at 8 a.m. on day 0, day 3 and day 6, including routine blood test, C-reactive protein, creatine kinase, D-Dimer and liver function. The concentration of nirmatrelvir was collected at 8 a.m. on day 6. Nasal swab were collected every morning from day 1 to day 10 or until viral load less than 500 copies/mL.
The primary outcome was the safety of nirmatrelvir/ritonavir, including the Cmin of nirmatrelvir and the incidence of adverse events(AE). Adverse events included: the number of patients with adverse events during day 1 to day 14 and the number of patients with deterioration of liver function (ALT, AST, total bilirubin, and direct biirubin increase to 2 times from baseline) on day 3 and day 6. AE were recorded by doctors during daily rounds. The secondary outcome was the time of viral elimination in hemodialysis patients, from the first day of hospitalization to viral elimination. Viral elimination was defined as both negative for ORF1ab and N genes (Ct value ≥ 35 by PCR) on 2 consecutive days.
Statistical methods
The normality of distribution of continuous variables was tested by Shapiro–Wilk test. Continuous variables with normal distribution were presented as mean (standard deviation [SD]); non-normal variables were reported as median (interquartile range [IQR]). Categorical variables were expressed as constituent ratios or percentages. The comparisons of constituent ratio between 2 steps by using Fisher’s exact test. 2-sample Poisson rate test was used to determine if there was a significant difference between the adverse event rates of occurrence of two groups. Repeated measure ANOVA or Friedman test were conducted for overtime laboratory results within groups, pairwise t-test with Bonferroni adjustment or Nemenyi post hoc test were performed for multiple comparisons. T-test or Mann-Whitney U test were used to compare the data between 2 groups. Kaplan-Meier analysis was used to compare the time of virus elimination. Data analysis was carried out with SPSS 23.0 and R 4.0.3, and p < 0.05 was considered statistically significant.
RESULTS
20 hemodialysis patients with COVID-19 were screened and 18 were eligible. 14 patients were infected for the first time and 4 patients were infected for the second time. Ten participants were in the step 1 group and eight were in the step 2 group. Both groups were balanced with demographics, baseline disease characteristics and hemodialysis status (Table 1).
TABLE 1 | Demographic and clinical characteristics of the patients.
[image: Table 1]As a result, adverse events were happened in 3 and 7 participants in the step 1 and step 2 group, respectively (p = 0.025). Among them, 2 and 6 participants were identified as drug-related adverse events (p = 0.054). The number of adverse events were 4 and 11 respectively (p = 0.046). Gastrointestinal discomfort was the most common AE. No SAE occurred and no participant had a double of ALT, AST, total bilirubin, direct bilirubin from baseline in both groups. White blood cells, lymphocyte count, C-reactive protein, creatine kinase, and d-dimer did not show significant changes in both groups (Table 2). All of the patients tolerated 5-day administration. The Cmin of nirmatrelvir in the step 1 and step 2 group were 5,294.65 ± 2,370.59 ng/mL, 7,675.67 ± 2,745.22 ng/mL (p = 0.125), respectively. The Cmin of the control group was 2,274.10 ± 1,347.25 ng/mL (p = 0.001 compared to step 2 and p = 0.059 compared to step 1) (Figure 1A). After excluding patients with reinfection, the median viral elimination time was shorter in the treated group compared to hemodialysis patients without nirmatrelvir/ritonavir (14 vs. 35 hemodialysis patients, 8.5 vs. 11 days), but there were no statistical differences in overall viral elimination time (p = 0.232) (Figure 1B). The baseline features of two groups are shown in supplementary file, Table 1.
TABLE 2 | Adverse events until 14 days and Laboratory results.
[image: Table 2][image: Figure 1]FIGURE 1 | (A) The Cmin of three groups (step 1 group, step 2 group, control group). Bar showed means ± sd. Gray zone is in vitro 90% effective concentration of 124–685 ng/mL (account for plasma protein binding); (B). in vitro Kaplan-Meier analysis of the viral elimination time.
DISCUSSION
In our study, the infection of COVID-19 was mainly caused by Omicron variant strains, which had stronger transmissibility and weaker pathogenicity to the general population compared to other strains. Although treatment strategies for COVID-19 are still largely supportive and prevention of complications, antiviral therapies prevents progression to severe/critical COVID-19 and promotes clinical recovery in COVID-19 infected patients. Nirmatrelvir/ritonavir was strongly recommended by WHO for patients with non-severe COVID-19 at high risk of hospitalization. Because lack of trial data, the drug is still unavailable for dialysis patients with COVID-19 infection although dialysis patients suffering COVID-19 has higher mortality.
The pharmacokinetics of nirmatrevir/ritonavir in hemodialysis patients was seldom reported before our study. Ritonavir, which acts as a pharmacokinetic enhancer, is a CYP3A4 inhibitor and enhances nirmatrelvir’s bioavailability. Since ritonavir is mostly hepatically metabolized and is 99% protein bound, the dose of ritonavir was not adjusted in our study. Nirmatrelvir has a molecular mass of 499.5 D, 35% is approximately excreted by the kidneys, and it is 70% protein bound. As reported, the AUCinf and T1/2 of nirmatrelver increases rapidly in patients with eGFR<30 mL/min. Meanwhile, hemodialysis can remove up to 31% unbinding nirmatrelvir (fda, 2021). So we tried 1/4 dose and half dose of nirmatrelvir for hemodialysis patients, and half of research dose of nirmatrelvir was supplied after dialysis. Due to the half-life of nirmatrelvir being 6 h and the concentration of nirmatrelvir rapidly decreases 24 h after administration in patients with normal renal function, we chose to measure its blood concentration 1 day after the end of medication, as the minimum plasma concentration(Cmin).
As former literature reported, the effective concentration of 90% in vitro (EC90, account for plasma protein binding) was 124–685 ng/mL (Owen et al., 2021). In the present study, Cmin in the step 1 group was 7.7 times higher than the up-limitation of the effective concentration in vitro and 2.3 times higher than the concentration in our control group (Singh et al., 2022), indicated that nirmatrelvir was overdosed and its metabolism was slow. We also noticed that the Cmin was very variable in our participants. This may be related to various factors such as the weight, nutritional status, concomitant medication, and dialysis adequacy of hemodialysis patients. Therefore, it is necessary to examine the Cmin in hemodialysis patients treated with the proposed dose of nirmatrelvir and ritonavir. Meanwhile, according to the incidence of AE in former phase 2-3 clinical trial (22.6%) (Hammond et al., 2022), the incidence of AE was high in both groups, especially in the step 2 group, with a dose-dependent effect. Gastrointestinal discomforts were the most common AE. But all of the patients finished the 5-day treatment, and there were no SAE happened, no any deterioration in laboratory results, suggesting that a lower dose of nirmatrelvir/ritonavir would be safe in hemodialysis patients. Besides, all of the patients in this study were mild COVID-19 infections, no death and no severe infection happened during hospitalization. So we can only use virus elimination time as a reference indicator for drug efficacy. Our study showed that the median viral elimination time was shorter in the treated group compared to hemodialysis patients without nirmatrelvir/ritonavir, but there were no statistical differences in overall viral elimination time. This result may be related to a small number of cases and all of the included cases were mild infection. So, the validity of the drug in hemodialysis patients requires further clinical research to verify.
This study had some limitations. First, to reduce the number of repeated blood testing in hemodialysis patients, we only measured the concentration of nirmatrelvir one time, so we cannot speculate on the impact of single hemodialysis treatment on drug clearance and plot the area under the plasma concentration-time curve during the 5-day medication. Second, before we conducted this study, there was no recommended dosage for hemodialysis patients. So we developed a dose based on the published pharmacokinetic profile of nirmatrelvir. When our study finished, Hiremath et al. (2022) proposed the recommended dosage of drugs in dialysis patients: 300 mg nirmatrelvir + 100 mg ritonavir both on day 1, then 150 mg nirmatrelvir + 100 mg ritonavir once a day for 4 more days, to be dosed after dialysis. The recommended dose is similar to the dose of step 1 in our study.
In conclusion, our doses of nirmatrelvir/ritonavir still appeared to be excessive for hemodialysis patients. Although all of the patients tolerated 5-day administration and there was no SAE or liver function damage, the Cmin of the drug was higher than that of the control group, and nearly half of the patients experienced drug-related adverse events, mainly gastrointestinal symptoms, with a dose-dependent effect. In addition, the medication group did not show a significant advantage in the time of viral elimination, maybe related to a small number of cases and weakened virus pathogenicity.
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Background: The study was designed to evaluate the impact of pharmacist-led clinical interventions on the health-related quality of life among tuberculosis patients in Pakistan.
Methods: A randomized, controlled prospective study was carried out in a Pakistan Institute of Medical Sciences hospital tuberculosis (TB) control center. Participants who visited the TB center between September 2020 and December 2021 were randomly assigned to two clusters, the usual care group (UC group) vs. the intervention group (pharmaceutical care group), in a 1:1 ratio by a simple envelope technique. In the intervention group, a patient received centered care that encompassed informed decision-making, which can increase the quality of care and monitoring of adverse drug events. However, the control group received routine TB treatment at the hospital. The EuroQol-5D-3L instrument was used to assess the health-related quality of life (HRQoL) at the baseline and in the third and sixth months of the treatment time period.
Results: A total of 503 patients were eligible, of which only 426 patients were included in this study. At the end of the study, n = 205 of the patients in the intervention group and n = 185 of those in the control group were analyzed. In the intervention group, the EQ-5D-3L health utility score improved significantly (p < 0.001) (from the baseline mean ± SD, 0.40 ± 0.36, to 6 months of treatment, 0.89 ± 0.09, while in the control group from 0.42 ± 0.35 to 0.78 ± 0.27). In multivariate regression analysis, the variables that remained statistically associated (p < 0.001) with the HRQoL (unstandardized β [95% confidence interval]) of the control group were as follows: gender, female vs. male (-0.039 [-0.076 to -0.003]); body weight, less than 40 kg vs. more than 40 kg (-0.109 [-0.195 to -0.024]); patients with any comorbidity vs. without comorbidity (-0.136 [-0.252 to -0.020]); and smokers vs. non-smokers (-0.204 [-0.291 to -0.118]). The study did not find any statistically significant associations between the intervention group’s variables and the HRQoL.
Conclusion: Patient-centered care interventions led by pharmacists as part of care coordination enhanced the HRQoL for TB patients significantly. According to this study, clinical pharmacists should be included in the interdisciplinary clinical staff for TB patient management.
Keywords: tuberculosis, patient-centered care, intervention, health-related quality of life, EQ-5D-3L
1 BACKGROUND
Tuberculosis (TB), a severe, chronic lung disease, remains a major public health concern worldwide, particularly in low- and middle-income countries (Abiz et al., 2020; Khan et al., 2021). The World Health Organization (WHO) defines health as “full physical, psychological, and social welfare,” not just the absence of disease and disability (Saxena et al., 2001). The effect of TB on a patient’s health is considered essential because it can confront physical limitations and psychological, social, and economic constraints (Saleem et al., 2018). People who are suffering from TB have low self-esteem, a negative impression of their illness, and poor communication with their family and community members (Vecino et al., 2011; Iqbal et al., 2014). As a result, TB patients are challenged with physical problems, psychological stress, and economic issues (Zarova et al., 2018). More importantly, this lowers the health-related quality of life (HRQoL) of patients, which can also decrease the outcome of TB treatment (Jaber et al., 2016).
Pakistan ranks fifth among the 22 high TB-burdened countries (Aggarwal, 2019; Chen et al., 2021). In developing countries, particularly in Pakistan, very few studies have been carried out on the HRQoL of TB patients (Malik et al., 2018; Organization, 2021). Unfortunately, in most TB control programs, the quality of life of TB patients is neglected (Malik et al., 2018; Chen et al., 2021). Currently, TB control services are geared in the direction of enhancing the cure rate. Despite the fact that a positive cure rate is required, it does not alleviate TB patients’ physical, emotional, and social distress (WHO, 2020). In light of this, the WHO has realized that there needs to be better support for people with TB so that they can feel less distress, have a better quality of life, and get better results from their treatment. As a result, it advocates for “integrated patient-centered care and prevention.” This is very important for TB patients because it puts each patient’s rights, values, and needs at the center of TB control strategies (Jeremiah et al., 2022; Petersen et al., 2022). An ethical strategy for eliminating TB must be patient-centered and based on human rights. The social and personal conditions of the individual afflicted by TB must be given primary attention in addition to the urgent needs of medical therapy since TB patients encounter significant problems that go beyond the clinical aspects of the illness (Cocozza et al., 2020). According to recent findings, appropriately integrated patient-centered treatment can improve TB patients’ control (Kastien-Hilka et al., 2017a; Cocozza et al., 2020). Patient-centered care empowers patients to exercise their rights and fulfill their obligations while also improving their HRQoL through better knowledge of their health (Kastien-Hilka et al., 2017b; Yuen et al., 2021). However, little is known about whether the patient-centered care model would be helpful in improving the HRQoL of TB patients in Pakistan. The aim of this randomized, controlled trial was, thus, to assess whether pharmacist-led clinical interventions would improve the health-related quality of life of TB patients in Pakistan.
2 METHODS
2.1 Study design
This randomized controlled prospective study was carried out in the tertiary-care hospital of the Pakistan Institute of Medical Sciences TB control center in Islamabad, Pakistan.
2.2 Study participant randomization
A single-blinded randomized controlled trial (RCT) was implemented, utilizing two parallel arms that were equally divided (in a 1:1 ratio using a simple envelope technique) between the intervention and control groups. The RCT has an intervention group, in which patients will be given pharmaceutical care + usual care, versus a usual care group, where participants will follow DOTS care according to the protocol of the TB control program and WHO (Organization, 2016). DOT by definition means observing TB patients to make sure they swallow each dose of anti-TB medication. This study is registered with Clinicaltrials.gov NCT04645836. The Standard Protocol Items: Recommendations for Interventional Trials guidelines were followed in this study. Participants who visited the TB center between September 2020 and December 2021 were included in this study. To search for the aspects that affect the HRQoL of TB patients, the data questionnaire was divided into two sections. The first section discusses trial variables based on a literature review, while the second section assesses the HRQoL using EQ-5D-3L and patient satisfaction with counseling using a pre-validated Urdu version questionnaire (Naqvi et al., 2019). A recruitment patient registration team referred interested participants for evaluating their eligibility and attaining informed consent. The process of randomization was conceded through a computer Research Randomizer, completed by the principal investigator. After that, the participants were randomly generated within sealed opaque envelopes. The envelopes were opened by the study participant allocation team. The pharmacist received all the pharmaceutical care group envelopes and counseled them in a private room at the TB control center, while DOTS supporters received usual care envelopes. The data collector’s team and the data analysis team that carried out outcome measurements, such as the quality of life and satisfaction with the intervention, remained fully blinded to the allocation of the control and intervention groups. The trial pharmacist was the primary contact person in case of possible problems during the trial. Still, even the contact person was entirely blinded to the preliminary outcome assessment to have fewer chances of bias.
2.2.1 Inclusion and exclusion criteria
The study’s participants also included those who were 18 years of age or older and were getting self-administered TB treatment. At the baseline, all patients who agreed to a pharmacist’s counseling session were enrolled in the trial. The pharmacists engaged in the research study must be registered with the Pakistan Pharmacy Council and have a valid Category A license granted by the Pharmacy Regulatory Authority of Pakistan. Patients under the age of 18, those with extrapulmonary TB, and those having difficulties in writing or speaking Urdu were excluded from the study. Furthermore, patients with incorrect contact information, transfer out, and lack of follow-up were excluded from the study analysis.
2.3 Pharmaceutical care intervention
In addition to their regular treatment, all patients in the intervention group received individualized patient care from a clinical pharmacist. A healthcare paradigm known as “centered care” puts the patient at the center of all decisions. This method takes patients’ individual needs, wants, and values into account while including them as active partners in their own care. Direct patient monitoring, lifestyle modification education, and counseling are among the services provided.
2.3.1 Patients’ pharmaceutical care and interventions

1) After the documentation of baseline data, patient care interventions were implemented. Pharmaceutical care was provided during follow-up visits to collect and prepare care plans for every TB patient. The intervention was divided both into non-pharmacological and pharmacological categories. Non-pharmacological treatments included information on appropriate drug use, while pharmacological interventions included medication addition or modification.
2) Both verbal and written methods of educating patients had been used. The booklet provides information on medication administration and lifestyle modification.
3) The pharmacist identified disease-related drug problems and made management recommendations during treatment.
4) Participants received a daily SMS text and weekly phone calls for anti-TB medicine intake and medication refill visit reminders.
2.3.1.1 Phases of interview
People in the intervention group were checked on at the start of the study, after 3 months, and after 6 months. The patient’s QoL was inspected at each follow-up visit. The first interview was conducted at the baseline before initiating the intensive phase of anti-tuberculosis treatment. The second interview was performed within 2 weeks of switching to the continuation phase, and the third interview was conducted at the end of 6 months. A separate room was set aside for patient counseling and interviews for the intervention group. The pharmacist in the intervention group had no access to or involvement in the care of the control group patients. To ensure a moral impression, all participants who visited the TB clinic after screening obtained an instructional booklet with information on preventative treatment for family members.
2.4 Usual care group
Both intervention and control groups received the clinic’s usual services, including education session and drug prescription by a physician, as necessary, and the phone contact number of the clinic. The hospital staff provided usual care to these groups; physicians, a nurse, and pharmacy technicians were all involved in the management. They were treated according to the hospital’s clinical standards, including assessment, medication management by hospital pharmacy technician staff, and a normal patient follow-up at the TB healthcare center. The pharmacist did not intervene on their behalf; however, these patients were given advice based on their needs, and they were not obligated to attend any pharmacist counseling sessions.
2.5 European quality of life scale (EQ-5D five-dimensional questionnaire)
The health-related quality of life is a phrase that characterizes a person’s overall life satisfaction and wellbeing concerning their health and medical treatment. The HRQoL takes into account multiple aspects that determine physical, emotional, and social health, including pain, mobility, emotions, and social connections. EQ-5D-3L, designed by the EuroQol group, is frequently used as an HRQoL questionnaire that provides a single health status index value and a basic description (Dion et al., 2004). EQ-5D-3L consists of a descriptive system, which includes a five-dimensional/question set of health mobility, self-care, usual activity, pain, and anxiety, in which each dimension can further be classified into three levels of severity responses: level 1, no problem; level 2, some problem; and level 3, extreme problem. The EQ-5D-3L questionnaire also includes a 20-cm health meter and a visual analog scale (VAS), on which the respondents’ current self-health state is recorded on two distinct end points of a graduated (0–100) scale, with 100 being the best imaginable health state and 0 being the worst imaginable health state. EuroQol offered the Urdu (national language of Pakistan) version of EQ-5D-3L, and the study was also registered with an EuroQol ID: 34816. The scores for each dimension can be added together to provide a health status; a score of 1 on each dimension (11111) indicates perfect health. By using country-specific value sets, each patient’s five health states can be summed up into a single health utility value. The EuroQol-specific value sets are not yet documented for the Pakistani general population. Therefore, EQ-5D-3L was scored using values from a general population survey conducted in the United Kingdom in 1995, which had previously been used in an early survey in Pakistan (Saleem et al., 2018; Shahid et al., 2018). Feedback from patients regarding pharmacist counseling was identified through a pre-validated Urdu version patient satisfaction feedback questionnaire.
2.6 Ethical considerations
The Ethical Research Board of the Pakistan Institute of Medical Sciences (PIMS) (F.1–1/2015/ERB/SZABMU/359) was also approved by Xi’an Jiaotong University (XJTU), Health Science Center Biology Scientific and Research Ethics Committee (2019–1257). The respondents were also asked to give their written and verbal consent to take part in this study.
2.7 Statistical analysis and sample size
For continuous data, mean standard deviation was used, whereas for categorical variables, data were presented in percentages and frequencies. The normality of the data distribution was checked using the Kolmogorov–Smirnov test. To test for statistical significance among patient variables, one-way ANOVA tests were used for the control and intervention comparison within the groups (EQ-5D-3L index score and EQ-VAS score). A p-value of less than 0.05 was considered significant. All the variables that were included in preliminary analyses of multivariates were examined to verify that the tolerance value variance inflation factor and homogeneity of variance were not violated. In multivariate analysis, independent variables having p < 0.2 in univariate analysis were included in the analysis. Statistical Package for Social Sciences (SPSS) version 26 software was used to analyze the data obtained. We assumed a 10% difference in the primary outcome (Mishra et al., 2017), an alpha of 0.05, and a power of 80%, thus requiring a minimum sample size of 385 patients for both groups. However, considering the potential for losses to follow-up to be 10%, the intended sample size was 213 subjects per group over a 6-month study time period; the final sample size was 426 patients for both groups.
3 RESULTS
3.1 Patient enrolment
After they were found to be eligible, 426 of the 503 patients were randomly split into two groups: the intervention group with 213 patients and the control group with 213 patients. At the end of the study, n = 205 of the patients in the intervention group and n = 185 in the control group were included in the analysis. As indicated in Figure 1, the control group had 28 patients who dropped out, whereas the intervention group had eight patients who dropped out.
[image: Figure 1]FIGURE 1 | Flowchart of the participants enrolled in the RCT (intervention and control groups).
3.2 Patient demographic characteristics
The age group of 31–50 years represented almost 40.2% of the participants in the study, followed by 18–30 years (30.5%) and >51 years (29.2%), with male patients dominating the study (54.3%). More than half of the participants (233, 59.7%) had no formal education, while the remaining participants had intermediate level education (67, 17.1%) and primary level education (73, 18.7%). Out of the total, 71, 18.2%, patients in the study were employed. More than half (69.4%) of them had urban residences. The majority of study participants (70.5%) were from low-income families. Diabetes (5.8%), hypertension (7.1%), and hepatitis C, co-infected with TB, were the most common comorbidities in the overall sample of 16.1% of patients, while 21.2% of patients were under 40 kg; the percentages of non-smokers and current smokers were 76.2% and 23.8%, respectively (Table 1).
TABLE 1 | Patients’ characteristics of the study groups, control vs. intervention.
[image: Table 1]3.3 The comparison of HRQoL scores among the usual and intervention groups
The patient’s QoL from usual care was evaluated from the first to the second follow-up (mean ± SD standard deviation, 0.42 ± 0.35 to 0.57 ± 0.29) and from the second to the third follow-up (0.57 ± 0.29 to 0.78 ± 0.27) (Table 2).
TABLE 2 | Comparison of HRQoL scores among the control and intervention groups.
[image: Table 2]There was no significant difference between both groups at the baseline. The result showed that after the intervention in the second and third follow-up visit, the intervention group had significantly higher mean scores than the control group of EQ-5D-3L utility. In the second follow-up visit in the pharmaceutical care group, patients’ EQ-5D utility score increased to mean ± SD 0.72 ± 0.25, while in control group participants, the EQ-5D utility score increased to 0.57 ± 0.29; there were statistically significant differences in the mean and standard deviation scores (p < 0.001). In the final follow-up visit, the pharmaceutical care group patients’ utility score mean (SD) increased to 0.89 ± 0.09, while in the usual care group, the score was 0.78 ± 0.27 (p < 0.001).
3.3.1 Health-related quality of life domain comparisons between the control and intervention group
When compared to the control group, the intervention group’s mean QOL domain scores improved significantly (p < 0.001). The worst affected domains were the psychological domain in both groups. After pharmacist counseling, in the intervention group, more improvement was seen in the psychological domain (p < 0.00). In the first follow-up visit, significant differences were present in the mobility mean and standard deviation score of the intervention group (1.46 and 0.54) and the control group (1.57 and 0.56) (p < 0.04). In the second follow-up visit, there was a significant difference between EQ-5D-3L utility scores of the intervention and control groups (p < 0.05). In the third follow-up assessment in three domains, self-care (p < 0.00), usual activities (p < 0.00), and psychological domain (p < 0.00), there were significant improvements in the intervention group compared to the UC group (Table 3).
TABLE 3 | Change of mean and standard deviation scores, and EQ-5D-3L and EQ-5D-VAS scores.
[image: Table 3]At the first follow-up visit, more than half the respondents reported moderate or severe difficulties with mobility, usual activities, pain, and anxiety/depression. In the control group, severe problems existed in self-care (14.6%), usual activities (15.7%), pain (13%), and anxiety (26.5%). By the second follow-up visit, 16.8% of patients reported extreme problems with anxiety and depression, 14.1% in usual care, 17.8% in self-care, and 6.5% in the pain category. At the third follow-up visit, no patients in the control group reported extreme mobility problems, while 14.6% reported problems with anxiety, 8.6% in self-care, and 2.7% reported extreme problems in usual activities (Figure 2).
[image: Figure 2]FIGURE 2 | Change in the percentages of the quality of life in five domain scores of the intervention and control groups.
In the intervention group, extreme problems were experienced by TB patients in self-care (22.4%), usual activities (16.6%), pain (20%), and anxiety (36.1%). By the second follow-up visit, 8.8% reported extreme problems with pain, 5.9% in usual care, 4.9% in self-care, and 3.4% in the anxiety and depression category. At the third follow-up visit in the intervention group, no patients reported extreme problems; 1% of severe problems were identified in usual activities (Figure 2).
3.4 Regression analysis of the HRQoL by patients’ characteristics
A univariate logistic regression was used to quantitatively analyze the interactions of the study variables that had close associations with the TB-related HRQoL. A good fit model for the multivariate linear regression was determined (F = 8.66, p < 0.001, and adjusted R2 = 0.255). In the univariate logistic regression, the variables in control group participants that were associated with the HRQoL included the following: age groups, 31–50 vs. 18–30 (unstandardized β [95% CI]; p-value) (0.27 [-0.013 to 0.067]; p = 0.18) and >51 vs. 18–30 years -0.03 [-0.060 to 0.001]; p = 0.04); gender, female vs. male (-0.04 [-0.080 to -0.001]; p = 0.04); there was a significant difference in the study outcome between patients with a body weight less than 40 kg compared to those with body weight greater than 40 kg (-0.185 [-0.273 to -0.097]; p = 0.00), with a comorbid condition vs. without a comorbid condition (-0.212 [-0.336 to -0.087]; p = 0.00), cigarette smokers vs. cigarette non-smokers (-0.226 [-0.315 to -0.137]; p = 0.00), and with the those reported to the center within 30 days vs. those reported after more than 30 days (0.124 [ 0.080 to 0.168]; p = 0.00) (Table 4).
TABLE 4 | Difference in the HRQoL through patients’ characteristics of the intervention group using the univariate linear regression.
[image: Table 4]In multivariate regression analysis, the factors that remained statistically associated (unstandardized β [95% confidence interval]; p-value) with the control group were as follows: gender, female vs. male (-0.039 [-0.076 to -0.003]; p = 0.03); body weight less than 40 kg vs. more than 40 kg (-0.109 [-0.195 to -0.024]; p = 0.01); patients with any comorbidity vs. without comorbidity (-0.136 [-0.252 to -0.020]; p = 0.02); and smokers vs. non-smokers (-0.204 [-0.291 to -0.118]; p = 0.00) (Table 5).
TABLE 5 | Difference in the HRQoL through patients’ characteristics of the control group using multiple linear regression coefficients.
[image: Table 5]In the univariate logistic regression (Table 4), the variables of the intervention group participants that were associated with the HRQoL included the following: age group >51 vs. 18–30 (-0.017 [-0.016 to 0.003]; p = 0.15), residency urban vs. rural (-0.617 [-1.197 to -0.037]; p = 0.03), income status of the intervention group participants (0.021 [-0.008 to 0.050]; p = 0.15), body weight less than 40 kg vs. more than 40 kg (0.021 [-0.013 to 0.056]; p = 0.18), and patients with any comorbidity vs. without comorbidity (-0.028 [-0.064 to 0.007]; p = 0.12). A good fit model for the multivariate linear regression was determined (F = 2.30, p < 0.04, and adjusted R2 = 0.055), while in multivariate regression analysis, the factors were not statistically associated with the HRQoL (Table 5).
3.5 Patient satisfaction
The majority of respondents (92.2%) stated that they were able to obtain advice from a pharmacist without difficulty. A total of 78.1% of patients agreed that they had gained TB-related knowledge based on their requirements. The majority of patients in the intervention group (83.7%) expressed satisfaction with regards to their concerns about medication. A majority of them (97.5%) seemed willing to recommend pharmacists’ counseling to others and suggested that this program be offered in pharmacies throughout the localities in the country. Moreover, 63.9% of patients have said they are prepared to pay for counseling in the future (Table 6).
TABLE 6 | Feedback from patients regarding pharmacist counseling.
[image: Table 6]4 DISCUSSION
Since health is a basic human right and a crucial global societal objective that is essential for human needs, it is important to improve the HRQoL, even in disease conditions (Pinto et al., 2017). TB management is very complicated that involves several drugs and a lengthy duration of treatment. These aspects have a substantial impact on the patients’ quality of life (Qiu et al., 2020). The EQ-5D-3L questionnaire was used in this RCT to assess the HRQoL and its important determinants in TB patients. To the best of our knowledge, this is the first RCT for evaluating the improvements in the HRQoL in TB patients from a low-income country, Pakistan. The involvement of a clinical pharmacist service in standard treatment resulted in an enhanced HRQoL in 6-month follow-up visits. EQ-5D-3L (mean 0.40–0.89) and EQ-VAS (mean 45.3–85.4) improved with the intervention provided by the pharmacist. Findings similar to our study were reported in previous studies (Mishra et al., 2017; Saleem et al., 2018; Ali et al., 2019; Munsour et al., 2020). According to the research study, the quality of life of the intervention group increased much more, following educational counseling (Awaisu et al., 2012; Howyida et al., 2012; Kh et al., 2014). One of the main reasons for this improvement in the HRQoL was the patient-centered care that may have helped patients get rid of their symptoms and improve their ability to accept anti-TB treatment. The present study’s findings supported a similar argument that empowering patients through centered care positively affects the HRQoL (Khachadourian et al., 2020). These findings recognize the significant role that a pharmacist performs as a member of a multidisciplinary team in improving the quality of life and medical services of TB patients.
Consistent with prior research studies (Bauer et al., 2015; Kisaka et al., 2016), our findings suggest that EQ-5D and EQ-VAS scores significantly increase as the treatment progresses. According to earlier research (Dujaili et al., 2015; Singh et al., 2017), the greatest improvement in EQ-5D scores was seen in the first 2 months and 6 months after treatment. In this study, the baseline EQ-5D utility score of TB patients was similar to the previous study conducted by Saleem et al. (2018) and was lower than 0.70 according to the study by Awaisu et al. (2012), showing differences in absolute values between studies (Awaisu et al., 2012; Saleem et al., 2018). The results of EQ-5D index scores vary depending on the value set (“tariff”) because each population may show different preferences for various health conditions (Van Hout et al., 2012). Unfortunately, research studies on the EQ-5D-3L utility score for TB patients are still rare; consequently, the findings of this study on utility scores across different health statuses might serve as a reference for such analyses. In this study, the highest increase in EQ-5D scores was recorded within the first 2 months of treatment; this result is similar to that previously reported by Dujaili et al. (2015) and Saleem et al. (2018). Physical, mental, and social problems are common among TB patients, due to prolonged therapy and the infectious nature of the disease (Zarova et al., 2018; Aggarwal, 2019). This finding is consistent with previous research studies (Singh et al., 2017; Aggarwal, 2019). The psychological domain has reported more problems than the physical, self-care, and pain categories; in addition, the results are consistent with those of a past study (Sartika et al., 2019). At the initiation of treatment, anxiety and depression were found in 36.1% of intervention group patients and 26.5% of the control group patients. The point of concern is that 14.6% still indicated anxiety and depression at the end of treatment in the control group. This is comparable to previous studies conducted in Pakistan, which reported that 46% and 55.5% of TB patients have anxiety and/or depression after treatment, respectively (Husain et al., 2008; Saleem et al., 2018). Another study reported that the reasons for the low HRQoL even after treatment were the long treatment period, isolation from their family, and low socioeconomic status (Sulehri et al., 2010). This finding highlights the critical importance of assessing TB patients’ mental health and providing appropriate counseling to those who require it the most.
Similar to other research studies, in this study, we also sought to understand the factors that explained the difference in the quality of life scales (Eq.(5D)–(3L)) (Louw et al., 2016; Banerjee et al., 2019). Educating people may result in a better ability to cope with TB infections and an increase in the awareness about illness control and prevention, which will increase the HRQoL (Wu et al., 2009; Chizimba, 2012). Memory problems, anxiety and depression, and economic difficulties all are identified as contributing factors to a lower HRQoL (Chen et al., 2021; Febi et al., 2021). Based on the analysis, male patients with TB had an improved HRQoL compared to female patients, and these findings are comparable with previous research studies (Samuel et al., 2022). Female patients are the most neglected population in society, possibly due to the high levels of stigma and discrimination against them in Pakistan (Habib et al., 2021). As a result, gender is an important social predictor of health, and inequalities in gender-related HRQoL parameters must be considered (Izhar et al., 2021). In this study, in the control group, smoking was identified to interact with the trend of the HRQoL of TB patients. Just as the previous studies proposed, smoking suppresses the immune system, resulting in higher bacillary loads, which can aggravate disease symptoms and decrease physical health improvement with treatment (Banerjee et al., 2019; Magis-Escurra et al., 2021). The study results propose that comorbidity illnesses significantly affect the HRQoL. The relative reduction in the QoL among those with comorbidities is similar to the previous studies (Johansson et al., 2013; Butterly et al., 2023).
The present study’s findings supported similar arguments that empowering patients through centered care positively affects the HRQoL (Khachadourian et al., 2020). These findings recognize the significant role that a pharmacist performs as a member of a multidisciplinary team in improving the quality of life and medical services of TB patients. The HRQoL of TB patients improved significantly in the intervention group. This shows the involvement of the clinical pharmacist in TB care, leading to positive effects in patient care and the HRQoL across all five domains in all patients in the intervention group. The findings of this study are similar to those of the previous studies (Munsour et al., 2020; Abubakar and Atif, 2021). This shows that a pharmacist’s involvement in TB care increases patients’ HRQoL across all five domains in all patients in the intervention group. Most patients found counseling easy and acknowledged the pharmacist’s support; they were satisfied with the answers they received and sought out more counseling opportunities. Our findings are in line with those of other studies (AlQarni et al., 2019; Naqvi et al., 2019). A significant proportion of participants were willing to pay for the service, and the level of satisfaction is consistent with the findings from studies conducted in Pakistan and Saudi Arabia (AlShayban et al., 2020; Khan et al., 2022). Pharmacists should provide patients with precise, clear, and relevant information about their medications. The findings of this study point to the importance of clinical pharmacist services in the TB health sector in Pakistan.
4.1 Limitations
This study’s notable advantage was that it was the first randomized controlled trial to examine how EQ-5D-3L scores of individuals changed in Pakistan, a country where TB is prevalent. Moreover, treatment and consultation were provided free of charge to our study patients. This interventional study outcome will help in establishing the significance of fulfilling a pharmacist-led educational intervention in TB care settings to improve patients’ self-care practices and treatment outcomes. There are, however, several limitations to this study that should be noted. First, there is the probability of a selection bias among TB participants since in this study only those participants who were willing to take part and the study condition of fluency in the national language Urdu limited the range of possible participants. A significant number of patients who visit the medical facility are from diverse towns and are only able to communicate effectively in their local language. Therefore, they have been unable to participate in the study. All participants were ensured that their refusal to be involved in the study would have no impact on their routine treatment so that they would not feel forced to play a part in the trial. Second, we applied an EQ-5D-3L health utility value based on the UK general population, although it has been conducted previously in Pakistan (Saleem et al., 2018; Habib et al., 2021). To provide a more accurate evaluation of the HRQoL in future research studies, a health utility value based on the general population of Pakistan should be established.
4.2 Policy implications
It is necessary to include the patient perspective when prescribing anti-TB medications. When patients are involved in treatment, they become vital participants in the control and eradication of TB (Organization, 2014). A patient-centered strategy will increase their social support and advocacy about the disease and treatment, which will help in improving patient satisfaction, HRQoL, and treatment outcomes, benefiting both the patients and society. Even though the present exercise is limited in low- and middle-income countries, this approach needs to be adopted. Therefore, the policymakers should initiate its implementation and documentation on a priority basis.
5 CONCLUSION
This study appears to be the first RCT in Pakistan addressing the HRQoL of TB and enhancing a pharmacist’s role in patient-centered care in collaboration with the TB control team. Patient-centered care interventions led by pharmacists, as a part of care coordination, enhanced the HRQoL for TB patients significantly. Most prominently, these findings show that the addition of pharmacists as group members in providing patient-centered care in low-income countries can positively support the TB-related HRQoL. Low-income countries should follow the patient-centered care approach. The findings of this study point toward the importance of clinical pharmacist services in the TB health sector in developing countries.
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Background: Drug-drug interactions (DDIs) have the potential to result in severe adverse drug events and profoundly affect patient outcomes. The pivotal role community pharmacists assume in recognizing and effectively managing these interactions necessitates a comprehensive understanding and heightened awareness of their implications. Such knowledge and awareness among community pharmacists are fundamental for ensuring the delivery of safe and efficacious care to patients.
Aim: This study aimed to assess the knowledge of community pharmacists in Jeddah, Saudi Arabia, regarding drug-drug interactions (DDIs).
Method: A cross-sectional survey was administered to a cohort of 147 community pharmacists through the utilization of a self-administered questionnaire. The questionnaire encompassed a comprehensive range of 30 multiple-choice questions, encompassing various facets pertaining to drug-drug interactions (DDIs).
Results: A total of 147 community pharmacists working in Jeddah City, Saudi Arabia, completed the survey. The majority of them were male (89.1%, n = 131), and had bachelor’s degrees in pharmacy. Results showed that the lowest correct response of DDIs was between Theophylline/Omeprazole, while the highest was between amoxicillin and acetaminophen. Results revealed that among the 28 drug pairs, only six pairs were determined correctly by most participants. The study found that majority of the studied community pharmacist could not determine the correct answer on drug-drug interaction knowledge, as also seen with the measured below half mean DDIs knowledge of 38.22 ± 22.0 (min = 0, max = 89.29, median = 35.71).
Conclusion: The study highlights the need for ongoing training and education programs for community pharmacists in Saudi Arabia to enhance their knowledge and understanding of DDIs, ultimately leading to improved patient care and safety.
Keywords: pharmacist, pharmacology, DDIs, counseling, quality
INTRODUCTION
Drug-drug interactions (DDIs) occur when two or more drugs are administered simultaneously and interact with each other, resulting in altered pharmacological effects or toxicity. Its became a major concern in healthcare, particularly in the management of chronic diseases that require multiple medications (Obreli-Neto et al., 2012; Létinier et al., 2019; Hughes et al., 2023). DDIs can lead to adverse drug reactions, treatment failure, and even death (Bucşa et al., 2013; Chen et al., 2016; Ibrahim et al., 2021). Several factors can contribute to DDIs, including the pharmacokinetics and pharmacodynamics of the drugs involved (de Leon and Spina, 2018; Niu et al., 2019). Pharmacokinetic interactions involve alterations in the absorption, distribution, metabolism, and excretion of drugs, while pharmacodynamic interactions involve changes in the drug’s effects on the body. Some drugs may inhibit or induce the enzymes responsible for metabolizing other drugs, leading to altered drug concentrations and effects (Galetin et al., 2008; Almond et al., 2009). Other factors that can contribute to DDIs include genetic variations in drug metabolism, drug formulation, and patient-specific factors such as age, sex, and medical history (Akiyoshi et al., 2013; Tod et al., 2013; Malki and Pearson, 2019).
Community pharmacists play a crucial role in the prevention and management of DDIs by identifying potential interactions and providing appropriate advice to patients and other healthcare professionals (Becker et al., 2005; Chatsisvili et al., 2010; Hamadouk et al., 2022). The role of community pharmacists in improving patient outcomes through medication therapy management has been well established in the literature (Albabtain et al., 2021). One crucial aspect of medication therapy management is the identification and management of drug-drug interactions (DDIs), which can result in adverse drug events and decreased efficacy of medication (Juurlink, 2007). Community pharmacists are often the last point of contact between the patient and the healthcare system before medication use, and as such, play a critical role in identifying and managing potential DDIs (Vik et al., 2021). To enhance their ability to identify these interactions accurately and efficiently, community pharmacists increasingly rely on electronic databases specifically designed for checking DDIs. By harnessing the power of these databases, pharmacists can quickly and accurately identify potential interactions, ensuring patient safety and optimizing medication therapy.
In Saudi Arabia, community pharmacists are an integral part of the healthcare system, providing a range of services to the public, including dispensing medications, counseling patients, and monitoring drug therapy. However, there is limited research on the knowledge of community pharmacists about DDIs in Saudi Arabia. Assessing the knowledge of community pharmacists about DDIs is crucial for identifying areas of weakness and designing appropriate educational interventions to improve patient care and safety.
Several studies have been conducted in other countries to assess the knowledge of community pharmacists about DDIs, and they have reported variable levels of knowledge among pharmacists. However, there is a paucity of research on this topic in Saudi Arabia. Therefore, this study aimed to assess the knowledge of community pharmacists in Jeddah, Saudi Arabia, regarding DDIs. The findings of this study will provide valuable insights into the current state of knowledge of community pharmacists about DDIs in Jeddah and can inform the development of educational interventions to improve their knowledge and ultimately improve patient care and safety.
METHODS
Sample size, sampling procedure and target population
According to the study, the sample size was determined using the total number of pharmacists working in the private sector in Jeddah city, which was 3,228 (Ministry of health, 2021). The sample size was calculated using the statistical program Openepi at a 90% confidence interval with a 5% margin of error, resulting in an estimated sample size of 250. Between November and December 2022, the questionnaire was electronically distributed to community pharmacists working in Jeddah via email and various social media platforms. Furthermore, pharmacy chain managers were contacted and asked to share the questionnaire with their pharmacists. The study was limited to community pharmacists working in Jeddah city, and those working in other parts of Saudi Arabia were not included in the study. To ensure the questionnaire’s quality, it was reviewed by two assistant professors of pharmacology. Following the review, a pilot study was conducted to assess face validity, involving fifteen community pharmacists who were not included in the final study.
Study design and setting
For this study, a cross-sectional questionnaire was developed by the authors and administered to participants using a self-administered Google form. The questionnaire aimed to assess the knowledge level of community pharmacists regarding drug-drug interactions (DDIs) and was developed based on extensive research, studies, and clinical practices from around the globe. A list of 28 potential drug-drug interactions was asked of the pharmacists obtained from (Malone et al., 2004; Phansalkar et al., 2012; Al-Abdelmuhsin et al., 2021). The questionnaire employed in this study encompassed two distinct sections, encompassing a total of 34 multiple-choice items. The first section aimed to gather essential demographic data, encompassing variables such as age, gender, academic qualifications, years of professional experience, country of academic qualification, and the specific working region of each participant. This demographic information allowed for a comprehensive understanding of the characteristics and background of the participating pharmacists. The second section of the questionnaire was designed to assess the participants’ knowledge pertaining to drug-drug interactions (DDIs). This section involved a series of 28 commonly encountered drug pairs, meticulously selected based on their significant clinical impact and their frequency of occurrence within the literature. For each drug pair, participants were tasked with classifying the nature of the interaction into one of four distinct categories: “no interaction,” “contraindicated,” “with monitoring,” or “not sure.” These categories were chosen to enable a comprehensive evaluation of the participants’ understanding of the potential interactions between commonly used drugs. Recognizing the multitude of sources available for obtaining information about DDIs, participants were granted the flexibility to select multiple answers from the provided options. This approach allowed for a more accurate depiction of the participants’ reliance on various sources of drug information when assessing potential DDIs. The inclusion of these two sections within the questionnaire facilitated a comprehensive exploration of the participants’ demographic characteristics as well as their knowledge and understanding of DDIs. This enabled a thorough analysis of the relationship between demographic factors and DDI knowledge, shedding light on potential areas for improvement and targeted educational interventions within the community pharmacy setting.
Statistical methodology and ethical consideration
The data was analyzed using IBM SPSS version 23 (IBM Corp., Armonk, N.Y., United States). Descriptive statistics were used to define the characteristics of the study variables, with categorical and nominal variables presented in counts and percentages, and continuous variables presented as mean and standard deviations. A scoring system was utilized to measure the level of knowledge of drug-drug interactions among community pharmacists in Jeddah. The study underwent review and approval by the institutional review board committee at the university (approval number (HAPO-02-K-012-2022-11-1303). Participation was voluntary, and all data collected were fully anonymized.
RESULTS
A total of 147 community pharmacists working in Jeddah City, Saudi Arabia completed the survey. The response rate was 58.8%. The data suggests that the male participants comprised a significantly higher percentage compared to the female participants. Specifically, males accounted for approximately 89% of the total participants, while females represented approximately 11%. The majority had bachelor’s degree in pharmacy (79.6%, n = 117), and had less than 10 years of experience in the field (51.0%, n = 75) (Table 1). The summary of 28 drug-drug interaction (DDI) knowledge of the pharmacists is indicated in Table 2.
TABLE 1 | Socio-demographic characteristics of the studied community pharmacists (N = 147).
[image: Table 1]TABLE 2 | Summary of 28 drug-drug interaction (DDI) knowledge of the studied pharmacists.
[image: Table 2]Table 3 shows that among the 28 drug pairs, only six pairs were determined correctly by the majority of the participants, with 4 out of these 6 pairs having only <10% cutoff difference compared to its corresponding wrong answers. This suggests that still a majority of the studied community pharmacist could not determine the correct answer on DDI knowledge, as also seen with the measured below half mean DDIs knowledge of 38.22 ± 22.0 (min = 0, max = 89.29, median = 35.71). Twenty out of the 28 pairs exhibited statistically significant differences (p < 0.005).
TABLE 3 | Correct versus incorrect answers of the studied pharmacists toward the 28 drug-drug interaction pair (DDI).
[image: Table 3]Significant differences were found in the knowledge score of DDIs in terms of gender (p = 0.014) and years of experience (p = 0.007), as shown in Table 4. However, there were no significant differences were found between age groups, academic qualification, and country of academic qualification in the knowledge score of DDIs (p > 0.05). The result of test of between-subjects effects for factors such as gender and experiences are indicated in Table 5.
TABLE 4 | Association between socio-demographic characteristic and knowledge on drug-drug interaction (DDI) of the studied community pharmacists.
[image: Table 4]TABLE 5 | Tests of between-subjects effects.
[image: Table 5]DISCUSSION
This article about drug-drug interaction knowledge in Saudi Arabia sheds light on an important issue that affects patient safety and healthcare outcomes in the country. The findings of the study suggest that there is a significant lack of knowledge about drug-drug interactions among community pharmacists in Saudi Arabia, which could lead to adverse drug events and negative health outcomes for patients. One of the key points raised in the paper is the need for increased awareness and education about drug-drug interactions among healthcare professionals. This is an important first step towards improving patient safety and reducing the risk of adverse drug events. The study highlights the fact that many healthcare professionals in Saudi Arabia may not be adequately trained or equipped to identify and manage drug-drug interactions, which is a cause for concern. Among the pharmacists surveyed, it was observed that the majority, both in terms of percentage and actual numbers, were individuals from foreign countries. This indicates that the community pharmacy workforce in Saudi Arabia is largely comprised of professionals who originate from outside the country. Different studies have shown results within the demographics of community pharmacists practicing in the country. Our findings correlate with previous studies that revealed a noteworthy finding: a significant proportion of community pharmacists in Saudi Arabia are foreigners (Alkhuzaee et al., 2016; Rasheed et al., 2023). Moreover, the prevalence of foreign-educated community pharmacists in this study was generally high and also correlated with previous findings (Alaqeel and Abanmy, 2015; Hadi et al., 2016).
Several studies have examined the knowledge and awareness of community pharmacists regarding DDIs in different regions of the world. A study in Qatar, found that while most pharmacists recognized the potential for DDIs, there were gaps in their knowledge regarding specific interactions. For example, some pharmacists did not recognize the interaction between warfarin and nonsteroidal anti-inflammatory drugs (NSAIDs), which can increase the risk of bleeding. The study suggests that further training and continuing education may be necessary to improve pharmacists’ ability to manage DDIs (Abbas et al., 2022). Similarly, a study found that community pharmacists in the United States had a limited understanding of potential DDIs, particularly between nonprescription analgesics and prescription medications. The study suggests that pharmacists should receive more targeted education regarding these interactions, including the importance of patient counseling and medication review (Ylä-Rautio et al., 2020). In Greece, a study found that out of the 1,071 prescriptions analyzed, 663 (62%) had at least one potential DDI. Medical doctors have the responsibility of prescribing medications based on their clinical judgment and patient’s specific needs. They must consider factors such as the patient’s medical history, existing medications, allergies, and potential interactions when selecting and prescribing drugs. Effective communication, coordination, and sharing of information between medical doctors and pharmacists are essential to identify, prevent, and manage DDIs in patient care. The most common types of DDIs were pharmacokinetic interactions (60.4%), followed by pharmacodynamic interactions (34.2%) and pharmaceutical interactions (5.4%) (Chatsisvili et al., 2010). In this study, some of the factors were not significant. For example, there were no significant differences were found between age groups, academic qualification, and country of academic qualification in the knowledge score of DDIs (p > 0.05). This finding indicates that factors such as age, academic qualification, and the country where one received their academic qualification may not significantly influence the level of knowledge pharmacists possess regarding DDIs. It suggests that these factors may not be reliable predictors of knowledge in this specific domain. However, it is important to note that while the results did not find statistical significance, it does not necessarily mean that these factors have no influence at all. Other factors not examined in the study or interactions between multiple factors may still contribute to the knowledge scores.
Taken together, these studies suggest that community pharmacists’ knowledge and awareness of DDIs may be suboptimal in different regions of the world, despite their critical role in identifying and managing these interactions. The studies highlight the need for ongoing education and training programs, updated guidelines, and increased resources to support pharmacists in their efforts to provide safe and effective care to patients. Additionally, pharmacists may benefit from more targeted education regarding specific DDIs, including those between nonprescription and prescription medications, as well as the importance of patient counseling and medication review to identify and manage potential interactions. Particularly, improving pharmacists’ knowledge and awareness of DDIs can help to reduce the risk of adverse drug events and improve patient outcomes.
Overall, the article highlights an important issue that requires urgent attention in Saudi Arabia. Improving drug-drug interaction knowledge among community pharmacists is crucial for improving patient safety and healthcare outcomes in the country. By raising awareness of this issue and identifying potential solutions, your study makes an important contribution to the field of healthcare in Saudi Arabia and beyond.
CONCLUSION AND RECOMMENDATIONS
The prevention and management of drug-drug interactions (DDIs) is of utmost importance in healthcare, and community pharmacists play a critical role in achieving this goal. The study has identified some recommendations to improve the knowledge and practice of community pharmacists regarding DDIs. Based on the study’s findings, it is recommended that continuing education and training programs should be developed for community pharmacists in Jeddah to improve their knowledge of DDIs. The Saudi Arabian Ministry of Health should develop guidelines and protocols for the management of DDIs in community pharmacies to ensure consistency in practice. Additionally, community pharmacies should have access to electronic databases that provide up-to-date information on DDIs to support their practice. Finally, future studies should be conducted to assess the impact of education and training programs on community pharmacists’ knowledge and practice regarding DDIs. In conclusion, ensuring that community pharmacists have adequate knowledge and skills is essential in preventing DDIs, and the above recommendations can help achieve this goal.
LIMITATION
Firstly, the study’s sample size may limit the generalizability of the findings. If the sample size is small or not representative of the entire population of community pharmacists in Jeddah, the results may not accurately reflect the overall knowledge level of pharmacists in the region. Additionally, the study’s reliance on self-reported data from community pharmacists introduces the possibility of response bias. Participants may overestimate their knowledge to present themselves in a more favorable light or may underreport their knowledge about DDIs due to various reasons, such as social desirability bias. Furthermore, the study focuses solely on assessing community pharmacists’ knowledge without considering other factors that may influence their ability to apply that knowledge in practice, such as time constraints, workload, or access to resources.
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Background: There is no validated tool to assess patients’ knowledge of oral anticoagulant therapy in atrial fibrillation in China.
Methods: Using a standard translation program, the Jessa Atrial fibrillation Knowledge Questionnaire (JAKQ) was translated into Chinese. The reliability of the JAKQ was assessed by internal consistency (Cronbach’s α coefficient), repeatability (test-retest reliability), and sensitivity tests. Effectiveness was assessed by hypothesizing that a lower JAKQ score was a risk factor for bleeding. A total of 447 patients with atrial fibrillation (AF) who were hospitalized between July 2019 and December 2021 were studied and followed up. Participants were followed up 1, 3, 6, and 12 months after enrollment. Bleeding during follow-up was recorded. Data were obtained from hospital databases and telephone follow-up.
Result: A total of 447 patients with AF completed JAKQ. The mean age of patients was 67.7 ± 10.2 years. The median JAKQ score was 31.3% (12.5–43.8). The Cronbach’s α coefficient of JAKQ was 0.616–0.637, and the test-retest reliability value was 0.902 (p < 0.001). Multivariate logistic regression showed that the higher knowledge level of AF was associated with secondary education or above, an income of more than 2000 yuan, and a history of AF of more than 1 year. Bleeding was associated with a lower JAKQ score, hypertension, and a history of bleeding. Non-bleeding patients on VKA had a better understanding of how often INR should be monitored and what to do if an OAC dose was missed.
Conclusion: The Chinese version of JAKQ shows good reliability and validity, indicating that it is a valuable tool for AF and oral anticoagulation (OAC) knowledge assessment. It can be used in clinical practice to guide educational activities and improve the effectiveness and safety of treatment. It was shown that Chinese patients with AF have insufficient knowledge about AF and OAC. Lower JAKQ scores are associated with bleeding, so targeted education is necessary. Targeted educational efforts should focus on patients recently diagnosed with AF and those with lower formal education and income.
Keywords: atrial fibrillation, anticoagulant, knowledge, bleeding, validation
INTRODUCTION
Atrial fibrillation (AF) is a common arrhythmia with a worldwide prevalence of 2%–4%, and the prevalence of AF increases with age (Hindricks et al., 2021). The risk of thrombotic disease in patients with AF is five times higher than that of the general population if left untreated, and the death or disability rate of AF-related stroke is twice as high as that of the population without AF (Migdady et al., 2021). Anticoagulant therapy in patients with AF reduces the risk of stroke by approximately 64% (Hart et al., 2007). Therefore, assessment of stroke risk and effective anticoagulation treatment, with vitamin K antagonists (e.g., warfarin) or non-vitamin K antagonist oral anticoagulants (NOACs), in patients are key (Lip and Lane, 2015; Kirchhof et al., 2016; Maruhashi and Higashi, 2020). However, anticoagulant therapy in patients with AF also increases the risk of bleeding. Major bleeding in patients with AF was reported in the range of 1.4%–5.2% in subjects treated with NOACs, and about 2.6%–5.6% in those on warfarin (Martinez et al., 2018; Guimarães et al., 2020; Weir et al., 2021; Rutherford et al., 2022).
After a patient is diagnosed with AF, it is necessary to decide whether to initiate anticoagulant therapy based on the risk of thrombosis (Pop et al., 2021). Meanwhile, it is also important to assess the risk of anticoagulant-related bleeding and inform the patient of the possible risks, complications, and expected benefits. Enhanced knowledge of diseases and drug use has improved clinical outcomes of disease treatment (including AF), drug safety as well as patient adherence (Man-Son-Hing and Laupacis, 2003; Fuenzalida et al., 2017; Guo et al., 2017; Vinereanu et al., 2017; Undas et al., 2020). Meanwhile, the 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation state that better patient knowledge can help strengthen self-management and joint decision-making, and patients should be educated more comprehensively (Hindricks et al., 2021). At present, several questionnaires have been published to assess the knowledge level of patients with AF. Most of these studies were directed to a specific group of AF patients, e.g., patients new on OAC therapy (Smith et al., 2010; Clarkesmith et al., 2013), and patients undergoing radio-frequency catheter ablation (Xu et al., 2010). Some questionnaires focused on OAC therapy only, such as Oral Anticoagulation Knowledge test (Zeolla et al., 2006) and Oral Anticoagulation Knowledge Tool (AKT) (Obamiro et al., 2016). And some of the studies used tools that are often not practical in daily routine (Desteghe et al., 2016). Compared to these tools, the Jessa Atrial fibrillation Knowledge Questionnaire (JAKQ) includes knowledge about AF and anticoagulation. It is a brief, complete, and validated AF-specific knowledge questionnaire that can be used in daily practice to evaluate patients’ insight into their condition. It was designed in 2016 by Desteghe et al. and validated in a Belgian population (Desteghe et al., 2016; Desteghe et al., 2019). Since then, it has been repeatedly validated in the Polish (Konieczyńska et al., 2018; Janion-Sadowska et al., 2019) and Turkey populations (Özlü and Bayramoğlu, 2021). Currently, there is no validated knowledge assessment tool in China to examine patients’ knowledge level about oral anticoagulant (OAC) therapy. Therefore, the purpose of this study was to translate and validate the JAKQ, and to evaluate knowledge about AF and OAC in patients with AF at multiple centers in China.
METHODS
Study design and setting
The study was conducted in seven centers: Fujian Medical University Union Hospital, the Affiliated Fuzhou First Hospital of Fujian Medical University, Guizhou Provincial People’s Hospital, Xinyang Hospital Affiliated to Zhengzhou University, The Second Affiliated Hospital of Chongqing Medical University, the Affiliated Hospital of Jining Medical University and First Hospital of Shanxi Medical University. All of the seven hospitals are Grade III A hospitals. Grade III A hospitals are the highest level of hospitals classified according to the current “Hospital Grading Management Measures” in China. (Supplementary Figure S1).
This prospective cohort study aimed to evaluate if the JAKQ applies to the Chinese population and to assess the knowledge level among patients with AF at seven centers between July 2019 and December 2021. The research is in line with the Declaration of Helsinki, and all patients provided written informed consent. The study has been registered in China Clinical Trial Registration Center (registration number: ChiCTR1900024455).
The inclusion criteria were as follows: 1) Age≥18 years old; 2) Outpatients and inpatients diagnosed with AF (regardless of primary or secondary diagnosis); 3) NOAC or VKA anticoagulant therapy should last at least 1 month; 4) Agree to sign the informed consent form. The exclusion criteria were as follows: 1) Cognitive impairment; 2) Severe liver and kidney insufficiency; 3) Severe heart failure; 4) Having experienced severe bleeding complications (e.g., cerebral hemorrhage and gastrointestinal hemorrhage) within the past 3 months; 5) Patients who did not want to be followed up. The inclusion and exclusion criteria were determined by querying the patient’s electronic medical record, searching for relevant information, or checking for any related diseases.
The instrument
The knowledge level of patients with AF was evaluated using the JAKQ. The original JAKQ has gone through a complete validation process: i.e., content verification, face validation, response process, construct validity, internal consistency (Cronbach’s α0.522–0.674), test-retest reliability, sensitivity test, and identification potential (Desteghe et al., 2016). The JAKQ consists of 3 dimensions and 16 questions: part 1 about atrial fibrillation knowledge (8 questions); part 2 about general principles concerning anticoagulant therapy (5 questions); and part 3 about VKA therapy or NOAC therapy (3 questions). Each question contains four choices, with one point being given for choosing the correct answer and zero points being given for choosing a wrong choice or selecting the “I do not know” option. The score on JAKQ is divided by the number of completed questions to get the percentage. The anticoagulant knowledge of patients with AF was determined according to the correct answer rate. If the patient’s JAKQ score exceeded 50%, it was considered a high JAKQ score, otherwise it was considered a low score.
The WHO forward and backward translation method (World Health Organization, 2017) was used to translate the JAKQ. Two researchers proficient in Chinese and English translated the original JAKQ into Chinese versions A1 and A2, respectively, and another researcher combined the Chinese version A1 and A2 to form A12 and compared it with the original questionnaire. Then, a native English translator translated Chinese version A12 back into English version A3, and the English version A3 was compared with the original questionnaire. After repeated modification and backward translation, the Chinese version A12 was consistent with the original questionnaire, and a final version for testing was formed for a reliability and validity study (Figure 1).
[image: Figure 1]FIGURE 1 | Translation process.
JAKQ validation
The Chinese version of JAKQ validation included the analysis of reliability and validity. The internal consistency of JAKQ was determined by calculating Cronbach’s α coefficient. The reliability of JAKQ was determined by test-retest reliability to assess if the results on the JAKQ are consistent over time. A total of 135 patients (30%) completed the JAKQ with a retest after 1 month without receiving any educational intervention. Sensitivity analysis evaluated the results of targeted education in 116 patients. After all patients were enrolled, these two subgroups were selected by individuals who were not involved in this study through a random number table and agreed to by the patients. In the validity analysis, we hypothesized that lower JAKQ scores were associated with bleeding (Figure 2).
[image: Figure 2]FIGURE 2 | Overview of the different steps in the validation process of the Jessa Atrial fibrillation Knowledge Questionnaire.
Study procedure and targeted education
For patients who met the inclusion criteria, pharmacists administered the JAKQ to the patient at the end of the doctor’s clinic or before the patient was discharged. Then, under the guidance of a trained pharmacist, the patient independently completed the questionnaire. If the patient could not read, the researcher explained the questions and assisted the participants in completing the questionnaire. For patients who agreed to participate in retesting and education, the pharmacist reminded them to participate in the study at the hospital 1 and 3 months after enrollment. If the patient was unable to attend the hospital for some reason, the personal visit was replaced by a telephone follow-up.
Based on Desteghe et al.'s study(Desteghe et al., 2019), we designed targeted education, which was provided by a research team composed of pharmacists. After the patient completed the JAKQ, the pharmacist provided intensive education on the patient’s incorrect answers to the questionnaire. If the patient answered incorrectly, the pharmacist pointed out the correct answer to the patient and provided an explanation.
Data collection
Data (demographic characteristics, education, income, duration of medication, time of diagnosis of AF) were collected from patients’ electronic medical records, and information on bleeding events was obtained through follow-up of patients or their relatives. Participants were followed up 1, 3, 6, and 12 months after enrollment. Major bleeding was defined according to the International Society for Thrombosis and Hemostasis (ISTH), as occurring in a critical organ (Intracranial, intraspinal, intraocular, retroperitoneal, intra-articular or intra-pericardial, intramuscular compartment syndrome) or as a drop in hemoglobin level of at least 2 g/dL or transfusion of at least 2 units of red blood cells. Minor bleeding events were defined as not meeting the criteria for major bleeding or clinically significant bleeding (Schulman and Kearon, 2005). CHA2DS2-VASc and HAS-BLED scores were the results of scoring based on the patient’s medical record display data.
Statistical analysis
SPSS 25.0 (IBM, Armonk, USA) was used for statistical analysis. Kolmogorov-Smirnov test was used to examine whether the continuous variables conformed to the normal distribution, and Levene’s test was used to examine whether the two groups of variables had homogeneity of variance. Continuous variables were expressed by mean ± standard deviation (SD) or median and inter-quartile range (IQR). Categorical variables are reported as relative number component ratio (%) or rate (%). Spearman’s rho and Mann-Whitney U test were used to evaluate the test-retest reliability of JAKQ. The effect of targeted education was evaluated by the Mann-Whitney U test. The Chi-square test and t-test were used to compare demographic differences. Univariate binary logistic regression analysis was used to evaluate the correlation factors affecting questionnaire scores and bleeding. All variables with p < 0.1 in univariate analysis were used for multivariate logistic regression analysis. A p-value <0.05 was considered statistically significant.
RESULTS
Patient characteristics
Of the 485 patients with AF who requested to participate, 38 patients were excluded because they did not meet the inclusion criteria (n = 13) or refused follow-up (n = 7), and 18 patients were lost to follow-up at the end of the one-year follow-up. A total of 447 patients with AF were included in the final analysis, half of which were females (45.9%). The majority of patients received NOACs (62.9%), namely, rivaroxaban 185 (65.8%) as well as dabigatran 96 (34.2%), while 37.1% of patients were treated with VKA. More than half of the patients (51.2%) had hypertension, and 340 patients (76.1%) had taken anticoagulants for less than 1 year (Table 1).
TABLE 1 | Characteristics of the study population.
[image: Table 1]JAKQ validation
JAKQ had an acceptable internal consistency. The Cronbach’s α coefficient for the Chinese version of JAKQ was 0.746, the Cronbach’s α coefficient of each dimension was 0.637 for atrial fibrillation related questions; 0.634 for the part about oral anticoagulation and the questions about VKA and 0.616 for the part about general anticoagulant knowledge in combination with the NOAC questions.
The demographic characteristics of the subgroups in the test-re-test and intervention studies are shown in Table 2. The demographic characteristics of the two subgroups were similar to those of the entire cohort. The Test-retest reliability analysis showed no significant difference between patients’ JAKQ scores at baseline and after 1 month if no additional education was provided (37.5% (12.5–50.0) vs. 37.5% (12.5–50.0), p = 0.674). This indicates that JAKQ has good reliability (rho = 0.902, p < 0.001).
TABLE 2 | Characteristics of the subgroups in the test-re-test and intervention studies.
[image: Table 2]To test the sensitivity of the questionnaire, the effect of targeted education was assessed in the population. Compared with baseline JAKQ scores, patients scored significantly better about 1 month after they had received targeted education (31.1% (18.8–43.8) vs. 68.8% (50.0–75.0), p < 0.001). After 2 months of additional education, the learning effect was still significant (68.8% (50.0–75.0) vs. 81.3 (68.8–87.5), p < 0.001) (Figure 3).
[image: Figure 3]FIGURE 3 | Effect of targeted education on the score of the Jessa AF Knowledge Questionnaire (JAKQ).
Knowledge of patients with AF
The scores of Chinese patients with AF were generally low (31.3% (12.5–43.8)), with a minimum score of 0 and no one getting the full score. Notably, only 5.1% of patients knew that painkillers based on paracetamol were the safest painkillers combined with OAC treatment. At the same time, 91.8% of patients on NOACs were not aware of the role of the OAC cards or were not aware of the existence of OAC cards at all. In addition, only 17.3% of patients knew they could detect AF by taking their pulse regularly. The majority of patients using NOACs (85.1%) did not know what to do when the OAC dose was missed, compared with patients using warfarin (52.9%). Interestingly, 71.1% of patients on warfarin were sufficiently aware of the importance of regular monitoring of INR (Table 3).
TABLE 3 | Specific topics addressed in the Jessa AF Knowledge Questionnaire (JAKQ) with the percentage of correct responses among patients with or without bleeding.
[image: Table 3]Factors influencing questionnaire score
In the multivariate-adjusted logistic regression model, secondary education or above (OR 2.75; 95%CI, 1.57–4.82; p < 0.001), diagnosed with AF for more than 1 year (OR 2.23; 95%CI, 1.28–3.87; p = 0.004) and income more than 2000 yuan (OR 2.36; 95%CI, 1.26–4.40; p = 0.007) was significantly correlated with the higher knowledge level of AF (Figure 4).
[image: Figure 4]FIGURE 4 | Factors associated with higher JAKQ score (A JAKQ score exceeding 50% was considered a high JAKQ score, otherwise it was considered a low score).
Knowledge and bleeding
Of note, patients with a bleeding event during 1 year follow-up, scored less on JAKQ than those without a bleeding event (25.0% (12.5–43.8) vs. 37.5% (25.0–50.0), p < 0.001). Non-bleeding patients on VKA had a better understanding of how often INR should be monitored (82.2% vs. 50.9%, p < 0.001) and what to do if an OAC dose was missed (56.1% vs. 30.5%, p = 0.002). Fewer patients with AF with bleeding knew the purpose of OAC cards accompanying NOACs compared to those without bleeding (10.1% vs. 2.7%, p = 0.045). Notably, patients with bleeding were more aware than those without bleeding (47.2% vs. 18.0%) that they should not go to the general practitioner each time when they feel AF (Table 3).
The difference in patients with and without bleeding
Bleeding was observed in 133 patients (29.7%) and was more often reported by males than females (66.2% vs. 33.8%). Among the bleeding patients, 59 patients (44.4%) were treated with VKA, 74 patients (55.6%) were treated with NOACs, rivaroxaban 54 (73.0%), and dabigatran 20 (27.0%), respectively. Patients with bleeding had more often hypertension (75.9% vs. 40.8%, p < 0.001) and heart failure (27.1% vs.15.3%, p = 0.004). Amiodarone was more commonly used in patients with bleeding than those without bleeding (16.9% vs. 27.8%, p = 0.008). History of bleeding (19.5% vs. 8.0%, p < 0.001) and history of thrombosis (27.1% vs. 11.1%, p < 0.001) were more common in patients with bleeding. Gingival bleeding was more frequently reported than nasal bleeding and subcutaneous hemorrhage in all patients (49 cases (11.0%) vs.23 cases (5.1%) vs.16 cases (3.6%)) (Table 1).
Factors influencing bleeding
In the multivariate-adjusted logistic regression model, the risk factors associated with bleeding were a history of bleeding (OR 3.61; 95%CI, 1.39–9.36; p = 0.008) and hypertension (OR 2.02; 95%CI, 1.06–3.85; p = 0.033). Meanwhile, the higher JAKQ score (OR 0.90; 95%CI, 0.82–0.99; p = 0.038) was a protective factor for bleeding (Figure 5).
[image: Figure 5]FIGURE 5 | Factors associated with bleeding (*Score is a continuous variable).
DISCUSSION
In this multi-center trial, we validated the Chinese version of JAKQ, and used validated JAKQ to investigate the knowledge level of Chinese patients with AF about the disease and OAC, and to investigate the association between patients’ knowledge and bleeding. The main findings were: 1) The Chinese version of JAKQ was a reliable and effective tool for evaluating anticoagulant knowledge of AF; 2) Knowledge about AF and OAC in Chinese patients with AF was generally low; 3) Higher JAKQ scores were associated with secondary education or above, income more than 2000 yuan and history of AF for more than 1 year; 4) Bleeding in patients with AF was associated with lower JAKQ scores, hypertension, and history of bleeding.
In this study, JAKQ was systematically translated into Chinese for the first time, and it was used to evaluate the disease and OAC knowledge level of patients with AF at multiple centers in China. We translated the questionnaire into Chinese using a widely used method that meets the criteria in the Translation Guide (Wild et al., 2005). In the application of JAKQ, the questionnaire has acceptable internal consistency, good repeatability, and time stability, which proves that the Chinese version of JAKQ retains the reliability and validity of the original (Desteghe et al., 2016). The analysis shows that JAKQ is an effective tool for assessing the knowledge level about AF and OAC and can identify knowledge gaps in different aspects, addressing the most important issues in the management of AF and OAC.
The results of the knowledge assessment of Chinese patients with AF indicate that the median JAKQ score of patients with AF was 31.3%, which is much lower than the results of large population surveys (55.5%–62.5%) conducted by researchers in Belgium (Desteghe et al., 2016; Desteghe et al., 2019) and Poland (Janion-Sadowska et al., 2019). It is worth noting that the study population in this experiment came from 7 large Grade III A hospitals in cities, so the whole knowledge level of Chinese patients with AF may be even lower. One possible reason is that the overall average education level in China is lower than that in Europe (Patrinos and Angrist, 2018), and many primary care physicians know little about AF and anticoagulant treatment (Ye et al., 2020). Another possible reason is that the average consultation time of general practice in European countries is 10.7 min (Deveugele et al., 2002), while the median consultation time of Chinese general practice is only 2 min (Jin et al., 2015). It is interesting that the mean score increased again 2 months after education, compared to the 1-month score, and the knowledge scores of patients who did not participate in education did not increase significantly. This indicates that the increase in score has nothing to do with the increase in familiarity with the questionnaire, which highlights the importance of targeted education for patients by pharmacists. Meanwhile, repeated strengthening of targeted education may help patients have a deeper understanding of the disease and medication (Desteghe et al., 2019).
Several studies have shown that knowledge of AF and OAC is influenced by several socio-demographic factors, such as participants’ education level (Shen et al., 2020; Sedney et al., 2021), income (Tertulien et al., 2021), and duration of the disease (Desteghe et al., 2016). Similarly, our study found that patients with higher education, higher income, and longer disease duration had higher JAKQ scores. This can be explained by the fact that this group of people generally have a higher awareness of self-care and a stronger awareness of obtaining health information, which benefits their acceptance of disease-related knowledge. Meanwhile, patients with high education have a strong ability to accept new things and self-study (Shen et al., 2020; Sedney et al., 2021), while patients with low education and poor economic conditions are often unable to accurately grasp knowledge due to limited knowledge sources and relatively poor ability to accept and understand (Tertulien et al., 2021). Due to long-term treatment, patients with a long course of disease receive more guidance from the physician and have a relatively high knowledge score (Desteghe et al., 2016). Therefore, more attention should be paid to patients recently diagnosed with AF, and those with lower formal education and income. Pharmacists can spend more time educating such patients.
Physicians and patients often do not take anticoagulant therapy due to their fear of bleeding, so it is very important to evaluate the risk of bleeding in patients with AF. There have been studies discussing the management issues related to NOACs and special populations with increased risk of bleeding (Roberti et al., 2021). This study revealed some influential factors of bleeding, such as a history of bleeding and hypertension, which are similar to the results of previous studies (Ishii et al., 2017; Verdecchia et al., 2018; Rydberg et al., 2020). Therefore, more attention should be paid to the risk of bleeding in patients with AF who have a history of bleeding and hypertension during anticoagulant therapy. The selection of anticoagulant drugs for such patients should be more cautious.
Through the hypothesis that a lower JAKQ score was a risk factor for bleeding, we found that patients with bleeding during follow-up had poor knowledge levels of AF and OAC, and the validity of the instrument was proven. This was also confirmed by a cohort study using JAKQ (Konieczyńska et al., 2022), whose results showed that poor knowledge of AF and OAC in patients with AF was associated with an increased risk of adverse clinical outcomes, particularly clinically relevant bleeding, at a median follow-up of 42 months. It may be interesting to note that this study considered more serious forms of bleeding. The current findings suggest that by improving patients’ understanding of AF and OAC, it may be possible to reduce adverse clinical outcomes. It is also noteworthy that in our study 3 of the 4 questions for which the rate of correct responses were different between the patients with and without bleeding were broadly OAC-related, although the overall score reflected both AF and OAC-related knowledge. Equally important, few patients are aware that the combination of anticoagulants with widely used nonsteroidal anti-inflammatory drugs increases the risk of bleeding, especially gastrointestinal bleeding (Undas et al., 2020). Therefore, it is important to educate patients on the most appropriate painkillers to optimise the safety of their anticoagulant therapy. On the question “Do you need to go to the general practitioner every time you feel AF?” bleeding patients have a higher rate of the correct response. This may mean that bleeding patients are more likely to discuss their fears and concerns with their general practitioner, and receive more attention from their general practitioner (Metzgier-Gumiela et al., 2020).
It should be noted that although the knowledge about the disease in patients with AF is flawed, the best educational strategy for patients remains unclear (Heidbuchel et al., 2017; Hindricks et al., 2021). In the era of smart technology, applications on smartphones or tablets have been used to improve communication between patients with AF and healthcare professionals (Guo et al., 2017; Kotecha et al., 2018; Ayyaswami et al., 2019). Importantly, AF is associated with increasing age (Zhou and Hu, 2008; Hindricks et al., 2021). Yet, existing mobile health applications have design flaws that may limit usability by older adults (Li et al., 2021). Therefore, whether these technologies can achieve the best educational effect remains to be determined.
The study also has some limitations. First of all, all of our seven research centers are Grade III A hospitals in large cities, so our findings may not easily be extended to community service centers or secondary hospitals. Secondly, some bleeding and thrombotic events were self-reported by patients, which may have led to recall bias. In addition, our study was focused on the association between patients’ knowledge level and bleeding, and it remains to be established whether the scores on the JAKQ are related to patients’ adherence or satisfaction. Finally, suboptimal implementation of NOACs into clinical practice and some doctors not updating their understanding of anticoagulation therapy may have resulted in the low understanding of the OAC card among patients. This may be one of the reasons for the low score of Chinese patients with AF.
CONCLUSION
In conclusion, the Chinese version of JAKQ shows good reliability and validity, indicating that it is a valuable tool for AF and oral anticoagulation (OAC) knowledge assessment. It can be used in clinical practice to guide educational activities and improve the effectiveness and safety of treatment. It was shown that Chinese patients with AF have insufficient knowledge about AF and OAC. Lower JAKQ scores are associated with bleeding, so targeted education is necessary. Targeted educational efforts should focus on patients recently diagnosed with AF and those with lower formal education and income.
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Background: In Japan, the involvement of hospital pharmacists in inappropriate medications (IMs) practices has not been sufficiently reported. Therefore, this prospective study described the interventions of hospital pharmacists in discontinuing inappropriate drugs or reducing drug doses.
Methods: We conducted a prospective, multicenter, observational study to investigate the intervention of hospital pharmacists in inappropriate prescriptions for inpatients in September 2018. Fifty pharmacists from 45 hospitals in Japan participated in this study. IMs were defined as medications that pharmacists deemed inappropriate for patient treatment. The subjects of the study were patients who interacted with the participating pharmacists.
Results: During the study period, the median number of beds in hospitals where the 50 participating pharmacists worked was 380, and the average number of beds for which the pharmacists were responsible was 49. The enrolled hospital pharmacists recommended that doctors discontinue or reduce the doses of their regular drugs for 347 out of 1,415 (24.5%) patients. Among the 391 pharmacists’ recommendations to reduce IMs for 347 patients, physicians accepted 368 (94.1%) recommendations, and 523 drugs were discontinued as a result. Pharmacist intervention also led to improvements in hypnotic sedation, delirium, and hypotension. The most common reasons for IMs identified by pharmacists were “long-term administration of irresponsible or aimless medications” (44.5%), “adverse effects caused by medications” (31.5%), and “medications-mediated duplication of the pharmacological effect” (15.3%). Approximately 90% of pharmacists’ suggestions to reduce medications were accepted for each reason. The average number of regular medications used by patients involved in drug reduction was 8.2, and the average number of medications reduced was 1.7. A sub-analysis showed that patients using opioids tended to take more medications, and these patients were able to reduce the amount of medications taken. Interventions by pharmacists certified in palliative pharmacies tended to reduce adverse drug events.
Conclusion: This was the first multicenter prospective observational study conducted in Japan to demonstrate hospital pharmacist intervention’s effectiveness in promoting appropriate prescription and, consequently, a reduction in the number of medications in use and polypharmacy.
Keywords: hospital pharmacists, intervention, inappropriate medications, polypharmacy, multicenter prospective observational study
1 INTRODUCTION
Prescription errors are clinically meaningful errors that occur when prescribing decisions or formulary processes, resulting in an unintentional and significant decrease in the probability of timely and effective treatment or an increased risk of harm compared to generally accepted practice (Abdel-Qader et al., 2010) and can occur in daily clinical practice (Bates et al., 1995; Noguchi et al., 2016). Therefore, preventing prescription errors is essential for hospitals, and hospital pharmacists play a vital role in comprehensively intervening in patient care to prevent adverse drug events (ADEs) (Nester and Hale, 2002; Bond and Raehl, 2007; Abu-Naser, 2021).
The number of medications prescribed to patients increases with age and comorbidities (Park et al., 2016). Polypharmacy, defined as the inappropriate use of multiple medicines in patients in the 1960s (Canadian Medical Association, 1966), is associated with various problems, such as drug interactions, ADEs, increased medical expenses, and decreased medication adherence (Hersh et al., 2017). Studies have found that there is a dose-dependent relationship between polypharmacy and mortality, and excessive polypharmacy, such as regular use of ten or more medications, can lead to death (Leelakanok et al., 2017). However, increasing the number of drugs essential for a patient’s health can result in polypharmacy. Several studies have defined polypharmacy as the use of more drugs than is clinically indicated (Fulton and Allen, 2005). Recent research suggests that deprescribing, a process of identifying and discontinuing inappropriate medications (IMs), can reduce inappropriate polypharmacy in older patients (Reeve et al., 2015). However, it remains unclear whether deprescribing can improve clinical outcomes (Reeve et al., 2014; Scott et al., 2015). The use of multiple drugs in various healthcare settings is associated with potentially inappropriate medication (Nothelle et al., 2017; Nothelle et al., 2019).
According to Japan’s guidelines for the appropriate use of drugs for older patients, polypharmacy is a condition in which various problems occur due to the use of multiple drugs (Ooi, 2019). In Japan, there have been reports on the management of polypharmacy in a specific area of a single hospital (Hashimoto and Tensho, 2016; Horii and Atsuda, 2020). However, it resulted from medical staff with high-level knowledge, and it was difficult to generalize the data. As such, there is insufficient evidence of pharmacists’ contributions to addressing this problem in daily practice. To fill this gap, the Japanese Society for Pharmaceutical Palliative Care and Sciences (JSPPCS) Research Committee previously conducted a questionnaire survey on polypharmacy for members who worked as hospital pharmacists (Uchida et al., 2019) and community pharmacists (Suzuki et al., 2019). These results show the prevalence of polypharmacy and the benefits of pharmacy interventions for drug-related problems (Suzuki et al., 2019; Uchida et al., 2019).
However, since the findings were obtained from a retrospective observational study, the data lacked information on the patient background (age, disease, etc.), the actual number of cases of pharmacist recommendations and acceptance, detailed information such as discontinuation of IMs or reduction of drug doses following pharmacist recommendations, and information linking pharmacist interventions to each patient to improve the symptoms of ADEs. Furthermore, to date, no multicenter prospective studies have been conducted on deprescribing interventions by pharmacists. Therefore, to bridge this gap, the JSPPCS conducted a multicenter, prospective study to clarify the benefits of pharmacy interventions in reducing IMs in Japan. In our previous study, the questionnaire included analyses based on drug use status and professional certification. In this prospective study, we utilized the data obtained to perform a subanalysis, examining the impact of pharmacist intervention based on these factors (Suzuki et al., 2019; Uchida et al., 2019).
2 MATERIALS AND METHODS
2.1 Study design
A multi-center, prospective, observational study of pharmacists’ interventions on inappropriate prescriptions in a hospital was conducted in September 2018.
2.2 Participants
Hospital pharmacists who were members of the JSPPCS were recruited from the JSPPCS homepage to cooperate in this study. The recruitment method involved publicizing the prospective observational study on the JSPPCS website and inviting pharmacists who were interested in participating. A total of 50 pharmacists from 45 hospitals in Japan volunteered to take part in the study. Pharmacists who participated in the study reported information on patients who had pharmacy interventions that resulted in a reduction in the medications the patients were using.
2.3 Variables and data source
We conducted an analysis of various aspects, including the characteristics of the participating pharmacists and pharmacies, the nature of deprescribing through pharmacist interventions, the reasons behind and acceptance rates of pharmacists’ recommendations to reduce medications, the average number of drugs discontinued or reduced in dose, functional classification of discontinued drugs, and their pharmacological categories. The count of drugs discontinued or reduced in dose represents the total “number of cases” in which each drug was either discontinued or reduced, respectively.
At the outset of the survey, the participating pharmacists provided the following personal information: gender, years of experience as a pharmacist, working hours, duration dedicated to patient medication counseling, time spent on clinical pharmacy-related education, and details about their pharmacy, including the daily prescription count, total number of pharmacists employed, number of full-time staff pharmacists, percentage of patients with cancer, and number of patients availing pharmacy services. The pharmacist participants were provided with an electronic survey record form developed and validated by a research committee member of the JSPPCS (Supplementary Tables S1–S3). As part of their regular duties, pharmacists recorded their interventions during each patient visit. In addition, hospital pharmacists were required to record their work status and reduce the number of medicines used or doses administered during the study period.
During their intervention, pharmacists recorded the patient’s age and disease status. In cases in which a patient had more than one disease, the pharmacist recorded the comorbidities. In addition, the pharmacists recorded the following information on the survey record form daily for each case: the number of regularly used drugs in patients treated with inappropriate drugs, the timing when the pharmacist was aware of inappropriate prescriptions, the reasons for pharmacists’ recommendations to reduce medications, and the content of deprescribing, including the number and name of drugs discontinued and dose-reduced drugs by doctors. The study did not provide participating pharmacists with specific criteria for assessing ADEs, but they were instructed to use the CTCAEv4.0 as the criterion for assessing ADEs in their case report forms (CRFs). CTCAE stands for Common Terminology Criteria for Adverse Events; these criteria are also called “common toxicity criteria.” In CTCAE, an adverse event is defined as any abnormal clinical finding temporally associated with the use of a therapy. Specifically, pharmacists assessed whether ADEs were improved after deprescribing.
Subsequently, the JSPPCS office collected the records for analysis. We only collected data from the pharmacists who participated in the study. Even if they worked at the same hospital, those who did not participate in the study were excluded. After the observational period, we collected the data recorded by the enrolled pharmacists. The protocol was approved by the Institutional Review Board of the Ethics Committee of Osaka University of Pharmaceutical Sciences (approval no. 0052), and since the study used only administrative data to improve regular clinical practice, patient consent was waived. Consequently, while the patient data were anonymized for analysis, the pharmacists who conducted the pharmacy interventions were not anonymized.
2.4 Settings
This prospective, observational study focused on the 50 participating and the scope of practice with their respective institutions, where they implemented the pharmacy intervention.
2.5 Definition of inappropriate medications (IMs)
In this study, we categorized IMs as long-term administration of irresponsible or aimless medications, ADEs caused by medications, medication-mediated duplication of the pharmacological effect, medication-induced drug–drug interactions, inappropriate drugs for older patients, and inappropriate drugs or doses considering the patient’s organ function. The study also defined ‘regular drug’ as a prescribed medication to be taken on schedule, excluding drugs taken only when symptoms occurred.
2.6 Data assessment
2.6.1 Data availability and collection
After the survey period, records were collected from the JSPPCS office.
2.6.2 Data analysis
Descriptive analyses were performed to characterize the study population. Bivariate analyses were employed to examine the differences in demographic characteristics using t-tests for continuous variables and chi-square tests or Fisher’s exact probability tests for categorical variables. The study also analyzed the relationship between pharmacist interventions, of pharmacists both with or without Board Certified Pharmacist in Palliative Pharmacy (BCPPP), and the rate of improvement in ADEs in patients who used or did not use opioids. All data were analyzed using SPSS software (version 22.0; SPSS Inc., Chicago, IL, United States). Statistical significance was set at p < 0.05.
3 RESULTS
3.1 Characteristics of 50 hospital pharmacists
The background information on pharmacists is presented in Table 1. The median pharmacist’s experience was 14 years. The median number of beds in hospitals where the pharmacists worked was 380, and the average number of beds for which the pharmacists were responsible was 49. During the study period, the pharmacists worked an average of 8.8 h per day, with an average of 4.0 h spent on clinical practice for patients. Fifty-four pharmacists (54.0%) had a BCPPP accredited by the JSPPCS.
TABLE 1 | Characteristics of the pharmacists included in this study (n = 50).
[image: Table 1]3.2 Hospital pharmacist interventions
Hospital pharmacists’ interventions are shown in Table 2. A total of 1,415 patients underwent interventions by 50 pharmacists. More than 80% of the patients had cancer. Out of the total 1,415 patients, 347 individuals (24.5%) received pharmacist interventions specifically aimed at reducing medication usage or decreasing the dosage of their current medications. Of the 347 patients, pharmacists provided 391 deprescribing suggestions. The most common reasons for IMs identified by pharmacists were “long-term administration of irresponsible or aimless medications” (44.5%), “adverse effects caused by medications” (31.5%), and “medications-mediated duplication of the pharmacological effect” (15.3%). Approximately 90% of all pharmacists’ recommendations were accepted for each reason to reduce medications, and consequently, physicians accepted 368 recommendations (94.1%). The average number of regular medications used by patients involved in drug reduction was 8.2 [standard deviation (S.D.): 3.5], and the average number of medications reduced was 1.7 (S.D. 1.4).
TABLE 2 | Pharmacist contributions in reducing inappropriate medication.
[image: Table 2]3.3 Characteristics of 347 patients with pharmacy interventions
The backgrounds of the patients who underwent the intervention are presented in Table 3. The most common age group encompassed 310 patients (89.3%) in their 60 s or older. Cancer was the most common disease (297 patients, 85.6%), followed by cardiovascular (15 patients, 4.3%) and urological (7 patients, 2.0%) diseases. Twelve patients (42.7%) received at least one treatment during their current hospitalization.
TABLE 3 | Characteristics of the patients included in this study (n = 347).
[image: Table 3]3.4 Drugs discontinued following pharmacist recommendations
A total of 523 drugs were discontinued following the recommendations of 50 pharmacists during the study period, as shown in Table 4. The most common drug categories, according to the Anatomical Therapeutic Chemical Classification, were the alimentary tract and metabolism (32.3%), nervous system (22.8%), and cardiovascular system (11.3%). The most common drug categories according to functional classification were gastrointestinal medications (14.0%), analgesics (13.2%), and antipsychotics (8.2%). Table 4 also shows the pharmacological categories of drugs that were discontinued following pharmacists’ recommendations.
TABLE 4 | Medications discontinued following pharmacist recommendations (n = 523).
[image: Table 4]3.5 Improved ADEs due to pharmacy interventions
Table 5 shows the ADEs potentially avoided according to pharmacists’ recommendations. Out of the 123 pharmacy interventions for IMs that considered potential ADEs, physicians accepted 116 of these interventions (94.3%). The three most common ADEs were “hypnotic sedation” (12.2%), “delirium” (8.9%), and “hypotension” (8.9%). Of the 123 symptoms, 55 (44.7%) improved after deprescription. Improve rates of the top three symptoms of ADEs reduced due to pharmacist interventions were “hypnotic sedation” (60.0%), “delirium” (63.6%), and “hypotension” (45.5%).
TABLE 5 | Adverse drug events potentially avoided due to pharmacist’s recommendations.
[image: Table 5]3.6 Differences between cancer patients using and not using opioids
Table 6 presents a comparison between the 391 interventions performed by pharmacists on patients who used opioids with those who did not. All patients receiving opioid analgesics suffered from cancer. The average number of regularly used medications was significantly higher among opioid-using patients than among non-opioid-using patients (8.9 vs. 7.3, p < 0.001). The average number of deprescribed medications was significantly higher among opioid-using patients than among opioid-non-using patients (1.9 vs. 1.5, p < 0.01). There were 210 pharmacy interventions in 180 opioid-using cases and 181 pharmacy interventions in 167 non-opioid-using cases. The top three reasons for IMs were “long-term administration of irresponsible or aimless medications” (n = 99), “adverse effects caused by medications” (n = 65), and “medication-mediated duplication of the pharmacological effect” (n = 33) in opioid-using patients. In patients who did not use opioids, the top three reasons for IMs were similar to those for pharmacy interventions in opioid-using patients. The acceptance rate of opioid users was significantly higher than that of non-opioid users (96.7% vs. 91.2%, p = 0.02). The rate of symptom improvement after deprescription was also significantly higher in opioid-using patients than in non-using patients (62.5% vs. 25.0%, p < 0.001).
TABLE 6 | Comparison of interventions implemented by pharmacists in patients using opioids and those not using opioids.
[image: Table 6]3.7 Differences between BCPPP and non-BCPPP
Table 7 presents a comparison of 391 interventions conducted by pharmacists with and without the BCPPP. The average number of regularly used and reduced medicines due to pharmacy interventions was not significantly different between patients who received pharmacy interventions by the BCPPP and those who received pharmacy interventions by the non-BCPPP. The top three reasons for the IMs detected by BCPPP were “long-term administration of irresponsible or aimless medications” (n = 104), “adverse effects caused by medications” (n = 83), and “medication-mediated duplication of the pharmacological effect” (n = 41). In the non-BCPPP pharmacy interventions, the top three reasons for IMs were similar to those of the BCPPP pharmacy interventions. In addition, the acceptance rate by doctors was not significantly different between pharmacy interventions using the BCPPP and those using the pharmacy interventions by non-BCPPP (94.8% vs. 92.8%, p = 0.41). The rate of improvement in symptoms after deprescribing was also significantly higher in pharmacy interventions by the BCPPP than in pharmacy interventions by the non-BCPPP (52.5% vs. 30.6%, p = 0.04).
TABLE 7 | Comparison interventions conducted by pharmacists with and without BCPPP.
[image: Table 7]4 DISCUSSION
This was the first multicenter prospective observational study conducted in Japan to demonstrate how hospital pharmacists contribute to eliminating polypharmacy among inpatients. Of the 1,415 patients involved in the study, the pharmacists recommended discontinuing or reducing the dosage for 347 patients (24.5%). A total of 391 patients received recommendations from pharmacists’ to reduce IMs use, of which 368 (94.1%) were accepted. A total of 523 drugs were discontinued following the pharmacist’s recommendations. Pharmacist intervention improved hypnotic sedation, delirium, and hypotension. Although the trends in IMs were similar to those of a previous questionnaire survey (Uchida et al., 2019), we were able to reveal the results of medication reduction that the questionnaire survey could not clarify. The average number of 8.0 regular medications may reflect the actual situation of patients with cancer in clinical practice. This also reveals polypharmacy and the fact that pharmacists can reduce the number of medications. The pattern of deprescribing due to pharmacy intervention in the questionnaire survey (Uchida et al., 2019) differed from that in the current prospective observational study, indicating a difference between responses based on general knowledge and cases encountered in actual clinical practice. The main reasons for drug reduction were “less meaningful drug use” and “ADEs,” which were apparently associated with patient-related disadvantages. This result also differs from that of a questionnaire survey (Uchida et al., 2019). However, our prospective study of community pharmacists confirmed a similar trend (Uchida et al., 2022). Compared with prospective studies of interventions by community pharmacists, the rate of prescribing interventions by hospital pharmacists was clearly higher and more diverse. This observation could be attributed to the closer working relationships between hospital pharmacists and prescribing doctors. The proximity and collaboration between hospital pharmacists and physicians may have facilitated prescribing interventions, making it easier for hospital pharmacists to intervene compared to pharmacists working in community pharmacies.
This study provided a case report form through which hospital pharmacists could document whether the symptoms of ADEs improved after the intervention. Although the symptoms of ADEs varied widely, approximately 40% of the patients’ adverse symptoms improved after the intervention. Interventions aimed at reducing ADEs are the mainstay of IMs use. A multicenter study in Japan reported that 29 of 100 hospitalized patients had ADEs, of which 4.9% were severe and 1.6% were life-threatening (Morimoto et al., 2011). Patients who experience drug reactions have higher mortality rates and longer hospital stays than those who do not (Bond and Raehl, 2006). Half of the adverse drug reactions are preventable (Chan et al., 2001; Leendertse et al., 2008; Zed et al., 2008), and this intervention can improve patient quality of life, healthcare costs, and treatment. Especially in older individuals, renal dysfunction is a cause of adverse drug reactions due to unintentional overdose caused by delayed elimination of many drugs, such as water-soluble antibacterials, diuretics, and non-steroidal anti-inflammatory drugs (Mangoni and Jackson, 2004). A prospective observational study reported that the most common types of drugs causing adverse drug reactions were anti-infectives, steroids, anticoagulants, non-steroidal anti-inflammatory drugs, and diuretics (Geer et al., 2016). In this study, the reasons for drug reduction varied, leading to a corresponding reduction in the number of medications prescribed to patients. The diversity of reasons contributed to the decision to decrease the usage or dosage of specific drugs in order to address various concerns or optimize the patients’ medication regimens. ADEs were also diverse; however, because many of the patients were in the palliative medicine field, such as oncology, symptom improvement in hypnotic sedation, hypotension, and delirium were achieved in many cases.
Although the number of drug-drug interactions in the breakdown of IMs was small, the acceptance rate was high. Drug interactions are a potential concern for most medications, but it is important to note that the majority of interactions are not absolute contraindications. Instead, they often serve as guidelines for cautious administration. The use of medications with cautious administration can indeed present challenges, and even with knowledge and expertise, it can be difficult for pharmacists to determine in actual practice whether a patient’s condition is adversely affected by a drug interaction or whether to continue a medication that has been identified as causing a potential drug interaction. Although the number of interactions identified by pharmacists in this study was low, the acceptance rate by doctors was high because the interactions identified by pharmacists were clearly unfavorable to the patient. A Swedish drug registry study reported a strong relationship between the number of drugs and drug-drug interactions (Hajjar et al., 2007; Johnell and Klarin, 2007). Since the average number of regularly used drugs in the study was 8.2, it is expected that the number of drug-sensory interactions was high and consequently the associated potential for patient disadvantage was also high. In polypharmacy, drug interactions are more potentially concerning, and education or training on how to deal with them is necessary. Therefore, in Japan, continuing education to detect drug-drug interactions in routine clinical practice is necessary. As suggested by Scott et al., incorporating education on polypharmacy and deprescribing into pharmacists’ training would be advantageous for the success of future pharmacists (Scott et al., 2023).
Pharmacists reduced the number of drugs used in various pharmacological categories. The most common drugs discontinued following pharmacists’ recommendations were gastrointestinal medications (14.0%), followed by analgesics (13.2%), antipsychotics (8.2%), and hypnotic sedatives (8.0%). This was due to long-term administration of irresponsible or aimless medications, adverse drug reactions, duplication of the same type of drug, and indiscriminate prescription. Sleepiness or sedation, cognitive function, and other symptoms improved after discontinuation of the medications. These interventions resulted in the resolution of the ADEs. Our data suggest that the clinical services provided by pharmacists can contribute to reducing the disadvantages faced by outpatients.
Although most patients targeted for pharmacist intervention in this study were cancer patients, it was clear that those using opioids had a higher number of medications and were more likely to be able to reduce their medications. Since the JSPPCS conducted the study, half of the pharmacists who participated in the study had BCPPP, and most of the interventions were for patients with cancer. Comparing patients with and without opioid use showed that patients prescribed opioids use more medications, contributed more to medication reduction, and had a greater rate of improvement in adverse event symptoms. Although pharmacists must consider the use of opioids, the results clearly demonstrate their significance. When comparing pharmacists’ interventions with and without the BCPPP, there was no statistical difference in the number of drugs used between the two groups and no difference in the mean value of medication reduction. There was no statistical difference in the acceptance rate of interventions for IM, but there was a twofold difference in the number of suggestions made by the 27 pharmacists with BCPPP and the 23 without, 252 and 139, respectively. Furthermore, the rate of ADEs improvement was considerably higher in the BCPPP group than in the non-BCPPP group. Hence, the training and certification in BCPPP provided by the JSPPCS holds remarkable value. However, since these results were based on a univariate sub-analysis, a carefully designed prospective intervention study with or without BCPPP is needed to confirm this important clinical question.
Several definitions of inappropriate prescribing exist (O’Connor et al., 2012; O’Mahony et al., 2015; Panel et al., 2015; Levy, 2017; Chun et al., 2018), including the American Geriatrics Society Beers Criteria (Panel et al., 2015) and the Screening Tool of Older People’s Prescriptions (STOPP) (O’Mahony et al., 2015) which are well-known criteria that address multiple elements to reduce polypharmacy. However, to alleviate the burden on hospital pharmacists in their daily practice, we did not use international criteria to detect IMs in this prospective study. Hamilton et al. reported that potential inappropriate medications, as defined by the STOPP criteria, were extensively associated with avoidable drug reactions in older patients (Hamilton et al., 2011). Although the Beers criteria (Panel et al., 2015), the STOPP/START criteria (O’Mahony et al., 2015), and the Medication Appropriateness Index (Hanlon and Schmader, 2013) have clear evidence and should be used for evaluation, only a few facilities in Japan currently implement these criteria in their daily clinical practice. In addition, the use of these criteria requires diagnostic studies and imaging evaluations that pharmacists cannot perform regularly. Therefore, we did not use these criteria in this study. This is further because a Dutch study on outpatients reported that most drug-related problems were not associated with the STOPP/START criteria (Verdoorn et al., 2015); those criteria are not absolute. These criteria should be carefully selected according to the purpose of the study. As the purpose of our study was to clarify pharmacists’ drug reduction activities in actual clinical practice, the study was successful without evaluation using international standard criteria. Polypharmacy is often defined in numbers (Levy, 2017; Masnoon et al., 2017; Wastesson et al., 2018), but there is no unanimous definition of what constitutes polypharmacy (Masnoon et al., 2017). In our study, we define polypharmacy as the use of more drugs than clinically indicated rather than by a specific number (Fulton and Allen, 2005). ADEs cause some symptoms related to the central nervous system and the gastrointestinal tract, often resulting in the prescription of additional drugs to control these symptoms (Budnitz et al., 2011; Carroll and Hassanin, 2017; Wastesson et al., 2018), which is a necessary treatment for patients. Therefore, pharmacists must propose the use of necessary drugs based on the successive assessment of the patient’s treatment and not just the number of drugs. Prescribing multiple medications can negatively impact patient adherence and health-related quality of life (Schenker et al., 2019); it has been reported that medication adherence decreases with the number of medications prescribed (Pasina et al., 2014), making the involvement of pharmacists’ rather crucial.
This prospective study proved that pharmacists could contribute to improving the use of IMs in clinical practice in Japan. This study, however, has few limitations, including the possibility of bias in that most registered pharmacists were JSPPCS members, the small number of participating pharmacists, and the level of interest in polypharmacy among the participating pharmacists. Nonetheless, the results obtained in this study were not influenced by these limitations as they provide a background similar to the current situation in Japan, where there are many older patients suffering from cancer. While it is important to strive for minimizing bias in study design, it is worth noting that complete elimination of bias may not be feasible in certain prospective studies that involve real-world clinical data. We designed this study to minimize the burden of clinical trials by considering the work of pharmacists. In the data analysis, since the pharmacist intervention in actual clinical practice was summarized, its detailed analysis was not designed before the study, and the data obtained could not be analyzed in detail due to the study design, which is similar to a fact-finding survey. Therefore, subsequent studies are required to collect more detailed data. Alternatively, it is desirable to use a study design that clearly demonstrates the effectiveness of pharmacist intervention, such as a two-arm comparison with and without pharmacist intervention, or a pre- and post-pharmacist intervention comparison, rather than a single-arm observational study design. However, pharmacist intervention is a standard practice within Japanese medical care, and it is considered unethical for medical institutions to intentionally create an intervention group without including pharmacist intervention. Unfortunately, the more we aim to collect detailed data, the greater becomes the burden, drifting us away from actual clinical results. In addition, as there are reports of improvement in IMs by multidisciplinary teams led by nurses overseas (Garland et al., 2021), such clinical work should be conducted together with physicians, nurses, and other multidisciplinary teams (Liu, 2014); in terms of collaborative work, the role of clinical pharmacists in Japan is still in the process of development and may not be considered mature. In addition, because of the importance of working with patients to resolve polypharmacy and IMs, Woodward suggested deprescribing principles by reviewing all current medications, identifying medications for discontinuation, planning a deprescribing regimen, and working with patients and caregivers (Woodward, 2003). Therefore, a comprehensive approach is required.
5 CONCLUSION
This multicenter prospective observational study conducted in Japan is the first to demonstrate the effectiveness of hospital pharmacist interventions in promoting appropriate prescriptions. As a result, there was a significant reduction in the number of medications used and a decrease in polypharmacy. The study also highlighted the active role of hospital pharmacists in addressing polypharmacy by discontinuing inappropriate drugs or reducing the dosage of regularly prescribed medications, which contributed to the mitigation of ADEs.
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Introduction: Chinese hospitals still face various barriers to implementing pharmaceutical care. The quantitative instrument for measuring these barriers in China is scarce. This study aims to develop and validate a scale for measuring barriers to providing pharmaceutical care in Chinese hospitals from the perspective of clinical pharmacists.
Methods: The scale was developed based on existing literature and qualitative interviews with 20 experts. The scale was included in a small-range pilot survey and then administered to a validation survey in 31 provinces in China. Exploratory factor analysis was used to identify the structure of the scale. Confirmatory factor analysis was applied to verify the structure of the scale and to validate the scale’s convergent and discriminative validity. Known-group validity was also examined. Cronbach’s alpha examined the internal consistency reliability of the scale.
Results: 292 scales were completed and returned for a response rate of 85.6% in the pilot study. Exploratory factor analysis of the scale suggested a five-factor solution (Cognition and attitude, Knowledge and skills, Objective conditions, External cooperation, and Support from managers) accounting for 66.03% of the total variance. 443 scales were sent out in the validation study, with a response rate of 81.0%. Confirmatory factor analysis demonstrated a good fit of the structural model for pharmaceutical care barriers. It showed the scale’s good convergent and discriminative validity (The average variance extracted >0.5 and composite reliability >0.7). The scale could also identify the differences in total score among the clinical pharmacists from different hospital grades (p < 0.05). Cronbach’s alpha is between 0.658 and 0.896, indicating good internal consistency.
Conclusion: From the perspective of clinical pharmacists, this study has developed a scale to assess obstacles to pharmaceutical care. The scale comprehensively encompasses barriers to clinical pharmacists’ cognitive and ability-related aspects, hindrances encountered in collaborating with other health professionals and patients, and barriers to the working environment. The reliability and validity have been established through verification.
Keywords: barrier, Chinese hospital, clinical pharmacist, pharmaceutical care, scale development
1 INTRODUCTION
Since Charles Hepler and Linda Strand systemically introduced the concept of pharmaceutical care in the 1990s (Hepler and Strand, 1990), pharmacists have been gradually integrated into the clinical staff as the professionals of pharmacotherapy, by which the role of clinical pharmacist appeared, becoming an indispensable part of medical teams. Up to today, pharmaceutical care is globally performed, benefiting the patients, the physicians, and the pharmacists simultaneously (da Costa et al., 2019).
Similar to other health services, pharmaceutical care is provided depending on mutual collaboration, adequate supply, and efficient utilization of health resources, and thus, it could be hindered by various kinds of barriers (pharmaceutical care barriers) (Onozato et al., 2020). Clinical pharmacists are recognized as the main providers of pharmaceutical care, making their perception of pharmaceutical care barriers both direct and prominent (Zheng et al., 2021). For policymakers and hospital administrators, obtaining feedback from clinical pharmacists provides valuable insights into the pharmaceutical care deficiencies present within hospitals, which is significant for their decision-making on the improvement and development of the pharmaceutical care system, and its proper functioning.
Currently, studies on the pharmaceutical care barriers of most countries focused on community pharmacies, such as those of Europe (Van Mil et al., 2001), Iran (Mehralian et al., 2014), Australia (Culverhouse and Wohlmuth, 2012), Jordan (Elayeh et al., 2017) and New Zealand (Scahill et al., 2009). However, in China, pharmaceutical care in community pharmacies differs from that in hospitals regarding the receiver, the contents, and the standards (Yao et al., 2017), so the conclusions reached by most current studies may not apply to hospitals in China.
Pharmaceutical care barriers in hospitals were only discussed in a few studies (Ngorsuraches and Li, 2006; Lounsbery et al., 2009; Okonta et al., 2012; Katoue et al., 2014; El Hajj et al., 2016; Elsadig et al., 2017; Omar et al., 2020). Due to the diversity of pharmaceutical care barriers around the globe, the appropriate instrument may tremendously affect the robustness and feasibility of the results and conclusions. Detailed information on the instruments used to measure pharmaceutical care barriers, as proposed in these studies, is presented in Table 1. The studies above provided valuable evidence, but given the significant differences between the health system of China and the countries above (Li and Li, 2018), the applicability of those instruments are doubtable. As for the studies on pharmaceutical care barriers in hospitals in China, three studies discussed the factors that may facilitate or obstacle the development of the pharmaceutical care system based on literature and their practical experiences (Wen et al., 2006; Park, 2007; Dong and Wang, 2013). Though these studies generally found that the imperfect laws and regulations, the conventional “drug-orientation” concept of hospital pharmacists, and the clinical incompetence of pharmacists were the major barriers in China, their conclusions were significantly distinct from and incomparable to each other’s and the primary cause of it might be the absence of a valid and applicable instrument for the evaluation of the pharmaceutical care barriers in China.
TABLE 1 | The basic information of the literature encompassed the instrument for evaluating the pharmaceutical care barriers in hospitals.
[image: Table 1]Compared with the health care system in developed countries, those in developing countries such as China are still in an early stage of development. A considerable amount of health resources was grossly underused due to frequent occurrence of irrational drug use (Mao et al., 2015), such as arbitrary changes in drug dosage, abuse of antibiotics and injections (Wang et al., 2014), pointless combined use of drugs (Guan et al., 2019), etc. In China, healthcare institutions, especially hospitals, are the principal setting of drug use or drug information obtainment, making it essential to improve the pharmaceutical care system, aiming at optimal drug use. In the past 2 decades, the Chinese government has issued several policies concerning the construction of the pharmaceutical care system in Chinese public-based hospitals (Guo et al., 2020). Though China has made remarkable achievements, a noticeable gap in the pharmaceutical care quality remains between China and other developed countries, which could be minimized by identifying and eliminating the pharmaceutical care barriers.
This study aims to develop and validate the Pharmaceutical Care Barriers Scale in Chinese Hospitals (PCBS-CH), an instrument to measure barriers to providing pharmaceutical care in Chinese hospitals from the perspective of clinical pharmacists. The flow of this study is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Phases in the development of the PCBS-CH.
2 METHODS
2.1 Development of the instrument
This study first summarized pharmaceutical care barriers based on a systematic literature review, and an initial pool consisting of the pharmaceutical care barriers was then developed. Related literature was retrieved from Medline, ScienceDirect, China National Knowledge Infrastructure (CNKI), Chinese Scientific Journal Database (VIP) and Wanfang database (WANFANG) during database establishment to Jan. 2019, using “Hospital”, “Medical Institution”, “community pharmacy”, “Pharmaceutical Care”, “Pharmacy Service”, “Pharmaceutical Service”, “Barrier”, “Restriction” and “Obstacle” as keywords. Thirty-five pieces of literature were included after a two-step screening process performed by two researchers. The complete search process is available in Figure 2. All the items were extracted by the researchers and included in the initial pool.
[image: Figure 2]FIGURE 2 | Flow diagram of systematic review.
According to the guideline for questionnaire design and scale development (Watson et al., 1988), the primary English scale (Version 1), including 37 items, was developed based on the initial pool. The items comprehensively encompass barriers related to the clinical pharmacists’ cognitive and ability-related aspects, impediments encountered in collaborating with other health professionals and patients, and barriers linked to the working environment. Version 1 was then translated and revised by two translation groups. To ensure the semantical consistency of the original and the translated items (Beaton et al., 2002), a forward translation group was formed by two clinical pharmacists who were fluent in English to translate the Version 1 independently and developed the first Chinese version scale (C-Version 1) while two clinical pharmacists blind to the scales developed the back-translation group to translate C-Version 1 into English (E-C-Version 1). The authors of the primary English scale (Version 1) reviewed and compared E-C-Version 1 and Version 1. To ensure the semantic equivalency, the items of E-C-Version 1 whose concordance rate was less than 70% should be repeatedly translated and back-translated to form the second Chinese version scale (Version 2). Then, experts from a cross-cultural perspective should examine version 2, and the third Chinese version scale was developed (Version 3). Version 3 was sent to an expert panel, including 5 heads of hospital pharmacy departments, 5 front-line clinical pharmacists, 5 staff of pharmaceutical care-related government departments, and 5 university professors engaged in pharmaceutical care-related research from the east, central, and west of China. Experts were required to screen out items confirming China’s national conditions, merge similar items, exclude minor items, and add missing items to synthesize the fourth Chinese version scale (Version 4). Finally, the research team conducted a three-round focus group discussion in February 2019. A total of 10 clinical pharmacists who had participated in the practice of pharmaceutical care were included randomly in each round to revising the difficult-to-understand and ambiguous items of Version 4, and the primary scale for the pilot survey was developed (Version 5). The translation processes can be found in Table 2.
TABLE 2 | The translation processes.
[image: Table 2]The primary version scale (Version 5) included 27 items, which basically covered all barriers to performing pharmaceutical care in Chinese hospitals. A 5-point Likert scale, where 1 = strongly disagree and 5 = strongly agree, was used to elicit responses to 27 possible barriers to providing pharmaceutical care. The scale is available online as Supplementary Table S1. The sum of each item calculated the total score. Meanwhile, respondents need to fill out a basic information questionnaire to collect data on sex, age, education, and years of practicing as a clinical pharmacist.
2.2 Participants
First-line clinical pharmacists from all parts of China were recruited in this survey. The inclusion criteria for the sample were: 1) Be a full-time clinical pharmacist working in the sampled hospital. 2) Have been working for more than 1 year. 3) Be willing to sign the informed consent. The exclusion criteria were: 1) Clinical pharmacist on vacation or training. 2) Clinical pharmacist who had not provided pharmaceutical care.
Based on the principle that the sample size should be 5 to 10 times of the number of items (27 items) to ensure the results of Exploratory Factor Analysis (EFA) are more precise estimates of factor loadings and are also more stable (Bentler et al., 1987; Gorsuch, 2013), assuming the missing rate of the scale response (20%), a minimum sample size of 169 was estimated to be sufficient for the pilot study, while a sample size of 338 would be even more desirable.
A multi-stage sampling strategy was adopted to ensure sample representativeness of the validation study: 1) The sample covered all 31 provincial administrative regions in mainland China. 2) Cities in each provincial administrative region were divided into three groups according to their 2018 per capita gross domestic product, which is associated with the city’s medical resources possession, such as the quality of healthcare techniques, thereby generating 93 groups. 1 city or district was selected using the random number method in each group, thereby 93 cities or districts were selected. 3) In each selected city or district, 1 secondary hospital and 1 tertiary hospital were surveyed by convenience based on the hospital administrators’ permission to conduct the survey, with the hospital level verified by consulting the hospital information tool by the National Health Commission of China. This ensured that 186 hospitals would be selected. 4) In each surveyed hospital, 1 to 2 clinical pharmacists in secondary hospitals and 2 to 4 clinical pharmacists in tertiary hospitals were selected by convenience, recommended by the hospital administrator(s), or another participant who completed the survey. Overall, at least 279 scales should be distributed during the validation study, and the number of total scales should not exceed 558.
2.3 Pilot study
A three-round pilot study was conducted in 64 secondary hospitals and 71 tertiary hospitals in 6 cities of Jiangsu Province and 6 cities of Anhui Province, from March to April 2019. The investigator explained the intention to the clinical pharmacists to sign an informed consent, and an appropriate time and place was determined for a face-to-face interview. Researchers collated questions from investigators and respondents in the pilot study, such as respondents’ comments, unanswered items, the time spent answering each item, and the total time required to accomplish the scale. EFA was performed on the pilot study data to obtain a general model of dimensions of pharmaceutical care barriers. Researchers revised the scale again according to the feedback from the pilot study. The eventual scale for the validation study was divided into 5 dimensions, including 21 items.
2.4 Validation study
A total of 31 undergraduate students majoring in pharmacy or clinical pharmacy were recruited as data collectors and trained. The validation study was carried out from July to September 2019. After obtaining the hospital administrators’ consent, during the non-working hours of the hospital, the investigators asked the sampled clinical pharmacists for their basic information to determine whether they met the inclusion criteria and then provided the eligible clinical pharmacists with the purposes, the contents and the requirements of our survey and confirmed their willingness to participate in again. Those willing to participate signed the consent form and decided the time and a quiet place for the survey with the investigators. The investigator stated the requirements for each item, the description of the items, and the options of each item and recorded the oral answers of the respondents through an online survey system. After the interview, the data were immediately uploaded to the researcher’s server and converted into a database file that the data analysis software could recognize. A team of 5 postgraduate students was recruited to review the uploaded data and immediately return the documents with errors or damaged data for correction through return visits.
2.5 Ethical approval
The ethical approval to conduct the pilot survey and validation study was granted by the Ethics Committee of China Pharmaceutical University (Project Number: CPU2019015). Written consent to participate was obtained from each participant before data collection. No sensitive and personal data were recorded, while confidentiality of data was assured during data analysis and reporting.
2.6 Statistical analysis
EFA with principal components analysis and varimax rotation was carried out to obtain a general model of the dimension of the pharmaceutical care barriers and determine the formal scale. Confirmatory factor analysis (CFA) was applied to verify the structural validity of the scale and goodness of fit for the model. One-way ANOVA was used to determine the structural validity in a known group. Shapiro-Wilk test and Levene’s test were applied to test the normality and homogeneous variance of the sample before the one-way ANOVA. Internal consistency reliability was examined using Cronbach’s alpha.
For EFA, the KMO value (Kaiser–Meyer–Olkin) is used to determine whether factor analysis is possible. The closer to 1 the KMO is, the more suitable the variable for factor analysis is (Batistelli Vignola and Tucci, 2014). The following criteria are mainly used when selecting the items: 1) the load value of a variable on a factor is greater than 0.5; 2) the cross load value between variables is low; 3) the characteristic value of the variable is greater than 1; 4) items with the same factor have the same meaning (Fabrigar et al., 1999). Questionnaires that are more reliable possess a higher value of Cronbach’s alpha. A value of 0.7 is regarded as an acceptable value (Peill et al., 2022). For CFA, the absolute fitting index, relative fitting index, and goodness-of-fit index were used to check the model’s fit (Alamer and Marsh, 2022). The average variance extracted (AVE) > 0.5, Composite Reliability (CR) > 0.7 (Bacon et al., 1995) implies good aggregation validity; The AVE root value of each factor is greater than the maximum value of the correlation coefficient, indicating good discriminative validity (Dash and Paul, 2021). For one-way ANOVA, p < 0.05 represents a significant difference (Lix et al., 1996).
The CFA used IBM SPSS AMOS version 24.0 (IBM SPSS Statistics, Armonk, NY). All other statistical analyses were performed using IBM SPSS statistics version 26.0 (SPSS Inc., Chicago, IL).
3 RESULTS
3.1 Participant characteristics
The pilot study involved the participation of 292 clinical pharmacists, with 250 valid scales recovered, resulting in a recovery rate of 85.6%. Out of the 443 scales distributed in the validation study, we received a response rate of 81.0%, yielding 359 effective scales. Females accounted for more than half of the study population. The respondents’ age, professional title, and education were concentrated in the bracket of 30–39, intermediate titles, and undergraduates. The demographic information is consistent with the previous survey of pharmaceutical care in China (Xi et al., 2017), except for the distribution of academic qualifications, which may be attributed to a convenient sampling method to select hospitals and clinical pharmacists (Table 3).
TABLE 3 | Sociodemographic characteristics of respondents of the pilot study and validation study.
[image: Table 3]3.2 Exploratory factor analysis
EFA was adopted to identify the structure of the PCBS-CH. For EFA, The KMO value was 0.89, and Bartlett’s test of sphericity reached statistical significance (chi-square = 2,615.41, p < 0.05), supporting the factorability of the correlation matrix. According to the above criteria (see statistical analysis), 6 items were eliminated after factor extraction, and the factor loading of each item reached the standard. Table 4 presents the items with their loadings in each factor. The eigenvalue of each factor was greater than 1, and the cumulative interpretation rate was 66.026%. The factors were labeled after closely examining the content of the items constituting each factor. Factor 1, termed “cognition and attitude,” comprised 3 items and explained 5.091% of the variance. Factor 2, labeled “knowledge and skills,” consisted of 4 items, accounting for 7.978%. Factor 3, denoted as “objective conditions,” encompassed 7 items and explained a substantial 37.249%. Factor 4, designated as “external cooperation,’” comprised 3 items, accounting for 7.093%. Lastly, Factor 5, labeled “support from managers,” comprised 4 items and explained 8.615% of the variance.
TABLE 4 | Rotated Factor Loadings for the scale.
[image: Table 4]3.3 Confirmatory factor analysis
CFA with the method of maximum likelihood was applied to the sample of the validation study (n = 359) and resulted in the same five-factor structure as above. Figure 3 shows the structural model with the individual items of the PCBS-CH and standardized coefficients of each path; the highest and the lowest coefficients were related to “Objective conditions” and “Cognition and attitude”. The path diagram provides a clear representation of the factor structure of the theoretical concept, with each variable loading exclusively on one factor. In short, Figure 3 indicates that the structural model, consisting of 21 items and organized into five factors, serves as an appropriate measure of pharmaceutical care barriers in the present sample.
[image: Figure 3]FIGURE 3 | Structural model of pharmaceutical care barries
The structural model showed an overall satisfactory fit in the CFA, as indicated by the following values for the goodness of fit indicators: SRMR and RMSEA were 0.068 and 0.072, respectively, below the threshold of 0.08. TLI, CFI, and IFI values were 0.902, 0.915, and 0.915, respectively, approaching the desired level of 0.9. PNFI and PGFI values were 0.766 and 0.698, respectively, exceeding the 0.50 threshold. In addition, the χ2/df value was 2.844, indicating a good fit (less than 3). Overall, all indicators met the requirements for the goodness of fit, which implied that the developed five-factor PCBS-CH had enough validity to show a relationship between latent and visible variables amongst the Chinese clinical pharmacist population (Table 5).
TABLE 5 | Goodness-of fit measures.
[image: Table 5]3.4 Convergent and discriminative validity
For CFA, AVE >0.5 and CR > 0.7 for all factors indicated good convergent validity. The square root of AVE of each factor was all larger than the absolute value of the correlation coefficient between factors, indicating that the internal correlation was greater than the external correlation, reflecting good discriminative validity (Table 6).
TABLE 6 | Aggregation and discriminant validity index of pharmaceutical care barriers scale.
[image: Table 6]3.5 Known-group validity
Known-group validity was also examined regarding the difference between respondents’ total score from different hospital grades. The total score of each subgroup was expressed in the form of mean ± standard deviation: secondary hospital (55.02 ± 12.43), tertiary hospital (49.98 ± 12.77). The difference between various categories of ‘hospital grade’ was statistically significant (F (1,357) = 12.431, p < 0.05).
3.6 Internal consistency reliability
Cronbach’s alpha tests yielded favorable results for the PCBS-CH. The overall alpha coefficient was 0.865, while the individual dimensions demonstrated internal consistency reliability with Cronbach’s alpha values of 0.658, 0.830, 0.862, 0.896, and 0.788, respectively. These results indicate acceptable levels of internal consistency reliability for both the instrument and its sub-dimensions.
4 DISCUSSION
This study developed an instrument for measuring the pharmaceutical care barriers in hospitals in China. Under this topic, PCBS-CH is the first instrument developed and validated using psychometric methods. The results proved the good reliability and construct validity of the 21-item scale. PCBS-CH is an applicable instrument that allows policymakers and researchers to measure the pharmaceutical care barriers in hospitals in China on a unified scale. This evidence can be helpful for them to fully understand all the types of existing barriers, accurately assess the importance of different barriers, and formulate strategies to eliminate barriers in the pharmaceutical care practice.
A systemic approach identified five dimensions of pharmaceutical care barriers in hospitals in China and then validated them. Among them, the “Cognition and attitude” combined the dimension “Components of MTM’ and “Attitude and vision”, which were mentioned in the instrument from US and Europe (Van Mil et al., 2001; Lounsbery et al., 2009). “Knowledge and skills” combined the dimensions “Lack of knowledge and skills”, “Skills” and ‘Interprofessional relationships” which was mentioned in the instrument from Thailand, Europe and US (Van Mil et al., 2001; Ngorsuraches and Li, 2006; Lounsbery et al., 2009). “Objective conditions” combined the “Lack of resources” and “Resources” dimensions in the Thai and European instrument (Van Mil et al., 2001; Ngorsuraches and Li, 2006). “External cooperation” and “Support from managers” were respectively similar to “Lack of external cooperation” and “management” dimensions referred to in the Thai and American instrument (Ngorsuraches and Li, 2006; Lounsbery et al., 2009). However, the items in dimension “Regulatory and environment” in Iranian scale was excluded into the initial pool (Mehralian et al., 2014), because the Chinese government has gradually attached importance to the development of pharmaceutical care, and there is a good regulatory and legal environment in China (Sun et al., 2008).
EFA indicated that most items were validated to be loaded on the dimension as they were in the primary version scale (Version 5), suggesting that most items were strongly related to the corresponding factor as expected. One exception is the item “Lack of sufficient compensation for pharmaceutical care provision”, of which the factor loading on the factor “objective conditions” was smaller than the acceptable threshold (0.5), indicating that this item had no practical significance, so this item was removed. However, there is a growing call from Chinese clinical pharmacists to introduce ‘pharmaceutical care fees’ to recognize the value of their work (Zhang et al., 2020; Zhang et al., 2021). Although pharmaceutical care does not depend on these fees because there is no specific provision in Chinese law requiring patients to pay for pharmaceutical care, their implementation could increase clinical pharmacists’ motivation to provide higher-quality services. Therefore, in this study, the absence of financial compensation was not considered a barrier but rather an appropriate facilitator and was therefore excluded from the scope of this scale. Furthermore, with the enactment of the Pharmacists Act, the issue of ‘pharmaceutical care fees’ is expected to be adequately addressed.
The item “lack of opportunities for continuing education” and item “lack of time for continuing education” were validated to be loaded on the factor of “Support from managers” rather than “Knowledge and skills” as initially hypothesized. This may be because administrators of hospitals or specific clinical departments in China have great decision-making power on the staffing and in-service education of their subordinates for the convenience and feasibility of personnel management (Penm et al., 2014). Thus, pharmacists tend to believe that the lack of opportunities for continuing education is in the scope of the administrators’ responsibility.
The items 21 and 22 are also noteworthy. Both of them were removed according to EFA because they had no acceptable factor loading on any factor extracted. Besides reflecting the pharmacist’s power to review and modify the prescriptions, these two items seem to represent the degree of the pharmacist’s participation in the clinical decision-making regarding a patient’s medication. Clinical pharmacists in China are required to implement effective interventions in prescriptions audit and drug dispensing according to ‘Management standard of hospital prescription comment’. Therefore, relevant barriers cannot be perceived easily by clinical pharmacists.
Observed differences in total PCBS-CH score between sub-groups of pharacists were consistent with the known differences in the development of pharmaceutical care systems of those sub-groups (Xi et al., 2017), and it validated the construct validity of the PCBS-CH as external evidence. Consistent with the status quo of China’s pharmaceutical care system development, clinical pharmacists in tertiary hospitals have significantly lower degrees of perceived barriers than that in secondary hospitals. The average total score was 5 points higher in secondary hospitals, indicating more potential barriers in certain domains. In the clinical application of the scale, PCBS-CH demonstrates enough sensitivity in capturing variations in pharmaceutical care barriers across hospitals, enabling policymakersto identify the source and severity of these barriers accurately. They can then formulate targeted strategies accordingly.
Though the PCBS-CH was designed to measure the pharmaceutical care barriers of hospitals in China, it may have the potential to be applied in community pharmacies or primary healthcare institutions after necessary validations or adaptions. From a global perspective, the development of pharmaceutical care systems in all types of healthcare institutions is universally in the early stage and may be facing common barriers, such as lack of objective conditions and external cooperation.
Several limitations to the study should be noted: firstly, owing to limited resources, this study resorted to a convenient sampling approach for selecting hospitals and clinical pharmacists, potentially impacting the representativeness of the samples. Although the study results suggest relative balance across dimensions, it is worth noting that clinical pharmacists with Doctoral degrees were underrepresented in the sample. Therefore, future research should consider quota sampling based on the demographic characteristics of clinical pharmacists to enhance sample representativeness and ensure a more comprehensive evaluation of the population. Secondly, due to time constraints, it was a cross-sectional survey, so the retest reliability cannot be checked. Thus, further longitudinal studies are warranted to test their measurement properties.
5 CONCLUSION
This study developed and validated an instrument (PCBS-CH) for measuring the pharmaceutical care barriers in hospitals in China. This instrument was shown to have good reliability and construct validity. It provided the policymakers and hospital administrators with an applicable and reliable tool for finding the direction for improving the current pharmaceutical care system. This instrument may be suitable for other settings of pharmaceutical care in China, such as community pharmacies or primary healthcare institutions, for which validations and adaptions are needed.
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Introduction: The use of medication therapy management (MTM) is a proven method for reducing medication errors. MTM services rely heavily on pharmacists as service providers, particularly in community health centers (CHCs). Thus, understanding the knowledge, attitudes, and practices (KAP) of MTM among pharmacists in CHCs is crucial to the strategy for the implementation of MTM program in Indonesia. This study aimed to assess the level of KAP regarding MTM among pharmacists working at CHCs and its associated factors and investigate pharmacists’ perceptions of the barriers and facilitators of MTM provision in the future.

Methods: A cross-sectional online survey was conducted. The respondents were pharmacists working at CHCs in 28 provinces in Indonesia. Descriptive statistics were used to summarize the responses. Demographic differences were determined using Chi-square and Kruskal–Wallis tests, and associations were identified using multivariable ordinal regression for knowledge and multivariable logistic regression for attitude and practice. Barriers and facilitators were determined from codes and categories of frequency derived from pharmacists’ responses to the open-ended questions.

Results: Of the 1,132 pharmacists, 74.9% had a high level of knowledge, 53.6% had a positive attitude, and 57.9% had a positive practice toward MTM. Gender, practice settings, province of CHCs, years of practice, and experience in MTM services were factors associated with the KAP level. Respondents perceived that the chronic disease conditions in Indonesia, MTM service features, and current practices were facilitators of MTM provision. The lack of interprofessional collaboration, staff, pharmacist knowledge, patient cooperation, facilities/drug supply/documentation systems, stakeholder support, and patient compliance were the most common barriers to MTM implementation in the future.

Conclusion: Most of the pharmacists had high knowledge of MTM; however, only half had positive attitudes and practices toward MTM. Information about factors associated with the KAP level suggests that direct involvement is essential to improve pharmacists’ understanding and view of MTM. Pharmacists also perceived barriers to the MTM provision in the future, such as interprofessional and pharmacist-patient relationships. A training program is needed to improve the KAP of MTM and develop skills for collaborating with other healthcare professionals and communicating with patients.
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1. Introduction

As the leading cause of morbidity and mortality worldwide, medication errors are becoming a global issue (1, 2). It is defined as any error during the medication use process whether in the planning or in the execution of that plan (2). Medication error threats patients’ safety, and the risk of medication error becomes higher in chronic diseases patients due to comorbidities and polypharmacy (2, 3).

The risk of medication error can be reduced effectively through a mechanism of medication therapy management (MTM) (1, 4). Its implementation follows a model framework that comprises five key elements: medication therapy review, medication-related action plan, interventions and referrals, and documentation and follow-up (5). In 2017, Indonesia adopted the MTM program to improve the quality of chronic disease care (6). In collaboration with the Social Insurance Administration Organization (BPJS), the government has piloted the program at several community health centers (CHCs), which serve as gatekeepers for patients before referral to hospitals for further treatment (6–9). Studies have shown the positive effect of this pilot project of MTM on clinical and humanistic outcomes (6–8). These findings are consistent with those of many studies that have demonstrated the benefits of MTM on clinical, economic, and humanistic outcomes in other countries (5, 10).

The implementation of MTM requires the qualification of all health professionals, including pharmacists (1). Pharmacists’ competency, which includes knowledge, attitude, and practice (KAP), contributes to MTM success (11, 12). Therefore, the assessment of KAP regarding MTM is essential to the strategic plan for effective program implementation (10). To the best of our knowledge, studies on the KAP toward MTM and its factors in Indonesia are limited. Only one study assessed Indonesian pharmacists’ perceptions regarding intention and readiness to provide MTM services (13). The study also did not report the coverage of its respondents. This study aimed to assess the level of KAP regarding MTM among pharmacists working at CHCs and its associated factors and investigate pharmacists’ perceptions of the barriers and facilitators of MTM provision in the future. The study was a national survey designed to obtain a better overview of the issue.



2. Materials and methods

This study followed the Checklist for Reporting of Survey Studies (CROSS) guideline for its reporting (14). The CROSS checklists of this study are presented in Supplementary material (Supplementary Table S1).


2.1. Study design

This cross-sectional study was conducted as an online survey of pharmacists in 28 provinces of Indonesia. Pharmacists who worked at CHCs and consented to participate were included in the study. Those who did not finish the questionnaire were excluded. The networking of the Indonesian Pharmacists Association (Ikatan Apoteker Indonesia/IAI) and Public Health Pharmacy (Himpunan Seminat Farmasi Kesehatan Masyarakat/Hisfarkesmas) were utilized, formally or personally, to recruit a convenience sample of pharmacists. Participating pharmacists received two participation credit units from the IAI as a token of appreciation.



2.2. Sample size

Using the Slovin formula, a minimum of 436 participants was required to obtain a 95% confidence level (5% margin of error) with an unusable response of 10% for the population size of 18,958 based on the total number of pharmacy staff at CHCs in Indonesia (15–17). The minimum sample was also calculated for each of the 28 provinces based on the proportion of each region to the total population.



2.3. Study instrument

We modified the instrument developed by Al-Tameemi and Sarriff based on literature and conducted a thorough discussion to meet the study objectives and context (4, 18, 19). Backward and forward translations were conducted at the West Java Provincial Language Centre (Balai Bahasa Jawa Barat) to obtain a version in Bahasa. A panel of three experts (a health professional trainer, a senior pharmacist at CHC, and a researcher of pharmacotherapy and patient care) validated the content of the translated questionnaire. The second round of content validation yielded a Lawshe content validity ratio of 1 for all items, indicating that the content was valid (20, 21). Then, the questionnaire was piloted in two rounds, each on 30 pharmacists from several provinces of Indonesia (1st round: 76.67% from West Java and 6.67% from Central Java; 2nd round: 26.67% from Central Java, 13.33% from South Sumatera, and 10% from West Java) (22). The 2nd round showed that the questionnaire was valid (all items have Pearson r > 0.361 in the construct validity test) and reliable (Cronbach’s α of KAP sections >0.600) (23–25). Therefore, the final questionnaire consisted of six sections: eight questions on sociodemographic data, six on knowledge, 10 on attitudes, eight on practice, two open-ended questions about barriers and facilitators, and nine additional information regarding practice.

Demographic data were collected from every participant, including gender, age, educational background, practice setting, and years of practice. Regarding the practice setting, we asked whether the Community Health Center was outpatient/inpatient, located in what province, and provided the drug of the government program.

In assessing knowledge about MTM, respondents were asked one question about their understanding of the pharmacological and non-pharmacological therapies covered by MTM and five questions about the specific activities of the MTM core elements. Each correct answer scored 1 point, whereas an incorrect answer scored 0. Then, the sum of the knowledge score was calculated for each participant, which ranged from 0 to 6.

Respondents’ attitudes were measured based on the agreement with 10 positive statements regarding pharmacists as primary providers of MTM services, pharmacists’ role in each core element of MTM, benefits of MTM services, expansion of the role of pharmacists, and competencies required to provide the service. A 5-point Likert scale was used for the attitude section (strongly disagree = 1, strongly agree = 5). Thus, the maximum possible score was 50.

Pharmacists’ practice toward MTM was evaluated by examining daily activities that support MTM provision, including the use of medical records as a means of communication between health workers, specific review of medication therapy, designing strategies to deal with medication-related problems, collaboration among health professionals, and documentation of services/interventions provided. We used yes/no/not sure questions, which scored 1 for the yes answer and 0 for others. Therefore, the maximum possible score was 8 for the practice section.

Two open-ended questions were added, asking pharmacists about what could facilitate or hinder the implementation of MTM in the future. Eight additional questions were also added regarding the intention to provide MTM service: availability of time to provide MTM, availability of time and physical space for counseling, accessibility of guidelines, and training needs. Moreover, yes/no/not sure questions were used, which scored 1 for the yes answer and 0 for others. The sum scores for this section were not calculated. The matrix of the final questionnaire is available in Supplementary material (Supplementary Table S2).



2.4. Data collection

The survey link was distributed using a digital leaflet, and data were collected using Qualtrics® (Provo, USA). The survey was accessible from October 11 to November 11, 2022. In the initial section, the respondents had to provide their IAI ID numbers. This ID could prevent participation by individuals who were not pharmacists and was beneficial in examining duplicate submissions. However, they were informed that their responses would be processed and presented anonymously. Participants should click the [Agree] button before taking the survey to indicate their consent to participate in this study.



2.5. Ethical approval

The study received ethical approval from the Research Ethics Committee of Universitas Padjadjaran (No. 604/UN6.KEP/EC/2022). The first page of the survey provided information about the research and allowed pharmacists to decide whether to participate. Clicking [Yes, I agree.] would prompt them to complete the questionnaire, whereas [No, I do not agree.] would lead them to the end page. In addition, pharmacists could opt out of finishing the survey by not clicking on [Submit my response].



2.6. Data analysis

First, the data distribution was analyzed before performing other statistical analyses. If the data did not follow a normal distribution according to the Kolmogorov–Smirnov test, we used the median for KAP categorization, which split KAP into high/positive if the scores were greater than or equal to the median and vice versa (26–28). It is necessary to categorize the results for ease of interpretation and follow-up (29), especially in clinical practices. A sensitivity analysis was conducted to determine whether changes (±10%) in the categorization cutoff would affect the study findings and conclusions (30).

Before analysis, weighting by complex sample analysis techniques in SPSS was performed for the province variable (31). Weighting was needed to statistically correct the unequal proportion observed during sampling (32). Descriptive statistics were utilized to describe demographics, KAP, and barriers and facilitators of the MTM provision. A Chi-square or Kruskal–Wallis test was employed to analyze the association between each sociodemographic factor and KAP level. Multivariable ordinal regressions were performed to identify factors associated with knowledge of MTM simultaneously, whereas multivariable logistic regressions were conducted for the attitude and practice factors. IBM SPSS Statistics version 27.0 (IBM Corp., New York, USA) was used for the statistical analysis.

Codes emerging from pharmacists’ responses to the open-ended questions about barriers and facilitators toward MTM provision in the future were analyzed. Grouping codes were categorized, and the frequency was calculated. NVivo version 11 (QRS International Pty Ltd., Victoria, Australia) was used for the qualitative data analysis.




3. Results


3.1. Respondents’ characteristics

The survey successfully included responses from 1,132 pharmacists in 28 provinces of Indonesia. The majority of respondents were women (78.4%), aged 20–30 years (51.6%), with pharmacist professional backgrounds (95.9%), working in outpatient CHCs (59%), working in CHCs that provide the drug of the government program (97%), with a length of practice of 0–10 years (90.1%), and have ever provided MTM service (50.2%). Table 1 presents the respondents’ demographic characteristics, and Figure 1 shows the pharmacists’ distribution according to the province of CHCs.



TABLE 1 Sociodemographic characteristics of the respondents (n = 1,132).
[image: Table1]
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FIGURE 1
 Pharmacists’ distribution by province of CHCs.




3.2. Pharmacists’ knowledge of MTM

Table 2 presents the proportion of correct answers to knowledge regarding MTM. Most respondents correctly answered the question regarding the documentation of MTM services (91.60%). Approximately 85% of pharmacists correctly answered the questions about personal medication records and MTM beneficiaries. In addition, pharmacists appeared to need more understanding of the comprehensive and targeted medication therapy review and the medication-related action plan.



TABLE 2 Pharmacists’ knowledge of MTM.
[image: Table2]

The median of the total knowledge score was 5 (min. = 0, max. = 6) out of 6. After the median split, 74.9% of the respondents were categorized as having high knowledge of MTM. Sensitivity analysis showed that lowering 10% of the cutoff value did not change the finding. However, an increase of 10% resulted in a lower frequency of respondents with high knowledge than those with low knowledge (Figure 2).

[image: Figure 2]

FIGURE 2
 Sensitivity analysis of the cutoff value.




3.3. Pharmacists’ attitude toward MTM

Table 3 illustrates the responses of the respondents in the attitude section. More than 85% of the respondents indicated approval of all statements provided. Most respondents agreed that reviewing patient medication and providing interventions were the essential roles of pharmacists in patient drug therapy (96.60%). Respondents also agreed that creating a personal medication record could help avoid medication-related problems (96.20%). Respondents agreed that the MTM provision is a unique opportunity for pharmacists to expand their role (94.30%) and that their application requires more knowledge (93.15%).



TABLE 3 Pharmacists’ attitude toward MTM.
[image: Table3]

The median of the total attitude score was 43 (min. = 10, max. = 50) out of 50. The median split resulted in 53.6 and 46.4% of pharmacists with positive and negative attitudes. Despite lowering the cutoff value by 10%, the proportion of those with positive attitudes remained higher than those with negative attitudes. However, increasing by 10% resulted in different findings, with a higher number of those with negative attitudes than positive attitudes (Figure 2). Increasing by 10% made the cutoff point too high (94.6% of the maximum score), causing the frequency to change dramatically.



3.4. Pharmacists’ practice toward MTM

The respondents generally engage in practices that support MTM implementation. They reported being able to cooperate with other healthcare workers in caring for patients (85.06%) and specifically review the treatment of patients identified as having drug-related problems (73.28%). Fewer practices were related to personal medication records (45.7%) and medication-related action plans (40.55%). Table 4 shows the proportion of “Yes” answers to daily practices that could support MTM implementation.



TABLE 4 Pharmacists’ practice toward MTM.
[image: Table4]

In addition, we asked questions to gather additional information regarding MTM practices. Accordingly, more than 85% of respondents were willing to become MTM service providers. However, less than 50% believe that they will have enough time to implement the service. Approximately 70% of the pharmacists reported having enough time to provide counseling, whereas only 34.02% had a private area. More than 90% of the respondents were interested in attending training on MTM, and 59% preferred a face-to-face workshop.

A sub-analysis was conducted to determine the percentage of supporting information between pharmacists who work at inpatient and outpatient CHCs. Accordingly, pharmacists who worked in inpatient (48.9%) and outpatient (45.3%) settings thought that they would have enough time to implement MTM services. Only 29.2% of inpatient pharmacists and 37.3% of outpatient pharmacists had private areas for counseling. Over 60% of pharmacists in both practice settings accessed the “Guidelines for Basic Medication in Community Health Center” (online or hard copy) to support the review of patient treatment. Table 5 presents the proportion of answers to questions about additional information regarding MTM practices.



TABLE 5 Additional information regarding MTM practices.
[image: Table5]

The total practice scores ranged from 0 to 8 (out of 8). With a median of 5, 57.9% were positive and 42.1% were negative practice categories. As shown in Figure 2, only increasing the cutoff value of 10% changed the finding of this study (the positive category became 45.7% and the low category became 54.3%).



3.5. Factors associated with pharmacists’ KAP

Table 6 shows the associations between pharmacists’ characteristics and KAP from the bivariate analyses, and Table 7 presents the results of the multivariable regressions. Gender, province, and experience in providing MTM services were all significantly associated with knowledge of MTM (p < 0.05) in both the bivariate and multivariable analyses. As shown in Table 7, men were 0.67 times less likely to have high knowledge than women. Furthermore, those without experience in MTM services provision were 0.65 times less likely to have high knowledge than those with MTM experience. Of the province factor, pharmacists in 12 provinces were 2.71–7.16 times more likely to have high knowledge than pharmacists in Southeast Sulawesi.



TABLE 6 Bivariate analysis results for the association between respondents’ characteristics and knowledge, attitude, and practices.
[image: Table6]



TABLE 7 Multivariate analysis results for predictors of pharmacists’ knowledge, attitude, and practices.
[image: Table7]

Regarding attitudes, both analyses show that gender, practice settings (inpatient or outpatient), province, and experience in providing MTM services were predictors of pharmacists’ attitudes toward MTM. Men were 1.46 times more likely to have positive attitudes than women. In addition, pharmacists in inpatient settings tended to have positive attitudes 1.45 times more than those in outpatient settings. Pharmacists without experience in MTM provision were 0.76 times less likely to have a positive attitude than those with experience. Moreover, 23 provinces were significantly associated with less positive attitudes than the reference (odds ratio [OR], 0.06–0.29).

The bivariate and multivariable analyses identified three predictors of pharmacists’ practice toward MTM: province (North Sulawesi: OR = 0.27; 0.08–0.92), years of practice (OR = 1.89; 1.13–3.16), and experience providing MTM services (OR = 0.23; 0.17–0.29). Although insignificant in the bivariate analysis, the logistic regression found that the provision of the drug of the government program was significantly associated with positive practices toward MTM (OR = 2.87; 1.23–6.69).



3.6. Pharmacists’ perceptions of barriers and facilitators regarding MTM provision in the future

Regarding facilitators, three categories were identified: chronic disease conditions in Indonesia, MTM features, and current practices which support MTM implementation. With the increasing prevalence of chronic diseases in Indonesia and the large population of patients with high-risk status, respondents thought that MTM services were promising. Moreover, respondents believed that the five core elements could facilitate achieving the therapeutic goals. On the contrary, many current practices — for example, medication reviews, counseling, and visits — could support the adoption of MTM. Figure 3 displays the proportion of categories of MTM facilitators perceived by respondents.

[image: Figure 3]

FIGURE 3
 Categories of the medication therapy management facilitators perceived by respondents.


Concerning the barriers to MTM implementation, limited staff, lack of interprofessional collaboration, lack of pharmacist knowledge, low patient cooperation, lack of facilities/drug supply/documentation systems, lack of stakeholder support, and low patient compliance were the most perceived barriers. In addition, 23 codes were identified, and they were grouped into 10 categories and then into the three factors: health facility/organization, health worker, and patient factors (Figure 4). Most of these barriers were related to the health facility/organization factor (42.73%), followed by the health worker factor (34.99%) and patient factor (22.29%).

[image: Figure 4]

FIGURE 4
 Categories of medication therapy management barriers perceived by respondents.


Respondents implied that barriers categorized into the health worker factor were highly related to pharmacists’ KAP. Knowledge of medication therapy and MTM services; attitudes toward MTM, patient-oriented services, and changes in the pharmacy practice; skills in providing pharmaceutical services, communicating with patients, and collaborating with other professionals became their concerns toward MTM implementation. Despite organizational and patient factors differences, pharmacists in inpatient and outpatient settings and those who have provided and have not provided MTM services perceived similar barriers related to their KAP of MTM (Figures 5, 6).

[image: Figure 5]

FIGURE 5
 Barriers perceived by pharmacists based on the practice settings.


[image: Figure 6]

FIGURE 6
 Barriers perceived by pharmacists based on their experience in providing medication therapy management services.





4. Discussion

Understanding the level of KAP of pharmacists as key providers of MTM services is crucial to the program implementation success. This study shows that approximately 75% of pharmacists in CHCs had a high level of knowledge about MTM. Nonetheless, less than 58% of pharmacists had a positive attitude and practice toward MTM.

Regarding knowledge, most respondents understood the scope of therapies covered in MTM and could characterize all five core elements, especially regarding documentation and personal medication records. However, respondents appeared to need more understanding of the comprehensive and targeted medication therapy review, medication-related action plans, and interventions. Medication therapy review is not a new practice for pharmacists in CHCs, as stated in the Technical Guidelines for Pharmaceutical Service Standards at Community Health Center (33). Nevertheless, the term comprehensive and targeted review might not be familiar. A study in Jordan has reported that pharmacists were knowledgeable about medication therapy reviews as MTM elements, but they did not report whether pharmacists were knowledgeable about the two types of reviews involved in MTM (28).

In addition, less than 58% of the respondents showed a positive attitude toward MTM services. Respondents generally agreed on pharmacists’ role in all five core elements of the MTM. Respondents also agreed that the provision of MTM services is a unique opportunity to expand the role of pharmacists in patient care. KAP studies on MTM in other countries, such as Saudi Arabia, Malaysia, and Jordan, showed similar results (1, 18, 28). However, we were concerned about the difference between the proportion at the level of knowledge and the proportion of the attitude regarding MTM. The study respondents showed an almost balanced proportion of positive and negative attitudes. This indicates that some respondents were uncertain about MTM implementation, even though they already understood the concept (34). This is in line with the finding of the study by Ahamad and Ariffin (35) on KAP regarding sustainable consumption among students in Malaysia. In certain concepts, experience is more influential than textual knowledge toward attitude (35).

In this study, we measured practices toward MTM based on pharmacists’ daily activities that support MTM implementation. Most pharmacists reported positive practices toward MTM, including interprofessional collaboration in interventions and referrals and a specific review regarding the therapy of patients with drug-related problems. However, there was an almost equal distribution between the positive and negative practice categories. Respondents reported not being accustomed to designing and implementing strategies to address or prevent treatment-related issues, documenting services, or evaluating medication progress. It is in line with the study by Wijaya et al. (26) that found pharmacists at CHCs were lack of skill to manage patient compliance and review patients’ therapy (26).

Further information about practices could provide more insights, including pharmacists’ willingness to provide MTM services (88%), their interest in attending MTM training (92.55%), and their preference for face-to-face training sessions (58%). The rates of willingness to become a provider compared with interest in training indicated the need for educational programs to improve pharmacists’ readiness. The results were similar to those of a study of community pharmacists in Lebanon (36). In addition, the proportion of respondents who felt that they had enough time to implement MTM was higher among pharmacists working in inpatients than in outpatient settings. It may be related to the number of staff and workload at inpatient CHCs (37). Conversely, fewer pharmacists working in inpatient settings reported the availability of private counseling areas/rooms. The counseling session will be conducted in an integrated room if a private room is not available in the CHC (37).

In terms of attitudes, men tend to have a positive attitude toward MTM compared with women. There may be a burnout tendency in women due to the increased workload that they perceive when providing MTM services (38). Respondents working in inpatient settings also tend to have a more positive attitude toward MTM, which could be related to their familiarity with the services. Pharmacists in these settings routinely performed medication reviews, therapy evaluations, and ward visits (33). Similarly, experience in providing MTM services becomes a factor associated with pharmacists’ KAP. A systematic review suggests that factors increasing direct involvement in patient-oriented or MTM services can improve the understanding of MTM (10).

The study found that some provinces had significant associations, not only with high levels of knowledge but also with more negative attitudes and practices toward MTM. It might be related to the regional policies of health organizations/facilities, especially those directly related to pharmacists’ KAP, such as policy on training, the scope of responsibilities, and guidelines (39). In addition, pharmacists with ≤10 years of practice had more positive practices toward MTM. Similarly, Athiyah et al. (40) reported lower practice scores for pharmacists working for more than10 years. It might be related to the tendency to feel exhausted and burned out from prolonged work (40). Moreover, the provision of the drug of the government program was associated with MTM practice. Although not significant (p = 0.060) if considered alone in the bivariate analysis, this factor became significant (p = 0.015) when simultaneously analyzed with other variables. It might occur due to mediation (collinearity) or moderation (41).

The findings of the exploratory study gave some insights into the facilitators and barriers to MTM implementation perceived by the primary providers of MTM. Chronic disease conditions, MTM features, and current practices were facilitators of MTM. On the contrary, the lack of staff, collaboration between professions, pharmacist knowledge, patient cooperation, adequacy of facilities/drug supply/documentation systems, stakeholder support, and patient compliance could hinder MTM implementation. Generally, the health facility/organization factor became the main barrier for pharmacists. Pharmacists in the studies in other countries perceived similar barriers to MTM, including the lack of time, staffing, compensation, and training (10). Fewer identified facilitators indicated that pharmacists appeared to emphasize barriers and overlook facilitators. A study on maternal health evidence products in low-and middle-income countries suggested that discovering facilitators is more challenging, especially during the initial stages of program implementation (42).

According to the categories in the health worker factor, pharmacists were worried about unfavorable knowledge, attitudes, and skills that might impede the provision of MTM. The study in Jordan raised similar concerns about the challenges in implementing pharmacists-provided MTM, including those related to pharmacists’ skills in communicating with patients and collaborating with other health workers (28). Since medication management becomes a shared professional responsibility to ensure optimal drug safety and patient care (43), health workers should collaborate well. Studies have proposed designing a particular system and process to facilitate effective interaction and communication between pharmacists, doctors, and other health workers (43, 44). Thus, the mastery of the medical coding of diseases (International Classification of Diseases), particularly the 144 illnesses covered by BPJS, is one of the additional competencies for pharmacists in Indonesia to facilitate effective communication with doctors.

Based on the practice settings, pharmacists working in inpatient settings perceived fewer barriers related to organizational factors. It might correlate with the government regulation about additional resources to improve inpatient capabilities (37). Furthermore, fewer inpatient pharmacists perceived pharmacists’ competencies and collaboration as potential barriers. Pharmacists in inpatient settings are more likely to improve their skills and interprofessional relationship because of their daily practices (37). Based on the MTM experience, pharmacists who have provided MTM services reported more barriers regarding professional collaboration and patient factors. On the contrary, pharmacists without MTM experience perceived more obstacles related to the health facility/organization factor. This is consistent with the results of a study conducted in the United States, which compared barriers between pharmacists who would and were providing MTM services. The study found that those who would provide MTM perceived the lack of staff and access to medical information, whereas those who currently provide MTM reported compensation (45).

To the best of our knowledge, this is the first thorough evaluation of KAP toward MTM and its predictors among pharmacists in CHCs. The results of this study demonstrated the need to improve pharmacists’ KAP regarding MTM. Information about the predictors of pharmacists’ KAP suggests that interventions should increase pharmacist involvement. The fact that pharmacists preferred face-to-face workshops (59.45%) to online education (32.51%) supports this suggestion. This study also proposes that training should improve collaboration between pharmacists and other health workers and enhance pharmacist communication with patients. This study is also the first national survey involving CHC pharmacists in 28 provinces. Weighting on province variables was intended to make the study results more accurately represent the population of interest. It is an effort to minimize bias caused by non-probability sampling techniques (32).

Furthermore, we demonstrated how pharmacists think about the contribution of organizations/health facilities to the success of MTM implementation. CHC managers must provide adequate staffing or review the workload and responsibilities of pharmacists. CHC managers could set formal steps to enhance health workers’ collaboration, such as communication protocols that integrate pharmacists’ access to medical records (5). In addition, it is essential to ensure that the facilities, drug supply, and documentation systems are adequate and that standard operating procedures, regulations, and program socialization are available.

We propose practical suggestions such as a socialization and education program regarding MTM services before the nationwide implementation. A lack of understanding, for example about comprehensive and targeted review, should be addressed through an educational intervention (26). In addition, training is important to improve pharmacists’ attitude and practice towards MTM. Previous studies in the United States showed that training is effective in improving essential knowledge and attitude for pharmacists in providing patient-care services (46, 47). An intervention should also be designed to enhance pharmacists’ skill to design strategies in resolving drug-related problem, manage patients’ compliance, collaborate with other healthcare professionals, and communicate with patients. To ensure the effectiveness of the training program, this study suggest that pharmacists must be directly involved in the process.

This study has limitations. First, online survey methods are prone to self-selection bias. However, the widespread use of the internet, standardized competence of pharmacists, and participation credit from IAI could minimize the bias. Second, we could not calculate the response rate of the survey. Third, given the cross-sectional design, we could not infer a causal relationship among the factors of pharmacists’ KAP. Finally, the convenience sampling technique prevents generalizability. Nevertheless, participation from the 28 provinces and the application of weighting are considered to make the study results more representative.

Further research focusing on qualitative studies may complete our understanding regarding the KAP of MTM among pharmacists at CHCs. Probability sampling techniques and multivariable weighting (province, practice settings [inpatient and non-inpatient], and CHC accreditation) may be used to yield more representative results. Future studies may also focus on designing an educational intervention to improve pharmacists’ attitude and practice towards MTM. This study may provide valuable insight for program planners about considering health facility/organization factors in the strategy of MTM implementation.



5. Conclusion

Most respondents had high knowledge of MTM; however, only about half had positive attitudes and practices toward MTM. Gender, practice settings, province of CHCs, years of practice, and experience in MTM services were factors associated with KAP about MTM. Information about factors associated with the KAP level suggests that direct involvement is essential to improve pharmacists’ understanding and view of MTM. Respondents perceived that the chronic disease conditions in Indonesia, MTM service features, and current practices were facilitators of MTM provision. The lack of interprofessional collaboration, staff, pharmacist knowledge, patient cooperation, facilities/drug supply/documentation systems, stakeholder support, and patient compliance were the most common barriers to MTM implementation in the future. A training program is needed to improve the KAP about MTM and develop skills for collaborating with other healthcare professionals and communicating with patients. Qualitative research may further advance our understanding of KAP toward MTM among pharmacists in CHCs.
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Background: Time and space constraints have often hindered the provision of optimal pharmaceutical care, limiting medication therapy management. Social media tools have gained significant popularity in the field of pharmaceutical care. This study aimed to develop a WeChat-based intelligent medication manager platform that facilitates online pharmaceutical care and encourages self-management.
Methods: We developed a WeChat-based Internet pharmacy service platform called Xiang Medicine Guidance (XMG). Through the analysis of surveys and user access data, we evaluated the demand and utilization of the XMG platform and assessed patients’ satisfaction with its services. Patients’ adherence before and after the XMG platform intervention was also investigated.
Results: The XMG platform was launched in November 2022, offering medication guidance, reminders, and consultation services through the WeChat mini-program. By the end of April 2023, the platform had attracted 141.2 thousand users, accumulating 571.0 thousand visits. Moreover, 1,183 clients sought online medication consultations during this period. Six months after the launch of XMG, an impressive 91.02% of users expressed their satisfaction with the platform. The medication reminders and consultations provided by XMG significantly contributed to medication adherence, with 56.02% of users categorized as having good adherence, better than the previous 47.26%.
Conclusion: Through its services and features, XMG empowers patients to better manage their medications, seek professional advice, and adhere to their prescribed treatment plans. XMG has the potential to positively impact public health on a broader scale.
Keywords: intelligent medication manager, WeChat app, medication guidance, medication consultation, medication reminder
1 INTRODUCTION
The therapeutic efficacy of medications is closely related to patients’ adherence to drugs and the ability to self-manage their treatment. However, in China, there is a significant disparity between the number of licensed pharmacists and the population, leading to challenges in patient care. In February 2023, the China Food and Drug Administration reported only 716,207 registered pharmacists (5.1 per 10,000 people). This figure falls short of the global standard of 6.2 pharmacists per 10,000 population observed in developed countries (Feng et al., 2022). Furthermore, the distribution of pharmacy resources throughout China is uneven, with most pharmacists concentrated in teaching hospitals or urban areas. This leaves remote and impoverished regions with limited access to pharmacy services (Feng et al., 2022). The scarcity of pharmacists contributes to inefficiencies in the healthcare system. Pharmacists are burdened with repetitive dispensing tasks, which detracts from their valuable time. The time and space constraints associated with pharmaceutical care hinder the effective management of medication therapy, leading to various long-term medication-related issues (Zhang et al., 2020). For example, many patients do not know how to administer medications correctly. Some patients take drugs without fully understanding their potential adverse drug reactions (ADRs). After leaving the hospital, patients often lack avenues to consult a doctor or pharmacist for guidance. Recognizing these challenges, healthcare administrators have called hospitals to prioritize information infrastructure development, strengthen patient follow-up, and provide comprehensive medication guidance services.
Effective communication and trust between professionals are crucial to improving patient health outcomes (Zheng et al., 2022). Fortunately, the rapid advancement of information technology has expanded the scope of pharmaceutical services beyond traditional pharmacy dispensing processes and clinics (Yap et al., 2009; Xiao et al., 2013). Informatics and the internet have gained significant popularity in the modern pharmaceutical care system, offering a partial solution to the problem of insufficient pharmacists in remote areas (Wang et al., 2022). Various tools and platforms, including multimedia resources, self-service inquiry machines, and WeChat platforms, have been recommended to provide patients with valuable information on drug usage, dosage, and precautions.
Social media-based tools are increasingly tailored to specific needs to overcome the challenges posed by limited location-based resources and improve the speed of information sharing in healthcare systems (Redfern et al., 2013; Patel et al., 2015; Jalil et al., 2019; Wang et al., 2021). Recognizing the potential of these tools, the China Food and Drug Administration has emphasized the role of pharmacists in physical medical institutions in providing pharmaceutical care on the Internet. These pharmacists are tasked with offering online medication guidance, medication consultations, and other related services, focusing on patients with chronic conditions such as hypertension and diabetes. In China, pharmacists are exploring mobile health approaches using existing popular APPs to promote the rational use of medications among patients (Chen et al., 2020; Hua et al., 2020; Sun et al., 2020).
In China, WeChat is the dominant social media application, boasting an international monthly active user base of more than 1.268 billion in 2021 (Tso, 2022). Globally, WeChat is among the most popular social networks, along with WhatsApp, Facebook, YouTube, and Instagram (Li et al., 2019a). Although WeChat’s user base and influence continue to grow, its application and adoption among healthcare professionals have received relatively less attention. In recent years, particularly with the spread of COVID-19, WeChat has been used in various healthcare settings to improve patient care in China (Hua et al., 2020; Li et al., 2021; Liang et al., 2022). Physicians, nurses, and pharmacists have embraced the innovative application of WeChat to enhance patient comprehension of treatment and improve follow-up management. Notable examples include the implementation of a self-management intervention through WeChat, as demonstrated in a randomized controlled trial conducted in Guangzhou province (Li et al., 2019b). The trial showed that a 6-month health education intervention, health promotion, group chat, and blood pressure monitoring via WeChat helped patients lower their blood pressure and improve self-management effectiveness. Another study in Shandong province confirmed the positive impact of a WeChat-based pharmaceutical care program in post-discharge patients with non-insulin-dependent diabetes mellitus and hypertension. This program markedly improved medication adherence among participants (Wang et al., 2022). As a leading Internet messaging tool, the multifunctional WeChat official account and WeChat groups have effectively served as a communication bridge between patients and medical staff, leading to successful implementation in disease-specific pharmaceutical care. However, the current approach of increasing communication within a limited number of patient groups is no longer sufficient to meet the growing patient demand.
The medical landscape has witnessed the proliferation of more than 318,000 medical apps designed to aid in disease diagnosis and management (Huang et al., 2022). One such notable example is the novel shared WeChat app developed by Huang et al., specifically tailored to address dental anxiety. This app has demonstrated its effectiveness in providing support before and after dental procedures, and in assisting the management of high-risk patients during the COVID-19 pandemic. Beyond dental anxiety, private healthcare support companies have used WeChat capabilities to improve the monitoring and collection of personal health data (Zhang et al., 2017; Tso, 2022). Despite these advances, there remains an urgent need to develop a comprehensive pharmaceutical care app that caters to the needs of all outpatients.
To promote high-quality pharmaceutical care and advance the construction of a healthy China, the Second Xiangya Hospital of Central South University in Changsha, China, has established a WeChat-supported platform called Xiang Medicine Guidance (XMG). This platform allows patients to access comprehensive medication guidance, medication reminders, and online pharmaceutical consultation services. This study aimed to create a WeChat-based intelligent medication manager platform that facilitates pharmaceutical care and promotes self-management. The impact of this platform was assessed through patient surveys and analysis of platform access.
2 MATERIALS AND METHODS
2.1 Study design
This study consisted of two surveys. The initial survey was conducted before the launch of XMG to gather data on patients’ perceptions of medication guidance. The survey aimed to assess the perceived necessity of medication guidance, how patients currently receive medication guidance, the specific content of medication guidance they desired, and patients’ medication adherence. The questionnaire survey form is shown in Supplementary Table S1. The information obtained from this survey played a crucial role in the design and development of XMG. The survey participants were randomly selected from patients visiting outpatient clinical departments at the Second Xiangya Hospital of Central South University between January and March 2022. In April 2023, 6 months after the launch of XMG, a second survey was conducted among users of the XMG platform to evaluate the impact of XMG, including user satisfaction with the platform and its influence on medication adherence. These users included individuals who independently accessed XMG or accessed it with the help of their relatives on smartphones. The survey specifically targeted XMG users who visited outpatient clinical departments. The questionnaire survey form is listed in Supplementary Table S2.
The sample size (n) was calculated using the following formula to estimate the proportion of a single population: n = (Zα/2)2p (1-p)/d2. With a 95% confidence interval and a 5% marginal error, the minimum sample size required was determined as follows: n = (1.96)2 * (0.5) * (0.5)/(0.05)2 = 384. Since no published studies were comparable to this study, a proportion value (p) of 0.5 was used in the calculation. A sample size greater than 384 was considered scientific and feasible. To account for the expected non-response rate, 10% was added to the minimum sample size, and the final sample size was 422.
The following question was asked to assess medication adherence: “Do you experience instances of missed doses or non-adherence with medication instructions?” The response options were as follows: Frequently, Occasionally, Rarely, and Never. If the response was frequent or occasionally, it was categorized as poor adherence. Otherwise, if the response was rare or never, it was classified as good adherence.
The inclusion criteria for both surveys required participants to be able to speak and write Mandarin Chinese. Patients who did not wish to participate were excluded. The questionnaires were administered and completed on-site. The questionnaires collected demographic and socioeconomic data, including information on sex, age, marital status, educational background, place of residence, and number of medical visits.
In addition to the questionnaire survey, the impact of the XMG platform was evaluated by analyzing user access data. Various metrics were considered, including the duration of access, the number of clicks made, the number of pages visited, the types of medication consultations sought, and the outpatient clinical departments visited by patients.
2.2 The development of the WeChat-based intelligent medication manager
XMG is a smartphone WeChat APP that has been collaboratively designed and developed by Beijing Zuoyi Technology Co., LTD. and the Department of Pharmacy at the Second Xiangya Hospital of Central South University. XMG was officially launched in November 2022. This integration was embedded in the WeChat network platform, enabling comprehensive pharmaceutical care services. The underlying intelligent algorithm technology encompassed various components, such as large-scale text mining, structured data-based knowledge graph construction, intelligent interaction, and an intelligent disease diagnosis system. The knowledge base incorporated many authoritative sources, including the China Pharmacopeia, drug instructions, clinical treatment guidelines, and reputable medical books. The algorithm learning process involved analyzing a substantial amount of medical papers, popular science articles, and the expertise of physicians and pharmacists. Furthermore, recognizing the importance of customized interaction, a suitable intelligent interactive network system was developed for pharmacists and patients, considering the hospital’s unique circumstances.
2.3 The content of the WeChat-based intelligent medication manager
The hospital’s outpatient pharmaceutical care system is integrated into a cloud database named XMG (Figure 1), which provides patients with convenient access to medication guidance, medication reminders, and medication consultation through a WeChat mini program, eliminating the need to download additional applications. Figure 2 shows the XMG pharmacy service framework. Once a drug is prescribed, patients receive an automated medication guidance report from the hospital’s official WeChat account. Clicking the message link allows patients to access the medication guidance report, review medication reminders, and interact online with senior pharmacists. XMG has the following three interfaces.
[image: Figure 1]FIGURE 1 | The main interface of the Xiang Medicine Guidance provides convenient access to three essential sections. Medication Guidance, Medication Reminder, and Medication Consultation. Patients can easily find and use the Xiang Medicine Guidance mini program by simply scrolling down on the main screen of WeChat, without the need to download additional applications.
[image: Figure 2]FIGURE 2 | The Xiang Medicine Guidance pharmacy service mode.
2.3.1 Medication guidance interface
After prescribing medications, patients will receive a drug guide report through their WeChat accounts (Figure 3). This comprehensive report includes essential information such as dosage and administration instructions, precautions, warnings, potential ADRs, contraindications, and popular science education services like disease rehabilitation guidance and healthy lifestyle recommendations. To accommodate individual needs and preferences, personalized settings are encouraged within XMG. For patients with visual impairments or limited literacy, XMG offers a voice function that allows medication instructions to be spoken for ease of comprehension. Additionally, XMG supports automatic font enlargement for older patients to enhance readability. Furthermore, XMG converts the units of measurement on the prescription into easily understandable packaging units, such as “one tablet” or “one capsule.”
[image: Figure 3]FIGURE 3 | Medication guidance interface. After prescribing, a drug guidance report will be sent to patients’ WeChat, through which, patients can enter the interface of medication reminder and medication consultation interface.
2.3.2 Medication reminder interface
XMG incorporates intelligent computing to determine the optimal time for patients to take each medication, considering factors such as drug absorption, patient daily habits, and potential medication interactions (Figure 4). When it is time for patients to take their medications, XMG provides a reminder alarm or notification. For drugs with a limited course of treatment, XMG reminds patients to discontinue the medication at the appropriate time. Similarly, for drugs with a limited shelf life after opening, such as eye drops, XMG notifies patients when the drug is no longer suitable for use. In XMG, if patients record the remaining doses of their medications in the “My Medicine Cabinet,” they will receive timely reminders when the quantity of the drug is running low. These reminders prompt patients to schedule a visit to the hospital for a refill or prescription renewal.
[image: Figure 4]FIGURE 4 | Medication reminder interface. Patients can add a medication plan and enjoy an alarm clock reminder service.
2.3.3 Medication consultation interface
XMG offers convenient online medication consultations to patients. At any time and from anywhere, patients can access the “Ask Pharmacist” feature within XMG to ask questions about their medications. They can communicate by texting or sharing pictures (Figure 5). Pharmacists are available to provide one-to-one online medication consultation services to patients. These consultations can be conducted through text or voice interactions depending on the pharmacists’ preference.
[image: Figure 5]FIGURE 5 | Medication consultation interface. When having medication questions, patients can consult the pharmacist on duty through text, pictures, and prescription.
Furthermore, pharmacists can use XMG to follow up with patients. The patients will be systematically screened through the hospital information system when the follow-up plan is formulated. The XMG platform will regularly send popular science education messages and medication follow-up questionnaires to specific patients. These inquiries may cover medication adherence, efficacy, and ADRs. Pharmacists or physicians can then evaluate the patient’s treatment progress and engage in real-time communication with the patient based on the collected information. For patients with poor medication adherence, unsatisfactory drug treatment effect, or severe ADRs, the pharmacist will contact them by telephone and guide them to use the drug rationally.
2.4 Data analysis
Data were analyzed using SPSS software (version 22.0, SPSS Inc., Chicago, United States). Categorical variables are expressed as numbers and percentages.
3 RESULTS
3.1 Patient characteristics
In the first survey, 450 questionnaires were distributed, and 419 valid questionnaires were analyzed. The demographic and clinical characteristics of the patients are presented in Table 1. Most patients were under 35 years of age (51.07%) and had a bachelor’s degree as their highest level of education (57.56%). Most patients resided in urban areas (65.39%).
TABLE 1 | Demographic and clinical characteristics of the patients (n = 419).
[image: Table 1]The need and patient requirements for pharmaceutical care are summarized in Supplementary Table S3. Although 98.33% of patients considered medication guidance necessary, only 17.42% consulted pharmacists when they had questions about their medications. Regarding the preferred content and format of medication guidance, 45.83% preferred Internet or telephone-based consultations. Furthermore, 78.28% wanted medication reminder services through a mini program. Among the various aspects of medication guidance, the dosage and administration of drugs were the most preferred (72.79%), followed by contraindications and precautions (65.63%) and indications (64.68%). As for medication adherence, only 47.26% of the users were considered to have good adherence.
3.2 User access data analysis
At the end of April 2023, XMG had attracted 141,200 users, with a remarkable 571,000 visits recorded over the 6 months. To examine the extent of patient engagement with the medication guidance report, we analyzed the length of visits, the number of clicks, and the number of pages accessed by clients in April 2023. The findings are presented in Table 2. The analysis revealed that 29.96% of the patients spent more than 100 s accessing the medication guidance report. Regarding the frequency of accessing the report, 44.31% of the patients opened it only once, while 20% accessed it twice. Regarding the number of pages visited within the report, 39.14% of the patients explored two pages.
TABLE 2 | The analysis of user access to the “Xiang Medicine Guidance” in April 2023 (n = 36946).
[image: Table 2]Our medication consultation platform currently provides free pharmaceutical services for patients and the public to improve their awareness and satisfaction with pharmacists. Ten senior pharmacists were responsible for providing online medication consultation services. When a patient seeks consultation, the system automatically extracts relevant information such as the patient’s sex, age, doctor’s diagnosis, and prescription details. Pharmacists were expected to respond to patients within 12 h, and the completion rate for timely responses was 100%. Pharmacists answered 1,183 questions.
The data from these medication consultations were analyzed and summarized. Table 3 shows the demographic and clinical characteristics of patients seeking consultations. Among these consultations, 668 (56.47%) were from female patients. Most consultations (53.00%) were from patients under 35 years of age. Table 4 shows the content of the consultations, Table 5 displays the classification distribution of advice provided by pharmacists, and Table 6 shows the distribution of consultations across different departments. The five main categories of consultations requested by patients were ADRs (29.59%), dosage and administration (25.61%), drug-drug interactions (8.2%), treatment duration (6.68%), and contraindications (5.07%). Pharmacists informed the patients of the correct usage and dosage, common ADRs and their treatment, detailed medical procedures, whether to take drug and whether certain drugs can be taken together. Patients who visited the departments of psychiatry, obstetrics and gynecology, gastroenterology, dermatology, and the Internet hospital made the highest number of drug consultation inquiries. Table 7 provides several specific examples of consultations.
TABLE 3 | Demographics of patients seeking consultations using “Xiang Medicine Guidance” (n = 1183).
[image: Table 3]TABLE 4 | The classification distribution of consultation contents (n = 1183).
[image: Table 4]TABLE 5 | The classification distribution of advice provided by pharmacists (n = 1183).
[image: Table 5]TABLE 6 | Department distribution of patients seeking consultations (n = 1183).
[image: Table 6]TABLE 7 | Representative examples of the consultations on “Xiang Medicine Guidance.”
[image: Table 7]3.3 Patient satisfaction and medication adherence
In the second survey, 420 questionnaires were distributed, and 407 were considered valid and analyzed. Demographic data are shown in Supplementary Table S4, and patients’ satisfaction and medication adherence are exhibited in Supplementary Table S5. Users showed high satisfaction with XMG, with 91.40% (372 out of 419) expressing their satisfaction. In terms of medication adherence, 56.02% of the users were considered to have good adherence.
4 DISCUSSION
Studies have reported that 50% of patients struggle to use medications properly (Brown et al., 2016). To address this problem, various strategies, such as adverse reaction monitoring, medication tracking, medication reminders, and recording of patient’s medication history, have been implemented to reduce medication errors. However, due to the shortage of professional pharmacists in China, providing high-quality pharmaceutical care has become a challenge. The traditional face-to-face pharmaceutical care model needs to be revised in response to this challenge. Consequently, many medical institutions and computer scientists use technology to offer patients more efficient and convenient healthcare services.
Several mobile health tools have been developed and researched to support patients in managing their medications. For example, a web-based pharmaceutical care plan application potentially facilitated the collaboration between healthcare providers and patients. In addition, Zhang et al. (2022) developed an anticoagulation management model for anticoagulation therapy in atrial fibrillation patients. This model aims to enhance rationality, adherence, and satisfaction for medical professionals and patients. Another example is the WeChat-supported platform called Medication Housekeeper, which promotes self-management of cancer patients experiencing pain by facilitating collaboration between physicians and pharmacists. This collaboration aims to optimize therapeutic outcomes (Zhang et al., 2021). However, most of these applications focus on managing drug therapy for specific medications or diseases, none provides comprehensive pharmaceutical care for outpatients with various medical conditions. We have designed and developed the XMG medication manager platform to provide outpatient medication guidance, reminders, and consultations.
The XMG has the following innovations. First, a localized deployment of servers where all patient prescription data is stored on a local server. Through a front-end device, we interact with a third-party company’s cloud-based knowledge repository and mobile applications, ensuring the privacy and security of patient data. This setup allows us to fully retain the rights to independently utilize research data and related intellectual property. Second, existing APPs provide medication guidance and consultation for specific groups (such as a particular disease or medication). However, XMG provides comprehensive online pharmaceutical services to all patients receiving treatment in our outpatient clinics and through Internet hospitals. Third, we proactively send medication guidance information to all outpatient patients via WeChat. The patient’s prescription data automatically accompany this information and can be used to enable medication reminders in one click. Patients with medication questions can easily access pharmacist consultations in one click. Fourth, patients who do not receive treatment at our hospital or individuals in the general public can also utilize the XMG mini-programs for online pharmaceutical consultations and medication reminders.
Implementing XMG can enhance pharmaceutical care in hospitals and improve the quality of medication management through information technology.
Numerous users have experienced the substantial impact of XMG in providing medication guidance and consultation, effectively supporting patients with their medication needs. The survey also indicates high user satisfaction with the pharmaceutical care provided by XMG. According to the report, multitudinous APPs only involved dozens or hundreds of patients for the comparative study; their number of users was not shown (Huang et al., 2022; Liu et al., 2022; Sun et al., 2022). The “Cloud Pharmacy Care” platform acquired 1,432 views and completed 39 counseling cases in 2 months, was much less than the XMG (Li et al., 2021). Despite the short establishment time, the patient’s attention and the number of consultations in XMG were very high. This may be mainly due to the significant number of outpatient clinics in our hospitals and the initiative of medication guidance information.
The availability of medication reminders and pharmacist consultations has played a crucial role in improving medication adherence. As a result, the proportion of users categorized as having good adherence increased from 47.26% to 56.02%. These results underscore the effectiveness of XMG in promoting medication adherence and enhancing patient outcomes. However, compared to other projects dedicated to improving the pharmaceutical management of a particular type of patient, XMG has a limited effect on patients’ medication adherence (Chen et al., 2020; Wang et al., 2022). It is closely related to the short establishment time and the lack of targeted patient medication management. In the next stage, the pharmacist would employ the medication follow-up function to conduct follow-up management for patients with specific diseases to improve their medication adherence. Through the evaluation of patient consultation records, several interesting findings have emerged. Women were more inclined to use XMG for medication counseling than their male counterparts, which was similar to that of other mini-program users (Li et al., 2021). Counseling was available for patients or the public of all ages. Despite efforts to simplify the mini program, online medication counseling still predominantly attracts patients under 35 years of age. This may be related to their willingness to accept new things.
The ADRs and the psychiatric department ranked first by analyzing the classification and department distribution. There may be several reasons for the difference between the literature (Gotlib et al., 2017; Patel et al., 2020). First of all, the reputation of our hospital’s psychiatric department is prominent in China, and many patients come here. Second, patients with psychiatric conditions are generally young and more able to use XMG. Most importantly, antipsychotic medications often cause ADRs, such as drowsiness, dizziness, hyperactivity, and sedation. This poses a significant obstacle to adherence to antipsychotic regimens. The responses and encouragement of pharmacists can play a crucial role in improving treatment outcomes for psychiatric patients. A significant challenge facing many patients is assessing, differentiating, and managing adverse drug reactions, particularly among psychiatric patients. In future work, we plan to follow patients with mental illness to improve their medication adherence and therapeutic effect. Consultations on using polyethylene glycol-containing electrolyte powder appropriately before colonoscopies and topical medications were common among patients. This highlights the importance of conducting in-depth medication education and counseling for these specific medications to ensure their proper use in the future.
In China, “Mobile Internet + pharmaceutical care” gradually changed medical practices and processes. XMG offered a solution to the problem of gaps in pharmaceutical management after patients left the hospital. Through XMG, patients can access and review the medication guidance report anytime, and healthcare professionals can efficiently monitor patient indicators and provide prompt suggestions. Furthermore, medication guidance collected from various hospitals can be consolidated into a comprehensive medication history, facilitating physicians’ understanding of a patient’s past medication experiences. The survey results demonstrate that XMG is a convenient, cost-effective, and reliable pharmacy application. Its benefits extend to outpatients and emergency cases, patients with chronic diseases, and people seeking daily pharmacy consultations.
This study has several limitations. First, the participants were recruited from a single tertiary hospital, which may restrict the generalizability of the findings to a broader population. Second, the study did not evaluate the impact of the intervention and medication adherence on clinical outcomes. Third, integrating patient information from the hospital information system into the XMG platform relies on the prescription number, which means that patients with multiple prescriptions from different doctors may receive multiple sets of medication instructions. In contrast, the consulting pharmacist can only access a single prescription, making it difficult to comprehensively evaluate the patient’s overall drug therapy regimen. Future efforts should focus on integrating medication and prescription data from hospital information systems to ensure a more comprehensive and accurate assessment. However, despite these limitations, the online medication guidance, reminder, and consultation framework has been successfully established and can serve as a foundation for the further development of paid pharmaceutical care services. With continued improvements and advancements, the platform can potentially enhance the provision of pharmaceutical care to patients.
5 CONCLUSION
An online pharmacy service platform (XMG) was developed to address patients’ medication-related issues. The XMG platform offers patients timely online access to interactive medication guidance, reminders, and consultations, effectively bridging the gap in medication management after hospitalization. With its personalized and intelligent features, XMG has the potential to revolutionize the way patients engage with their medications, leading to better health outcomes and improved patient experiences.
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Objectives: The study aimed to explore the impact of a continuous pharmaceutical care (CPC) program during care transitions on medication adherence and clinical outcomes for patients with coronary heart disease (CHD).
Methods: A prospective cohort study was conducted from April 2020 to February 2021. Patients diagnosed with CHD were selected and divided into intervention (CPC) and usual care (UC) groups by nurses at equal intervals based on admission time. The intervention group received CPC services provided by clinical pharmacists (including medication reconciliation, disease education, medication guidance, lifestyle counseling, and follow-up services) and usual care. The UC group received only routine medical care. The study compared medication adherence, clinical indicators (low-density lipoprotein cholesterol [LDL-C], blood pressure [BP], glycated hemoglobin [HbA1c] control rates), the incidence of adverse drug reactions (ADRs), and readmission rates (overall, major adverse cardiovascular events [MACEs]-related, and CHD risk factors-related) at admission and 1, 3, and 6 months after discharge between the two groups.
Results: A total of 228 patients with CHD completed the study, including 113 patients in the CPC group and 115 patients in the UC group. There were no significant differences (p > 0.05) in both groups in demographic and clinical characteristics at baseline. A total of 101 drug-related problems were identified in the CPC group (an average of 0.89 per person). The CPC group showed significantly higher medication adherence at 1, 3, and 6 months after discharge than the UC group (p < 0.05). At 3 and 6 months after discharge, the intervention group had significantly higher control rates of LDL-C (61.11% vs. 44.64% at 3 months, 78.18% vs. 51.43% at 6 months), and BP (91.15% vs. 77.39% at 3 months, 88.50% vs. 77.19% at 6 months). The CPC group had higher HbA1c control rates (53.85% vs. 34.21% at 3 months, 54.05% vs. 38.46% at 6 months) than the UC group. However, the differences were not statistically significant. The incidence of ADRs 6 months after discharge was significantly lower in the CPC group than in the UC group (5.13% vs. 12.17%, p < 0.05). The CPC group had a lower overall readmission rate (13.27% vs. 20.00%), MACE-related readmission rate (5.31% vs. 12.17%), and readmission rate related to CHD risk factors (0.88% vs. 2.61%) 6 months after discharge compared to the UC group. However, these differences were not statistically significant (p > 0.05).
Conclusion: CPC led by clinical pharmacists during care transitions effectively improved medication adherence, safety, and risk factor control in patients with CHD.
Keywords: coronary heart disease, transitions of care, continuous pharmaceutical care, cohort study, medication adherence, clinical pharmacist
INTRODUCTION
In recent years, the morbidity and mortality of coronary heart disease (CHD) have increased yearly, seriously affecting public health and raising medical expenses. International guidelines recommend that patients with CHD should take long-term secondary prevention drugs, such as antiplatelets, β-blockers (BB), angiotensin-converting enzyme inhibitors/angiotensin receptor blockers (ACEIs/ARBs), and statin lipid-lowering drugs (LLDs) and control risk factors, such as smoking (Expert Committee on Rational Drug Use of National Health and Family Planning Commission of the P. R. China, and the Chinese Pharmacists Association, 2018; Knuuti et al., 2020; Lawton et al., 2022). However, medication adherence in patients with CHD is generally low (Rahhal et al., 2021; Heitmann et al., 2022). A study showed that the medication non-adherence rate in patients of a large tertiary care health system after myocardial infarction (MI) was as high as 42.7% during 1-year follow-up (Crowley et al., 2015). A retrospective population-based cohort study was conducted to analyze medication adherence for secondary prevention after MI (Huber et al., 2019). Using a large Swiss medical claims database, they estimated the association between medication adherence and mortality and major adverse cardiovascular events (MACE). A high proportion of patients with low medication adherence was observed for all drug classes: 47.6% for dual-antiplatelet therapy (DAPT), 23.5% for LLDs, 47.3% for ACEI/ARB, and 88.1% for BBs. Patients with high adherence to DAPT, LLDs, and ACEI/ARB had a significantly reduced risk of all-cause mortality and MACE (LLD-group). Lack of knowledge about CHD and medications is the main factor that affects adherence (Zhao et al., 2015; Yu et al., 2022; Desai et al., 2023). In addition, the lack of education of physicians to patients on drug therapies and discharge follow-up are other important reasons for non-adherence (Ni et al., 2019).
Several studies have shown that clinical pharmacist interventions can significantly improve patient knowledge of CHD and secondary prevention drugs, leading to improved medication adherence (Ho et al., 2014; Ahmed Casper et al., 2022; Hong et al., 2022; Weeda et al., 2023). Pharmacist interventions can promptly detect and resolve adverse drug reactions (ADRs) and better control patient risk factors and clinical parameters (Phatak et al., 2016; Casper et al., 2019). A randomized controlled trial described a pharmaceutical care program in which pharmacists were trained to use motivational interviewing to follow up and educate patients with CHD after discharge (Ostbring et al., 2021). Compared to the standard care group, the pharmacist intervention group significantly improved patient adherence to LLDs (88% vs. 77%; p = 0.033) and aspirin (97% vs. 91%; p = 0.036). A retrospective cohort study was conducted to implement an outpatient Complex Coronary Interventions Medication Therapy Management (CCI-MTM) program in patients after percutaneous coronary intervention (PCI) in a Chinese hospital (Zhang et al., 2022). Compared to the usual care group, the proportion of patients who reached the LDL-C (73.8% vs. 41.0%, p < 0.001) and heart rate (14.8% vs. 4.1%, p = 0.007) goals in the PPCM was significantly higher. The median time to achieve the LDL-C goal was shorter in the PPCM group (31 days vs. 126 days, p = 0.001). The utilization rates of BBs (73.8% vs. 56.6%, p = 0.005) and ACEIs/ARBs (72.1% vs. 56.6%, p = 0.018) were higher in the PPCM group than in the UC group. There were no significant differences in ADRs between the two groups.
Transitions of care refer to a change in space (community to hospital, ward change, hospital to community) or staff while a patient is receiving care (World Health Organization, 2016). During this change process, poor medical information communication can easily lead to drug-related problems (DRPs) (Santell, 2006). It was estimated that approximately 46% of medication errors occur during care transitions (Pronovost et al., 2003). In 2019, the World Health Organization released “Medication Safety in Transitions of Care,” recommending that organizations implement a structured medication reconciliation process in care transitions (World Health Organization, 2019). Medication reconciliation includes patient interviews to collect an accurate medication history, coordinate and update medication lists, communicate medication changes with patients and caregivers, and ensure that patients have a current list of medications and are using their medications safely. The Chinese government also states that it is necessary to provide continuous and systematic services for prevention, treatment, rehabilitation, and health promotion, improve the fairness, accessibility, and effectiveness of health services, and achieve early diagnosis, early treatment, and early rehabilitation (China National Health and Family Planning Commission and the State Administration of Traditional Chinese Medicine, 2017; China National Health Commission, 2020).
Most CHD-related pharmaceutical care services focus only on CHD or a segment of care transitions (Scott et al., 2007; Phatak et al., 2016; Ostbring et al., 2021). Few studies have focused on patients with CHD with multiple chronic diseases and evaluated the outcomes of transition care interventions on risk factor control, MACE, and rehospitalization rate. We established a continuous pharmaceutical care (CPC) program for CHD patients. CPC is patient-centered and focuses on disease management and risk factor control at all stages of care transitions (Chen et al., 2022). The program aimed to improve medication adherence and secondary prevention risk factors, which could affect clinical outcomes such as re-hospitalization.
MATERIALS AND METHODS
Study design, participants, and setting
This prospective cohort study was conducted at the Aerospace Center Hospital in Beijing, China. The study subjects were patients admitted to the Department of Cardiology from April 2020 to February 2021. The inclusion criteria were patients who 1) were >/ = 18 years old, 2) had CHD (>50% stenosis in a major coronary vessel revealed by coronary angiography), and 3) had comorbidities of hypertension, diabetes, or dyslipidemia. Exclusion criteria were patients 1) with severe liver failure (prothrombin time activity <40%) or severe kidney dysfunction (creatinine clearance rate <30 mL/min), 2) with malignant tumors, 3) with communication disorders, and 4) refusal to give informed consent.
The eligible patients were divided into the CPC and the usual care (UC) groups by nurses at equal intervals based on admission time. UC patients only received routine medical care. This study was approved by the Hospital Medical Ethics Committee (20200331-QNCX-01, approval date 31 March 2020). Written informed consent was obtained from the patients.
Components of continuous pharmaceutical care program for CHD patients
The CPC program consists of five steps to ensure comprehensive patient care. Step 1: Admission Medication Reconciliation (within 24 h): The pharmacist collaborates with the clinical team to conduct medical rounds from Monday to Friday to obtain information on the patient’s condition and the current drug treatment plan. Subsequently, the pharmacist consults with the patient face-to-face to gather a medication history. The pharmacist identifies DRPs and proposes interventions to physicians. The DRPs were categorized using the Pharmaceutical Care Network Europe DRP classification (version 9.0, Pharmaceutical Care Network Europe, 2020). Step 2: Patient Education (within 24 h of coronary angiography, lasting 30–90 min): The pharmacist provides a comprehensive education to the patient, including the disease state, such as the pathogenesis of CHD, risk factors (such as dyslipidemia, hypertension, diabetes, smoking), and monitoring indicators (such as LDL-C levels). The pharmacist also educates the patient about their medications, including drug names, purposes, usage and dosage instructions, duration of treatment, common ADRs, and precautions. Additionally, lifestyle guidance is tailored to the patient’s circumstances, covering diet, exercise, smoking cessation, alcohol consumption, and weight control. Step 3: Discharge Medication Reconciliation and Written Instructions (within 24 h before discharge, lasting approximately 30 min): The pharmacist organizes the patient’s discharge medications in a table format, including the generic name, brand name, specifications, the purpose of the drug, instructions on how to take the medication (before meals, with meals, after meals, before bedtime, etc.), and dosage. Key points specific to certain drugs are emphasized, such as monitoring the stool for melena when taking antiplatelet drugs, contacting the pharmacist or doctor for a persistent dry cough after taking an ACEI, and the need to monitor LDL-C levels, liver enzymes, and creatine kinase for statin use. Other key points include monitoring heart rate when taking β-blockers, blood pressure (BP) when taking antihypertensive drugs, and fasting and postprandial blood sugar levels when taking hypoglycemic drugs. Lifestyle guidance, such as weight control, moderate exercise, and a low-salt, low-fat diet, is also provided. Specific dietary recommendations are made for patients with diabetes or impaired glucose tolerance, advising them to consume fewer foods with a high glycemic index. Step 4: Verbal Education on Discharge Day (15–30 min): On the day of discharge, the pharmacist provides the patient with a guide sheet that outlines the medication regimen for the post-discharge period. The pharmacist explains the contents of the guide sheet in person, using actual medications as visual aids. The patient’s questions or concerns are addressed to ensure complete understanding. Contact information, such as phone numbers or WeChat accounts, is exchanged between the pharmacist and the patient for ongoing communication and support. Step 5: Follow-up Services at 1, 3, and 6 Months: These follow-ups may occur through “Physician-Pharmacist Joint Clinics”, “Pharmacy Clinics”, WeChat, or telephone communication. The purpose is to assess medication adherence, identify DRPs, review LDL-C levels, BP, and blood glucose, and make the necessary adjustments to the patient’s drug treatment plan. The pharmacist also emphasizes the importance of lifestyle improvements, including dietary modifications and exercise routines.
Primary and secondary endpoints
The primary endpoint was medication adherence at admission and 1, 3, and 6 months after discharge. Medication adherence was assessed utilizing the visual analog scale (VAS), a self-reported measure of medication adherence (Amico et al., 2006). The VAS involved patients marking a line at a specific point on a continuum ranging from 0 to 100, indicating their adherence to their physician’s instructions over the past 4 weeks. A score of 0 meant that the patient did not follow the doctor’s instructions, while a score of 100 indicated strict adherence to the doctor’s instructions. Any score below 80 was classified as medication nonadherence (Liu et al., 2023). Secondary endpoints were the percentages of patients who reached the clinical goal parameters at admission and 1, 3, and 6 months after discharge. These included LDL-C, BP, and glycated hemoglobin (HbA1c). LDL-C and HbA1c were collected from laboratory tests. BPs were measured at each visit by physicians or nurses.
The goals were LDL-C<1.8 mmol/L or a decrease of >50% from baseline (Joint Committee Issued Chinese Guidelines for Prevention and Treatment of Dyslipidemia, 2016), BP < 140/90 mmHg or BP < 130/80 mmHg in diabetic patients (Expert Committee on Rational Drug Use of National Health and Family Planning Commission of the P. R. China, and the Chinese Pharmacists Association, 2018), and HbA1c<7.0% (Expert Committee on Rational Drug Use of National Health and Family Planning Commission of the P. R. China, and the Chinese Pharmacists Association, 2018). The incidence of ADRs and rehospitalization rate [overall rehospitalization, rehospitalization due to major adverse cardiac events (MACEs), rehospitalization due to CHD risk factors] within 6 months after discharge were also analyzed. The severity of ADRs was assessed according to the Common Terminology Criteria for Adverse Events version 5.0 (CTCAE v.5.0) (U.S. Department of Health and Human Services, 2017). MACEs included recurrent angina, fatal or non-fatal myocardial infarction, and revascularization (Xu and Li, 2019).
Sample size calculation
Based on a previous study, the intervention group showed a high medication adherence rate of 53.85%, while the UC group had an adherence rate of 26.09% (Zhang et al., 2021). The minimum sample size required for each group was 77 (α = 0.05, 1:1 ratio between the intervention and control groups, β = 0.1, and a 20% loss-to-follow-up rate) using PASS (version 15).
Statistical analysis
Microsoft Excel 2007 and SPSS 17.0 statistical software were used for data processing and analysis. Missing data was a problem in the collected data. The effect of the CPC program was evaluated by per-protocol analysis (PPA) and intention-to-treat analysis (ITT) (DeSouza et al., 2009). The last observation-carried-forward (LOCF) method was performed to replace missing post-baseline values for each visit (Bringsvor et al., 2018). The results of the ITT analysis are shown in the Supplementary Materials.
All continuous variables are expressed as mean ± standard deviation (‾x ± s). The normality of the data was assessed using the Kolmogorov-Smirnov test. When the quantitative data conformed to normal distributions, independent-sample t-tests were utilized. When the measurement data did not conform to normal distributions, the information was expressed as medians (interquartile ranges), and the data were analyzed using the Mann-Whitney U test. The categorical data are described as numbers and percentages (n, %), and the Pearson Chi-square test or the continuity-adjusted Chi-square test was estimated. A p-value <0.05 was considered statistically significant.
RESULTS
Baseline demographic and clinical characteristics of patients
Figure 1 shows the flow of patients. Initially, 334 patients with a preliminary diagnosis of CHD were screened, and 36 were excluded based on the exclusion criteria. The remaining 298 eligible patients were divided into the CPC group (n = 149) and the UC group (n = 149). Subsequently, after undergoing coronary angiography, 131 patients from the CPC group (113 participated in the final follow-up) and 130 from the UC group (115 involved in the last follow-up) were included in the study. Demographics and other clinical characteristics of the patients at baseline are shown in Table 1. There were no significant differences in age, sex, comorbidities, smoking, drinking, medication adherence, blood lipids, BP, and blood glucose levels between the two groups (p > 0.05).
[image: Figure 1]FIGURE 1 | Flow chart of patient selection. * <50% stenosis in a major coronary vessel revealed by coronary angiography.
TABLE 1 | Baseline demographic and clinical characteristics of patients.
[image: Table 1]Analysis of drug-related problems
In the CPC group, pharmacists identified 101 DRPs (0.89 per person). Among these, 57 (56.44%) were identified within 24 h after admission, 18 (17.82%) during hospitalization, 3 (2.97%) at discharge, and 23 (22.77%) in the community after discharge. Physicians accepted and successfully resolved 97 DRPs with an acceptance rate of 96.04%: 56 (98.25%, 56/57) during admission, 17 (94.44%, 17/18) during hospitalization, 3 (100.00%) at discharge, and 21 (91.30%, 21/23) in the community setting. The most common types of DRPs identified during admission were requiring additional drug therapies (43.86%, 25/57), drug omissions (21.05%, 12/57), inappropriate frequency (12.28%, 7/57), inappropriate dose (8.77%, 5/57), and inconsistent with the outpatient treatment plan (8.77%, 5/57). The DRPs during hospitalization consisted mainly of ADRs (44.44%, 8/18), requiring additional treatment regimens (27.78%, 5/18). In the community setting, most DRPs (69.57%, 16/23) were related to the need for additional drug therapies.
Examples of pharmacist’s interventions were 1) switching to higher intensity statins or combining ezetimibe therapy, 2) adding BBs, ACEIs/ARBs, or calcium-channel blockers, 3) increasing the dose of antihypertensive medications, 4) increasing the dose of hypoglycemic drugs or initiating new medications such as dapagliflozin.
Primary endpoint-medication adherence
The CPC group consistently demonstrated significantly higher scores of medication adherence than the UC group (p < 0.001): 93.89 vs. 88.13 at 1 month, 95.58 vs. 89.27 at 3 months, and 97.18 vs. 89.94 at 6 months (Table 2).
TABLE 2 | Comparison of medication adherence of patients between the two groups
[image: Table 2]Secondary endpoints in the two groups of patients
One month after discharge, there was no significant difference in the percentage of patients reaching the LDL-C goal between the CPC and UC groups (55.86% vs. 50.00%, p > 0.05). However, at 3 and 6 months after discharge, significantly more patients reached the LDL-C goal in the CPC group than in the UC group (61.11% vs. 44.64% at 3 months, p = 0.014; 78.18% vs. 51.43% at 6 months, p < 0.001). Details are shown in Table 3.
TABLE 3 | Comparison of patients reaching the LDL-C goal between the two groups.
[image: Table 3]One month after discharge, there was no significant difference in the percentage of patients reaching the BP goal between the CPC and UC groups (85.84% vs. 80.87%, p = 0.314). However, at 3 and 6 months after discharge, significantly more patients reached the BP target in the CPC group than in the UC group (91.15% vs. 77.39% at 3 months, p = 0.004; 88.50% vs. 77.19% at 6 months, p = 0.024). Details are shown in Table 4. At 3 and 6 months after discharge, more patients with diabetes reached the HbA1c goal in the CPC group than in the UC group (53.85% vs. 34.21% at 3 months, 54.05% vs. 38.46% at 6 months), but there was no statistical difference (p > 0.05). Details are shown in Table 5.
TABLE 4 | Comparison of patients reaching the blood pressure goal between the two groups.
[image: Table 4]TABLE 5 | Comparison of patients with diabetes reaching the HbA1c goal between the two groups.
[image: Table 5]Comparison of adverse drug reactions between the two groups
Six months after discharge, the overall incidence of ADR in the CPC group was significantly lower than in the UC group [5.31% (6/113) vs. 13.04% (15/115), p = 0.043). The most frequent ADR in both groups was liver enzyme elevation. Details are shown in Table 6. In the CPC group, 4 ADRs (66.67%) were categorized as grade 1, and 2 ADRs (33.33%) were classified as grade 2. While in the UC group, 6 ADRs (40.00%) were categorized as grade 1, 8 ADRs (53.33%) were classified as grade 2, and 1 ADR (6.67%) was categorized as grade 3.
TABLE 6 | Comparison of adverse drug reactions between the two groups at 6-month follow-up.
[image: Table 6]Comparison of rehospitalization of patients in the two groups
Six months after discharge, the rates of overall rehospitalization (13.27% vs. 20.00%), rehospitalization due to MACE (5.31% vs. 12.17%), and rehospitalization due to risk factors for CHD (0.88% vs. 2.61%) were lower in the CPC group than in the UC group. However, the differences were not statistically significant (p > 0.05). Details are shown in Table 7.
TABLE 7 | Comparison of rehospitalizations between the two groups at 6-month follow-up.
[image: Table 7]DISCUSSION
This study focused on implementing a continuous pharmaceutical care program during care transitions, which proved beneficial in several aspects. This proactive approach to managing medication therapy positively impacted medication adherence and facilitated better disease management and control of risk factors associated with the patient’s condition.
The impact of continuous pharmaceutical care program on identifying drug-related problems
Analysis of DRP distribution during the care transition revealed that 56.44% of DRPs occurred within 24 h after admission, 17.82% during hospitalization, 2.97% at discharge, and 22.77% in the community. This highlights the critical stages in which DRPs commonly arise during the transition. The hospital’s computerized physician order entry systems reduce medication errors during discharge. During admission, we observed that 21.05% of medication orders were missed due to poor communication between physicians and patients.
Additionally, physicians sometimes overlooked other chronic diseases such as hypertension, diabetes, dyslipidemia, and hyperuricemia when managing CHD patients in the community setting, resulting in a higher proportion (43.86%) of patients requiring additional treatments during admission. Effective communication between healthcare providers and patients about chronic diseases becomes crucial to address these challenges. DRPs during hospitalization focused primarily on ADRs (44.44%) and the need for additional treatment options (27.78%). Pharmacists played an essential role during ward rounds by identifying ADRs and providing feedback to physicians. This timely intervention allowed necessary adjustments to drug treatment plans, preventing patients from experiencing ADRs upon discharge. Community-based DRPs focused mainly on adding additional treatment plans (69.57%). After patients receive treatment plan adjustments during hospitalization, monitoring and managing their blood lipids, BP, blood glucose, and other laboratory indicators in the community setting becomes necessary. Subsequently, the treatment plans can be adjusted based on the parameter control.
The impact of continuous pharmaceutical care program on improving patient medication adherence
Medication adherence is a cornerstone in assessing patient-centered care. Studies have confirmed that pharmacists can effectively enhance patients’ understanding of diseases and medication treatment plans through disease education and medication counseling, thus improving medication adherence (Phatak et al., 2016; Lee et al., 2019; Hong et al., 2022). The CPC program provides patients with multiple time points and frequencies of follow-up services, which led to significantly enhanced medication adherence at 1, 3, and 6 months follow-ups after discharge.
The CPC program allows pharmacists to establish therapeutic relationships with patients to enhance the patient’s healthcare experience and increase trust in pharmacists. Patients have gradually embraced the concept of pharmacist-led outpatient care and actively chosen pharmacy clinics for follow-up and medication advice, thus improving overall awareness of pharmacy clinics. Many patients seek pharmacist opinions through pharmacy clinics, WeChat, and telephone consultations, after physicians have adjusted their medication treatment plans. In this study, 56.41% of the patients in the CPC group chose the “physician-pharmacist joint clinic” for follow-up, 28.21% received follow-up through the “pharmacy clinic”, and 15.38% received follow-up via WeChat or telephone. This ensures medication safety and enhances pharmacists’ professional sense of value and identity.
The impact of continuous pharmaceutical care program on patient clinical outcomes
Dyslipidemia, hypertension, and diabetes are recognized as risk factors for CHD (Expert Committee on Rational Drug Use of National Health and Family Planning Commission of the P. R. China, and the Chinese Pharmacists Association, 2018). Existing research consistently emphasizes the importance of intervention and control of these risk factors for secondary prevention of CHD (Huber et al., 2019; Sotorra-Figuerola et al., 2021; Zhang et al., 2021).
In this study, more patients in the CPC group achieved LDL-C and BP targets at 3 and 6-month follow-ups, leading to better control of these risk factors associated with CHD. CPC also significantly reduced the occurrence of ADRs at 6-month follow-up after hospital discharge. Although not statistically significant, the rates of overall readmissions, readmissions due to MACEs, and readmissions related to CHD risk factors in the CPC group were lower than in the UC group at the 6-month follow-up. These results show that the CPC program during the transitional period of medical care can play a role in improving the short-term prognosis of patients. These results are consistent with previous studies where pharmaceutical care services have been shown to positively impact reducing the incidence of ADRs and improving patients’ quality of life (Phatak et al., 2016; Sotorra-Figuerola et al., 2021).
The loss of patient follow-up can be attributed to two main reasons. First, in China, the role and benefits of pharmacists may be perceived by patients as insignificant. Instead, patients often prefer to consult a doctor for follow-up appointments directly. Second, attending the “physician-pharmacist joint clinic” or “pharmacy clinic” in our hospital for follow-ups is inconvenient for many patients, especially those from other provinces or cities. The issue of patients withdrawing from clinical follow-up is not unique to our hospital but is a more widespread concern. To address this, enhancing patient engagement and retention can be achieved through various approaches. One potential solution is to increase patient awareness of pharmacists’ vital role in their healthcare and the benefits of their participation in the follow-up process. Furthermore, improving the convenience of pharmacist visits, such as offering telemedicine options or establishing partnerships with pharmacies in patients’ hometowns, could encourage better patient participation and retention in follow-up care.
Data bias in this study was assessed through the following analyses. First, it should be noted that the research design in this study is non-randomized, which may introduce selection bias. However, to mitigate this, a nurse without involvement in the study was responsible for dividing eligible patients into the CPC and UC groups. The demographic and clinical characteristics of the two groups at baseline were relatively similar. Second, when evaluating medication adherence, a self-reported tool was utilized. Although this method is commonly employed, it does have the potential to introduce bias due to differences in subjective feelings and reporting tendencies among patients. Last, it is essential to address missing data, as analyses that overlook these gaps can lead to biased parameter estimates (Blazek et al., 2021). This study implemented the LOCF method to replace missing data and reduce bias (Bringsvor et al., 2018).
In this study, the economic costs and benefits associated with CPC are complex, with several considerations. First, the participation of pharmacists in the CPC group demonstrated a reduction in the incidence of adverse drug events, leading to potential cost savings by minimizing the subsequent expenses associated with managing these events. Second, uncontrolled dyslipidemia, hypertension, and diabetes are well-known risk factors for recurrent CHD. In cases where doctors overlooked or poorly controlled these risk factors, clinical pharmacists were able to identify meaningful interventions, which could result in increased drug costs for patients. However, it is essential to note that the CPC led by clinical pharmacists during care transitions improved medication adherence and helped patients achieve their treatment goals for modifiable risk factors such as LDL, BP, and HbA1c, all associated with CHD. Therefore, the higher cost of drugs in this context could be considered an investment to achieve effective secondary prevention of CHD. Third, it should be acknowledged that implementing the CPC program may significantly increase the medical workload. However, the crude cost calculations in this study did not incorporate the pharmacist’s time spent executing the CPC program, which involved hospital intervention and follow-up after discharge. As a result, accurately estimating the cost of this aspect remains a significant challenge and requires further methodology development. Given the complexity of the economic implications related to CPC, more comprehensive studies are needed in this field to understand the costs and benefits better.
This study has several limitations. It had a limited sample size and was conducted in a single center. Therefore, large-scale and multi-center studies are necessary to further validate the impact of the continuous pharmaceutical care program on care transitions. The study had a follow-up period of only 6 months, which may not be adequate to fully assess the long-term outcomes of the interventions.
CONCLUSION
The continuous pharmaceutical care program provided for patients with CHD, from admission to hospitalization, discharge, and community care, resulted in improved medication adherence, enhanced control of risk factors such as lipids and blood pressure, and reduced the incidence of ADRs.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The studies involving humans were approved by Medical Ethics Committee of Aerospace Center Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. 
AUTHOR CONTRIBUTIONS
LG and HL designed this study. LG, YH and ZJ conducted the research. PW and MZ collected data. LG and TM analyzed the results. LG and SY drafted the manuscript. All authors contributed to the article and approved the submitted version.
FUNDING
The study was funded by the Beijing Science and Technology Commission Funded Project (No. D181100000218002) and Aerospace Center Hospital Funded Project (No. 2020QN07).
ACKNOWLEDGMENTS
The authors would like to thank the medical staff and patients who contributed to this research.
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.2023.1249636/full#supplementary-material
REFERENCES
 Ahmed Casper, E., Mohmed El Wakeel, L., Ayman Saleh, M., and Hamed El-Hamamsy, M. (2022). The impact of a comprehensive pharmaceutical care intervention in addition to cardiac rehabilitation program on outcomes of post-acute coronary syndrome patients: a pilot study. Patient Educ. Couns. 105 (10), 3164–3168. doi:10.1016/j.pec.2022.06.004
 Amico, K. R., Fisher, W. A., Cornman, D. H., Shuper, P. A., Redding, C. G., Konkle-Parker, D. J., et al. (2006). Visual analog scale of ART adherence: association with 3-day self-report and adherence barriers. J. Acquir. Immune. Defic. Syndr. 42 (4), 455–459. doi:10.1097/01.qai.0000225020.73760.c2
 Blazek, K., van Zwieten, A., Saglimbene, V., and Teixeira-Pinto, A. (2021). A practical guide to multiple imputation of missing data in nephrology. Kidney Int. 99 (1), 68–74. doi:10.1016/j.kint.2020.07.035
 Bringsvor, H. B., Langeland, E., Oftedal, B. F., Skaug, K., Assmus, J., and Bentsen, S. B. (2018). Effects of a COPD self-management support intervention: a randomized controlled trial. Int. J. Chron. Obstruct. Pulmon. Dis. 13, 3677–3688. doi:10.2147/COPD.S181005
 Casper, E. A., El Wakeel, L. M., Saleh, M. A., and El-Hamamsy, M. H. (2019). Management of pharmacotherapy-related problems in acute coronary syndrome: role of clinical pharmacist in cardiac rehabilitation unit. Basic Clin. Pharmacol. Toxicol. 125 (1), 44–53. doi:10.1111/bcpt.13210
 Chen, H., Xie, H., Ge, W., and Li, X. (2022). Research situation of continuous pharmaceutical care at home and abroad. China Pharm. 33 (24), 3063–3066. doi:10.6039/j.issn.1001-0408.2022.24.24
 China National Health and Family Planning Commission and State Administration of Traditional Chinese Medicine (2017). Notice on issuing the action plan for further improvement of medical services (2018–2020). Available at: http://www.nhc.gov.cn/yzygj/s3594q/201801/9df87fced4da47b0a9f8e1ce9fbc7520.shtml (Accessed December 29, 2017). 
 China National Health Commission (2020). Healthy China action (2019-2030). Available at: http://www.gov.cn/xinwen/2019-07/15/content_5409694.htm (Accessed March 9, 2020). 
 Crowley, M. J., Zullig, L. L., Shah, B. R., Shaw, R. J., Lindquist, J. H., Peterson, E. D., et al. (2015). Medication non-adherence after myocardial infarction: an exploration of modifying factors. J. Gen. Intern. Med. 30 (1), 83–90. doi:10.1007/s11606-014-3072-x
 Desai, N. R., Farbaniec, M., and Karalis, D. G. (2023). Nonadherence to lipid-lowering therapy and strategies to improve adherence in patients with atherosclerotic cardiovascular disease. Clin. Cardiol. 46 (1), 13–21. doi:10.1002/clc.23935
 DeSouza, C. M., Legedza, A. T., and Sankoh, A. J. (2009). An overview of practical approaches for handling missing data in clinical trials. J. Biopharm. Stat. 19 (6), 1055–1073. doi:10.1080/10543400903242795
 Expert Committee on Rational Drug Use of National Health and Family Planning Commission of the People’s Republic of China, Chinese Pharmacists Association (2018). Guidelines for the rational use of drugs for coronary heart disease (2nd edition). Chin. J. Front. Med. Sci. (Electronic Version) 6, 1–130. doi:10.12037/YXQY.2018.06-01
 Heitmann, L. A., Gudmundsdottir, I. J., Jonsdottir, F., Gudbjartsson, T., and Sigurdsson, M. I. (2022). A retrospective study on adherence to secondary prevention medications after coronary bypass surgery. Eur. J. Cardiothorac. Surg. 62 (4), ezac054. doi:10.1093/ejcts/ezac054
 Ho, P. M., Lambert-Kerzner, A., Carey, E. P., Fahdi, I. E., Bryson, C. L., Melnyk, S. D., et al. (2014). Multifaceted intervention to improve medication adherence and secondary prevention measures after acute coronary syndrome hospital discharge: a randomized clinical trial. JAMA Intern. Med. 174 (2), 186–193. doi:10.1001/jamainternmed.2013.12944
 Hong, J., Tiu, Y. C., Leung, P. Y. B., Wong, M. F., Ng, W. Y., Cheung, D., et al. (2022). Interventions that improve adherence to antihypertensive medications in coronary heart disease patients: a systematic review. Postgrad. Med. J. 98 (1157), 219–227. doi:10.1136/postgradmedj-2020-139116
 Huber, C. A., Meyer, M. R., Steffel, J., Blozik, E., Reich, O., and Rosemann, T. (2019). Post-myocardial infarction (MI) care: medication adherence for secondary prevention after MI in a large real-world population. Clin. Ther. 41 (1), 107–117. doi:10.1016/j.clinthera.2018.11.012
 Joint Committee Issued Chinese Guidelines for Prevention and Treatment of Dyslipidemia (2016). 2016 Chinese guideline for the management of dyslipidemia in adults. Chin. Circ. J. 31 (10), 937–950. doi:10.3969/j.issn.1000-3614.2016.10.001
 Knuuti, J., Wijns, W., Saraste, A., Capodanno, D., Barbato, E., Funck-Brentano, C., et al. (2020). 2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes. Eur. Heart J. 41 (3), 407–477. doi:10.1093/eurheartj/ehz425
 Lawton, J. S., Tamis-Holland, J. E., Bangalore, S., Bates, E. R., Beckie, T. M., Bischoff, J. M., et al. (2022). 2021 ACC/AHA/SCAI guideline for coronary artery revascularization: a report of the American college of Cardiology/American heart association joint committee on clinical practice guidelines. Circulation 145 (3), e18–e114. doi:10.1161/CIR.0000000000001038
 Lee, C. K., Lai, C. L., Lee, M. H., Su, F. Y., Yeh, T. S., Cheng, L. Y., et al. (2019). Reinforcement of patient education improved physicians' adherence to guideline-recommended medical therapy after acute coronary syndrome. PLoS One 14 (6), e0217444–e0217456. doi:10.1371/journal.pone.0217444
 Liu, J., Yu, Y., Yan, S., Zeng, Y., Su, S., He, T., et al. (2023). Risk factors for self-reported medication adherence in community-dwelling older patients with multimorbidity and polypharmacy: a multicenter cross-sectional study. BMC Geriatr. 23 (1), 75–84. doi:10.1186/s12877-023-03768-7
 Ni, Z., Dardas, L., Wu, B., and Shaw, R. (2019). Cardioprotective medication adherence among patients with coronary heart disease in China: a systematic review. Heart Asia 11 (2), e011173–e011184. doi:10.1136/heartasia-2018-011173
 Ostbring, M. J., Eriksson, T., Petersson, G., and Hellstrom, L. (2021). Effects of a pharmaceutical care intervention on clinical outcomes and patient adherence in coronary heart disease: the MIMeRiC randomized controlled trial. BMC Cardiovasc. Disord. 21 (1), 367–382. doi:10.1186/s12872-021-02178-0
 Pharmaceutical Care Network Europe. Classification for drug related problems (2020). Available at: https://www.pcne.org/upload/files/334_PCNE_classification_V9-0.pdf [Accessed September 2, 2020]. 
 Phatak, A., Prusi, R., Ward, B., Hansen, L. O., Williams, M. V., Vetter, E., et al. (2016). Impact of pharmacist involvement in the transitional care of high-risk patients through medication reconciliation, medication education, and postdischarge call-backs (IPITCH Study). J. Hosp. Med. 11 (1), 39–44. doi:10.1002/jhm.2493
 Pronovost, P., Weast, B., Schwarz, M., Wyskiel, R. M., Prow, D., Milanovich, S. N., et al. (2003). Medication reconciliation: a practical tool to reduce the risk of medication errors. J. Crit. Care 18 (4), 201–205. doi:10.1016/j.jcrc.2003.10.001
 Rahhal, A., Mahfouz, A., Khir, F., Okleh, N., Aljundi, A. H., AlKhalaila, O., et al. (2021). Medications adherence post-primary percutaneous coronary intervention in acute myocardial infarction: a population-based cohort study. J. Clin. Pharm. Ther. 46 (3), 772–779. doi:10.1111/jcpt.13348
 Santell, J. P. (2006). Reconciliation failures lead to medication errors. Jt. Comm. J. Qual. Patient Saf. 32 (4), 225–229. doi:10.1016/s1553-7250(06)32029-6
 Scott, A., Tinelli, M., and Bond, C.Community Pharmacy Medicines Management Evaluation Team (2007). Costs of a community pharmacist-led medicines management service for patients with coronary heart disease in England: healthcare system and patient perspectives. Pharmacoeconomics 25 (5), 397–411. doi:10.2165/00019053-200725050-00004
 Sotorra-Figuerola, G., Ouchi, D., Giner-Soriano, M., and Morros, R. (2021). Impact of adherence to drugs for secondary prevention on mortality and cardiovascular morbidity: a population-based cohort study. IMPACT study. Pharmacoepidemiol Drug Saf. 30 (9), 1250–1257. doi:10.1002/pds.5261
 U.S. Department of Health and Human Services (2017). Common Terminology criteria for adverse events (CTCAE) version 5.0. Available at: https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf (Accessed November 27, 2017). 
 Weeda, E., Gilbert, R. E., Kolo, S. J., Haney, J. S., Hazard, L. T., Taber, D. J., et al. (2023). Impact of pharmacist-driven transitions of care interventions on post-hospital outcomes among patients with coronary artery disease: a systematic review. J. Pharm. Pract. 36 (3), 668–678. doi:10.1177/08971900211064155
 World Health Organization (2016). Transitions of care: technical series on safer primary care. Available at: https://apps.who.int/iris/handle/10665/252272 (Accessed December 13, 2016). 
 World Health Organization (2019). Medication safety in transitions of care: technical report. Available at: https://apps.who.int/iris/handle/10665/325453 (Accessed June 20, 2019). 
 Xu, N., and Li, Z. (2019). Integrated pharmaceutical care on patients with coronary heart disease after first percutaneous coronary intervention. Chin. Pharm. J. 54 (10), 823–827. doi:10.11669/cpj.2019.10.014
 Yu, M., Wang, L., Guan, L., Qian, M., Lv, J., and Deng, M. (2022). Knowledge, attitudes, and barriers related to medication adherence of older patients with coronary heart disease in China. Geriatr. Nurs. 43, 235–241. doi:10.1016/j.gerinurse.2021.12.001
 Zhang, Y., Yang, Y., Xiao, J., Sun, Y., Yang, S., and Fu, X. (2021). Effect of multidimensional comprehensive intervention on medication compliance, social function and incidence of MACE in patients undergoing PCI. Am. J. Transl. Res. 13 (7), 8058–8066.
 Zhang, Q., Su, H., Li, B., Bai, X., Yan, S., and Li, X. (2022). Physician-pharmacist collaborative management in patients after percutaneous coronary intervention: a retrospective propensity score matching cohort study. Int. J. Clin. Pharm. 44 (1), 90–99. doi:10.1007/s11096-021-01316-0
 Zhao, S., Zhao, H., Wang, L., Du, S., and Qin, Y. (2015). Education is critical for medication adherence in patients with coronary heart disease. Acta Cardiol. 70 (2), 197–204. doi:10.1080/ac.70.2.3073511
Conflict of interest: The 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 © 2023 Gao, Han, Jia, Wang, Zhang, Ma, Yan and Liu. 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.
		ORIGINAL RESEARCH
published: 23 August 2023
doi: 10.3389/fphar.2023.1195907


[image: image2]
Body mass index-associated responses to an ABVD-like regimen in newly-diagnosed patients with Hodgkin lymphoma
Min Hu1,2†, Yiduo Ding1†, Haizhou Zhang1†, Wei Guo2, Yun Li1, Zhengming Jin3, Changju Qu3* and Fan Xia1*
1Department of Pharmacy, The First Affiliated Hospital of Soochow University, Suzhou, China
2Department of Pharmacy, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China
3Department of Hematology, Collaborative Innovation Center of Hematology, Institute of Blood and Marrow Transplantation, The First Affiliated Hospital of Soochow University, Jiangsu Institute of Hematology, Suzhou, China
Edited by:
Wei Luan, Shuguang Hospital Affiliated to Shanghai University of TCM, China
Reviewed by:
Su-Peng Yeh, China Medical University Hospital, Taiwan
Zhixing Kuang, Fujian Medical University, China
* Correspondence: Fan Xia, sabvsmass@sina.com; Changju Qu, qcj310@suda.edu.cn
†These authors have contributed equally to this work and share first authorship
Received: 29 March 2023
Accepted: 11 August 2023
Published: 23 August 2023
Citation: Hu M, Ding Y, Zhang H, Guo W, Li Y, Jin Z, Qu C and Xia F (2023) Body mass index-associated responses to an ABVD-like regimen in newly-diagnosed patients with Hodgkin lymphoma. Front. Pharmacol. 14:1195907. doi: 10.3389/fphar.2023.1195907

Background: The role of body mass index (BMI) in the treatment outcomes of lymphoma patients is controversial. While investigating the efficacy of ABVD-like regimen in Hodgkin lymphoma (HL) patients, we observed that obese patients had poor responses. To better understand this clinical phenomenon, we evaluated the effect of BMI on responses to ABVD-like chemotherapy in HL patients.
Methods: This retrospective cohort study evaluated the clinical outcomes of all 67 patients with confirmed HL who were treated at the First Affiliated Hospital of Soochow University from November 2016 to March 2023 with an ABVD-like regimen as first-line chemotherapy. Baseline patient characteristics and clinical outcomes were compared across different BMI categories. The primary end-point was the overall response rate defined as the proportion of the HL patients who achieved complete response or partial response. The additional end-points included progression-free survival and overall survival.
Results: The median age of the HL patients was 31 years old. Of the patients, 10.4% were obese, and 17.9% patients were overweight. Interim and end-term response evaluations revealed overall response rates of 98.5% and 83.6%, respectively. The proportion of patients with potential poor prognostic factors (IPS risk factors) did not differ significantly in the responders versus non-responders. However, non-responders had a higher average BMI when compared with responders (p = 0.002). Poor overall response rates in higher BMI patients indeed manifested with shorter progression free survival (p = 0.013). The minimum relative dose of the ABVD-like regimen in the overweight and obese groups was significantly lower than in the normal weight group (p < 0.001).
Conclusion: Our analyses show that >80% of newly-diagnosed HL patients responded to the ABVD-like regimen. We find that being obese or overweight at the time of diagnosis correlated with a poorer overall response rate and that BMI was an independent risk factor in HL patients treated with the ABVD-like regimen. Lower doses of ABVD-like regimen contributed to the discrepant findings of responses in the high BMI groups. These findings indicate that newly-diagnosed, obese HL patients receiving an ABVD-like regimen require personalized treatment.
Keywords: Hodgkin lymphoma, body mass index, ABVD-like regimen, overall response rate, treatment
1 INTRODUCTION
Hodgkin lymphoma (HL) is characterized by the presence of Reed–Sternberg cells (Shanbhag and Ambinder, 2018). The 2019 Global Burden of Diseases, Injuries, and Risk Factors Study found that China accounts for 10.8% of all new HL cases and 9.8% of HL-associated deaths (Diseases and Injuries, 2020). The standard therapy for HL is the combination of doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD), which in high-income countries achieves long-term cure rates of >80% (Canellos et al., 2014). However, because of limited drug accessibility, an ABVD-like regimen, in which vindesine or vincristine replaces vinblastine and epirubicin or liposomal doxorubicin replaces doxorubicin, is used in China. Although the ABVD-like regimen is widely used to treat HL patients, patients’ responses are unclear, especially when compared with the standard ABVD regimen. Moreover, different populations exhibit different clinical responses to ABVD-like chemotherapy regimens (Wen et al., 2022). Among them, obese people have implications for chemotherapy administration and dosing (Khouri et al., 2019).
Although HL has excellent outcomes, obese HL patients treated with the ABVD-like regimen at our center have been observed to have poor prognoses and lower overall response rates (ORR) compared with under- or normal weight HL patients. Moreover, obesity and being overweight have emerged as serious public health challenges in China. Data from the China Health and Nutrition Survey revealed that from 1993 to 2015, the age-standardized prevalence of abdominal obesity rose from 12.1% to 26% (Sun et al., 2021). Thus, the impact of body mass index (BMI) on chemotherapy response in HL patients treated with ABVD-like regimens is of high research interest.
However, the impact of BMI on lymphoma outcomes is controversial. Several investigations have found a significant association between high BMI and improved survival in patients with diffuse large B-cell lymphoma, indolent B-cell non-Hodgkin’s lymphoma, and mantle cell lymphoma (Jones et al., 2010; Carson et al., 2012; Weiss et al., 2014; Weiss et al., 2017). High BMI has also been associated with improved overall survival (OS) in Chinese patients with peripheral T-cell lymphoma (Ma et al., 2020). In contrast, other findings indicate that BMI does not affect OS and immune-related adverse events in HL patients treated with the immune checkpoint inhibitor nivolumab (De Filippi et al., 2021). In addition, three prospective phase III clinical trials in the US found that BMI was not significantly associated with the OS and progression-free survival of patients with HL, diffuse large B-cell lymphoma, or follicular lymphoma (Hong et al., 2014), which contradicts previous findings. However, these results are based on survival. Further investigations are needed to determine the importance of the observed discrepancies. Considerable effort is being put into identifying the tumor and host factors that determine ORR following treatment with ABVD-like regimens, which may significantly improve the first-line therapy landscape of HL in China. Until now, there is no clear evidence of a role of baseline BMI in Chinese HL patients.
In this retrospective study involving newly-diagnosed Chinese HL patients, we assessed the efficacy of an ABVD-like regimen and examined the potential impact of BMI on clinical outcomes following the use of the ABVD-like regimen as first-line therapy. The study’s main objective is to recommend guidelines for the personalized treatment of obese HL patients in China.
2 MATERIALS AND METHODS
2.1 Patients and treatment
Ethics approval for the study was granted by the ethics committee of the institution where the study was conducted by obtaining the study subjects’ consent. The study adhered to the Declaration of Helsinki guidelines. The study involved newly-diagnosed HL patients who were treated at the First Affiliated Hospital of Soochow University using an ABVD-like regimen as first-line therapy between November 2016 and March 2023. Individual patient records were correlated with clinical information, including weight and height. Any missing data were obtained from electronic medical records when available. A total of 149 HL patients were identified and 67 newly-diagnosed patients, treated with an ABVD-like regimen, were included in this study. Relapsed/refractory patients or those treated with other first-line therapies were excluded from the analysis. The ABVD-like regimen was made of dacarbazine (375 mg/m2), vindesine (fixed dosage, 4 mg), bleomycin (10 mg/m2), and doxorubicin (25 mg/m2)/epirubicin (30–40 mg/m2)/liposomal doxorubicin (20–30 mg/m2) on days 1 and 15 of each cycle (4 weeks per cycle). For some patients, the dosage of the ABVD-like regimen was decreased or its administration timing was postponed based on the attending physician’s judgment.
2.2 BMI measurements and data collection
BMI was calculated using the formula, weight (kg)/height (m)2 based on the data collected at patient diagnosis. Based on the World Health Organization (WHO) guidelines, BMIs of <18.5 kg/m2, 18.5 kg/m2 to <25 kg/m2, 25 kg/m2 to <30 kg/m2, and ≥30 kg/m2, indicated underweight, normal weight, overweight, and obesity, respectively (Kivimäki et al., 2022). Using 25 kg/m2 as the cutoff, patients were categorized into the low BMI group or the high BMI group. Clinical data, including sex, age, BMI, histologic subtype, Ann Arbor stage, B symptoms, the Eastern Cooperative Oncology Group performance score, IPS (International Prognostic Score) risk factors, blood parameters, treatment regimens, and drug dosage, were recorded at the time of diagnosis (De Filippi et al., 2021).
2.3 Treatment response
The study’s primary end-point was to determine the role of BMI in clinical response by HL patients treated with ABVD-like chemotherapy. Treatment responses were assessed using computed tomography (CT) scanning with contrast and/or fluorodeoxyglucose positron emission tomography/computed tomography (PET/CT). Complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD) were estimated after the ABVD-like treatment using the Lugano criteria (Cheson et al., 2014). Interim response and end-term response evaluations were done 2 weeks after cycle 2 by contrast CT or PET/CT and 6 weeks after cycle 6 by PET/CT, respectively. The primary end-point was the ORR, defined as the proportion of patients who achieved CR or PR. To identify risk factors that affect response to the ABVD-like regimen, patients with CR or PR were categorized as the responders, whereas those with SD or PD were categorized as the non-responders. The additional end-points included assessment of progression-free survival (PFS) and overall survival (OS).
2.4 Statistical analyses
Statistical analyses were done on SPSS version 20.0. Categorical variables are presented as frequencies and percentages. Continuous variables were analyzed using descriptive statistical analysis (median and range) and the Mann-Whitney U test. Where indicated, clinical factors were compared using an independent t-test, Fisher’s exact test, Pearson’s Chi-square test, and the Mann-Whitney U test. Multivariable analysis was done using the Cox regression model. In the Cox models, data were expressed as relative risk (RR) and 95% confidence intervals (CI). PFS and OS analyses were performed using the Kaplan–Meier method. p ≤ 0.05 indicated statistically significant differences.
3 RESULTS
3.1 Patients’ characteristics
The mean age of the 67 patients included in the study was 31 years (range: 13–72 years). Thirty-eight (56.7%) of the patients were male. The median BMI was 23.6 kg/m2 (range: 17.2–38.5 kg/m2). Based on the WHO criteria, seven patients (10.4%) were underweight, 41 (61.2%) had normal weight, 12 (17.9%) were overweight, and seven (10.4%) were obese. The most prevalent histologic HL subtype was nodular sclerosis (58.2%). Thirty-one (46.3%) patients had stage Ⅲ–Ⅳ HL, 17 (25.4%) had B symptoms, and 21 (31.3%) had extranodal involvement. Patients had good Eastern Cooperative Oncology Group performance status (0–1 in 97%). Only a minority of patients presented IPS risk factors, which are associated with poorer prognoses in other settings (Hasenclever and Diehl, 1998). Detailed clinical characteristics are shown in Table 1.
TABLE 1 | Demographic and clinical characteristics of the 67 HL patients.
[image: Table 1]3.2 Treatment and clinical efficacy
Figure 1 shows a flow chart of patients’ treatment strategies. Table 2 shows the interim and end-term responses to the ABVD-like regimen. The interim response evaluation showed that 41 patients (61.2%) had CR, 25 (37.3%) had PR, and one (1.5%) had PD, indicating an ORR of 98.5%. Of the 25 patients with PR, three changed the subsequent treatment while the remaining 22 patients stayed on the ABVD-like treatment. The 41 patients with CR maintained the previous ABVD-like treatment. The patient with PD received second-line treatment. End-term response analysis showed that 46 patients (68.7%) achieved CR while 10 patients (14.9%) achieved PR, indicating an ORR of 83.6%. The remaining 11 patients (16.4%) did not respond to the ABVD-like treatment. Overall, at our center, the ABVD-like chemotherapy was associated with an ORR of >80%. Furthermore, at 48 months of median follow-up (range: 17-80), all patients were alive with 100% OS rate. The 2-year, 3-year and 5-year PFS rates were 65.7%, 58.2% and 29.9% respectively, which was independent of whether or not that patient received radiotherapy (Supplementary Table S1).
[image: Figure 1]FIGURE 1 | Flow chart of patients’ treatments. ABVD-like, doxorubicin, bleomycin, vindesine, and dacarbazine-like; CR, complete response; PR, partial response; PD, progressive disease.
TABLE 2 | Analysis of interim and end-term responses to the ABVD-like regimen.
[image: Table 2]3.3 Comprehensive characterization of responders and non-responders
To address concerns about the quality of the best response, comparisons were made between responders and non-responders. As shown in Table 3, the end-term response to the ABVD-like regimen was not associated with the disease-associated baseline features determined at diagnosis, such as age, sex, stage Ⅲ–Ⅳ, B symptoms, extranodal involvement, serum albumin level, hemoglobin level, and lymphocyte count. The responder and non-responder groups did not differ significantly with regard to the proportion of patients with potential poor prognostic factors (IPS risk factors). Specifically, non-responders had a higher average BMI than responders (p = 0.002). The non-responder group had significantly a smaller proportion of patients with normal weight (p = 0.029) and a significantly higher proportion of obese patients (p = 0.011). Additionally, at diagnosis, the average white blood cell count was significantly higher in non-responders (p = 0.028). Further, we also analyzed clinical variables in metabolic CR (mCR) vs. no-mCR. As is shown in Supplementary Table S2, the patients charateristics between two subgroups were comparable and no-mCR group had more obese patients than mCR group (p = 0.047) which was consistent with the result in responders vs. non-responders.
TABLE 3 | Patients’ characteristics before ABVD-like treatment.
[image: Table 3]3.4 Efficacy and survival analysis based on BMI
Figure 2 shows the BMIs (based on the WHO criteria) of the responders and non-responders. The ORR was 100% in the underweight group, 92.7% in the normal weight group, 66.7% in the overweight group, and 42.9% in the obese group. Higher BMI was associated with poorer prognosis in newly-diagnosed HL patients treated with the ABVD-like regimen. Being obese at diagnosis was associated with lower ORR. In addition, there was significant difference in 5-year PFS rates between low BMI and high BMI groups (p = 0.013, Figure 3). 2-year, 3-year, and 5-year PFS rates for patients with high BMI were 47.4%, 47.4%, and 26.3% respectively (Table 4).
[image: Figure 2]FIGURE 2 | Analysis of treatment efficacies across BMI groups. Association between response and body mass index categories (based on WHO’s criteria) in HL patients treated with the ABVD-like regimen. The response rate is expressed as a percentage.
[image: Figure 3]FIGURE 3 | 5-year rates of progression free survival estimates in HL patients treated with the ABVD-like regimen according to BMI categories. Landmark analysis of PFS by best response and BMI. PFS, progression free survival.
TABLE 4 | 2-year, 3-year, and 5-year rates of progression free survival between low BMI and high BMI groups.
[image: Table 4]3.5 BMI as an independent predictor of ORR
To assess the prognostic value of BMI when compared with established prognostic markers, we carried out an IPS risk factor analysis in the low and high BMI groups. Univariate analysis revealed that separately, IPS risk factors like sex, age, Ann Arbor stage IV, serum albumin levels, hemoglobin levels, WBC count, and lymphocyte count did not differ significantly between the low and high BMI groups (Table 5). Next, significant factors were included in a multivariate Cox regression model. The multivariate analysis only revealed significant differences about high BMI (RR = 6.737, p = 0.02, Table 6). Obesity has implications for chemotherapy administration and dosing (Matos et al., 2016). Next, we analyzed the impact of obesity on ORR as well as the key outcomes that were associated with dosage in the HL patients treated with the ABVD-like regimen (Figure 4). For most cancers, chemotherapy dosing is based on estimated body surface area. Our analysis based on the four BMI groups (using the WHO criteria), showed that the minimum relative dose of the ABVD-like regimen in the overweight and obese groups was significantly lower than in the normal weight group (p < 0.001).
TABLE 5 | IPS risk factors in the low versus high BMI groups.
[image: Table 5]TABLE 6 | Multivariate analyses of clinical variables in relation to response to ABVD-like treatment.
[image: Table 6][image: Figure 4]FIGURE 4 | The minimum relative dose of the administered ABVD-like regimen. We defaulted vindesine, bleomycin, and doxorubicin/epirubicin/liposomal doxorubicin to relative number 1, and the minimum relative dose of ABVD-like regimen converted with dacarbazine was shown as median with 95% CI (***p < 0.001).
4 DISCUSSION
Although HL is highly curable in high-income countries, many patients worldwide do not have access to the standard ABVD regimen. ABVD-like regimens have recently emerged as first-line chemotherapy in China (Wen et al., 2022). In this study, we report the use of the combination of dacarbazine, vindesine, bleomycin, and doxorubicin/epirubicin/liposomal doxorubicin on days 1 and 15 of each cycle as first-line therapy for patients with newly-diagnosed HL. Interim and end-term response analyses revealed ORRs of 98.5% and 83.6%, respectively. Overall, the ABVD-like regimen was associated with an ORR of >80%. Moreover, a significant association was observed between high BMI (≥25 kg/m2) and poorer ORR in HL patients treated with the ABVD-like regimen, even after adjusting for other clinical factors. To the best of our knowledge, most studies have focused on the effect of BMI on survival and the effect of BMI on ORR in HL has not been explored. According to the present study, we explored the effect of BMI on ORR considering that, on one hand, HL patients usually had a long survival including in those relapsed/refractory HL patients with the development of new drugs like programmed cell death protein 1 (PD-1) inhibitors, CD30 inhibitors; on the other hand, ORR may translate to improved survival with a long follow-up period (Ma et al., 2021). In our study, poor ORR in higher BMI patients indeed manifested with shorter PFS (p = 0.013).
In this study’s cohort of Chinese patients with newly-diagnosed HL, being overweight or obese at the time of diagnosis was associated with low ORR, which is inconsistent with previous reports (Hong et al., 2014; De Filippi et al., 2021). This discrepancy may be caused by the following reasons. First, the studies involve different racial and ethnic groups. Second, the cause of the discrepancy may be multi-fold, involving interaction between a specific drug type, dose, and pharmacokinetics (Matos et al., 2016; Wen et al., 2022). Third, differences in the level of therapeutic exposure in obese versus normal weight individuals might confound the observed effects (Aminian et al., 2022). Additionally, unlike our study, which examined the ORR and PFS of a first-line treatment, previous studies examined survival, which may be affected by different salvage treatments. Further investigations are needed to understand the reasons for the discrepancies between studies, as well as to characterize the effects of BMI on treatment and response.
To investigate the risk factors contributing to poor responses in the high BMI groups, we compared the IPS risk factors among different BMI categories and found that the proportion of patients with different IPS risk factors was comparable. Moreover, IPS risk factors did not differ significantly between responders and non-responders. Lower doses of ABVD-like regimen can contribute to the differences in the observations made across BMI groups. As is well known, the improved outcomes are achieved with standard chemotherapy regimens in a dose-dependent manner and patients receiving higher dose intensities experience better survival (Denduluri et al., 2015; Havrilesky et al., 2015). However, the patients with higher BMI may have altered pharmacokinetics and potential for differences in drug distribution, which lead to increased drug exposure and risk of treatment-related toxicity (Navarro, 2003; Morrish et al., 2011). Consequently, some practitioners may reduce chemotherapy doses empirically in this patient population. Our study showed that patients with a higher BMI were treated at relatively low dose intensities, representing a potential reason for lower ORR and shorter PFS. Our results confirmed once again the importance of “full weight-based dosing” from ASCO guidelines (Griggs et al., 2021).
Dose individualization is a viable strategy that can improve outcomes in obese patients. If obese HL patients tolerate full uncapped doses of chemotherapy with no increase in toxicity, and a similar response to that seen in non-obese patients. Our study would provide recommendations for the individualized treatment strategies in obese patients with newly diagnosed HL treated with ABVD-like regimen. However, due to small sample size and retrospective analysis in this study, large-scale randomized controlled phase III trial should be guaranteed in the future to figure out the effect of BMI on response to ABVD-like regimen in HL patients.
5 CONCLUSION
Here, we find that newly-diagnosed Chinese HL patients had a response rate of >80% to the ABVD-like regimen. Being overweight or obese at the time of HL diagnosis was associated with lower ORR and BMI was an independent risk factor in HL patients treated with the ABVD-like regimen as first-line treatment. We find that low doses of ABVD-like regimen contribute to the lower response in the high BMI groups. These findings suggest that newly-diagnosed obese HL patients should receive personalized ABVD-like regimens.
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Background: There have been individual case reports of aripiprazole in recent years, both domestically and internationally, but no analysis of the characteristics of the occurrence of adverse reactions/events of drug-induced liver injury with aripiprazole using spontaneous reports has been seen.
Methods: Using a retrospective study approach, the 452 adverse reaction/event reports of aripiprazole-induced liver injury collected by the China Adverse Drug Reaction Monitoring System from 1 January 2012 to 31 December 2016 were analyzed and evaluated, and exploring it’s the clinical characteristics and related risk factors for liver injury occurrence.
Results: Among 452 cases of aripiprazole-induced liver injury ADR/ADE reports, there were 121 cases classified as serious, accounting for 26.8% of the total. There were 250 male and 202 female patients, with a male-to-female ratio of 1.24:1. The age of patients ranged from 11 to 77 years old, with an average age of (34.56 ± 12.81) years old, and a high proportion of young adults in the total population. Some patients had used the drug off-label or at a higher than recommended dosage. The onset of liver injury was generally within 15–90 days after continuous use, while some patients are also accompanied by nausea, vomiting, and weight gain. 70% of the combined drug instructions listed that may cause liver injury.
Conclusion: In clinical practice, healthcare professionals should pay closely attention to the adverse reactions and risk factors of liver injury caused by aripiprazole. If there are potential risk factors for liver injury, early and regular monitoring of liver function should be carried out to reduce the occurrence of adverse reactions.
Keywords: aripiprazole, antipsychotic drugs, drug-induced liver injury, risk identification, safe medication
INTRODUCTION
Aripiprazole is a novel atypical antipsychotic drug with unique pharmacological characteristics and is used extensively in clinical practice. It is used in the treatment of schizophrenia and bipolar disorder type-I mania because of its partial activation of the D2 dopamine receptor and 5-hydroxytryptamine (serotonin) 1A receptor and its antagonistic effect on 5-HT2A (serotonin) receptor. Its side effects are mild. The US website LiverTox notes that aripiprazole’s hepatotoxicity likelihood score falls under the E category, namely, unlikely cause of clinically apparent liver injury (liverTox, 2017). However, a literature search reveals that several cases related to aripiprazole-induced liver injury have been reported so far both in China and internationally (Castanheira et al., 2019; Pirc et al., 2020; Wang et al., 2018; Tang et al., 2005; Nikogosyan et al., 2021), and there are no large-scale epidemiological studies that are available to provide sufficient pharmacoepidemiology evidence. A basis for estimating aripiprazole-associated hepatotoxicity adverse drug reaction (ADR) risk and measures for its clinical prevention and control are still lacking. Therefore, this study retrospectively analyzed the aripiprazole-induced liver injury ADR reports based on the China National Adverse Drug Reactions Monitoring System, in order to provide reference for safe medication in clinical practice.
MATERIALS AND METHODS
Data sources and extraction screening
The original dataset was derived from our previous research, which consisted of the collected details from suspected 94,593 ADR records reported to liver injury in the Chinese National Adverse Drug Reaction Monitoring System from 1 January 2012, to 31 December 2016. The included reports were categorized as liver injury-related ADR, such as “drug-induced liver injury,” “drug-induced liver damage,” and “abnormal liver function caused by drug”. Meanwhile, reports with keywords indicating non-drug etiology, such as “viral liver disease,” “alcoholic liver disease,” and “autoimmune liver disease” were excluded. Additionally, incomplete records and reports with the WHO Uppsala Monitoring Centre (UMC) causality judgement of “possibly not” or “not” were excluded as well (Uppsala Monitoring Centre, 1997; Wang et al., 2022). Based on this dataset, we futher performed a step-by-step search using the keywords “psychotropic” and “antidepressant medications” to identify, and finally screen out the reports related to aripiprazole for analysis, as shown in Figure 1.
[image: Figure 1]FIGURE 1 | A flowchart for aripiprazole-induced liver injury ADR reports analysis.
Outline of the study
We conducted a retrospective study to analyze 452 ADR reports of liver injury induced by aripiprazole from the aspects of patient information, drug information, and occurrence of adverse reactions. The specific variables we considered included the patient’s gender, age, underlying diseases, reasons for medication, dosage and drug combinations, time of occurrence of adverse reactions, recovery, and prognosis. Additionally, we analyzed the clinical characteristics and related risk factors of adverse reactions in the context of a review of relevant literature in China and abroad.
Statistical analysis
The data were extracted, collated, cleaned, and summarized using Excel 2019, and we used SPSS 26.0 for the statistical analysis. We adopted descriptive epidemiological methods; continuous variables are statistically described using mean [image: image] standard deviation ([image: image]); numerical count data cases are expressed as percentage (%).
RESULTS
Basic information of ADR reports of aripiprazole-induced liver injury
General details
We finalized a total of 452 valid reports, and among them, 121 cases were of a serious reactions (including 2 follow-up reports), and 331 were general reports. In addition to abnormal liver biochemical indicators, abnormal liver function, liver damage, and so on, while some patients are also accompanied by nausea, vomiting, and weight gain. When observing the overall trend of the number of reports, we have found that the ADR reports related to aripiprazole-induced liver injury show an increasing trend year by year. However, although there is also an increase in severe reports, the growth trend is relatively moderate, as shown in Figure 2.
[image: Figure 2]FIGURE 2 | Annual distribution of aripiprazole-induced liver injury ADR reports.
In the final analysis, there were 250 male patients and 202 female patients, with a male to female ratio of 1.24:1. The youngest was 11 years old, the oldest was 77 years old, and the average age was 100 (34.56 ± 12.81) years. Among the 121 serious reports, with a male-to-female ratio of 1.69:1, and the average age was (34.73 ± 13.16) years old, as shown in Figure 3.
[image: Figure 3]FIGURE 3 | Comparison of patient gender and age distribution for different report types.
Underlying diseases and reasons for medication
In our analysis, we found that in addition to psychiatric illnesses, the various underlying diseases in patients included diabetes, hypertension, ankle fracture, coronary heart disease, lung abscess, moderate malnutrition, senile dementia, sleep disorders, and so on. The reasons for medication use were mainly treatment of schizophrenia, bipolar disorder, depression, hyperactivity attention-deficit syndrome, tic disorder, mania, and other psychiatric disorders. There was also one case each where the medication was prescribed for treating senile dementia, psychiatric, and behavioral disorders caused by alcohol use, and psychiatric and behavioral disorders caused by the use of multiple drugs and other psychoactive substances.
Recovery and prognosis
After analysis, 356 of the 452 cases (78.76%) reported improvement or recovery after drug withdrawal or treatment. The recovery status of 96 cases was unknown, of which 95 reports belonged to patients who were given liver-protective treatment, dose reduction or (and) discontinuation of medication and other measures pending review, 1 case went to other hospitals for treatment due to aggravation of the original disease.
MEDICATION DETAILS
Drug form and dosage
The adverse reaction reports mentioned three different formulations of aripiprazole: tablets, orally-disintegrating tablets, and capsules. The number of liver injury reports for each formulation were: 245 cases (54.20%) for tablets, 193 cases (42.70%) for orally-disintegrating tablets, and 14 cases (3.1%) for capsules. Based on the recorded the frequency and dosage of administration, it was found that the reports listed three dosing frequencies: once daily, twice daily, and thrice daily, with corresponding numbers of adverse reaction reports of 185 cases (40.93%), 258 cases (57.08%), and 9 cases (1.99%) respectively. The minimum and maximum daily doses reported were 1.25 mg and 30 mg respectively, with the most common dosage being 20 mg (161 cases, 35.62%), followed by 10 mg and 30 mg (95 cases, 21.02%) as shown in Table 1.
TABLE 1 | Analysis of daily doses in adverse reaction reports of aripiprazole-induced liver injury.
[image: Table 1]Medication combinations
There were 99 reports of combined medication, with some reports involving more than one medication. Overall, the most common types of medication combinations were other antipsychotics, sedatives-hypnotics, and antidepressants, followed by antidiabetic, antihypertensive, and antianxiety medications, as shown in Table 2. Additionally, after consulting the safety information in the instructions of the combined drugs, more than 70% of the adverse reactions were recorded as possibly causing liver injury. Paroxetine, perphenazine, duloxetine, and fluvoxamine are inhibitors of the liver enzymes CYP3A4 and CYP2D6.
TABLE 2 | Medication combinations in 452 cases of aripiprazole liver ADR.
[image: Table 2]Time of occurrence of adverse reactions
Overall, drug-induced liver injury (DILI) with aripiprazole mainly occurred within 15–40 days after continuous use (about 50% of the cases). Severe reactions occurred within 3 months of medication, among which reactions between 15 and 40 days accounted for nearly 55%, and the distribution trend was basically consistent with the overall trend, as detailed in Figure 4. In addition, from the perspective of the time of occurrence of liver injury in different forms of aripiprazole, aripiprazole orally disintegrating tablets and aripiprazole tablets of liver injury had similar latency, also mainly within 15–40 days. Among the 14 cases of aripiprazole capsules, the onset time was within 1–14 days and 15–40 days in 6 cases each.
[image: Figure 4]FIGURE 4 | Temporal distribution of aripiprazole-induced liver injury.
DISCUSSION
Gender and age distribution
To our study, we found that there were slightly more male patients than female patients with aripiprazole-induced DILI. As per age distribution, majority of cases were young adults (19–44 years old) (accounting for about 74%), and the trend of gender and age distribution in reports of serious reactions was the same as the overall trend. According to an epidemiological survey in China, the average age of onset of schizophrenia was (27 ± 9) years old, the average age at first diagnosis and treatment was (32 ± 11) years old, and there was no significant difference in gender distribution (Huo et al., 2021). The distribution of gender and age in the population with aripiprazole-induced DILI in this study may be related to the morbidity characteristics of the disease for which aripiprazole was administered as treatment. Therefore, given the epidemiological characteristics of the population receiving aripiprazole treatment, the correlation between aripiprazole-induced DILI-related adverse reactions and patient gender and age requires further observation and research.
Analysis of off-label drug use
When we analyzed the reasons for medication, there were individual reports of off-label use for conditions, such as mental and behavioral disorders caused by senile dementia, depression, attention-deficit hyperactivity syndrome, and tic disorder. Among them, the use of aripiprazole among senile dementia-related psychiatric patients could increase the risk of death, and there is a clear warning about this in the instructions, while some researchers have summarizes the findings of a comparative effectiveness review by the Agency for Healthcare Research and Quality, such as depression, dementia, anxiety, attention-deficit hyperactivity disorder, MDD monotherapy, substance abuse and Tourette’s syndrome and so on. Most of those uses lack of controlled trials, which highlights the need for new studies assessing the evidence for the use of aripiprazole in different clinical conditions (Maglione et al., 2011).
In terms of dosage, instructions for the usage of aripiprazole suggests an initial dose of 10 mg once daily for adults, which after 2 weeks of medication, can be gradually increased to a maximum of 30 mg/day according to the individual’s response and tolerance, and thereafter, this dose can be maintained. However, this study analysis indicates that the drug is used beyond the maximum recommended dose in clinical practice (23 cases, 5.09%), which may increase the risk of liver injury. Also, aripiprazole metabolism occurs in the liver by N-dealkylation, hydroxylation, dehydrogenation as well as the cytochrome P450 (CYP) 3A4 and 2D6 enzyme pathways, the lack of good drug tolerance in individuals can increase the risk of liver injury from aripiprazole (Chinese medical association et al., 2020; Prommer, 2017). In summary, these findings suggest that failure to use aripiprazole in accordance with the instructions is a non-negligible risk factor for adverse reactions to liver injury.
Time of onset of DILI and recovery from ADR
Through the analysis of reports of various types and the time of occurrence of DILI caused by different dosage forms of aripiprazole, we found that the time of occurrence in all cases was from 15 to 90 days (about 67.92% of the time) after continuous usage. This may be related to the fact that most of the clinical increases in the dose of this drug were done incrementally after 2 weeks of administration, and it may also be related to the length of the course of drug administration (Zhou et al., 2020). In terms of recovery, 78.76% of patients improved or recovered after discontinuation of aripiprazole or suitable treatment, and this finding was consistent with the ease of recovery from the effects of aripiprazole on liver function that is reported in literature (Wang et al., 2014). It is thus clear that the period from 2 weeks to 3 months after starting aripiprazole is the most frequent period of liver injury. This also suggests that in clinical practice, particular attention should be given to monitoring aripiprazole-related liver injury within 2 weeks–3 months after medication, and most of them with adverse reactions will improve or recover with timely withdrawal or liver protection treatment after the ADR onset.
Analysis of medication combinations
One study suggests that patients may experience severe DILI when taking aripiprazole with other liver injury medications (Pirc et al., 2020). In the adverse reaction reports we collected that involved combined drugs, 70% of the combined drug instructions listed that may cause liver injury. This indicates that our study results are consistent with reports from other studies, and its strongly suggests that the combination use of drugs known to cause liver injury is a risk factor for aripiprazole-induced liver injury. Therefore, monitoring liver functions is important in the cases when aripiprazole is co-prescribed or used with drugs with potential hepatotoxic effects.
In addition, the aripiprazole specifications indicate that is primarily metabolized by CYP3A4 and CYP2D6, where CYP3A4 or CYP2D6 inhibitors may inhibit the elimination of aripiprazole (Goodnick and Jerry, 2002; FDA, 2023), leading to an increase in blood drug concentration, enhanced pharmacological activity, and ultimately an increased risk of adverse reactions. However, most antipsychotic drugs are metabolized in the liver by cytochrome P450 enzymes such as CYP2D6 and CYP3A4 (Lv and Yi, 2018). These enzyme subtypes can cause different drug interactions and genetic effects of drugs, leading to pharmacokinetic interactions that can exacerbate or even induce drug-induced hepatotoxicity and alter the risk of adverse events (Urichuk et al., 2008; Woroń et al., 2018). In this study, combined drugs such as paroxetine, perphenazine, duloxetine, and haloperidol were inhibitors of CYP3A4 or CYP2D6. The reason for liver injury in these patients may be that the interaction between the drugs reduces the metabolic rate of aripiprazole and increases its exposure time in the liver, thereby inducing liver damage.
Therefore, it can be preliminarily speculated that the combination use of drugs known to cause liver injury and inhibitors of CYP3A4 or CYP2D6 is a potential risk factor for inducing liver injury with aripiprazole. When these factors exist, close attention should be paid to the clinical manifestations of patients after drug administration, monitoring of liver function, and actively preventing the occurrence of the risk of liver injury.
Analysis of other risk factors
Although, in general, atypical antipsychotics rarely cause severe hepatotoxicity (Castanheira et al., 2019), it has been reported that patients with a history of alcohol consumption and drug (addictive substance) abuse who are put on aripiprazole may develop severe DILI (Pirc et al., 2020). In this study, there was one case each of mental and behavioral disorders caused by alcohol as well as other psychoactive substances. In the description of the course of adverse reactions, there were 5 reports that mentioned history of alcohol consumption, while we did not find any records related to history of drug abuse. Three of these 6 reactions were serious, with the shortest time for onset of the adverse reaction being 20 days and the longest being 63 days after drug administration. This finding is consistent with the trend of reduced/decreased hepatocyte division observed after 2 weeks of medication that is reported in literature (Pirc et al., 2020). These results suggest that for patients with a history of chronic alcohol consumption and drug (addictive drug) abuse, close monitoring of liver function is required during the use of aripiprazole to reduce the occurrence of severe drug-induced liver injury (DILI).
CONCLUSION
To our knowledge, this is the first time that aripiprazole-induced liver injury has been analyzed using spontaneous reporting of ADR Big Data. Our study findings indicate that the number of adverse drug reaction (ADR) reports related to aripiprazole-induced liver injury has been increasing over the years, with slightly more male patients than female. ADRs occurring mainly within 15–90 days of medication use and the age distribution ranging from 19 to 44 years. The risk of aripiprazole-induced liver injury may be increased when taken in combination with known hepatotoxic drugs, CYP3A4 or CYP2D6 inhibitors, and other factors.
However, this study has some limitations. Due to the inherent issues of spontaneous reporting data, it is inevitable that there may be some omissions or inaccurate data, at the same time, as a retrospective analysis serving as a warning signal, we insisted on the inclusion of the original data as far as possible, which may lead to some false positive results. Therefore, the aripiprazole-induced liver injury risk should be further carried out by a prospective study to comprehensively analyze and assess, in order to identify and summarize the risk factors to promote its safe use in clinical practice.
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Background: Community pharmacists play an intermediary role between prescribing physicians and patients in the United Arab Emirates (UAE) and thus are responsible for ensuring that patients receive optimal cardiovascular disease (CVD) pharmaceutical care.
Methods: we used a cross-sectional design to assess the perceptions and practices of community pharmacists concerning pharmaceutical care for patients with CVD. A trained researcher visited randomly selected community pharmacies and used a structured questionnaire to conduct in-person interviews with pharmacists. The questionnaire collected demographic data and information on perceptions and practices regarding CVD pharmaceutical care.
Results: Five hundred and fifty-one participants were recruited. The average participant age (mean ± SD) was 35 ± 2.7 years. The average perception score regarding CVD prevention and management was 75.6% (95% confidence interval [CI] 77.1%–74.2%), and the average practice score for CVD prevention and management was 87.1% (95% CI 76.5%–79.6%). Bivariate analysis revealed that gender (p = 0.001), education level (p < 0.001), pharmacy position (p = 0.004), work experience (p < 0.001), number of patients served per day (p < 0.001) and being trained on CVD prevention and management (p < 0.001) were significantly associated with perceptions about the prevention and management of CVD. Better practice scores were seen among older participants (OR 1.01; 95% CI 1–1.019), postgraduates (OR 1.77; 95% CI 1.66–1.89), workers at chain pharmacies (OR 1.24; 95% CI 1.11–1.39), pharmacists in charge (OR 1.22; 95% CI 1.01–1.47), pharmacists with >10 years of experience (OR 11.3; 95% CI 6.01–15.62), pharmacists with 6–10 years of experience (OR 4.42; 95% CI 3.90–5) and pharmacists trained on CVD prevention and management (OR 1.29; 95% CI 1.15–1.46).
Conclusion: Pharmacy practitioners working in community pharmacies in the UAE actively engage in delivering pharmaceutical care to patients, playing a role in CVD management and prevention. However, they showed low levels of involvement in other healthcare services, specifically in screening and measuring patients’ weight, glucose levels, and blood pressure, monitoring treatment responses, maintaining medical records, and reviewing medication refill histories. Activities such as educating patients, providing medication counseling, offering support for treatment adherence, and fostering collaborative relationships with other healthcare providers should be encouraged among UAE community pharmacists to ensure the provision of high-quality patient care.
Keywords: community pharmacists, cardiovascular disease, blood pressure, patient screening, cardiovascular disease management
1 INTRODUCTION
Cardiovascular disease (CVD) is the leading contributor to the global burden of disease (GBD, 2015 Risk Factors Collaborators, 2016). The incidence of CVD in developed countries has notably declined over recent decades. However, this decline has recently plateaued. Some middle-income countries have experienced a decline in CVD mortality rates, while most developing countries have reported a rapid increase in incidence (Mensah et al., 2019). In 2015, there were 422.7 million recorded cases of CVD, ischemic heart disease, and stroke, which were the leading causes of death (Mensah et al., 2019). It has been estimated that over 17 million individuals die annually. In 2019, CVD was the main cause of almost one-third of all deaths in adults under the age of 70 (Roth et al., 2020). Regarding the accessibility and availability of routine health checks, previous research reported false health beliefs and poor awareness, and limited access to routine health checks in primary healthcare settings in most Arabic countries, highlighting the need for more proactive and regular health screening (Alorfi and Ashour, 2022; Alorfi et al., 2023a; Alorfi et al., 2023b). Pharmacists delivering health screenings could reduce the financial and psychological barrier for patients who face difficulties in accessing primary healthcare (Ayorinde et al., 2013). Regarding feasibility, pharmacist-delivered basic screening for a variety of conditions, including CVD, could reduce the pressure on primary healthcare services and enable the early diagnosis of CVD (San-Juan-Rodriguez et al., 2018).
Community pharmacists have frequent face-to-face contact with around 90% of the population yearly, particularly with those at an elevated risk of developing CVD (Alzubaidi et al., 2018). There are an estimated 2500 licensed community pharmacies in the UAE that are open daily for an average of 13 h (Alzubaidi et al., 2018). Therefore, there is significant potential for pharmacists to participate in promoting public health awareness and play a significant role in CVD prevention, as they are among the most visited healthcare professionals and often serve as the first lines of contact for individuals. In addition to dispensing medications, pharmacists can offer more direct interventions involving medication and disease management education to support doctors’ efforts to increase medication adherence, achieve desired therapeutic outcomes, and improve safe medication use (George et al., 2010; Omboni and Caserini, 2018).
Community pharmacists can significantly enhance patient care by providing chronic disease management options (Bacci et al., 2019; Alhazmi et al., 2022). Community pharmacies are the first healthcare facilities where patients may receive prescriptions and treatments at the community level. As it is hard for many patients to locate primary care doctors, and healthcare costs are rapidly rising, community-based care models are being promoted (George et al., 2010). Community pharmacists may significantly assist in enhancing health outcomes by minimizing drug-related problems and encouraging medication adherence, which reduces the need for unnecessary doctor visits (George et al., 2010). Currently, there is no systematic CVD screening program within the primary healthcare setting in the UAE (Alzubaidi et al., 2019), leaving a significant proportion of CVD untreated and undiagnosed.
In the UAE healthcare system, community pharmacists play a vital role by focusing primarily on delivering pharmaceutical care and medication management services to their respective communities. Unlike hospital pharmacists who operate within medical facilities, community pharmacists are at the forefront of patient care within their local community. They fulfill their responsibilities in retail pharmacies, actively collaborating with physicians and other healthcare professionals to ensure safe and effective use of medications.
The educational prerequisites for community pharmacists in the UAE are comparable to those in other countries. To obtain a license as a community pharmacist in the UAE, individuals must successfully complete a Bachelor of Pharmacy (BPharm) degree from an accredited institution, which typically takes 4–5 years. The degree program encompasses a wide range of subjects, including pharmaceutical sciences, clinical pharmacy, pharmacology, and pharmacy practice. Following graduation, aspiring pharmacists are required to undergo an internship or training program sanctioned by the Ministry of Health and Prevention (MOHAP) in the UAE. This program equips pharmacists with practical experience in community pharmacy settings, ensuring that they acquire the necessary skills for safe and effective practice.
Individuals aspiring to practice as community pharmacists in the UAE must obtain a professional license from the MOHAP. The licensing procedure involves successfully completing a qualifying examination that assesses a candidate’s knowledge and competence across various aspects of pharmacy practice. The examination covers subjects such as pharmacology, therapeutics, drug dispensing, pharmaceutical calculations, and professional ethics. Community pharmacists in the UAE devote themselves to providing accessible and patient-centered care, fostering medication safety, and enhancing health outcomes within the local community they serve. Continuous training and adherence to guidelines can benefit community pharmacists, assisting them in their professional pursuits, such as screening, lifestyle modification, prevention, and treatment strategies for CVD. These advantages can extend to include rural populations as well. The aim of this study is to assess the perceptions and practices of community pharmacists concerning pharmaceutical care for patients with CVD in the UAE.
2 METHODS AND MATERIALS
2.1 Study setting and design
This study used a cross-sectional design to assess the perceptions and practices of community pharmacists regarding pharmaceutical care for patients with CVD. Random sampling was used to select UAE community pharmacies for inclusion. Seven trained final-year pharmacy students went to the selected pharmacies between December 2022 and March 2023 and performed in-person interviews with the pharmacists. The student interviewers underwent thorough interview training, which involved familiarization with the scientific terminology used and how the questionnaire should be applied. Our prior experience has demonstrated that this step is necessary to improve interviewers’ skills and reduce the survey error rate.
2.2 Definition of pharmaceutical care for patients with CVD
Delivering pharmaceutical care to individuals diagnosed with CVD involves collaborative efforts between pharmacists and other healthcare professionals to ensure personalized care, effective medication management, and patient education. Pharmacists play a fundamental role in evaluating patients’ medication regimens, selecting the appropriate dosages, and promoting adherence to the prescribed treatments. Additionally, they monitor patients for potential drug interactions and adverse effects while offering guidance on lifestyle modifications such as diet, exercise, and smoking cessation.
2.3 Research instrument development
A structured questionnaire was developed based on an initial literature review (George et al., 2010; Alzubaidi et al., 2018; Omboni and Caserini, 2018; Alzubaidi et al., 2019) and modified to suit the UAE context while retaining its main key points. Opinions from experts in the cardiology and rheumatic heart disease fields were sought to ensure the suitability of the questionnaire design and its relevance to the current work. The instrument was further evaluated by six members of the Faculty of Medicine and Clinical Pharmacy at Ajman University to ensure it was appropriate and relevant. Some minor adjustments were made based on the experts’ recommendations, such as defining the scientific terminology, changing the question and page numbering, using the field name of Gender rather than Sex for all questions, linking certain questions, and concluding the questionnaire with a specific point.
Before the pilot testing was conducted, the content validity of the instrument was tested using Lawshe’s content validity (Lawshe, 1975), in which items with a content validity ratio (CVR) of above 0.78 are considered acceptable, while any items beneath this threshold are removed. All questionnaire items had CVR values over 0.78; therefore, they demonstrated acceptable validity. The content validity index (CVI) of the final instrument was subsequently calculated using means of the acceptable items. The questionnaire had a CVI value of 0.891, indicating acceptable overall content validity (Kwon and Kim, 2003).
The instrument’s face validity was assessed through pilot testing, which involved 25 community pharmacists and took place between December 18–30, 2022. The data gained during this phase was not used in the final analysis. The questionnaire was completed successfully by 21 of the participants. The results were used to evaluate the questionnaire’s reliability and estimate the ideal sample size for the main study. The reliability was estimated using Cronbach’s α. The questionnaire had a Cronbach’s α of 0.77, indicating acceptable internal reliability.
2.4 Research instrument sections
The questionnaire comprised three sections:
• Part 1—Eight items assessing respondents’ demographic information, including gender, position in the pharmacy (pharmacist in charge/chief pharmacist/assistant pharmacist); assistant pharmacist is a pharmacy technician or pharmacy assistant, is a healthcare professional who supports the work of pharmacists in various pharmacy settings. They work under the supervision of a registered pharmacist. Work experience in years, hours worked per day, number of patients seen per day, and any training received on CVD prevention and management. This training could involve education on assessing patients’ medication regimens, ensuring appropriate drug selection and dosages, and ensuring adherence to prescribed therapies.
• Part 2—Eleven items assessing respondents’ perceptions of CVD pharmaceutical care.
• Part 3—Eighteen items assessing respondents’ practices regarding CVD pharmaceutical care.
2.5 Questionnaire scoring
The questionnaire used 11 items to assess respondents’ perceptions of CVD pharmaceutical care. Respondents could answer each item with “Agree” or “Disagree,” with each item having one correct answer. Each correct answer scored one point, and the points were summed to give the total perception score.
Eighteen items were used to evaluate the respondents’ practices regarding CVD pharmaceutical care. Participants used a 5-point Likert scale to rate the items (1 = “Not at all involved,” 2 = “Somewhat involved,” 3 = “Uncertain,” 4 = “Involved,” and 5 = “Very involved”). A “very involved” response was considered to represent good practice. These responses scored one point. All other options were considered to be negative practice and received no points. The points were summed to produce the overall practice score.
Good perception and good practice scores were determined by calculating the respective median scores, allowing the respondents’ scores to be classified as “good perception” and “good practice.”
• The median perception score was 9. Therefore, any respondents who scored at least 9 were considered to have good perception. Those who scored below 9 were considered to have poor perception.
• The median perception score was 15. Therefore, any respondents who scored at least 15 were considered to have good practice. Those who scored below 15 were considered to have poor practice.
2.6 Sample size estimation
The pilot study results were used to calculate the ideal sample size for the main study. The overall response rate in the pilot phase was 84%. The pilot participants were asked to answer the item, “Do you provide and practice pharmaceutical care for CVD?” Just over half (60%) responded that they did. The 5% alpha level used meant that the confidence interval (CI) was set to 95%. With precision (D) of 5%, the maximum width of the 95% CI was 10%. Therefore, assuming that the main study would have a similar non-response rate of 40%, the ideal sample size was calculated to be 615 participants. Situations can occur wherein the sample size actually achieved is not enough to meet the sample size as calculated in advance. Such an outcome may be due to several factors (Supplementary Material)
2.7 Target population
Specific criteria were used to select the sample for the main study. The inclusion criteria were community pharmacists who had a minimum of 3 months of experience working in independent pharmacies or chain pharmacies registered with a relevant authority (i.e., the Ministry of Health, the Dubai Health Authority, or the Health Authority Abu Dhabi). The exclusion criteria were pharmacists with less than 3 months of experience working in a pharmacy, those who were only recently qualified as pharmacists or on a probationary period, and those working in pharmacies not registered with any of the abovementioned health authorities.
2.8 Sampling technique
A survey conducted in the UAE in 2010 revealed that there were 2000 active community pharmacies (Jairoun et al., 2022). To ensure adequate representation of the pharmacies in this research, the stratified random sampling technique was employed. First, the location and contact details of community pharmacies located in the study region were obtained from local business directories and the Yellow Pages. Then, all active community pharmacies were stratified into groups according to their location. This produced three strata: community pharmacies in Abu Dhabi, community pharmacies in Dubai, and community pharmacies in the Northern Emirates.
After the community pharmacies had been stratified, their relevant data were entered into the sampling frame in an Excel spreadsheet. The data entered included name, type, location, and contact details (phone number and email address). Then, each community pharmacy was assigned a unique ID number. Following this, 615 community pharmacies were chosen based on a simple random selection of the listed ID numbers. The chosen community pharmacies were then sorted by type and location.
2.9 Data collection
Trained researchers visited the selected pharmacies between 1 January 2023 and 25 March 2023. The pharmacists were informed of the research purpose and asked to provide their email addresses. The researchers then used the structured questionnaire to conduct in-person interviews with the pharmacists.
2.10 Statistical analysis
We used SPSS Version 26 for the data analysis. Frequencies and percentages were used to examine the categorical variables, while means and standard deviations (SD) were used to assess the continuous, normally distributed quantitative variables. Unpaired student t-tests, one-way ANOVAs, and non-parametric variants were used to identify differences between the quantitative variables. A Shapiro-Wilk test was used to evaluate normality. Normally distributed continuous variables were indicated by p > 0.05. A normal Q-Q Plot was visually examined. Multivariate logistic regression models were used to identify the factors affecting the perception and practice of community pharmacists regarding CVD. Statistical significance was assumed when p > 0.05.
2.11 Ethical considerations
The Institutional Ethical Review Committee of Ajman University granted approval for this study. All respondents were informed about the study’s purpose prior to data collection and agreed that the questionnaire could only be completed with their full consent. All respondents provided written and informed consent. No details were collected from the participants that could reveal their identities, and care was taken to maintain participant confidentiality.
3 RESULTS
3.1 Participant demographic and baseline characteristics
Five hundred and fifty-one participants were recruited. The response rate was 89.6%. The average participant age was 35 ± 2.7 years. Most participants were female (61.9%), and most had a Bachelor’s degree (84.4%). Of the pharmacies included, 51% (n = 81) were independent pharmacies, and 49% (n = 270) were chain pharmacies. Most participants were the pharmacists in charge (70.6%), and 72.1% had 6–10 years of experience. Approximately 69.7% (n = 384) worked >8 h/day, and 30.3% (n = 167) worked ≤8 h/day. Regarding the number of patients served per day, 20% of pharmacists (n = 110) served 5–10, 58.3% (n = 321) served 11–20, and 21.8% (n = 120) served >20. Overall 56.4% (n = 311) of participants had received CVD prevention and management training (Table 1).
TABLE 1 | Participant demographic information (n = 551).
[image: Table 1]3.2 The role of perceptions in CVD prevention and management within community pharmacies
The average perception score regarding CVD prevention and management was 75.6% (95% CI 74.2%–77.1%). The average practice score regarding CVD prevention and management was 87.1% (95% CI 76.5%–79.6%). In general, the perceptions and practices regarding CVD prevention and management among the participants were good. The results of each question related to perception and practice are shown in Tables 2, 3.
TABLE 2 | Participants’ perceptions regarding CVD prevention and management.
[image: Table 2]TABLE 3 | Participants’ practices regarding CVD prevention and management.
[image: Table 3]The bivariate analysis revealed that gender (p = 0.001), education level (p < 0.001), position in the pharmacy (p = 0.004), work experience (p < 0.001), number of patients served per day (p < 0.001) and having received training on CVD prevention and management (p < 0.001) were significantly associated with perceptions regarding CVD prevention and management among the participants (Table 4).
TABLE 4 | Comparison of participants’ perceptions and practices regarding CVD across different demographic variable.
[image: Table 4]Similarly, there were statistically significant relationships between CVD prevention and management practice and gender (p < 0.001), education level (p = 0.04), pharmacy type (p < 0.001), position in the pharmacy (p < 0.001), work experience (p < 0.001), number of patients served per day (p < 0.001), working hours per day ((p = 0.001) and have received training on CVD prevention and management (p = 0.001) (Table 4).
3.3 Determining factors in the perceptions and practices for CVD management among community pharmacists
Better perception scores were observed among female pharmacists (OR 1.19; 95% CI 1.03–1.37), chief pharmacists (OR 1.45; 95% CI 1.55–1.82), pharmacists in charge (OR 1.24; 95% CI 1.03–1.49), pharmacists with >10 years of experience (OR 7.44; 95% CI 3.61–9.83), pharmacists with 6–10 years of experience (OR 2.25; 95% CI 1.85–2.74), pharmacists who served 5–10 patients/day (OR 1.37; 95% CI 1.10–1.70), and pharmacists trained on CVD prevention and management (OR 2.69; 95% CI 2.32–3.14) (Table 5).
TABLE 5 | Multivariate regression analysis of the factors associated with perceptions and practices regarding CVD prevention and management.
[image: Table 5]Better practice scores were observed among older pharmacists (OR 1.01; 95% CI 11.019), pharmacists with postgraduate education (OR 1.77; 95% CI 1.66–1.89), pharmacists who worked at chain pharmacies (OR 1.24; 95% CI 1.11–1.39), pharmacists in charge (OR 1.22; 95% CI 1.01–1.47), pharmacists with >10 years of experience (OR 11.3; 95% CI 6.01–15.62), pharmacists with 6–10 years of experience (OR 4.42; 95% CI 3.90–5) and pharmacists trained on CVD prevention and management (OR 1.29; 95% CI 1.15–1.46) (Table 5).
3.4 Barriers and obstacles to CVD-related counseling and health promotion services in community pharmacies
A lack of coordination with other healthcare providers (85.6%), lack of time (75%), lack of knowledge or clinical skills (71%), and patients being uninterested in preventive activities (56%) were the most commonly cited barriers to providing counseling and health promotion services for CVD in community pharmacies (Table 6).
TABLE 6 | Barriers to CVD-associated counseling and health promotion services in community pharmacies (n = 551).
[image: Table 6]4 DISCUSSION
For CVD patients, community pharmacies are outpatient healthcare services that they can easily access to receive medication and other care services. Therefore, community pharmacists play an intermediary role between prescribing physicians and patients and are responsible for ensuring that patients receive the correct medications. This is a critical service, and these pharmacists are well-positioned to prevent prescription errors and perform additional checks to ensure that the medication is safe for use (Hasan et al., 2012; Alzubaidi et al., 2019). This study sought to assess the level of CVD pharmaceutical care offered by community pharmacies located in the UAE. The findings revealed good perceptions and practices on CVD prevention and management among community pharmacists. However, there is still a need to improve their involvement in certain aspects of patient care. Specifically, the care services offered to patients by community pharmacists could be improved by measuring patients’ weight and glucose and blood pressure levels, reviewing their medication refill history, monitoring their treatment response, referring them to a physician when needed, and maintaining patient records.
The participants in this study demonstrated good perception levels and good involvement in providing CVD pharmaceutical care, with an average perception score of 75.6%. Therefore, the participants held generally positive perceptions of the care services for CVD patients, particularly concerning the need to reduce the patient risk, inform patients of prevention methods, and provide appropriate treatment approaches. This is in line with prior research conducted in Malaysia, which reported good perception levels concerning CVD prevention, management, and risks (Sia et al., 2020).
Most of the participants in the current study agreed that CVD is a common condition, and its rates have been rising in the UAE, with 89.1% of participants expressing that this increase is being driven by the population’s sedentary lifestyle and increasing obesity rates. This is in line with research in Kuwait and in the USA, where community pharmacists agreed that chronic heart conditions are an urgent public health challenge (McKenney et al., 2004). A substantial proportion of participants in the current study stated that modifying patient lifestyles should be given more attention.
A large proportion of the participants in the current study (>85%) agreed that CVD risks could be reduced by maintaining a healthy weight, consuming less alcohol, and engaging in more physical exercise. These findings are similar to those of prior research (Erku and Mersha, 2017; Belachew et al., 2020). The current results indicated that the participants had considerable awareness of CVD, its common risks, and treatment priorities, and held attitudes towards CVD. This supports prior research in Lebanon, which reported a consensus among community pharmacists regarding the importance of weight reduction in this population (Hijazi et al., 2020; Sulaiteen et al., 2023). The high knowledge levels observed among the current participants provide a solid foundation for conducting feasibility research regarding using community pharmacies to effectively perform patient screening for CVD in the UAE.
The current results are encouraging, as they indicate that most of the participants were well involved in CVD management. A substantial number of participants reported providing advice to patients on ways to reduce weight, such as consuming fewer calories (61.2%), regulating their consumption of salt and alcohol (68%), engaging in physical exercise (67.7%), and not smoking (65.7%). This is in line with previous research conducted in several contexts (George et al., 2011; Puspitasari et al., 2013; Fonseca et al., 2021), which found that community pharmacists are often engaged in CVD prevention and promote healthy lifestyles among their patients. In the current study, a greater proportion of participants provided advice regarding restricting the consumption of alcohol and ceasing smoking than in other studies (Laliberte et al., 2012; Sia et al., 2020). This indicates that the increase in sedentary lifestyles has caught the attention of pharmacy professionals, causing them to become more involved in providing advice on the risks of alcohol and smoking.
Only a fraction (<5%) of the participants surveyed in this study reported being involved in other practices, such as screening, measuring patients’ weight, glucose levels, and blood pressure monitoring treatment responses, maintaining medical records, and reviewing individual medication refill histories. This reduced involvement implies that the participants do not provide patient counseling on all CVD aspects and is in line with a prior study (Belachew et al., 2020). The level of involvement in these practices reported in the current study was significantly lower than that reported in Malaysia (Sia et al., 2020) and Kuwait (Katoue et al., 2013). In addition, the proportion of participants in the current study who reported that they monitored their patients’ treatment responses was lower than in Kuwait (Katoue et al., 2013). These conflicting findings may be because the pharmacists had less involvement at certain points of CVD interventions and experienced gaps in their commitments or skills. Such gaps indicate the need for increased focus on improving the level of counseling and involvement of community pharmacists in CVD prevention and maintenance.
The current study highlighted the difficulties associated with providing CVD patient counseling and health promotion services in UAE community pharmacies. These difficulties were most commonly due to a lack of coordination among healthcare providers and inadequate time. Similar findings have been reported by other studies in Ethiopia (Sendekie and Netere, 2022), Malaysia (Sia et al., 2020), and Qatar (El Hajj et al., 2016). This indicates that these barriers are the most common across different contexts. Therefore, there is a need to mitigate their impact through problem-based attention, thereby improving community pharmacists’ involvement in CVD prevention and management.
Based on the analysis of the current participants’ demographic characteristics, community pharmacists in the UAE who have more professional experience, see fewer patients per day, and have received training on how to manage and prevent CVD have higher perception and practice scores regarding CVD pharmaceutical care services. It could be reasoned that busy pharmacies have more clients, meaning that the pharmacists are unable to adequately offer counseling and may prefer to adhere to conventional methods of dispensing medicine to mitigate their workload. Therefore, community pharmacists should serve an ideal number of patients per day, which would enable them to offer effective services to all patients, including improved counseling and pharmaceutical services.
This study has several limitations. We used a cross-sectional design, which means we cannot draw conclusions regarding the causality of the regression model findings. Thus, the results cannot be generalized, and there is a need for further longitudinal research. We also used self-report questionnaires, meaning that the results could have been affected by social desirability and recall bias. Situations can occur wherein the sample size actually achieved is not enough to meet the sample size as calculated in advance (Supplementary Material). Nonetheless, these findings are robust due to the large number of community pharmacists included in the sample and their high response rate.
5 CONCLUSION
Pharmacy professionals working in community pharmacies in the UAE provide pharmaceutical care to patients to help manage and prevent CVD. Most participants demonstrated good perceptions and attitudes toward CVD prevention and management strategies. However, they also showed low levels of involvement in other healthcare services, such as screening and measuring patients’ weight, glucose levels, and blood pressure, monitoring treatment responses, maintaining medical records, and reviewing medication refill histories. These activities should be encouraged among UAE community pharmacists to ensure the provision of high-quality patient care. The provision of ongoing training and proper guidelines will assist pharmacy professionals in their ability to provide CVD screening, lifestyle modification advice, and prevention and treatment counseling by improving their confidence and involvement in caring for patients with CVD. For instance, a community pharmacist who receives training on the latest advancements in cardiovascular care could identify potential risks in a patient’s medication regimen and recommend adjustments using evidence-based guidelines. Through regular monitoring and counseling on lifestyle modifications, a pharmacist can assist a patient in achieving improved blood pressure and cholesterol levels, leading to increased patient confidence and improved outcomes.
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The participation of clinical pharmacists in the treatment of patients with central nervous system infection can improve the effectiveness and appropriateness of anti-infective treatments: a retrospective cohort study
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Background: Central nervous system infection (CNSI) treatment in hospital neurosurgery emphasizes the importance of optimizing antimicrobial therapy. Timely and appropriate empiric antibiotic treatment is critical for managing patients with bacterial meningitis.
Objectives: To evaluate the activities of clinical pharmacists in the anti-infective treatment of patients with CNSI in neurosurgery.
Method: A single-center retrospective cohort study was carried out from January 2021 to March 2023 at a tertiary teaching hospital in China. The study sample included a group that received pharmacy services and a group that did not. In the pharmacy services group, the anti-infective treatment plan was led and developed by pharmacists. Pharmaceutical care, including medication therapy and all CNSI treatment regimens, was administered in daily unit rounds by pharmacists. Baseline demographics, treatment outcomes, and rational use of antibiotics were compared between the two groups, and the impact of a antimicrobial stewardship (AMS) program was evaluated.
Results: Of the 306 patients assessed according to the inclusion and exclusion criteria, 151 patients were included, and 155 patients were excluded due to abnormal data and missing information on antibiotic costs or antimicrobial use. Eventually, 73 were included in the pharmacy services group and 78 in the group without pharmacist participation. The antibiotic use density (AUD) of the pharmacy services group decreased from 167.68 to 127.63 compared to the group without pharmacist participation. After the pharmacist services, the AUD for linezolid decreased from 9.15% to 5.23% and that for miscellaneous agents decreased from 17.91% to 6.72%. The pharmacy services group had better improvement (p < 0.05) and a significantly higher score for the rational use of antibiotics (p < 0.05) than the group without pharmacist participation.
Conclusion: The clinical pharmacist services evaluation results demonstrated an essential role of clinical pharmacist-led AMS programs in the effective and appropriate use of anti-infective treatments in neurosurgery with patients with CNSI.
Keywords: antimicrobial stewardship, clinical pharmacist, neurosurgery, central nervous system infection, antibiotics
1 INTRODUCTION
Central nervous system infection (CNSI) including meningitis, ventriculitis, and brain abscess, are mainly caused by postneurosurgical infection, foreign body implantation, and traumatic brain injury and are characterized by high morbidity, high mortality, and poor prognosis (Archibald and Quisling, 2013; Wang, 2021). CNSI continue to be a significant cause of mortality and morbidity worldwide. The incidence of postneurosurgical CNSI ranges from 0.3% to 25%, the incidence of CNSI caused by craniocerebral trauma is 1.4%, and the mortality rate of postneurosurgical CNSI ranges from 3% to 33% (Archibald and Quisling, 2013; Tan et al., 2015; Hernández Ortiz et al., 2018; Pan et al., 2018). According to the 2017 Infectious Diseases Society of America’s Clinical Practice Guidelines, the most common bacterial pathogens among bacterial infection in CNSI are coagulase-negative Staphylococcus, Streptococcus pneumoniae, Staphylococcus aureus, and Neisseria meningitides (Tunkel et al., 2017). The time-consuming nature and low positive rate of cerebrospinal fluid (CSF) culture, the impact of the blood‒brain barrier, and the emergence of drug-resistant bacteria increase the difficulty of antibiotic selection and the treatment of CNSI(Dorsett and Liang, 2016; Tunkel et al., 2017). Early empiric antibiotic treatment is critical for managing patients with bacterial meningitis. (Tan et al., 2015). One retrospective study showed that initial antibiotic combination therapy improved the in-hospital mortality rate among neurocritical care unit patients with nosocomial meningitis (Li et al., 2016). Timely and appropriate anti-infective treatment regimens for CNSI are essential to increase the cure rate and improve the prognosis of CNSI to reduce patient burden (Sonneville et al., 2017; Younger and Coyle, 2019; Shun-xiao et al., 2020; Li et al., 2022). Consequently, pharmacists may make some of their most important clinical contributions in treating patients with CNS infection.
In recent years, clinical pharmacists have received increasing attention worldwide, especially during the COVID-19 pandemic (Gu et al., 2023). Studies have demonstrated the beneficial effects of the participation of clinical pharmacists in treating patients with chronic illnesses such as diabetes, atrial fibrillation, and cardiovascular disorders (Skelton and Binaso, 2012; Falamić et al., 2018; Warden et al., 2019). The Infectious Diseases Society of America guidelines highlight the importance of clinical pharmacists on the antimicrobial stewardship teams (Dellit et al., 2007). The Chinese Hospital Association and the American College of Clinical Pharmacy have established standards for clinical pharmacists’ level of clinical pharmacy services and the specialty training required for these positions (Dellit et al., 2007; China Hospital Association Clinical Pharmacist Training Expert Steering Committee, 2008; Saseen et al., 2017). Antimicrobial stewardship (AMS) programs were created to improve infection regimens and minimize infection-related morbidity and death (Barlam et al., 2016; Álvarez-Lerma et al., 2018). Evidence shows that pharmacists significantly impact multiple clinical and economic outcomes. For example, pharmacists in the discharge process benefit neurosurgical patients by reducing the number of discrepancies and providing an additional layer of safety to reduce medication errors and prevent adverse events (Greenwood et al., 2023). Another retrospective cohort study found that the presence of clinical pharmacists on a neurosurgery team considerably reduced hospital stays, readmission rates, and pharmacy expenses. Their involvement in a neurosurgical team should be considered a standard of care (Weant et al., 2009). Clinical pharmacists join the neurosurgery team to identify prescribing errors, monitor or modify doses, identify adverse effects associated with multiple drug combinations, optimize antibiotic use, and provide clinical outcomes to reduce the burden of patient care (Bourne and Dorward, 2011; Gallagher et al., 2014). Therefore, in this study, we aimed to investigate the benefits of clinical pharmacy services for patients with CNSI. We aimed to assess the effect of a clinical pharmacists services on the effectiveness and appropriateness of anti-infection treatments in CNSI patients.
2 METHODS
2.1 Study design
This single-center retrospective cohort study was conducted at the First Affiliated Hospital of Shandong First Medical University and Shandong Provincial Qianfoshan Hospital (a 4000-bed tertiary care hospital) in Shandong Province, China. This study was conducted with two neurosurgical group and retrospective collecting patient information with CNSI between 2021.1.1 and 2023.3.1. The patients include two groups: the pharmacy services group, which received a routine pharmacist services during hospitalization, and group without pharmacist participation.
The study was approved by The Ethics Committee of the First Affiliated Hospital of Shandong First Medical University and Shandong Provincial Qianfoshan Hospital (approval number: 2023S357). It was conducted following the Helsinki Declaration guidelines, and informed consent was not required due to retrospective and diagnostic data collection.
2.2 Study participants
2.2.1 Inclusion criteria
This study included patients with CNSI diagnosed in the neurosurgery department of the hospital. The diagnosis of the infection required patients to meet two or more of the following criteria (Horan et al., 2008; Archibald and Quisling, 2013): 1) isolation of pathogens from CSF; 2) at least one of the following signs with no other recognized cause: fever (>38 °C), headache, stiff neck, meningeal signs, cranial nerve signs, changing level of consciousness, or confusion; and 3) the following abnormalities on the CSF test: corrected (Greenberg et al., 2008) white blood cell count >5 × 106 cells/L, protein concentration >45 mg/L, and/or CSF glucose <50 mg/dL.
2.2.2 Exclusion criteria
Patients who met any of the following criteria were excluded (Gu et al., 2023): 1) patients were not using antimicrobials on admission, or antimicrobial information was missing; 2) laboratory tests showed extremely abnormal values, such as alanine aminotransferase or aspartate aminotransferase >1,000; 3) the number of days of hospitalization was <1 day or >30 days; or 4) patients had incomplete medical history information.
2.3 Pharmaceutical service process
2.3.1 Pharmacy services group
The clinical pharmacist, who had completed specialized training and had over 10 years of hospital pharmacy experience in the neurology department, was assigned to the one neurosurgical group to ensure the consistency and quality of the treatments. In the pharmacy services group, the pharmacist implemented clinical pharmacy services by carrying out the following steps. 1) The pharmacist spent at least 20 h per week with neurosurgery physicians participating in daily unit rounds. The pharmacist focused on medication therapy management, including medical order review, patient monitoring, dynamic treatment regimens (DTRs), etc. 2) The pharmacist was involved in the development of all CNSI treatment regimens, including therapeutic indications, drug selection, dose, route of administration, and period of treatment, etc. The pharmacist adjusted the dosage based on the patient’s liver and kidney function. 3) The AMS program was implemented if the pharmacist had different opinions after revisions. 4) The adjustment plan was presented to the senior physician and an expert in neurosurgery. 5) Pharmaceutical monitoring and the adjustment treatment plans were implemented based on the treatment outcomes and safety.
2.3.2 Group without pharmacist participation
In the other neurosurgical group, the treatment involved the doctor’s routine diagnosis and treatment, and pharmacists did not participate in the therapeutic schedule.
2.4 Outcomes and measurement
The primary outcome was clinical effectiveness, which was categorized as follows (Tunkel et al., 2004; Archibald and Quisling, 2013): 1) Cured: resolution of symptoms, negative CSF cultures, and a regular CSF examination (WBC count: <5*106 cells/L, protein concentration: <45 mg/L, and/or CSF glucose: >50 mg/dL); 2) Improved: negative CSF cultures and partial resolution of clinical signs and symptoms of infection, or CSF examination improved but did not return to normal. 3) Invalid: Positive or negative CSF cultures and symptoms of infection and worsening of CSF indices compared to baseline. The secondary outcome was the appropriateness of medication, which was evaluated based on an antibiotic appropriateness assessment score. We used the 5R principles of rational drug use as our evaluation metric and constructed an analytic hierarchy process (AHP) evaluation system (Saaty, 1990; Mobinizadeh et al., 2016; Li et al., 2017). Two clinical pharmacy experts skilled in anti-infective treatment reviewed the medical records of the two groups of inpatients. They used a scoring system to assess the appropriateness of the use of antibiotics to treat CNSI. If the anti-infective treatment specialist identified inappropriate antibiotic use, the item was scored and multiplied by the appropriate weight (Table 1.) determined by the AHP to produce a final score.
TABLE 1 | The indicators and weight of each indicator.
[image: Table 1]Other outcomes included antibiotic consumption, medical costs, and length of hospital stay (LOS). The WHO confirmed the defined daily dose (DDD) and antibiotic use density (AUD) for antibiotics (WHO, 2022). In addition, we collected the AUD (%) and AUD decrease (%) as indicators to assess the impact of pharmacy services on antibiotic use. The cost of antibiotics, the total cost of drugs, and the total cost of hospitalization were collected. The cost of antibiotics refers to the price of antibiotics administered to the patient to treat the CNSI during hospitalization. Medical service efficiency was measured by the LOS, which was calculated by subtracting the admission date from the discharge date. In this study, a cost-effectiveness analysis (CEA) was used to assess the relationship between the cost and effectiveness of the two groups. The long-term clinical and economic outcomes of pharmacy services were calculated using the incremental cost-effectiveness ratio (ICER). The ICER calculated the difference in hospitalization costs between the pharmacy services group and the group without pharmacist participation, divided by the difference in treatment improved rate between the two groups (Tang et al., 2019). In terms of the cost-effectiveness threshold, WHO defines a health intervention as highly cost-effective if it costs less than the gross domestic product (GDP) per capita of a given country, and as cost-effective if it costs less than three times the GDP per capita. The per capita GDP stratified for China was $12,741.11 in 2022 (China National Bureau of Statistics, 2023). For the cost of medical, the costs used in this study were prior to Medicare reimbursement. The State Administration of Foreign Exchange in China monitored the exchange rate between the RMB and the US dollar. On 2022, the average rate was US $100 = RBM 672.61 Yuan.
2.5 Data collection
The following were obtained from the Hospital Information System (HIS) and laboratory Information Management System (LIS) for each inpatient. 1) General demographic attributes, including age and sex, weight, LOS, surgery and placement of invasive devices, were collected. 2) Pathogens in the CSF and the antimicrobial susceptibility results were assessed. 3) Laboratory test results were obtained, including glucose level, protein level, chlorine level, leukocyte count, and erythrocyte count in the CSF; white blood cell count, procalcitonin (PCT) value, and the levels of liver function indicators, including alanine aminotransferase (ALT), aspartate aminotransferase (AST), and total bilirubin (TBIL); and creatinine levels. The creatinine clearance rate (CrCL) was estimated by the Cockcroft-Gault method. We collected laboratory test results before and twice after the anti-infective treatment. 4) Antibiotic use, including the medication name, dosage unit, package, defined daily dose (DDD), administration route, and the time of issuing and stopping medical orders, were assessed. 5) Finally, antibiotic treatment costs were determined.
2.6. Statistical analysis
Descriptive statistics were used to characterize the study group. The mean and standard deviation, median (interquartile range, IQR), and number (percentage) were used to depict normally distributed, nonnormally distributed continuous, and categorical data, respectively. Normally distributed quantitative variables were analyzed for differences between groups using Student’s t-test, and nonnormally distributed data were analyzed using the Mann‒Whitney rank sum test. The qualitative variables were compared using the chi-square test or Fisher’s exact test. p < 0.05 was considered statistically significant. All comparisons were based on two-tailed tests. SPSS Statistics v.26.0 (IBM Corp., NY, USA) was used for all statistical analyses.
3 RESULTS
3.1 Demographic characteristics
A total of 306 patients with CNSI were admitted to the neurosurgical department during the study period (2021 and 2023). According to the inclusion and exclusion criteria, 151 patients were included, and 155 patients were eliminated because of abnormal data and missing information on antibiotic costs or antimicrobial usage (Figure 1.). The initial analysis included 78 patients in the group without pharmacist participation and 73 patients in the pharmacy services group. Baseline characteristics for the group without pharmacist participation and pharmacy services group are shown in Table 2. Sex, age, weight, PCT, CrCL, ALT, and creatinine were selected as baseline indicators, and the above indicators did not differ between the two groups (p > 0.05).
[image: Figure 1]FIGURE 1 | Diagram of the patient assessment and inclusion process.
TABLE 2 | Baseline characteristics of study patients.
[image: Table 2]3.2 Quantitative descriptions of pharmacist recommendations
A total of 420 pharmacist recommendations were identified, with 399 (95.00%) reaching an agreement between the clinical pharmacist and the neurosurgery physicians. In this study, neurosurgical pharmacists achieve the AMS program primarily through the following core services, anti-infective drug selection (146/420, 34.76%) with an acceptance rate of 94.52%, anti-infective dose recommendations (103/420, 24.52%) with an acceptance rate of 95.15%, anti-infective duration recommendations (73/420, 17.38%) with an acceptance rate of 95.89%, anti-infective route recommendations (18/420, 4.29%) with an acceptance rate of 95.00%.
3.3 Clinical effectiveness
As shown in Table 3, the treatment outcome showed that 6 (8.2%) patients in the pharmacy services group were cured, while 49 (67.1%) were improved. Moreover, among the 78 patients in the group without pharmacist participation, 3 (3.8%) and 39 (50%) were determined to be cured and improved, respectively, and no significant difference was detected in the cure rates between the two groups (p > 0.05). However, the pharmacy services group had a better improvement rate than the group without pharmacist participation (p < 0.05). In addition, the LOS values were not significantly different between the two groups (p > 0.05).
TABLE 3 | Outcomes of patients with CNSIs in the Group without pharmacist participation and pharmacy-services groups.
[image: Table 3]3.4 Appropriateness of medication
The pharmacy services group had a significantly higher score for the rational use of antibiotics than the group without pharmacist participation (p < 0.05), which is shown in Table 3. Analysis of combination therapy showed that no significant differences were found between the two groups for single, double or triple combinations. A study of antibiotic conversion rates showed that the switch rate of the antibiotic regimen in the pharmacy services group was much lower than that in the group without pharmacist participation (p < 0.05).
3.5 Other outcomes
We were interested in the impact of pharmacist services on antibiotic use in neurosurgical patients. The pharmacist services reduced the AUD of all antibiotics used in neurosurgery from 167.68 to 127.63. According to Table 4, the AUD proportions declined for linezolid (9.15% vs. 3.92%), miscellaneous agents (17.91% vs. 6.72%), and polymyxin B (2.82% vs. 1.06%). The AUD proportions increased by 5.37%, 3.82%, and 8.99% for vancomycin (from 21.91% to 27.28%), meropenem (from 41.02% to 44.84%), and ceftriaxone (from 7.19% to 16.17%), respectively. The pharmacist services did not significantly impact antibiotic co-administration but reduced the rate of antibiotic switches. In addition, there were no significant differences between the two groups in other indicators, such as antibiotic costs (p = 0.647) or DDDs (p = 0.213). Although the drug and hospitalization costs in the pharmacy-services group increased (p < 0.05), the pharmacy-services group had an ICER less than the Chinese threshold ($409.99 vs. $12,741.11).
TABLE 4 | Effect of pharmacist services on the type and amount of antibiotics used.
[image: Table 4]4 DISCUSSION
4.1 Statement of key findings
The National Health Commission of China issued the strictest regulation on antimicrobial drugs in 2011, as the number of antibiotic-resistant bacteria has become a severe problem in China (Hu et al., 2016). The Antimicrobial Stewardship (AMS) Program was created to solve these issues. The AMS was designed to optimize the treatment of infection, reduce infection-related morbidity and mortality, limit the emergence of multidrug-resistant organisms (MDROs), and reduce unnecessary antimicrobial use (Álvarez-Lerma et al., 2018). The AMS indicates that pharmacists have a responsibility to play a prominent role in antimicrobial stewardship, infection prevention and control programs in healthcare systems. Core elements of effective antimicrobial stewardship programs typically include hospital leadership commitment, the appointment of a pharmacist to lead the implementation of antimicrobial stewardship interventions, monitoring of antimicrobial prescribing, regular reporting of information on antimicrobial use and resistance to prescribers, and education on rational use of medicines (CDC, 2019). Pharmacists participate in antimicrobial stewardship, infection prevention and control efforts through clinical efforts focused on the appropriate use of antimicrobial agents and through membership in relevant multidisciplinary workgroups and committees within the healthcare system (Saseen et al., 2017; Lai et al., 2022). Currently, pharmacists in China mainly participate in the daily ward rounds in neurosurgery units and review medication regimens (Zhang et al., 2020b; Zhang et al., 2021; Wang et al., 2022; Gu et al., 2023). The involvement of pharmacists in patient medical treatment and monitoring is the ideal approach in neurosurgery units because of the complexity of CNSI, the severity of these diseases, and the difficulty of drug selection. In this study, a pharmacist worked in a neurosurgery unit reviewing prescriptions for patients with CNSI and discussing treatment issues with the surgeon as needed. The pharmacist engaged in medical treatment discussions and exchange of ideas. Ultimately, pharmacists use treatment regimens optimized for infected patients according to professional guidelines or treatment criteria.
In this study, we assessed the effects of the participation of clinical pharmacists in the treatment of patients with CNSI on the effectiveness of antibiotic prescriptions. The results of our study showed that the pharmacy services group had a significantly higher rate of treatment improvement and efficiency than the group without pharmacist participation (p < 0.05). A meta-analysis on cardiovascular disease showed a similar finding: pharmacist services provides a wide range of benefits in cardiovascular disease management, from controlling risk factors to improving medication adherence and, in some settings, reducing morbidity and mortality (Rattanavipanon et al., 2022). No significant effect of the pharmacist services on the cure rate was observed in this study, partly because CNSI have a long course of treatment, making it difficult to achieve the desired treatment outcome during hospitalization, and partly because of our strict cure criteria. The criteria for cure in this study were based on diagnostic criteria, and there is no clear literature support for the criteria for the cure of CNSI.
The AHP approach can be used for decision analysis and calculation in the healthcare system (Khan et al., 2022; Kim et al., 2022). With the help of the AHP, pharmacists can objectively and comprehensively evaluate medicine, which is convenient for identifying problems and intervening in time, thereby promoting the appropriate use of treatment (Xu et al., 2022b). We evaluated the appropriateness of antibiotic use choices against guidelines and constructed an AHP weighting system to quantify the rational use of antibiotics (Tunkel et al., 2004; Tunkel et al., 2008; Tunkel et al., 2017). We found a significant difference in the rational antibiotic use scores between the two groups, indicating that pharmacist services effectively improved the appropriateness of antibiotic use. This finding also shows that the standardization of physician prescribing still needs to be improved. A retrospective study found similar results: AMS services were associated with significant reductions in antibiotic use, antibiotic costs, and inappropriate antibiotic prescribing (Xu et al., 2022a). By analyzing the intensity of antibiotic use, we found that pharmacist services were effective in reducing the intensity of antibiotic use, a view supported by previous studies (Jourdan et al., 2018). In addition, regarding medication adherence, we found that after the pharmacist’s services, there was a significant reduction in the AUD of linezolid and miscellaneous agents. At the same time, the use of vancomycin, ceftriaxone, and meropenem in combination therapy increased. Selecting an appropriate antibiotic regimen for CNSI is critical to treatment success. Usually, vancomycin plus an anti-pseudomonal beta-lactam (such as cefepime, ceftazidime, or meropenem) is recommended as empiric therapy for healthcare-associated ventriculitis and meningitis; the choice of empiric beta-lactam agent should be based on local in vitro susceptibility patterns. For the treatment of patients with CNSI caused by staphylococci in whom vancomycin cannot be used, linezolid is recommended (Tunkel et al., 2017). Pharmacists ensuring that the number and types of antimicrobial agents provided in the treatment plan available are appropriate for the patient population served is one of the most critical responsibilities in the AMS program (Lai et al., 2022). Our results indicate that clinical pharmacists play a key role in the rational use of antimicrobial agents, which is consistent with other research (Gu et al., 2023). In addition, the rate of antibiotic switching also reflects the appropriateness of the choice of treatment regimen; frequent changes and combinations of antibiotics also mean that physicians are concerned about treatment failure and are not confident in their choice of antibiotics or that the treatment regimen is not the standard guideline-recommended regimen (Livorsi et al., 2015; Gebretekle et al., 2018). Our study found that the pharmacist services group had a significantly reduced rate of antibiotic switching, suggesting that pharmacists play a facilitating role in selecting an appropriate initial regimen. Pharmacist services ensured the regularity of physician prescribing behavior, the continuity of the initial treatment regimen, and increased physician confidence in the antibiotic regimen (Woit et al., 2020).
Most of the current literature (Weant et al., 2009) suggests that pharmacist services effectively reduce antibiotic costs, but our study did not find a significant difference between the two groups. Although the pharmacy services effectively reduced the total AUD, there was no significant reduction in drug costs due to the different prices of different antibiotics. Although the hospitalization costs of patients with pharmacist services were higher than the group without pharmacist involvement, the rate of improvement was higher in the pharmacist services group. The results of the CEA then showed that the pharmacy services group was highly cost-effective and that the increased costs were acceptable. Similarly, a study conducted in Thailand found that pharmacist intervention in the healthcare team to participate in the treatment plan is cost-effective and can prolong patients’ lives and improve their quality of life (Arunmanakul et al., 2022). From the hospital’s perspective, pharmacy services have not reduced direct healthcare costs. Still, it presented savings for forecast costs related to preventable morbidities, measuring an excellent cost-benefit ratio for the public health sector (Cazarim et al., 2020). The pharmacist services also did not significantly reduce the LOS, which is inconsistent with the literature (Nielsen et al., 2017). The LOS is primarily influenced by the treatment characteristics of CNSI, which are difficult to cure and take a long time to treat (Dorsett and Liang, 2016). Multiple factors contribute to the discrepancy in hospitalization costs, such as the price of guideline-recommended vancomycin is much higher than that of linezolid in China, which may be the main reason.
The results of this study show that a clinical pharmacist-led antibiotic stewardship program successfully promoted the rational use of antibiotics and improved treatment outcomes. In order to improve the rational use of medication and therapeutic outcomes in the clinic, there is a need to increase the number of clinical pharmacists and improve the competence of clinical pharmacists. So, health systems need to increase the number of clinical pharmacists and provide standardized training, etc. From a clinical pharmacist’s perspective, a qualified clinical pharmacist should engage in clinical practice, medication therapy management, patient monitoring, etc.
4.2 Study strengths and limitations
Our study is an assessment project led by clinical pharmacists on neurosurgical anti-infective treatments to assess their effectiveness and appropriateness. Clinical pharmacists play an essential role in developing patient anti-infection protocols and in reducing antibiotic resistance rates. Clinical pharmacists providing pharmaceutical care to neurocritical care patients improve patient care and reduce clinical risk (Bourne and Dorward, 2011). A recent systematic review showed that pharmacist services could significantly improve the acceptability and effectiveness of treatment for infectious diseases (Zhang et al., 2020a). Pharmacists are playing an increasingly important role in clinical practice, and thanks to the clinical pharmacist training program launched in China, pharmacists are equipped with professional drug knowledge and clinical experience through professional training and play a role in bridging the gap between doctors and patients and drugs, providing personalized anti-infection programs based on understanding patients’ conditions, reviewing doctors’ prescriptions to correct medication errors, and playing a greater role in patient monitoring than busy doctors and nurses.
Compared with previous studies (Weant et al., 2009), our study focused more on evaluating the therapeutic efficacy and appropriateness of anti-infective regimens after pharmacist services. The pharmacist services model was based on the AMS strategy, and the effectiveness of the services was ensured by standardized processes, clear delineation, and practical implementation methods. Our findings suggest the high value and clinical utility of participation in a clinical pharmacist service for patients with neurosurgical CNSI in general hospitals.
This study has several limitations. First, this was a single-center study with a relatively small sample size. Each medical setting has different patterns of collaboration between clinical pharmacists and neurosurgeons and different work priorities, resulting in different roles. Second, the impact of clinical outcomes such as long-term survival rates, reinfection rates, and resistance rates could not be estimated due to the need to collect such data, and we were unable to assess the long-term effects of the AMS Program due to the short duration of the study.
5 CONCLUSION
This study demonstrates that the participation of clinical pharmacists in the neurosurgery department of a general hospital can increase the rational use of antibiotics, improve treatment outcomes, and reduce the intensity of antibiotic use. Nevertheless, such participation has failed to reduce the antibiotic costs of patients and decrease the length of hospital stays. These results need to be confirmed in further studies.
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Background: Antimicrobial resistance poses a significant challenge in neurosurgical intensive care units (ICU). The excessive use of broad-spectrum antibiotics is closely linked to the emergence and dissemination of drug-resistant bacteria within neurosurgical ICUs. This study assessed the effects of implementing a comprehensive Antimicrobial Stewardship (AMS) program in a neurosurgical ICU setting.
Methods: From April 2022 to September 2022, an AMS program was implemented in the neurosurgical ICU. The program involved the regular presence of a pharmacist and an infectious disease physician who conducted prospective audits and provided feedback. To assess the impact of the AMS program, the outcome measures were compared between the AMS period and the 6 months before AMS implementation (pre-AMS period). The primary outcome was the use of antibacterial agents, including anti-pseudomonal beta-lactams (APBLs), polymyxin, and tigecycline. Additionally, the study evaluated the appropriateness of antimicrobial de-escalation and the susceptibility of Gram-negative bacilli to antimicrobial agents.
Results: A total of 526 were included during the AMS period, while 487 patients were included in the pre-AMS period. The two groups had no significant differences in disease severity and mortality rates. During the AMS period, there was a notable decrease in the use of APBLs as empiric treatment (43.92% vs. 60.99%, p < 0.001). Multi-drug resistant organism (MDRO) infections decrease significantly during AMS period (11.03% vs. 18.48%, p < 0.001). The number of prescription adjustment increased significantly in all patients (0 item vs. 0 item, p < 0.001) and MDRO-positive patients (3 items vs. 2 items, p < 0.001) during the AMS period. Additionally, appropriate antimicrobial de-escalation for patients with MDRO showed improvement during the AMS period (39.66% vs. 20%, p = 0.001). Polymyxin utilization also decreased during the AMS period (15.52% vs. 31.11%, p = 0.034). Furthermore, the susceptibility of Gram-negative Bacilli isolates to APBLs was significantly higher during the AMS period.
Conclusion: Implementing a comprehensive pharmacist-led AMS program led to a decrease in the use of antibacterial agents. This reduction in usage is significant because it can potentially delay the emergence of bacterial resistance.
Keywords: microbial, mortality, antimicrobial stewardship, neurosurgical intensive care units, drug resistance
1 INTRODUCTION
Intensive care units (ICUs) are among the most common hospital areas where antibiotics are administered. They also play a crucial role in detecting and controlling multidrug-resistant organisms (MDROs), particularly bacteria (Versporten et al., 2018). Many antibiotics are administered improperly in ICUs, with estimates ranging from 30% to 60% (Trivedi et al., 2020). Epidemiological studies have consistently demonstrated a strong link between the irrational use of antibiotics and the emergence and spread of drug-resistant bacteria (Trivedi et al., 2020; National Health Commission of the People’s Republic of China, 2018). In light of these findings, implementing Antimicrobial Stewardship (AMS) Programs is highly recommended in ICUs. AMS aims to promote the rational use of antibiotics and improve patient outcomes (Barlam et al., 2016; Pickens and Wunderink, 2019). A well-executed AMS can have several positive therapeutic effects, including reducing antibacterial therapy duration, antibiotic consumption, hospital stay, healthcare costs, and the incidence of healthcare-associated infections (Ntagiopoulos et al., 2007; Feazel et al., 2014; Lee et al., 2019).
The neurosurgical ICU at our hospital is a semi-enclosed ICU with 22 beds, primarily serving patients who have undergone surgery in the neurosurgical department. Post-neurosurgical meningitis is showing an upward trend, and the increasing prevalence of MDRO affects outcomes following nosocomial meningitis (15van de Beek et al., 2010). Pulmonary infection is also a common complication after neurosurgery. According to relevant studies, the incidence of pneumonia with MDRO also exceeds 10% in patients with mechanical ventilation in the neurosurgical ICU (Teng et al., 2022). In 2021, the neurosurgical ICU had a markedly higher detection rate of MDRO compared to other ICUs within our hospital, with a rate of 18.48%. This alarming finding has prompted the hospital’s AMS team to take action. The occurrence of MDRO in the neurosurgical ICU is primarily attributed to bacterial variation and excessive use of antibiotics in clinical practice. To address this problem, our task force has proposed several critical interventions based on previous studies that assessed AMS’s effectiveness in acute care settings. These interventions include order review and feedback, multidisciplinary management, and whole-process monitoring. Although individual interventions have been studied in previous research, there is a lack of comprehensive assessments that evaluate the impact of a comprehensive AMS program (Lee et al., 2019), especially in the neurosurgical ICU setting.
Therefore, our study aimed to implement a comprehensive AMS program in the neurosurgical ICU and evaluate changes in antibiotic use, bacterial resistance patterns, and patient outcomes before and after implementing the program. By collecting and analyzing these data, we aimed to provide evidence that supports the effectiveness of AMS in the neurosurgical ICU setting and contributes to improving patient care.
2 MATERIALS AND METHODS
2.1 Study design
A pre-and post-intervention study was conducted at a tertiary academic hospital in China. The study spanned October 2021 to March 2022 (pre-AMS) and April 2022 to September 2022 (AMS). All patients admitted to the neurosurgical ICU for >24 h during the two study periods were included. The research protocol received approval from the Hospital Ethics Committee (approval number 20220115) on 27 January 2022。
2.2 The pre-AMS stage and the components of the AMS program
Before the implementation of AMS, patients were primarily managed by physicians without the supervision of the AMS team. In April 2022, a comprehensive pharmacist-led AMS program was introduced to the neurosurgical ICU. The AMS team included a clinical pharmacist (the program director), an infectious disease physician, an infection control specialist, a clinical microbiology laboratorian, and a nurse. This AMS team actively engaged in the daily management of patients, with particular attention given to those suffering from multi-drug resistant infections. The suggestions proposed by the AMS team were thoroughly discussed and agreed upon by the attending physicians, ensuring a collaborative approach to patient care.
Clinical pharmacists held a discussion meeting prior to the start of AMS program to outline the duties of members and the specific implementation strategy (Table 1). Aspiration pneumonia is the most common infection in neurosurgical ICU and is mostly community-acquired. Physicians in neurosurgical ICU used piperacillin/tazobactam as an empiric treatment. The AMS team decide to use amoxicillin/clavulanate as empirical treatment based on the bacteria found in earlier respiratory specimens and their resistance.
TABLE 1 | The content of the antimicrobial stewardship (AMS) program in the neurosurgical ICU.
[image: Table 1]During the AMS period, clinical pharmacists performed pharmaceutical care activities as well as organizing, supervising, and recording. Every 3 days, pharmacists and physicians conducted ward visits for all patients in neurosurgical ICU. For MDRO-positive patients, ward rounds were performed 1–2 times a day. Physicians moderated the rounds and developed or modified the antimicrobial use with pharmacists. Clinical pharmacists played a crucial role in patient care by monitoring various aspects of medication management, including the implementation of medication plans, efficacy monitoring, patient adherence monitoring, organizing multidisciplinary consultations (MDT) for critically ill patients and supervising the implementation of consultation opinions. Additionly, the clinical pharmacy laboratory in hospital had carried out targeted sequencing detection (tNGS) and therapeutic drug monitoring (TDM) of antibiotics. Clinical pharmacists are responsible for determining the timing of examination monitoring and the interpretation of relevant reports.
The execution of infection prevention and control measures in the neurosurgical ICU was supervised and ensured by experts in nosocomial infections. The microbiologist provided guidance on the proper collection of specimens. The nurse was in charge of monitor and promptly reporting any adverse events that occurred in patients.
AMS meeting was held every 2 weeks, to share data of the recent MDRO detection rate, the application of antibacterial drugs and ADRs. Typical cases, practical problems and the goals for the next 2 weeks were also discussed.
2.3 Data collection
Demographic and clinical data were collected through medical record reviews and patient interviews. The following data were collected: age, sex, length of stay, comorbidities, site of infection (presumed or confirmed), disease severity, white blood cell count, procalcitonin, alanine transaminase, aspartate transaminase, serum creatinine, bacterial organisms, adverse drug reactions, and antibiotic information.
2.4 Primary outcomes
The primary outcome was the use of β-lactam drugs targeting Pseudomonas Aeruginosa, including ceftazidime, piperacillin/tazobactam, cefoperazone/sulbactam, cefepime, imipenem-cilastatin, or meropenem. This was assessed by calculating the total antibiotic days of therapy (DOT) per 1,000 patient days, represented as DOT/1,000 patient days (Devlin and Mckenzie, 2018). DOT is determined in two steps. First, the number of doses that the patient receives is multiplied by the dosing interval (Lu et al., 2019). Second, this value is divided by 24 h to calculate the DOT for each antibiotic received by the patient (Lu et al., 2019; Hamdy et al., 2020). For patients who tested positive for MDRO, the proportion of individuals receiving polymyxin and tigecycline antibiotics was determined, together with the number of days of treatment for each patient.
2.5 Secondary outcomes
Secondary outcomes were hospital mortality, all-cause readmissions, readmissions due to the exact cause of the previous admissions, antibiotic prescription adjustment, appropriate de-escalation, and adverse drug reactions during the study period.
2.6 Statistical analyses
Data processing and analyses were performed using Microsoft Excel 2019 (Microsoft Corp., Redmond, United States) and SPSS 26.0 statistical software (IBM Corp., Chicago, United States). Normally distributed measurement data are expressed as means ± standard deviations (SD), and independent-sample t-tests were used for group comparisons. If the data involved paired samples, a paired sample t-test was conducted. Non-normally distributed measurement data are presented as medians with interquartile ranges (IQR), and the Mann-Whitney U test was used for group comparisons. The Wilcoxon paired rank sum test was employed for paired samples with non-normal distribution. Categorical and ranked data are described by numbers and percentages. The chi-square test was used for group comparisons, while the Wilcoxon rank sum test was applied for ranked data.
3 RESULTS
3.1 Study population
A total of 1,013 patients were admitted to the neurosurgical ICU for more than 24 h, 487 in the pre-AMS group and 526 in the AMS group. Table 2 shows the baseline characteristics of the patients in each group. The AMS group had a significantly higher proportion of patients with hypoproteinemia than the pre-AMS group (38.02% vs. 14.99%, p < 0.001). Furthermore, the AMS group had a higher incidence of urinary infections than the pre-AMS group (4.94% vs. 1.85%, p = 0.009).
TABLE 2 | Baseline characteristics of the study population.
[image: Table 2]A total of 148 patients were tested positive for MDRO, 90 in the pre-AMS group and 58 in the AMS group. The prevalence of MDRO-positive patients was significantly higher in the pre-AMS group compared to the AMS group (18.48% vs. 11.03%, p = 0.001). These MDRO-positive patients were analyzed separately. Table 3 provides an overview of the baseline characteristics of the patients with MDRO. Among MDRO-positive patients, more patients in the AMS group had diabetes mellitus (24.10% vs. 10.00%, p = 0.035) and septic shock (6.9% vs. 0%, p = 0.022) compared to the pre-AMS group. The proportion of patients with MDRO Klebsiella pneumoniae was lower in the AMS group (63.79% vs. 81.11%, p = 0.022).
TABLE 3 | Baseline characteristics of patients with positive multi-drug resistant organisms.
[image: Table 3]3.2 Assessment of the primary outcome
Fewer patients received empiric anti-pseudomonal beta-lactam (APBL) treatment in the AMS group compared to the pre-AMS group (43.92% vs. 60.99%, p < 0.001). However, no significant differences were observed in the proportion of APBL use as a definitive treatment (42.97% vs. 40.86%, p = 0.524) and DOT (8.85 days vs. 8.7 days, p = 0.780) of APBL between the AMS and pre-AMS groups. Details are shown in Table 4. When assessing the unit-wide use of APBL, the DOT of cefoperazone/sulbactam was significantly lower in the AMS group (4.64 days vs. 5.54 days,p = 0.023, Figure 1). The proportion of MDRO-positive patients who received polymyxin treatment was significantly lower in the AMS group (15.52% vs. 31.11%, p = 0.034, Table 5).
TABLE 4 | Comparison of clinical outcomes of patients admitted to the neurosurgical intensive care unit during the pre-antimicrobial stewardship (AMS) program and AMS periods.
[image: Table 4][image: Figure 1]FIGURE 1 | Days of therapy (DOT) of anti-pseudomonal beta-lactams (APBL) during the pre-antimicrobial stewardship program (AMS) and AMS periods. The cefepime data are removed due to the lack of cefepime from September to November 2021. (A). Ceftazidime; (B). cefoperazone-sulbactam; (C). piperacillin/tazobactam; (D). meropenem + imipenem.
TABLE 5 | Comparison of clinical outcomes of patients with positive multi-drug resistant organism.
[image: Table 5]3.3 Mortality and other secondary outcome measures
There were no significant differences in mortality between the AMS and pre-AMS groups (10.46% vs. 12.32%, p = 0.373). Regarding neurosurgical ICU readmissions, the AMS group had a higher frequency than the pre-AMS group (5.32% vs. 2.46%, p = 0.023). However, when considering readmissions with an exact cause as previous admission, there was no statistically significant difference between the AMS and pre-AMS groups (2.47% vs. 1.85%, p = 0.526). Details are shown in Table 4.
There was no significant difference in the proportion of patients with prescription adjustment. But the number of prescription adjustment increased significantly in all patients (0 item vs. 0 item, p < 0.001) and MDRO-positive patients (3 items vs. 2 items, p < 0.001) during AMS period. Appropriate antimicrobial de-escalation did not improve significantly during the AMS period since the initial medication has been changed in the AMS group (27.95% vs. 22.3%, p = 0.072). However, when focusing on MDRO-positive patients, there was a significant improvement in the appropriate antimicrobial de-escalation during the AMS period compared to the pre-AMS period (39.66% vs. 20.00%, p = 0.001, Table 5). Furthermore susceptibility of GNB(Gram-Negative Bacilli) isolates to APBLs in AMS period was significantly higher, except cefoperazone-sulbactam (Ceftazidime: 56.3% vs. 71.40%, p = 0.002; Piperacillin/tazobatam: 61.5% vs. 79.40%, p <0.001; Meropenem: 64.90% vs. 81.20%, p <0.001; Imipenem: 65.10% vs. 81.60%, p <0.001; Figure 2).
[image: Figure 2]FIGURE 2 | Anti-pseudomonal beta-lactam susceptibility of Gram-negative Bacilli during pre-antimicrobial stewardship program (AMS) and AMS periods. Overall antimicrobial susceptibility of five common Gram-negative bacilli (Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae complex, Pseudomonas aeruginosa, and Acinetobacter baumannii).
4 DISCUSSION
The neurosurgical ICU accepts only post-neurosurgical patients. Most of these patients had significant intraoperative blood loss, received blood transfusions, and remained unconscious for a long time after operation (Sachdeva et al., 2017). These conditions are independent risk factors for pulmonary infection. Meanwhile, meningitis is one of the main complications following neurosurgery (Li et al., 2016; Iwasaki et al., 2017). According to reports, the incidence ranges from 0.3% to 6.6% (Chen et al., 2014; Ma et al., 2019) and is particularly high in developing countries. Even the incidence of catheter-associated urinary tract infections in the neurosurgical ICU was the third highest among all ICUs, reaching 5.28% (Ma et al., 2019). All of them result in prolonged hospital stays and increased antibiotic usage, which eventually give rise to MDRO. As with all neurosurgical ICUs, our neurosurgical ICU is staffed not only by intensivists, but also by neurosurgeons, who are not good at postoperative management and using antibiotics. Therefore, it is necessary to implemente a comprehensive AMS program in the neurosurgical ICU and there are few related studies.
This study examined the impact of a comprehensive AMS program led by clinical pharmacists on antibiotic utilization, bacterial resistance, and patient outcomes in a neurosurgical ICU. Implementing this comprehensive AMS program demonstrated significant benefits, including reducing broad-spectrum antibiotics (APBLs) use within the neurosurgical ICU setting. Furthermore, it led to a decrease in the detection rate of multi-drug-resistant bacteria.
The use of antibiotics in ICUs is considerable, and studies indicate that up to 70% of ICU patients receive antibiotics (Gruenberg et al., 2006; Park et al., 2017). The average consumption of antibiotics per 1,000 days of hospital stays in ICUs is reported to be 1,563 defined daily doses, three times higher than in normal wards (Bitter et al., 2016). Alarmingly, more than 50% of antibiotics administered in the ICU are deemed inappropriate (Rhodes et al., 2017). Furthermore, over one-third of non-infected patients receive unnecessary antibiotics (Lam et al., 2018; van Someren et al., 2018). Implementing an AMS program has demonstrated the potential to reduce antimicrobial usage in ICUs without increasing mortality rates (Lindsay et al., 2019). These findings are consistent with the conclusions drawn from our study, which revealed a significant decrease in the proportion of empiric treatment with broad-spectrum antibiotics (APBLs) in patients while maintaining a similar mortality rate before and after AMS implementation, despite the difference of the patient severity. Early and aggressive intervention seemed to contribute to disease severity of patients during the AMS period.
The emergence and spread of antimicrobial resistance can be attributed to various factors. However, antibiotic usage is essential in bacterial resistance, particularly when highly potent antibacterial agents with broad-spectrum activity are used over extended periods. Research has consistently demonstrated a correlation between increased piperacillin/tazobactam use and an 8% increased risk of multi-drug-resistant bacteria (Teshome et al., 2019). Furthermore, the use of imipenem has been associated with the development of substantial resistance to bacterial drugs (Armand-Lefèvre et al., 2013). Our study underscores the importance of promoting appropriate de-escalation practices, which can significantly reduce the detection of MDROs and the resistance rate of common clinically relevant Gram-negative bacteria such as Klebsiella pneumoniae, Escherichia coli, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter cloacae, against antimicrobial agents. By effectively administering antibiotics and evaluating their efficacy, we can effectively delay the progression of bacterial resistance. And this improvement continued, half a year after the end of the study, the detection rate of MDRO in neurosurgical ICU was 14.71%. Due to the outbreak of COVID-19 infection in China from January to March 2023, MDRO infections increased. We also collected the detection rate of MDRO in neurosurgical ICU from April to July 2023 was 11.11%, indicating that the detection rate of MDRO had decreased significantly and remained stable. During the same period, GNB maintained a high sensitivity to APBLs (Ceftazidime: 67.57%; Piperacillin/tazobatam: 85.56%; cefoperazone/sulbactam: 77.48%; Meropenem: 89.19%; Imipenem: 89.19%).
Implementing an AMS program in ICUs poses specific challenges. Clinical pharmacists play a crucial role as integral members of the AMS team, and in our case, the AMS director is a clinical pharmacist. Their expertise in pharmacokinetics and pharmacodynamics is essential to accurately adjust antibiotic dosages in ICU patients. Factors such as molecular weight and fat-soluble protein binding properties of drugs influence their distribution within the body and at the site of infection. Individualized administration of antibacterial agents must consider the patient’s organ function, disease severity, source of infection, and other relevant factors (Chua et al., 2022). A study by MacLaren et al. revealed that a shortage of clinical pharmacists in the ICU contributes to increased mortality among infected patients (Maclaren et al., 2008). This emphasizes the importance of having adequate clinical pharmacists available in ICU settings. In our study, pharmacists assisted physicians in making more prescribing adjustments. It indicates that pharmacists can timely assist physicians to adjust individualized drug administration regimen according to the efficacy of anti-infection treatment, tNGS results and TDM results.
Our neurosurgical ICU exhibited relatively lower mortality rates in both groups compared to some previous studys (Lindsay et al., 2019). It is important to note that the neurosurgical ICU exclusively admits patients undergoing neurosurgery. Unlike general ICUs, sepsis, identified as one of the leading causes of mortality (Kashiouris et al., 2019), is rare in the neurosurgical ICU. Therefore, the lower mortality rates observed in our ICU can be attributed to the different disease profiles between the two settings. However, it should be noted that the neurosurgical ICU experiences an increased proportion of patients with intracranial infections, leading to higher overall use of antibacterial agents, as reflected in the DOT metric. Intracranial infection patients typically require a longer antibacterial treatment than those with other infections (Tamma et al., 2021).
Implementing a comprehensive AMS program with limited resources can be a burden. In this study, team members, including clinical pharmacists, dedicated much time to completing the necessary tasks. Clinical pharmacists had to allocate half a day to monitor patients in the neurosurgical ICU, and the time commitment was even more significant when regular meetings were scheduled. A Japanese study has suggested that a once-weekly intervention can effectively reduce the use of carbapenem antibiotics in the ICU (Hagiwara et al., 2018). Therefore, more research is required to assess the optimal frequency of implementing different interventions within AMS, achieving a balance between improving antimicrobial usage and minimizing the workload of medical staff. Furthermore, we only collected information on antimicrobial resistance after AMS to assess the persistence of the AMS program. More data of antimicrobial application should be collected to assess the sustainability of the AMS program.
5 CONCLUSION
Implementing a comprehensive pharmacist-led AMS program in a neurosurgical ICU yielded positive outcomes. The program successfully reduced the use of broad-spectrum antibiotics (APBLs) and increased the susceptibility of Gram-negative bacteria to antimicrobial agents. This achievement highlights the effectiveness of a collaborative approach involving a multidisciplinary team in promoting prudent antimicrobial use and improving patient outcomes within the neurosurgical ICU setting.
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Objective: Postoperative pain management is an important part of surgical pharmacy. Postoperative acute pain services in China are in their initial stages. This survey aimed to investigate the attitudes, involvement, and knowledge of clinical pharmacists in China regarding postoperative acute pain services. The results can provide valuable information to guide clinical pharmacists in developing targeted strategies to improve their postoperative acute pain service capabilities.
Methods: A questionnaire was distributed to the pharmacy departments of 133 grade A tertiary hospitals in Guangdong province, and the responses were collected electronically.
Results: 123 completed questionnaires were collected from clinical pharmacists. Although 95.93% of clinical pharmacists believed they should participate in postoperative pain services, only 62.6% reported substantial involvement. Overall satisfaction with the postoperative pain service was 93.5%. Understanding of non-steroidal anti-inflammatory drugs and opioid analgesics by clinical pharmacists was comparable (p > 0.05). Furthermore, 98.37% of clinical pharmacists desired systematic learning in postoperative pain management, and 40.65% expressed a strong need.
Conclusion: Clinical pharmacists in China demonstrate a positive attitude toward participating in postoperative acute pain services. However, the actual level of involvement was concerning, and the lack of systematic training and well-established work protocols may be contributing factors. Efforts should be made to establish comprehensive and standardized processes and work protocols for postoperative acute pain services and provide systematic and hierarchical professional training to enhance clinical pharmacists’ capabilities in postoperative acute pain services.
Keywords: clinical pharmacists, postoperative acute pain services, multicenter survey, questionnaire survey, surgical pharmacy
INTRODUCTION
Postoperative pain management is one of the key members of surgical pharmacy (Zheng et al., 2020a; Wang et al., 2023; Zheng et al., 2023). Postoperative pain is the acute pain that occurs immediately after surgery. More than 80% of postoperative patients experience acute pain, and more than 75% report moderate to severe pain (Chou et al., 2016). Another study found that up to 59% of postoperative patients reported moderate or severe pain 2 weeks after discharge (Buvanendran et al., 2015). Insufficient control of postoperative pain causes extreme suffering and more postoperative complications but can also lead to chronic pain and significantly affect patient quality of life (Kent et al., 2017). The acute pain service (APS) team (Deni, et al., 2019) and interdisciplinary collaboration (Rockett et al., 2017) are potentially effective approaches to treating postoperative pain. Pharmacists can play a crucial role in multidisciplinary collaboration by participating in APS (Zheng et al., 2020b; Janbakhsh et al., 2022). However, surveys conducted in the United States and Europe show that despite some progress in managing postoperative acute pain, more than half of patients are unsatisfied with their pain control (Gan et al., 2014; Tawfic et al., 2017). One of the reasons for this suboptimal pain management is the low level of expertise among members of the APS team (Erlenwein et al., 2016; Tawfic et al., 2017). A survey conducted in the Netherlands found that only 8% of APS teams had consultants with specialized pain education. A study on acute pain services in Canadian teaching hospitals revealed that only 11.11% of APS teams included pharmacists, and only a small fraction of them had received professional pain education (van Boekel et al., 2015; Tawfic, et al., 2021).
In China, the pain treatment survey focuses mainly on “cancer pain.” Most respondents are physicians and nurses, and there are very few investigations involving clinical pharmacists (Lian et al., 2011; Wu et al., 2023). Medical institutions in China started to provide postoperative acute pain services relatively late, and there is only a small number of clinical pharmacists (surgical pharmacists) specializing in postoperative acute pain services. Clinical pharmaceutical care services for acute postoperative pain are still in the initial stages in China (Liu et al., 2017). In particular, there is currently no large-scale survey on the status of acute pain services of clinical pharmacists in China, resulting in a lack of information on the actual capabilities of clinical pharmacists to provide postoperative APS. This study explored attitudes, behaviors, and professional knowledge about acute postoperative pain management among clinical pharmacists in tertiary grade A hospitals (highest level) in Guangdong province through a questionnaire survey. The information collected can guide surgical pharmacists to develop targeted strategies to provide postoperative APS.
MATERIALS AND METHODS
The setting of the survey and participants
The survey was conducted in Guangdong province, China. Guangdong province spans 178,000 square kilometers, approximately matching the combined land area of Greece and the Netherlands. At the end of 2022, the province had a population of 126.568 million permanent residents. Remarkably, its gross domestic product (GDP) stood at 19.9 trillion United States dollars, just shy of Italy’s GDP, which reached 20.1 trillion United States dollars within the same period. In particular, Guangdong province occupies the position of China’s premier economy and is in the third rank regarding medical standards (Guangdong Provincial Bureau of Statistics and National Bureau of Statistics Guangdong Survey Team, 2022).
The survey was conducted between January and December 2022 using an electronic questionnaire (Questionnaire Star APP). The Guangdong Pharmaceutical Association sent invitation letters and survey questionnaires to pharmacy departments of 133 member institutions (medical facilities) in Guangdong province, all of which have a tertiary grade-A qualification. Each medical institution was asked to have a clinical pharmacist involved in managing perioperative pain medications to complete the survey questionnaire. Inclusion criteria were clinical pharmacists who 1) hold a valid hospital pharmacist qualification certificate, 2) provide pharmaceutical care services related to pain medication management, and 3) volunteer to participate in survey research. Those who did not respond to all survey questions were ineligible and excluded from participation. The study was approved by the Ethics Committee of the Second Hospital of Guangzhou Medical University (approval date 12 November 2021, approval number 2021-ks-21).
The questionnaire
The research was carried out by a survey team of clinical pharmacists, pain specialists, and surgeons. The team formulated the questionnaire through the following methodologies: 1) an extensive review of the pertinent literature, including guidelines and expert consensus on perioperative pain medication management and pharmaceutical care services; 2) a preliminary survey conducted among clinical pharmacists within their respective hospitals, focusing on pain medication management, followed by a comprehensive analysis of the survey findings; and 3) building on the insights gained from the previous steps, the team engaged in internal research discussions, culminating in the creation of the “Special Survey Questionnaire for Surgical Pharmacy Analgesia.”
The questionnaire has 11 questions and is structured into four sections. Part 1 (3 questions) collects general information, including practice location, education, and professional title. Part 2 (2 questions) explores clinical pharmacists’ attitudes on managing postoperative acute pain. Part 3 (3 questions) evaluates the degree of involvement of clinical pharmacists in postoperative acute pain management. Part 4 (3 questions) examines pharmacist knowledge about postoperative acute pain medications.
Statistical analysis
Statistics were performed using SPSS 25.0 software. Categorical data are presented with numbers and percentages. χ2 test was used to compare the differences between the groups. P < 0.05 was considered statistically significant.
RESULTS
Survey part 1: information on survey participants
The survey received responses from 123 medical institutions (clinical pharmacists), resulting in 123 valid questionnaires with a response rate of 92.48%. The survey included all 21 cities at the prefecture level within Guangdong province with most responses came from Guangzhou, Shenzhen, Foshan, Zhuhai, and Dongguan. Among the 123 clinical pharmacists, 70 (56.91%) had a bachelor’s degree, 42 (34.15%) had a master’s degree, and 11 (8.94%) had a doctoral degree. Regarding professional titles, 96 individuals (78.05%) held senior titles, 25 (20.33%) held intermediate titles, and 2 (1.62%) held junior titles.
Survey part 2: attitudes of clinical pharmacists on managing postoperative acute pain
The second segment of the survey consists of two questions. Question 1 concerns the importance of involving clinical pharmacists in postoperative acute pain services with four response levels: “very necessary,” “relatively necessary,” “necessary,” and “optional.” Question 2 addresses the degree of demand for clinical pharmacists in terms of systematic learning about acute postoperative pain management with four response levels: “very needed,” “relatively needed,” “needed,” and “optional.”
Regarding the importance of involving clinical pharmacists in postoperative acute pain services, 61 (49.59%) respondents chose very necessary, 27 (21.95%) chose relatively necessary, 30 (24.39%) chose necessary, and 5 (4.07%) selected optional. There were no significant differences in the degree of involvement between the pharmacist’s educational level (χ2 5.96, p = 0.428) and the professional title (χ2 5.097, p = 0.531). Details are shown in Table 1.
TABLE 1 | Responses on the importance of involving clinical pharmacists in postoperative acute pain services.
[image: Table 1]Regarding the degree of demand for clinical pharmacists in terms of systematic learning of acute postoperative pain management, 50 (40.65%) participants chose very needed, 31 (25.20%) chose relatively needed, 40 (32.52%) chose needed, and 2 (1.63%) selected optional. There were no significant differences in the degree of demand between the pharmacist’s educational level (χ2 5.122, p = 0.528) and the professional title (χ2 10.628, p = 0.099). Table 2 shows the detailed results.
TABLE 2 | Responses on the degree of demand for clinical pharmacists in terms of systematic learning about acute postoperative pain management.
[image: Table 2]Survey part 3: the degree of involvement of clinical pharmacists in postoperative acute pain management
The third section of the survey has three questions. Question 1 concerns the level of participation of clinical pharmacists in APS with five response levels: “fully participated,” “moderately participated,” “generally participated,” “hardly participated,” and “no participation.” The second question addresses the degree of pharmacy education on pain medications for postoperative patients with five response levels: “education for all patients (>90%),” “education for most patients (70%–90%),” “education for some patients (20%–50%),” “education for a few patients (<20%),” and “no education.” Question 3 asks about the satisfaction of clinical pharmacists providing postoperative APS in their medical institutions with five response levels: “very satisfied,” “quite satisfied,” “satisfied,” “dissatisfied,” and “very dissatisfied.”
Regarding the level of participation of clinical pharmacists in APS, 14 participants (11.38%) chose fully participated, 33 (26.83%) chose moderately participated, 30 (24.39%) chose generally participated, 43 (34.96%) chose hardly participated, and 3 (2.44%) selected no participation. There were no significant differences in the level of participation between the pharmacist’s educational level (χ2 8.632, p = 0.374) and the professional title (χ2 3.263, p = 0.917). Details are shown in Table 3.
TABLE 3 | Responses on the degree of involvement of clinical pharmacists in postoperative acute pain services.
[image: Table 3]Regarding the degree of pharmacy education on pain medications for postoperative patients, 7 individuals (5.69%) chose education for all patients, 22 (17.89%) selected education for most patients, 61 (49.59%) chose education for some patients, 29 (13.58%) chose education for a few patients, and 4 (3.25%) selected no education. There were no significant differences in the degree of pharmacy patient education between the pharmacist educational level (χ2 6.861, p = 0.552). However, there were significant differences in the degree of pharmacy patient education between the pharmacist’s professional title (χ2 17.652, p = 0.024). Table 4 shows the detailed results.
TABLE 4 | Responses on the degree of pharmacy patient education on pain medications for postoperative patients.
[image: Table 4]Regarding the satisfaction of clinical pharmacists with postoperative APS in their medical institutions, 15 individuals (12.20%) chose very satisfied, 48 (39.02%) chose quite satisfied, 52 (42.28%) chose satisfied, 5 (4.07%) chose dissatisfied, and 3 (2.44%) selected very dissatisfied. There were no significant differences in the degree of satisfaction between the pharmacist’s educational level (χ2 6.672, p = 0.572). However, there were significant differences in the degree of satisfaction between the pharmacist’s professional title (χ2 23.405, p = 0.003). Table 5 shows the detailed results.
TABLE 5 | Responses on the satisfaction of clinical pharmacists with the postoperative APS in their respective medical institutions.
[image: Table 5]Survey part 4: pharmacist knowledge of postoperative acute pain medications
The fourth section of the survey has three questions. Question 1 assesses the knowledge of preferred analgesics for postoperative patients with three choices: “non-steroidal anti-inflammatory drugs (NSAIDs),” “weak opioid analgesics,” or “potent opioid analgesics,” Question 2 asks clinical pharmacists about their proficiency in the use of NSAIDs for postoperative acute pain with four response levels: “very familiar,” “quite familiar,” “basically familiar,” and “not familiar.” Question 3 asks about the proficiency of clinical pharmacists in the use of opioid analgesics for acute postoperative pain with four response levels: “very familiar,” “quite familiar,” “basically familiar,” and “not familiar.”
Regarding the knowledge of clinical pharmacists about the preferred analgesics for postoperative patients, 104 participants (84.55%) chose NSAIDs, 14 (11.38%) chose weak opioid analgesics, and 5 (4.07%) chose potent opioid analgesics. Table 6 shows the detailed results.
TABLE 6 | Responses on the preferred analgesics for postoperative patients.
[image: Table 6]Regarding the clinical pharmacists’ proficiency in the use of NSAIDs for acute postoperative pain, 18 (14.63%) participants chose very familiar, 57 (46.34%) chose quite familiar, 46 (37.40%) chose basically familiar, and 2 (1.63%) selected not familiar. There were no significant differences in the proficiency level between the pharmacist’s educational level (χ2 3.197, p = 0.784) and the professional title (χ2 4.953, p = 0.550). Table 7 shows the detailed results.
TABLE 7 | Responses on the clinical pharmacists’ proficiency in the use of NSAIDs for postoperative acute pain.
[image: Table 7]Regarding clinical pharmacist’s ability to use opioid analgesics for acute postoperative pain, 16 (12.01%) participants chose very familiar, 52 (42.28%) chose quite familiar, 51 (41.41%) chose basically familiar, and 4 (3.25%) selected not familiar. There were no significant differences in the proficiency level between the pharmacist’s educational level (χ2 4.844, p = 0.564). However, there were significant differences in the proficiency level between the pharmacist’s professional title (χ2 15.650, p = 0.016). Table 8 shows the detailed results.
TABLE 8 | Responses on the clinical pharmacists’ proficiency in the use of opioid analgesics for postoperative acute pain.
[image: Table 8]When comparing pharmacist proficiency levels in using NSAIDs and opioid analgesics for acute postoperative pain, no significant differences were found (χ2 1.271, p = 0.736).
DISCUSSION
Postoperative acute pain is a common occurrence that frequently triggers panic among patients. To effectively manage acute postoperative pain, experts, both nationally and internationally, recommend the active participation of clinical pharmacists. Despite this recommendation, there is limited research on the attitudes, behaviors, and knowledge of clinical pharmacists about acute postoperative pain services, and there is a noticeable lack of relevant surveys conducted in China. This study aimed to bridge this knowledge gap by conducting a survey that received responses from 123 tertiary grade A hospitals, representing approximately 85.42% of the total hospitals in Guangdong province. A total of 123 questionnaires were collected from clinical pharmacists, all with bachelor’s degrees or higher. Furthermore, 43.09% of the respondents had a graduate degree. All participants had pharmacist qualification certificates, with 78.05% holding senior professional titles. The high educational and professional qualifications demonstrated by the pharmacists surveyed are consistent with the overall distribution and educational background of clinical pharmacists in China (Cui et al., 2018). This valuable survey sheds light on the current state of clinical pharmacist participation in managing acute postoperative pain in China, providing a basis for future research and improvements in pain management practices.
The survey findings on the attitude toward postoperative pain management among clinical pharmacists yielded encouraging results. An overwhelming majority, 95.93%, believed they should participate in postoperative pain services. In particular, almost half of the respondents (49.59%) considered it very necessary to be involved in acute postoperative pain management, highlighting their recognition of the importance of their role in this area. The survey also did not show significant differences in attitudes based on educational background or professional titles of pharmacists, indicating a proactive and unified position among clinical pharmacists. The literature has increasingly emphasized the role of clinical pharmacists in postoperative pain management (McGonigal et al., 2017; Coulson and Kral, 2020). Collaborating closely with physicians and nurses, clinical pharmacists are pivotal in developing personalized postoperative pain management plans, leading to more comfortable postoperative acute pain treatment for patients (Wang et al., 2023).
Furthermore, the survey revealed that most clinical pharmacists (98.37%) expressed interest in acquiring systematic knowledge on postoperative pain management. A substantial portion (40.65%) expressed a strong interest in such educational opportunities, implying that the available resources in this area are insufficient to meet their professional needs. Providing comprehensive and specialized training is imperative while implementing the appropriate and pertinent management systems to address this issue. This would empower clinical pharmacists to improve their knowledge of postoperative pain management within tertiary hospitals in China (Sun et al., 2022).
Clinical pharmacists play a crucial and multifaceted role in postoperative pain management, including various essential tasks, such as pain management education, pain assessment, developing analgesic plans, monitoring treatment effectiveness, and detecting adverse reactions (Xie et al., 2023). This survey revealed that 62.6% of clinical pharmacists participated relatively well in postoperative pain management (fully, moderately, and generally participated). However, 37.4% indicated lower levels of participation (hardly participated or no participation), and no significant differences were observed based on pharmacist educational background or professional titles. This suggests that the level of involvement is consistent between different groups of clinical pharmacists. Unlike the substantial percentage of clinical pharmacists (95.93%) who expressed their willingness to participate in pain management according to the attitude survey, the actual participation of clinical pharmacists was less pronounced. This variance could be attributed to certain clinical pharmacists who have not received comprehensive training in APS, resulting in uncertainty about their practical participation in postoperative pain management tasks.
When providing patient education, the most common practice was “for some patients” (49.59%). In contrast, the percentages for “all patients” and “for most patients” were comparatively lower (5.69% and 17.89%, respectively), highlighting a certain degree of limited coverage in pain management education. However, it is crucial to recognize that most clinical pharmacists remain actively involved in patient education about pain management, with only a minority (3.25%) indicating no educational efforts. This underscores its deliberate and proactive commitment to providing pharmaceutical education about pain to patients.
Based on the satisfaction survey, a significant majority (93.5%) of clinical pharmacists expressed general satisfaction with the postoperative pain management practices within their respective medical institutions. However, there were significant differences in satisfaction levels among pharmacists with different professional titles. This disparity implies that pharmacists with lower professional titles may have inadequate pharmaceutical care capabilities, leading to suboptimal education and outcomes in pain management for this group. To address this challenge and ensure the quality and equitable provision of pain management services, it becomes imperative to prioritize efforts to enhance the pharmaceutical care capabilities of pharmacists with lower professional titles. A practical approach lies in implementing standardized training programs accessible to all clinical pharmacists, regardless of their credentials (Engle et al., 2019; Tian et al., 2021; Babu et al., 2023). The Guangdong Pharmaceutical Association has taken positive steps to promote the introduction of the concept of surgical pharmacy. This initiative involves providing systematic training to surgical pharmacists and exploring the standardization and professionalization of surgical pharmacy services (Xie et al., 2023). Through extensive and specialized training, pharmacists with lower qualifications can acquire the knowledge and skills necessary to improve their postoperative pain management performance. This standardized training methodology has the potential to bridge educational and satisfaction gaps observed among clinical pharmacists with different qualifications. Ultimately, this will lead to a more uniform and elevated level of patient care in various medical institutions.
This survey evaluated the knowledge of clinical pharmacists about the medications used in postoperative pain treatment. The key findings are as follows. Regarding the preferred choice for postoperative pain management, 84.55% of pharmacists opt for NSAIDs, which are recommended by national and international guidelines (Chou et al., 2016). This result indicates that most pharmacists made well-informed decisions, demonstrating a solid grasp of the recommended treatment approach. Clinical pharmacists exhibited a commendable understanding of both NSAIDs and opioid analgesics. Only a tiny fraction of pharmacists (1.63% and 3.25%, respectively) were unfamiliar with these drug categories.
Interestingly, the survey results pointed out that junior pharmacists had a lower understanding of opioid analgesics compared to their more experienced counterparts. To address this knowledge gap, focused training programs should be implemented to improve the understanding of junior pharmacists about opioid analgesics. This targeted approach could promote a more uniform and comprehensive knowledge level among all clinical pharmacists. Clinical pharmacists’ understanding of NSAIDs and opioid analgesics was comparable, and their proficiency in applying these two types of drugs remained consistent (Chen et al., 2018; Boren et al., 2019). This indicates competence and willingness to use these medications judiciously for postoperative pain management.
This study has several limitations. First, although the survey covered all cities at the prefecture level in Guangdong province, the distribution of tertiary hospitals was not uniform. The survey population was predominantly concentrated in economically developed areas such as Guangzhou and Shenzhen, which could affect the generalizability of the findings to other regions with distinct socioeconomic and healthcare characteristics. The survey has a small sample size. A larger sample size would have produced a more robust representation of the clinical pharmacist community. Furthermore, this research was limited to Guangdong province, renowned for its high economic status and the ranking of medical care in China. Therefore, the findings may not fully reflect the national landscape of postoperative pain management practices, especially in areas with different economic and healthcare contexts.
CONCLUSION
Clinical pharmacists in China exhibit a high level of enthusiasm for the management of acute postoperative pain. The lack of systematic training and the absence of well-established and standardized work protocols, both domestically and internationally, have presented challenges in implementing comprehensive pain management services. Future efforts should focus on providing specialized training and developing standardized protocols and promoting surgical pharmacy to improve clinical pharmacist participation in postoperative pain management.
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Objective: Rhabdomyolysis is a potentially fatal adverse reaction mostly triggered by certain medications. Few real-world studies have shown a clear association between newer-generation anti-seizure medications (ASMs) and rhabdomyolysis. We sought to quantify the risk and evaluate the clinical features and management of rhabdomyolysis associated with newer-generation ASMs.
Methods: Data were retrieved from the US FDA Adverse Event Reporting System database (FAERS) from 2018 to 2022 on newer-generation ASMs to identify rhabdomyolysis events, and disproportionality analyses were conducted by estimating the reporting odds ratios (RORs) and corresponding 95% confidence intervals (CIs). Furthermore, case reports from 2012 to 31 December 2022 on newer-generation ASMs-induced rhabdomyolysis were retrieved for retrospective analysis.
Results: A total of 1,130 rhabdomyolysis reports from the FAERS database were considered. Levetiracetam had the greatest proportion and the highest positive signal values of rhabdomyolysis. The RORs (95% CIs) for newer-generation ASMs were, in descending order, levetiracetam 8.01 (7.26–8.84), lamotrigine 3.78 (3.25–4.40), oxcarbazepine 3.47 (2.53–4.75), pregabalin 2.75 (2.43–3.12), lacosamide 1.85 (1.29–2.65), topiramate 1.64 (1.25–2.15), and gabapentin 1.32 (1.13–1.55). Twenty-six case reports showed evidence of rhabdomyolysis, and levetiracetam (65.4%) was the most frequently reported agent. The median age was 32 years; typical initial symptoms included muscle weakness (34.8%), myalgia (34.8%), backache (17.4%), fatigue (13.0%) and leg pain (8.7%). The median time to onset of rhabdomyolysis was 2 days. All cases had elevated creatine phosphokinase (CPK), and some cases were accompanied by elevated creatinine (57.1%) and myoglobinuria (53.8%). Cessation of ASMs could lead to complete clinical remission. The median time for creatine phosphokinase (CPK) normalization was 8 days.
Conclusion: This study identified 7 newer-generation ASMs with significant rhabdomyolysis reporting associations. Prescribers should be more aware of this risk and teach patients to recognize rhabdomyolysis signs/symptoms early.
Keywords: newer-generation anti-seizure medications, rhabdomyolysis, FAERS database, adverse drug reaction, drug safety
INTRODUCTION
Rhabdomyolysis is an acute muscle disorder caused by a rapid breakdown of the integrity of skeletal muscle cells, accompanied by the release of electrolytes and muscle cell contents into the blood, causing cellular dysfunction (Cabral et al., 2020). Rhabdomyolysis usually results from traumatic or nontraumatic injury to skeletal muscle and can occur in all age groups and both sexes (Cervellin et al., 2017). The typical signs and symptoms of rhabdomyolysis are called the classic triad: acute or subacute myalgia, muscle weakness mostly in the proximal lower limbs and dark tea-coloured urine (Cervellin et al., 2010). However, more than 50% of patients do not have muscle pain or weakness, and fewer than 10% of patients present with a full triad (Bosch et al., 2009). Clinical manifestations vary from a subclinical elevation of serum creatine phosphokinase (CPK), lactate dehydrogenase (LDH), and aspartate aminotransferase (AST) to severe electrolyte imbalance, cardiac arrhythmia, acute renal failure and disseminated intravascular coagulation (DIC), which depend on the extent of muscle damage (Cabral et al., 2020). A survey indicated that rhabdomyolysis is at least 5 times more likely to be the result of a nontraumatic than traumatic factor (Watson et al., 2014), and drugs are one of the most common causes of rhabdomyolysis in adults. The drugs most often suspected on inducing rhabdomyolysis are statins, fibrates, psychotropic substances, antibiotics and certain herbs (Hohenegger, 2012; Torres et al., 2015). Rhabdomyolysis caused by antiepileptic drugs has become an issue in recent years, although it is still a rare event (Siniscalchi et al., 2021).
Over the past 3 decades, numerous anti-seizure medications (ASMs) with different mechanisms of action have been introduced with the aim of providing better efficacy or safety profiles than the previous drugs, and the older-generation ASMs are increasingly being replaced by the newer-generation ASMs such as levetiracetam, lamotrigine, gabapentin, oxcarbazepine, lacosamide, topiramate, and zonisamide. Research has revealed that the newer generation of ASMs have advantages in terms of drug‒drug interactions, pharmacokinetics and teratogenicity and offer valuable individualized options for the treatment of epilepsy (Chen et al., 2020). Growing evidences from case reports and reviews have suggested that these drugs are associated with rhabdomyolysis (Jiang et al., 2016). However, limited real-world data are available regarding complications related to the newer-generation ASMs-induced rhabdomyolysis, suggesting that this adverse event (AE) may be a neglected risk in therapy with these agents.
In the present study, we searched for signals in the FDA Adverse Event Reporting System (FAERS) database and described the clinical characteristics, management, and prognosis of rhabdomyolysis in patients after newer-generation ASMs therapy in real-life settings, with the goal of raising clinicians’ awareness of this adverse effect and increasing its early diagnosis.
MATERIALS AND METHODS
Study design
In this study, a retrospective, disproportionality, pharmacovigilance study was conducted. Data were collected from the publicly released FAERS database on the FDA website from 2018 Quarter 1 (Q1) to 2022 Q3 to assess the risk of rhabdomyolysis from different newer-generation ASMs in a large population. More recent data were chosen because the epidemiology of rhabdomyolysis is changing constantly. Duplicate reports were removed by case number, with only the most recently submitted version included. Reports containing drugs that were administered by oral, intramuscular, subcutaneous, intravenous, and parenteral routes were included, while other routes of administration were excluded.
Drug exposure and adverse drug reaction definition
The AEs of newer-generation ASMs were encoded by the preferred terms (PTs) in the Medical Dictionary for Regulatory Activities 24.0 (MedDRA). We only used the MedDRA PT “rhabdomyolysis” to identify relevant cases. Other terms, such as “myalgia” and “creatine phosphokinase increased,” were not used because these terms do not guarantee rhabdomyolysis. The newer-generation ASMs were selected from the Drugs@FDA Database and were identified by generic and brand names. Drugs are assigned a role (primary suspect, secondary suspect, concomitant, interacting) by the person reporting the adverse drug reaction (ADR). The newer-generation ASMs which fewer than three rhabdomyolysis ADR reports were excluded from the data analysis.
Pharmacovigilance study
Disproportionality analysis was employed to detect safety signals by using the reporting odds ratio (ROR). When a target drug is more likely to induce a target AE than all other drugs, it will typically obtain a higher score due to a higher disproportionality. The equations and criteria for the algorithm are shown in Supplementary Table S1. A reporting association was considered to be statistically significant if the lower limit of the 95% CI was >1.0. All data processing and statistical analyses were performed using MySQL 8.0, Navicat Premium 15, Microsoft Excel 2022, and GraphPad Prism 8 (GraphPad Software, CA, United States).
Descriptive study
A comprehensive search of multiple electronic databases, including PubMed, Embase, Wanfang, China National Knowledge Infrastructure (CNKI) and China Biology Medicine Disc (CBMdisc), from January 2012 to December 2022 regarding newer-generation ASM-induced rhabdomyolysis was conducted, with no language restrictions. The search terms were “levetiracetam,” “lamotrigine,” “pregabalin,” “gabapentin,” “lacosamide,” “topiramate,” “oxcarbazepine,” “perampanel,” “brivaracetam,” “rufinamide,” “rhabdomyolysis,” “myalgia” and “creatine phosphokinase”. We included case reports and excluded preliminary studies, mechanistic studies, animal studies, reviews, duplicate literature and articles with no available full text. Two reviewers searched the literature and collected data independently. Clinical characteristics including age, sex, region of patients, indication, medical history, time to onset, clinical manifestations, laboratory features, treatment and prognosis with newer generation induced rhabdomyolysis were collected. The time to onset of target rhabdomyolysis was defined as from the date of initiation of the antiepileptic drugs to the onset of target rhabdomyolysis data.
RESULTS
Newer-generation ASMs-associated rhabdomyolysis in the FAERS database
From January 2018 to September 2022, a total of 261,586 newer-generation ASMs-associated AEs were recorded in the FAERS database, among which 1,142 were for rhabdomyolysis. Levetiracetam was the most reported drug in rhabdomyolysis cases (n = 421, 36.9%), followed by pregabalin (n = 255, 22.3%), lamotrigine (n = 171, 15.0%), gabapentin (n = 162, 14.2%), topiramate (n = 52, 4.6%), oxcarbazepine (n = 39, 3.4%), lacosamide (n = 30, 2.6%), perampanel (n = 4, 0.4%), zonisamide (n = 4, 0.4%), brivaracetam (n = 3, 0.3%) and rufinamide (n = 1, 0.1%). The reported clinical characteristics of the primary suspected drugs are described in Table 1.
TABLE 1 | Main characteristics of primary suspect cases of rhabdomyolysis induced by newer-generation ASMs in FAERS.
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Rhabdomyolysis signals for the newer-generation ASMs under the criteria of the ROR are summarized in Table 2. Seven newer-generation ASMs with 1,130 cases involved have been identified as having significant reporting associations with rhabdomyolysis. Levetiracetam had the strongest statistical association with the highest positive signal values of rhabdomyolysis, accounting for 1.14% of all levetiracetam-related reports. Rhabdomyolysis RORs (95% CI) for all newer-generation ASMs were in descending order: levetiracetam 8.01 (7.26–8.84), lamotrigine 3.78 (3.25–4.40), oxcarbazepine 3.47 (2.53–4.75), pregabalin 2.75 (2.43–3.12), lacosamide 1.85 (1.29–2.65), topiramate 1.64 (1.25–2.15), and gabapentin 1.32 (1.13–1.55) (Figure 1).
TABLE 2 | Counts of rhabdomyolysis with associated ROR for newer-generation ASMs from the FAERS Database.
[image: Table 2][image: Figure 1]FIGURE 1 | Newer-generation anti-seizure medications (ASMs) and rhabdomyolysis, reporting odds ratios.
Descriptive analysis
We identified 26 case reports of rhabdomyolysis induced by newer-generation ASMs, with 26 patients included (10 males and 16 females) (Kaufman and Choy, 2012; Gunathilake et al., 2013; Akiyama et al., 2014; Isaacson et al., 2014; Spengler et al., 2014; Incecik et al., 2016; Karaoulanis et al., 2016; Kato et al., 2016; Ramon et al., 2016; Singh et al., 2016; Choi et al., 2017; Coupal et al., 2017; Di Lorenzo and Li, 2017; Kubota et al., 2017; Shahbaz et al., 2017; Matsudaira et al., 2018; Mena-Martin et al., 2018; Rastogi et al., 2018; Rota et al., 2018; Qiu et al., 2019; Thomas et al., 2019; Aslan et al., 2020; Ghosh et al., 2020; Moinuddin, 2020; Alshehabi et al., 2022; Boucher et al., 2022) (Table 3). All the studies were published in English and originated from the following regions: 10 cases from South America, 10 cases from Asia, 5 cases from Europe and 1 case from Oceania. The median age of these patients was 32 years (range 13–75 years), and the majority of patients were between 19 and 50 years old (69.2%), with 3 patients (11.6%) less than 18 years old. Among the newer-generation ASMs, levetiracetam (17 cases, 65.4%) was associated with the highest risk of rhabdomyolysis, followed by gabapentin (4 cases, 15.4%), pregabalin (3 cases, 11.6%), lamotrigine (1 case, 3.8%) and lacosamide (1 case, 3.8%). The concomitant disease was described in 6 cases, including anxiety/depression/schizophrenia (4 cases, 66.7%), hyperlipidemia (4 cases, 66.7%) and hypertension (3 cases, 50.0%). Fourteen patients were taking combinations of medications: other types of ASMs in 6 patients, anti-anxiety/anti-depression drugs in 5 patients, sedatives and hypnotics, cardiovascular drugs and analgesic drugs in 4 patients each. The median time of symptom onset was 2 days (range 1–30 days), with 10 cases (41.7%) occurring within 24 h and 6 cases (25.0%) occurring between 1 and 3 days. The Naranjo scale categorized the probability of newer-generation ASM-induced rhabdomyolysis in the 26 included studies was: 22 cases (84.6%) were classified as probable, 3 cases (11.6%) as possible, and 1 case (3.8%) as doubtful (Table 4).
TABLE 3 | Newer-generation ASMs related rhabdomyolysis-summary of case reports.
[image: Table 3]TABLE 4 | Summary of demographic features of patients with rhabdomyolysis induced by newer-generation ASMs.
[image: Table 4]Clinical symptoms were described in 23 patients. Muscle weakness (34.8%), myalgia (34.8%), backache (17.4%), fatigue (13.0%) and leg pain (8.7%) were common symptoms in patients with rhabdomyolysis, while 39.1% of the patients had no symptoms. All 26 included patients had elevated creatine phosphokinase (CPK) levels. The median CPK level was 15,461 U/L (range 747–921672 U/L), and the median peak time of CPK was 5 days (range 1–30 days) after administration of the antiepileptic drug. Elevated lactate dehydrogenase (LDH) was reported in 5 patients, with a median value of 1,172 U/L (309–2,200 U/L), and serum myoglobin was elevated in 7 patients with a median value of 228 ng/mL (78–20,000 ng/mL). Twelve patients had renal injury with significantly elevated creatinine out of the 21 patients in whom creatinine was measured (57.1%), while 42.9% had normal creatinine levels. Urine testing was reported in 13 patients, with 9 (69.2%) experiencing myoglobinuria. All 26 included patients stopped the suspected causative drug immediately after developing rhabdomyolysis, 1 of whom underwent continuous renal replacement and 2 had haemodialysis, 88.5% of whom were without further treatment, and all cases achieved resolution of symptoms and complete remission. The time to normalization of CPK was between 3 and 38 days, with 11 patients (50.0%) normalizing within 7 days and 7 patients normalizing between 8 and 14 days. The median time to normalization of CPK was 8 days (range 3–38 days) (Table 5).
TABLE 5 | Clinical information with rhabdomyolysis induced by newer-generation ASMs.
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To the best of our knowledge, this is the largest real-life comparative study reporting rhabdomyolysis after treatment with newer-generation ASMs along with a supportive disproportionality analysis. We performed analysis of the last 57 months of FAERS data and identified 7 newer-generation ASMs that had significant reporting associations with rhabdomyolysis. We found that levetiracetam had the greatest proportion of rhabdomyolysis events, with the highest positive signal values. The other newer-generation ASMs with rhabdomyolysis reports included lamotrigine, oxcarbazepine, pregabalin, lacosamide, topiramate, and gabapentin. In the descriptive analysis, levetiracetam was the most frequently reported potential agent for rhabdomyolysis as well, accounting for 65.4% of all cases included. Currently, only pregabalin lists rhabdomyolysis as a possible adverse reaction in its package insert. Our findings are clinically relevant because they will be helpful to improve clinicians’ awareness, increase early diagnosis and guide clinical treatment of newer-generation ASM–induced rhabdomyolysis. In addition, we provide separate analyses of initial symptom onset, laboratory features, treatment, outcomes, and prognosis, which had not been done in previous studies. By collecting medical records from published case reports involving newer-generation ASM-associated rhabdomyolysis, we found that muscle weakness, myalgia, backache, fatigue and leg pain were the most common symptoms, which were often accompanied by elevated CPK, LDH, creatinine, and serum myoglobin. Therefore, it is recommended that patients with muscle weakness, myalgia, or pain be alerted to the possibility of rhabdomyolysis and undergo regular laboratory tests during newer-generation ASM treatment.
We observed that newer-generation ASMs can cause rhabdomyolysis early in treatment, with a median onset time of 2 days (range 1–30 days), and approximately 66.7% of the included cases occurred within 3 days, indicating that suspicious symptoms and laboratory indicators associated with rhabdomyolysis should be monitored early in treatment in particular. The timing of the onset of rhabdomyolysis varied depending on the type of medication involved. A previous post-marketing analysis from the FAERS data raised a safety signal detecting 48 reports of LEV-induced rhabdomyolysis from 2004 to 2015, which had a median time to onset of a few days (Carnovale et al., 2017). This interval is comparable to that of rhabdomyolysis induced by other drugs, such as antibiotics, particularly quinolone (Bouchard et al., 2019), but shorter than in paradoxical cases reported with statins (Vinci et al., 2021), with which it occurs within a few weeks to months. There was one report of a 36-year-old male who took levetiracetam for 2 years before rhabdomyolysis onset, whom we did not include in the calculation of the median onset time to avoid negative skewing of the results (Alshehabi et al., 2022). It should be noted that the intake of high doses of ASMs can be the cause of myotoxicity. We observed that three of the four patients on gabapentin therapy developed rhabdomyolysis immediately after the dose increased, and 2 patients exceeded the maximum dosage recommended by the package insert. Considering the limited number of cases here, the relationship between the occurrence of rhabdomyolysis and the daily dose of newer-generation ASMs needs to be further confirmed by prospective studies. In addition, we observed that 4 patients took combination therapies that may cause rhabdomyolysis, including statins (3 cases) and azithromycin (1 case) (Kato et al., 2016). Rhabdomyolysis is known to be a common adverse effect of statins. Of the three patients who took statins as concomitant therapy, two patients took statins for a longer period (Gunathilake et al., 2013; Qiu et al., 2019), and one patient developed myalgia symptoms after 4 days of statin and increased dose of gabapentin for 1 day. In this case, both statins and gabapentin may have been responsible for his rhabdomyolysis (Kaufman and Choy, 2012).
It remains difficult to demonstrate whether certain ASMs are triggering factors or happen to be present in rhabdomyolysis cases. In some cases of rhabdomyolysis, drug interactions may have played a potential role due to either altered bioavailability and/or decreased clearance (Duncan and Howden, 2017). Proton pump inhibitors (PPIs) can inhibit the cytochrome P450 enzyme system and increase the bioavailability of statins to increase the risk of statin-related rhabdomyolysis (Clark and Strandell, 2006). However, in vitro studies of pregabalin, gabapentin, and levetiracetam have shown that they do not inhibit drug metabolism and have low plasma protein binding rates, meaning they rarely interact with other drugs. Lamotrigine also showed no evident hepatic enzyme induction and had no correlation with drugs metabolized by cytochrome P450 enzymes. Therefore, we tend to believe that the newer-generation ASMs themselves act as triggering factors for rhabdomyolysis, after ruling out possible drug interactions. It is worth noting that genetic polymorphisms relevant to pharmacokinetics (e.g., in drug receptors, transporters and metabolizing enzymes) and pharmacodynamics predispose patients to myopathy. It has been validated that polymorphisms in the SLCO1B1 gene, which encodes the protein responsible for hepatic uptake of statins, and the COQ2 gene, which encodes an enzyme involved in the synthesis of coenzyme Q10, are strongly associated with statin-induced myopathy (Needham and Mastaglia, 2014). Recently, new ASMs that have been investigated in populations across the world and found to be significantly affected by metabolic enzymes and their genetic polymorphisms include lamotrigine, oxcarbazepine and levetiracetam (Zhao and Meng, 2022). Unfortunately, there is no clear evidence for the relationship between genetic polymorphisms affecting new AEDs and rhabdomyolysis. In the future, investigating genetic factors predisposing to AED-induced rhabdomyolysis might act as the first step towards pharmacogenomic screening to identify at-risk individuals.
The mechanism by which certain ASMs can cause rhabdomyolysis have not been illustrated. In recent years, some studies have used machine learning methods to establish quantitative structure-activity relationship models. Based on the chemical structure information of drugs, the model can well predict drug-induced rhabdomyolysis and its severity, which suggests that the drugs causing rhabdomyolysis might have specific chemical structure (Cui et al., 2019; Zho et al., 2021). It provides a reasonable explanation for different types of newer-generation ASM-associated rhabdomyolysis. The exploration of molecular mechanisms targeting these specific chemical structures will help us to accurately discover the pathogenesis of their muscular toxicity. As for the molecular mechanism, LEV was reported to bind specifically with the SV2A protein, which is a membrane protein specifically expressed in synaptic vesicles and causes neuronal inhibition (Tokudome et al., 2018). However, SV2A was shown to be selectively localized in motor nerve terminals on slow (type I and small type IIA) muscle fibres in mice as well. The receptor present in the muscle fibres may suggest a mechanism for LEV-induced rhabdomyolysis (Chakkalakal et al., 2010). In addition, some research suggests that ferroptosis is a key causative factor in a variety of skeletal muscle diseases, including sarcopenia, rhabdomyolysis, rhabdomyosarcoma, and exhaustive exercise-induced fatigue (Wang et al., 2022). Discovered that ferroptosis serves as a mechanism in statin-induced myopathy. Among four candidates investigated, including atorvastatin, lovastatin, rosuvastatin, and pravastatin, only atorvastatin inhibits human cardiomyocyte (HCM) and murine skeletal muscle cell (C2C12) viability in a dose-dependent manner and leads to ferroptosis in HCM and C2C12 cells (Zhang et al., 2022). As a promising treatment strategy, ferroptosis can be explored for newer-generation ASM-associated rhabdomyolysis in future research.
Optimal management of newer-generation ASM-associated rhabdomyolysis depends on the recognition and elimination of the underlying cause when identifiable. Treatment consists of discontinuing the offending agent and aggressive fluid resuscitation with isotonic saline, which aims to maximize renal perfusion and thus limit intratubular cast formation. We observed that acute kidney injury occurred in 57.1% of rhabdomyolysis patients, who had a median creatinine level of 2.2 mg/dL (range 0.7–13.4 mg/dL), and the patient who had the highest peak CPK developed the most severe AKI, with a peak creatinine level of 1,185 μmol/L (Alshehabi et al., 2022). Research has shown that the mortality rate is 42% in those who develop acute renal failure (Russell, 2005), that any delay in fluid resuscitation increases the risk of acute kidney injury (AKI), and that forced diuresis within 6 h of presentation may reduce the risk of AKI (Zager, 1996; Hebert et al., 2023). Therefore, aggressive intravenous fluid resuscitation is necessary to reduce the damaging effects or prevent a fatal outcome regardless of the presence of AKI. Generally, the prognosis mainly depends on the complications presented and their underlying causes. In our descriptive analysis, the rhabdomyolysis related to newer-generation ASMs was reversible, and the prognosis was good, all patients achieving complete clinical recovery, even those with severe AKI.
CONCLUSION
Our retrospective analysis identified 7 newer-generation ASMs with significant reporting associations with rhabdomyolysis: levetiracetam, lamotrigine, oxcarbazepine, pregabalin, lacosamide, topiramate and gabapentin. Physicians and clinical pharmacists should pay close attention to possible clinical symptoms such as muscle weakness, myalgia, backache and fatigue as well as rhabdomyolysis markers like elevated CPK, LDH, creatinine and serum myoglobin during newer-generation ASMs treatment to identify early warning signs and prevent any severe complications. Early evaluation and withdrawal of the offending agent immediately improved the clinical symptoms. Aggressive intravenous fluid resuscitation is necessary to reduce the damaging effects whether or not AKI had occurred. Further prospective studies evaluating risk factors for rhabdomyolysis and concomitant therapies of patients treated with newer-generation ASMs are needed to confirm our findings.
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Background: Medication reviews are a structured evaluation of a patient’s pharmacotherapy with the aim of optimizing medicines use and improving health outcomes. This entails detecting drug related problems and recommending interventions. A high level of quality is essential for the successful implementation of this service in community pharmacies but currently there is no instrument or tool to assess that overall quality.
Aim: This study investigated the development of quality criteria of type 3 medication reviews (MR3s).
Methods: After surveying the literature, an electronic questionnaire was developed to gather information about quality criteria for MR3. This survey, in Dutch, was distributed electronically. Four groups were queried: 1) pharmacists, mainly working in the Netherlands, involved in practice research and contacted through the PRISMA (Practice Research In Collaboration With Pharmacists) foundation, 2) Belgian pharmacy academics and pharmacists active in professional associations (APA), 3) Belgian pharmacists trained in medication review (MR) by the Royal Pharmacists Association of Antwerp (KAVA) and 4) Belgian pharmacy students. The survey included 57 criteria, divided into eight domains, which were ranked according to their importance by the participants. The results were analyzed statistically using the nonparametric Kruskal–Wallis test.
Results: The survey was completed by 95 participants, including 42 PRISMA pharmacists, 19 APA pharmacists, 18 KAVA pharmacists and 16 pharmacy students. Opinions from participants from the different groups overlapped significantly. The use of simple and understandable language in the conversation with the patient was considered essential by the majority. Discussing the usefulness and purpose of a MR3 with the patient was also rated highly by all groups. Differences of opinion were present in aspects about laboratory values, the use of specific tools, and reporting to and consultation with the treating physician. The participants themselves formulated a limited number of additional assessment criteria.
Conclusion: There was widespread agreement on the hierarchy of the quality assessment criteria for MR3s. Minor differences were related to the experience of the participants. With these results and a small number of suggested extra criteria, a quality assessment instrument for MR3 can be created.
Keywords: medication review, quality assessment, community pharmacy services, pharmaceutical care, community pharmacist, qualitative research
INTRODUCTION
Following the lead of other countries such as the Netherlands or Australia (Imfeld-Isenegger et al., 2020; Al-Babtain et al., 2022), medication reviews (MRs) are increasingly implemented in primary care in Belgium (Lelubre et al., 2019; Robberechts et al., 2021). As for any new service, quality assessment should be an integral part of their implementation (Moullin et al., 2016; Livet et al., 2019; Rose et al., 2020; Clements et al., 2021; Nesbit et al., 2022). In 2017, the Royal Pharmacists Association of Antwerp (KAVA) started a pilot project in which pharmacists were trained in conducting type 3 MR (MR3) i.e., an advanced or clinical MR. Type 3 MR starts from a complete medication history, adds medical data and includes an extensive interview with the patient as well as feedback from the physician (Griese-Mammen et al., 2018; Robberechts et al., 2021).
In recent years, more focus has been placed on the implementation and quality of MRs (Shrank et al., 2007; Harding and Wilcock, 2010; Krska et al., 2010; Mestres Gonzalvo et al., 2014; Beuscart et al., 2018; Livet et al., 2019; Rose et al., 2020; Clements et al., 2021). Five studies dealt with Medicines Use Review (MUR), a type 2a MR (Beuscart et al., 2018; Rose et al., 2020; McCahon et al., 2021) and two other studies involved type 3 MR (Shrank et al., 2007; Harding and Wilcock, 2010; Livet et al., 2019; Clements et al., 2021) whereas the type of MR was not specified in three other studies (Krska et al., 2010; Mestres Gonzalvo et al., 2014). Only one of the MR3 studies was carried out by pharmacists in primary care (Mestres Gonzalvo et al., 2014). The quality of the MR can be affected by the pharmacist’s competence, guidelines, , willingness to engage in an extended role, organizational setting of the pharmacy (e.g., time available), financial rewards and peer review (Harding and Wilcock, 2010; Mestres Gonzalvo et al., 2014). Rose et al. analysed pharmacists’ activities during MR across six countries (Australia, Canada, Chile, Germany, United Kingdom and United States) (Rose et al., 2020) and found that MRs were not performed in a consistent and standardized way across or within these countries. Activities such as “assess that all medications are optimal” and “follow up with patient”, which are key steps in the patient care process, were not performed in all 6 countries (Rose et al., 2020). Recent research showed that interprofessional collaboration in MR leads to higher quality MRs (Frandsen et al., 2022).
There are various quality improvement initiatives in the wider healthcare setting, such as checklists and tools (Flottorp et al., 2013; Moullin et al., 2016; van Tuijl et al., 2020). These tools aim to facilitate implementation research and quality improvement projects (Flottorp et al., 2013). Additionally, quality measures for pharmacy practice were recently reported to be lacking in terms of development, standardization, and validation (Nesbit et al., 2022). A standardised MR process was also suggested to enable comparisons between process evaluations (Alharthi et al., 2022). Quality parameters may help in the development of a quality assessment tool. However, such a tool should be user-friendly and concise, otherwise it may be ignored. Furthermore, criteria should not be readily predictable, as this can lead to “gaming”, defined as reactive subversion such as “hitting the target and missing the point” or reducing performance where targets do not apply (Bevan and Hood, 2006).
Aim of the study
This study was undertaken to investigate criteria for quality assessment of MR3s, an aspect that has received little attention in the literature so far. The primary research question focused on identifying the key elements for assessing the quality of a MR3. Furthermore, the study compared the perspectives of various participants on several influencing factors, including experience in conducting MR3s and work setting, to investigate whether specific pharmacist’s characteristics influenced their opinions and to gauge the amount of consensus among the different groups. The objective was to discriminate the relative importance of some topics and inquire if there were any topics we had forgotten.
Ethics approval
In the Belgian setting, an ethics approval was not required because the survey was anonymous.
MATERIALS AND METHODS
Questionnaire design
A comprehensive online survey was prepared after reviewing the literature on the quality assessment of MRs. Literature was consulted until April 2020, when the study was conducted. The questions of the survey were extensively discussed with the researchers M.M., A.R., G.D.M. and H.D.L. All researchers gave feedback on each of the three successive survey drafts. The survey also inquired about the participants’ utilization of specific tools, including the Ghent Older People’s Prescriptions Community Pharmacy Screening (GheOP³s) tool, the START/STOPP criteria, the Medication Appropriateness Index (MAI), and the Opioid Risk Tool (ORT) (Hanlon and Schmader, 2013; O'Mahony et al., 2015; Foubert et al., 2021; Strand et al., 2022). Subsequently, the feedback of three pharmacists who were not involved in the design of the survey was incorporated in the fourth and final version. The Qualtrics online survey tool was used to conduct the questionnaire (Qualtrics, 2020). A translation of the full survey, statements, and original Dutch questions can be found in the appendix.
Design and content validity of the study
The survey asked participants to rank 57 statements in eight domains for importance, without allowing for ties. Each domain contained five to nine statements that were presented to each participant in an individually randomized order. The survey started with four general questions to determine the profile of the respondent. After finishing the survey, participants were asked if any statements or criteria were missing from the questionnaire and if they had any other feedback.
Questionnaire distribution
The online questionnaire link was emailed in April 2020 to four different groups: 1) pharmacists involved in practice research and approached through the Dutch PRISMA (Practice Research In Collaboration With Pharmacists) foundation, 2) pharmacy academics and pharmacists active in professional development as well as in insurance companies in Flanders (APA), 3) Flemish pharmacists trained in MR3 by KAVA (Robberechts et al., 2021) and 4) last year pharmacy students with a varied amount of real word experience studying at the University of Antwerp, Belgium. Each group received a separate link to the survey. The PRISMA foundation sent the survey to all of its members and the email to students reached all last year pharmacy students at the University of Antwerp. Targeted communication was used for pharmacists in the APA group, while within the KAVA group all pharmacists who had taken a previous MR3 course were contacted. The survey through PRISMA included an additional question to distinguish the nationalities of the participants.
Data analysis
Consensus assessment was analysed through the use of bump charts (Kirk, 2016). A statistical evaluation of the results was also performed using the Statistical Package for the Social Sciences (SPSS, version 28.0.1.1, IBM). Differences between groups were evaluated using the nonparametric Kruskall-Wallis test with p values < 0.05 pointing toward significant differences of opinion.
RESULTS
General results
A total of 113 responses were received. Subsequently, the 18 participants who provided only personal demographic data without responding to statements were excluded. Of these 95 participants, 91 completed the survey in full. Table 1 presents the demographics of the surveyed population that consisted of 59% Belgian, 40% Dutch and 1% German participants. The majority of participants were 31–60 years old, with 34% aged 20%–30% and 8% over 60. The two most prominent participant profiles were pharmacy practice researchers (n = 18, 19%) and pharmacy students (n = 16, 17%). A majority of 78% had pharmacy experience, mainly for 1-5 or 20–30 years.
TABLE 1 | Demographics of the research population (n = 95).
[image: Table 1]The largest of the four surveyed groups, the PRISMA group encompassing 44% of the participants, displayed considerable heterogeneity, through the inclusion of community pharmacists, researchers and academic teaching staff. Within this group, 39 participants (92%) were Dutch, three (7%) were Belgian, and one participant (2%) held the German nationality. Two groups accounted for respectively 20% and 19% of the participants, namely, the APA group and Belgian pharmacists trained in MR3. The fourth group (n = 16, 17%) consisted of Belgian pharmacy students.
The participants’ experiences with MR3s showed significant variation. Among the participants, 40% had never conducted a MR3, while 31% had completed more than 25 reviews. Notably, the PRISMA group participants exhibited the most extensive experience with MR3. The median time taken to complete the survey was approximately 16 min.
Table 2 displays the statements deemed, on average, to be the most important ones by all participants. No significant differences were found between the groups. For each group, the interquartile range and median for each statement were computed, as detailed in the Appendix.
TABLE 2 | Overall most important statement within each domain.
[image: Table 2]Ranking of the statements and differences between the groups
The rankings and their variations among the various groups are detailed below and illustrated in Figures 1–9.
[image: Figure 1]FIGURE 1 | Ranking of the statements from domain A. A.1 Pharmacists need to use simple and understandable language with their patients. A.2 There was reporting and consultation with the attending physician. A.3 Literature consulted and cited was scientific. A.4 Discussion with the patient took place in a familiar and calm environment. A.5 Reliable tools for conducting a MR were used. For example, GheOP³s (Ghent Older People’s Prescriptions Community Pharmacy Screening) (Foubert et al., 2021), START/STOPP criteria (O'Mahony et al., 2015), MAI (Medication Appropriateness Index) (Hanlon and Schmader, 2013), etc. A.6 Consideration was given to communicating non-pharmacological advice. For example, healthy diet, exercise, smoking cessation, etc. A.7 Sufficient attention was given to non-drug substances (dietary supplements, herbal medicines and homeopathy) that the patient may be taking. A.8 Availability of cheaper alternatives for patient and/or National Institute for Health and Disability Insurance (NIHDI) was considered (other drugs, other quantity/packaging).
[image: Figure 2]FIGURE 2 | Ranking of the statements from domain B. B.1 The usefulness and purpose of a MR was discussed with the patient. B.2 Patient characteristics at risk for poor adherence were considered. B.3 MR was tailored to the patient’s living situation (informal carer). B.4 Aids used by the patient to perform daily tasks were considered. B.5 Risk of addiction was considered (e.g., by using a screening tool such as ORT (Opioid Risk Tool)).
[image: Figure 3]FIGURE 3 | Ranking of the statements from domain C. C.1 The pharmacist paid attention to whether the patient could swallow the drugs. C.2 Pharmacist paid attention to whether the patient can open and close the drugs (including a box, twist-top and/or child-proof closure). C.3 Consideration was given to whether the patient gets his/her drugs out of the blister. C.4 Whether the patient can accurately measure out a liquid was considered. C.5 Pharmacist paid attention to whether the medication could be put into medication boxes. C.6 Proper storage conditions for drugs were discussed with the patient (not in a humid room such as a kitchen, away from children). C.7 Patient’s attitude towards injections was considered.
[image: Figure 4]FIGURE 4 | Ranking of the statements from domain D. D.1 Which drugs was used for which condition was discussed with the patient. D.2 Patient was informed about the correct way to take the drug. D.3 Pharmacist paid attention to whether the patient knows the difference between regular drugs and drugs taken only when needed (prn (pro re nata) drugs). D.4 Consideration was given to whether the patient could understand the instructions. D.5 Patient compliance was assessed based on a comprehensive analysis of medication over a sufficient period of time. D.6 Pharmacist paid attention to whether the patient can read instructions. D.7 Pharmacist has paid attention to whether the patient knows when his/her drugs are past their expiry date.
[image: Figure 5]FIGURE 5 | Ranking of the statements from domain E. E.1 A recent and clear medication schedule was created and discussed with the patient. E.2 Consideration was given to which medicines are particularly important for the treatment of the condition. E.3 Pharmacist paid attention to medicines that were missing from the treatment for example, the need for stomach protection, laxatives and/or statins. E.4 Pharmacist paid attention to whether all conditions were treated, if needed for these conditions. E.5 Changes in previous medication use were critically reviewed (why stopped/adjusted?). E.6 Appropriate guidelines were always consulted to evaluate treatment. E.7 Changes to the patient’s previous medication regimen were discussed with them. E.8 Patient's vaccination status was evaluated.
[image: Figure 6]FIGURE 6 | Ranking of the statements from domain F. F.1 Pharmacist paid attention to whether all drug indications were still current. F.2 Drug dose was assessed for appropriateness. F.3 Efforts were made to simplify medication use. F.4 All relevant parameters/lab values requested from the (primary) physician were considered. F.5 A discussion was held with the patient about why certain goals were or were not achieved. F.6 Attention was paid to tapering off the medications.
[image: Figure 7]FIGURE 7 | Ranking of the statements from domain G. G.1 Patients were given the opportunity to discuss their illness symptoms with the pharmacist. G.2 The patient was engaged in a discussion regarding the timing of drug intake in relation to nutrition, addressing possible interactions and considerations. G.3 All drugs and their dose were matched to renal function. G.4 During a thorough analysis of the symptoms cited, it was considered whether they could have been caused by the chronic or acute drugs. G.5 Contraindications associated with the condition were identified and evaluated. G.6 Relevant drug-drug interactions between all chronic and temporary drugs were checked and a concrete solution sought whenever necessary. G.7 Pharmacist paid attention to the presence of drugs with central anticholinergic properties. G.8 Patient allergies/intolerances were considered. G.9 Pharmacist paid attention to the presence of QT-prolonging drugs.
[image: Figure 8]FIGURE 8 | Ranking of the statements from domain H. H.1 The patient’s expectations and concerns were taken into account when developing the treatment plan. H.2 New treatment plan was discussed with the patient and the patient agreed to it. H.3 Clear agreements were made with the patient regarding follow-up. H.4 Patient was informed in detail which over-the-counter (OTC) drugs should no longer be used due to the presence of contraindications. H.5 Clear agreements were made with the physician regarding follow-up. H.6 Priorities in the treatment plan are clear. H.7 Detailed report contains reasoned arguments per recommended adjustment and was reported in writing to the physician.
[image: Figure 9]FIGURE 9 | Ranking of the eight different domains. Domain A: General aspects of the MR3. Domain B: Patient characteristics taking into account living situation, resources and need for MR3. Domain C: Patient’s ability: ease of taking, opening drugs and storage conditions. Domain D: The patient: follow-up knowledge, instructions and adherence. Domain E: Current therapy: major drugs, missing drugs, evolution of therapy and vaccination status. Domain F: Evaluation of medication use: simplification, current drug indications, dose appropriateness, use of lab values and achievement of goals. Domain G: Causes of adverse drug reactions, intolerances, interactions and their solutions. Domain H: The new treatment plan: factors for drafting, implementation of adjustments and follow-up.
Domain A: general aspects of the MR3
Participants stressed the importance of using language that is easy to understand when communicating with patients (A.1) (Figure 1). There was a significant consensus on this statement, as indicated by a p-value of 0.329. Around 58% of participants placed this statement among their top two rankings. Three out of four groups concurred that the statement pertaining to the availability of cheaper medication alternatives for patients and/or the National Institute for Health and Disability Insurance (NIHDI) (A.8) held the least significance with the students’ opinions diverging from this (p = 0.007).
However, there was considerable variation in opinions regarding the other statements in this domain, as five of them had a p-value below 0.05. A notable difference was observed for statement A.3 that pertained to the use of literature (p < 0.001). Participants with less MR3 experience, including KAVA and APA pharmacists and students, deemed it moderately important, while more experienced individuals considered it less important. Another difference between participants with varying levels of MR3 experience was noted for statement A.5 on the use of reliable tools. The student group considered this statement significantly less important (p < 0.001), than the other three groups.
Domain B: consideration of patient characteristics, including living situation, resources and need for MR3
There was a strong consensus in domain B about the importance of statement B.1 (The usefulness and purpose of a MR3 was discussed with the patient), with 56% of participants ranking it first (p = 0.427) (Figure 2). Similarly, statement B.5 that pertained to the consideration of addiction risk, was deemed less important by all groups (p = 0.133) and ranked last by 60% of the individual participants. The remaining three statements all had a p-value greater than 0.05, suggesting a consensus among the participants.
Domain C: the patient’s ability to easily take medication, open drug boxes and store medication under appropriate conditions
In this domain, 55% of participants rated statement C.1 addressing the pharmacist’s consideration of the patient’s ability to swallow medication as most important (p = 0.103), while 51% regarded statement C.7 that addressed the patient’s attitude towards injections as the least important (Figure 3). However, students partially dissented about this last statement and ranked it significantly higher than the other three groups (p = 0.007). Regarding four other statements (C.2, C.3, C.5 and C.6), there was a consensus among the groups. These statements covered topics such as the ease of opening medication boxes, measuring out liquids, the use of medication boxes and the proper storage of patients’ medicines.
Domain D: the patient: follow-up, knowledge, instructions and adherence to therapy
When examining the aspects of follow-up, knowledge, instructions and adherence to therapy, statement D.1 that focused on discussing with the patient which drug was used for which condition, was ranked at the top by 44% of the participants (p = 0.222) (Figure 4). Informing the patient about the correct way to take the drug (D.2) was also deemed important by the participants, with 45% ranking it as the most or second most important statement (p = 0.210). All groups unanimously agreed that statement D.7, on whether the pharmacist ensured that the patient was aware of the expiration dates of their medications, was the least important (p = 0.707). This was indicated by 76% of the participants. A borderline significant difference between groups was only observed for statement D.4 (p = 0.048) that focused on the pharmacist’s assessment of the patient’s ability to understand instructions where PRISMA pharmacists, on average, ranked this slightly higher. Despite the presence of divergences, these were not substantial, as illustrated in the figure.
Domain E: current therapy: major drugs, missing drugs, evolution of therapy and vaccination status
The creation of an up-to-date and easily understandable medication schedule that was discussed with the patient (E.1), was deemed important by all four groups (p = 0.075), with 54% of the participants ranking it as the most important statement within this domain (Figure 5). Statement E.8, on the evaluation of the patient’s vaccination status, was considered the least important by 61% of the participants. However, students once again had a different opinion and considered this statement more important than the other three groups (p < 0.001). There was also significant variation on whether the pharmacist paid attention to treating all conditions whenever necessary (E.4) with KAVA pharmacists perceiving this statement as relatively less important (p < 0.001). Conversely, for statement E.7 that involved discussing changes to the patient’s previous medication regimen with the patient, KAVA pharmacists rated this as more important than the other groups (p < 0.001).
Domain F: assessment of medication use, including simplification, verification of current drug indications, evaluation of dose appropriateness, consideration of lab values and determination of goal achievement
With consensus among the groups (p = 0.835), 49% of participants considered statement F.1 that focused on the pharmacist’s attention to the current relevance of all drug indications, to be the most important (Figure 6). Statement F.6 that focused on the gradual reduction of medications, was ranked lower by all groups (p = 0.123). Statistically significant differences were observed among the four groups for three other statements. The student group ranked statement F.2 that pertained to the drug dosing appropriateness, higher compared to the other groups. In contrast, PRISMA pharmacists indicated that they considered this statement least important during a MR3 (p < 0.001). Statement F.4 that involved considering all relevant parameters or lab values obtained from the (primary) physician, was regarded as less important by the students compared to the other groups (p = 0.004). Furthermore, the discussion with the patient about why certain goals were or were not achieved (F.5) was deemed much more important by PRISMA pharmacists (p = 0.032).
Domain G: causes of adverse drug reactions, intolerances, interactions and their solutions
In domain G, the opportunity for patients to discuss their symptoms (G.1) with the pharmacist was ranked as top priority by 39% of participants (p = 0.530) (Figure 7). On the other hand, the statement on whether the pharmacist handled QT-prolonging drugs was deemed the least important in domain G (G.9, p = 0.150). One-third of participants ranked this statement last or second-to-last. Significant differences between the groups were also observed in statement G.2 that involved the intake of drugs in relation to meals (p < 0.001), and statement G.4 that addressed whether the symptoms mentioned by the patients could have been caused by the chronic or temporary use of drugs (p = 0.002). PRISMA pharmacists considered G.2 to be less important, while ranking G.4 as more important compared to the other groups.
Domain H: the new treatment plan: factors for drafting, implementation of adjustments and follow-up
The statement regarding whether patient expectations/concerns were considered during the development of the treatment plan (H.1) was deemed most important by 31% of participants (Figure 8). Notably, PRISMA pharmacists and pharmacy students demonstrated a tendency to perceive this statement as more important in comparison to the other two groups, although this difference did not reach statistical significance (p = 0.388). On the other hand, the least important statement in this domain was H.7 (A detailed report contains reasoned arguments per recommended adjustment and was reported in writing to the physician), with 29% of participants ranking it at the lowest position (p = 0.287). This opinion was mainly expressed by the student group with 57% of them ranking this statement last. Regarding statement H.4, on informing the patient in detail about which over-the-counter (OTC) drugs should no longer be used, there was a striking difference between the groups (p < 0.001). PRISMA pharmacists considered it the least relevant topic, while KAVA pharmacists scored it a top priority. The other two groups ranked it somewhere in the middle.
Global ranking: which of the domains covered do you think is most essential for evaluating a MR3?
When assessing the relative importance of the different domains, participants predominantly selected domain F (follow-up knowledge, instructions and adherence) as the most important (p = 0.466): 42% ranked this domain within the top two (Figure 9). In contrast, domains G (causes of adverse drug reactions, intolerances and their solutions) and H (the new treatment plan) were considered the least important by participants. Around 54% of participants ranked domain H last or second-to-last (p = 0.011), while for domain G this was 43% (p = 0.148). In addition to domain H, domain A (general aspects of the medication review) also exhibited a statistically significant difference between the groups (p = 0.011). KAVA pharmacists considered domain A to be much more important compared to the other participants. The remaining three domains, namely, C (ease of medication intake), D (follow-up knowledge, instructions and adherence), and E (current therapy), received an average score in the rankings.
Feedback
A number of participants (11%) raised concerns about the ranking method employed, expressing a desire for statements to be grouped together and given equal importance in certain instances.
“The survey was very comprehensive but it was challenging to rank the items because everything appears to be significant in a medication review.”
“My overall feedback on this survey is that it is quite complicated (and seemingly unnuanced) in its design. I’m not sure how useful it is to make a qualitative distinction between many of these statements. I also feel that the format pushed me in a certain direction, so I could not answer honestly or clearly.”
Additional feedback highlighted the components that should be included during each drug dispensing and medication review (MR3). In this context, participants mentioned an ideal scenario where aspects such as adherence and challenges with swallowing are assessed during each pharmacy visit, and a review is conducted to determine if there is still a valid indication for each medication.
“I think certain basic matters such as drug-drug interactions should already have been checked when a medicine is newly dispensed. That's why I ranked these types of checks relatively lower. However, that does not mean they are not important.”
A recurring theme in the comments was the importance of engaging in a conversation with the patient and valuing their input. Four participants emphasized that this dialogue and the patient’s expressed goals should serve as the foundation for the quality of a MR3.
“The pharmacotherapy anamnesis with the patient serves as the cornerstone of every MR, as well as for subsequent analysis and treatment planning.”
“In a MR, it is important to prioritize the patient’s personal goals as much as possible.”
Additionally, there were inquiries regarding time allocation and remuneration.
“Time (and remuneration for it) is not mentioned anywhere, but if anything, it is one of the most decisive factors for doing a MR or not.”
Finally, a participant from the APA group highlighted the significance of the pharmacist’s overall knowledge when conducting a MR3.
“I believe that a good MR is built on the foundation of a pharmacist’s sound basic knowledge. Tools can provide support, but they have little value if the pharmacist lacks understanding what it is all about. In a conversation with physicians, such a lack of knowledge by pharmacists is readily uncovered.”
Missing statements
Participants highlighted several crucial factors related to MR3 that were missing. Primarily, there were lingering uncertainties about the appropriate method of patient selection, specifically on how to select patients for whom MR3 is most pertinent. Furthermore, there was a comment to identify patients’ needs concerning MR3, as well as a request to also address aspects of evaluation and monitoring of MR3s, how changes are managed and who is responsible for the evaluation.
“I am missing the comprehensive assessment of the patient’s needs to be the subject of a MR.”
“Evaluation and monitoring, how are the changes going? Who is evaluating this? Does anything need to be adjusted in the treatment plan? Evaluate drugs that may not be effective for certain symptoms? Etc”
DISCUSSION
Main findings
The objective of this work was to provide a basis for the key elements of a quality assessment of a MR3. Despite the challenges faced by some participants in ranking the statements (see Feedback and missing statements from the participants), there was a remarkable consensus among the various participant groups in general. This consensus enabled us to identify a statement for each domain that was either partially or fully ranked as the most important across all groups. In 7 out of the 8 (A.1-H.1) statements considered to be of utmost importance, no significant differences were observed between the groups. However, there was one notable exception with divergent opinions about statement C.1 that addressed whether the pharmacist paid attention to whether the patient swallowed the drugs. Even for the statements with the lowest scores, there were substantial similarities between the groups, as 5 out of the 8 statements (A.8, B.5, C.7, D.7, E.8, F.6, G.9 and H.7) did not show any statistically significant difference. Notably, significant differences emerged among the groups for three specific statements: whether patients were asked about the availability of a cheaper alternative (A.8), whether their attitude toward injections was taken into account (C.7), and whether the patient’s vaccination status was evaluated (E.8).
Participants gave high ratings to statements that emphasized the significance of ensuring that patients can easily understand medication reviews. This involved using straightforward and easy-to-understand language when talking to patients (A.1), as well as giving clear, personalized explanations about the benefits and goals of MR3s (B.1). Past investigations have revealed that patients are not always properly informed about the goals or procedures of MR3 (Robberechts et al., 2023). This situation is acknowledged by most respondents, endorsing the approach used to determine crucial elements that demand attention in the continued implementation and quality monitoring of this pharmaceutical care service.
Differences in opinion between groups
Some divergences were detected in the opinions expressed by the different groups of participants, specifically, PRISMA pharmacists and students demonstrated contrasting rankings on six statements, while KAVA pharmacists showed differences on three statements. However, no significant outliers were identified among APA pharmacists.
Students versus other groups
The importance of using tools was given less significance by the students compared to the other groups (A.5). It is possible that this group either lacks sufficient experience with these tools or, conversely, believes that they possess enough knowledge, making their use redundant. However, none of the groups made the use of these tools a priority as they do not guarantee quality and can lead to differing outcomes, be outdated, or be used incorrectly (Perpétuo et al., 2021). When it comes to ranking, the students gave significantly lower ratings to the report and communication with the physician compared to the other groups (statement H.7). It should be noted that the average student has limited practical experience with MR3s, which may hinder their understanding of the entire process.
The students also assigned a lower ranking to statement (F.4) regarding laboratory values and other parameters provided by the primary physician. The greater availability of such data in the Netherlands (Koster et al., 2016) compared to Belgium easily explains the higher ranking given by Dutch pharmacists.
PRISMA pharmacists versus other groups
The importance of discussing the timing of drug intake in relation to nutrition, including drug-food interactions (G.2), was ranked lower by the PRISMA pharmacists. Feedback revealed that Dutch pharmacists may consider this to be part of regular dispensing rather than something specific to MR3s. PRISMA pharmacists, in contrast to all their Belgian counterparts, gave less weight to the importance of OTC drug use (H.4). PRISMA pharmacists have less data available on the use of OTC drugs by their patients, as these are also available outside pharmacies in the Netherlands (Mertens, 2022) in contrast to Belgium, and where there is a centralized database that includes OTC drugs (FarmaFlux, 2023).
In addition, the PRISMA group also prioritized addressing their patients’ needs more than other groups. This focus on patient-centred care was reflected in their higher rankings for statements such as assessing the patient’s understanding of instructions (D.4), and emphasis on the importance of personal goals (F.5), quality of life, and addressing individualised health problems in the medication management process. (Verdoorn et al., 2019a; Verdoorn et al., 2019b). Finally, PRISMA pharmacists gave a higher ranking to statement G.4 that involved performing a thorough analysis of the patient’s reported symptoms and assessing the likelihood that they were caused by medication use.
Feedback and missing statements from the participants
Several participants expressed difficulties with the ranking form, citing an inability to assign different statements with the same level of importance. While we understand and empathize with these emotions and worries, in our quest for an overarching ranking, these individual divisions hold no substantial importance. There are antecedents in the literature of the methodological advantages of enforcing a strict ranking without allowing for ties (Krosnick and Alwin, 1988; Blasius, 2012; Moors et al., 2016).
Moreover the substance of specific statements also met with some opposition. Four participants believed that certain statements, for example, about drug-drug interactions, should be implemented and assessed during each pharmacy visit, rather than being discussed specifically within the context of a MR3. Nonetheless, these statements were included in the questionnaire, as there may be situations where specific aspects are overlooked for a range of reasons such as the occurrence of multiple prescribers, frequent hospital visits or dispensing in multiple pharmacies. Overall, the ranking may therefore reflect the participants’ opinion on the benefits of additional monitoring of the patient’s pharmacotherapy during the MR3 process.
Some additional criteria were provided by the participants. One suggestion involved adding a statement about follow-up interviews with the patients. Although this concept was partially covered by statements H.5 and H.6, the explicit mention of conducting follow-up interviews and follow-up adjustments of the treatment plan was absent. Another participant highlighted the importance of relevant patient selection, emphasizing the need for pharmacists to assess and document whether a patient truly requires a MR3 before initiating the process.
Furthermore, participants raised important points regarding the necessity of comprehensive knowledge about pharmacotherapy, the attentiveness to the personal goals of the patients, and the patient’s readiness to participate in the MR3. These factors were also deemed crucial in ensuring the quality of MR3s.
Similarities and differences in relationship to other studies
There are a small number of studies within the current literature that focus on the quality of MR (Shrank et al., 2007; Harding and Wilcock, 2010; Krska et al., 2010; Mestres Gonzalvo et al., 2014; Beuscart et al., 2018; Livet et al., 2019; Rose et al., 2020; Clements et al., 2021; McCahon et al., 2021; Schröder et al., 2023). We observed a recent increase that coincided with the timing of our survey administration. However, our literature analysis identified divergent interpretations and definitions of MR, making it challenging to compare and synthesize findings across studies, as previously observed by others (Alharthi et al., 2022; Nesbit et al., 2022).
Only one study focused on the implementation of MRs by pharmacists in primary care (Mestres Gonzalvo et al., 2014). The objective of this specific study was to determine pertinent covariates, conducted by a research group comprising 49 participants with expertise in MR. These covariates were rated on a 10-point scale. Our study, which reviewed 57 statements, expanded on Mestres Gonzalvo’s methods and participant selection, providing a broader and more detailed perspective on MR components. This comprehensive analysis provided an even broader and more detailed perspective on the various components involved in a MR.
Strengths and limitations of the study
One strength of this study is that despite the diverse backgrounds of the participants, there was a high level of agreement on what are the key elements that define the quality of a MR3. While some differences emerged, they could readily be explained by the participants’ varying backgrounds and local contexts. Moreover, the small number of additional topics recommended for inclusion in the list of criteria serves as validation for the questionnaire’s design process. The study also gained from employing a drag-and-drop method for statement ranking, which yielded unambiguous rankings even though it posed a challenge for some participants.
This study also had some limitations, such as the relatively small sample sizes of the four participant groups and its narrow geographic scope, which may impact the generalizability of the findings. As highlighted by certain participants, this study did not encompass aspects of patient selection methods, medication review costs nor its reimbursement, while aspects regarding the MR3 follow-up process may have been evaluated too superficially. Another bias may stem from the differences in professional experience with MRs between the different groups, which could imply that those with more experience have a more practical and realistic view on the subject. Finally, there may have been an apparent bias among those without an interest in MRs because they would have been less inclined to participate in our survey.
Additionally, some of the key elements deemed important to evaluate quality of a MR3 may pose implementation challenges. Statement A1, emphasizing the importance of pharmacist-patient communication, is widely considered crucial, but the implementation of assessing it poses significant challenges. Furthermore a list of key quality evaluation criteria necessitates ongoing maintenance and regular updates to keep pace with evolving knowledge and practices.
Open questions and future research
The qualitatively ranked statements from this study can function as key elements of MR3 quality standards and can be tested and implemented in diverse settings like self-assessment, peer evaluation, or external audit. Instead of using the full list of criteria for auditing, which can be time-consuming, this study suggests an alternative approach where a random subset of criteria is used, with their frequency weighted according to the rankings from the survey. This approach could improve the efficiency of the auditing process while preventing reactive subversion.
CONCLUSION
This study revealed a broad consensus regarding the key elements for assessing the quality of a MR3. There was substantial agreement among the four participant groups about the statements deemed most important within each domain. Eight key statements emerged as essential components that should be included in a comprehensive MR3. These statements encompassed aspects such as 1) using understandable language, 2) explaining the purpose of the review to the patient, 3) addressing the patient’s ability to take medications correctly, 4) discussing the appropriate use of each drug for specific conditions, 5) creating and reviewing a recent and clear medication schedule with the patient, 6) evaluating the ongoing relevance of all drug indications, 7) providing an opportunity for patients to discuss their symptoms with the pharmacist, and 8) considering the patient’s expectations and concerns when developing the treatment plan. Some minor differences were observed, related to the participants’ level of experience. In light of the study’s findings and the additional criteria proposed by the participants, the next step is to develop a quality instrument for medication reviews that is both efficient and effective.
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Introduction: A process redesign, partnered pharmacist medication charting (PPMC), was recently piloted in the emergency department (ED) of a tertiary hospital. The PPMC model was intended to improve medication safety and interdisciplinary collaboration by having pharmacists work closely with medical officers to review and chart medications for patients. This study, therefore, aimed to evaluate the impact of PPMC on potentially inappropriate medication (PIM) use.
Methods: A pragmatic concurrent controlled study compared a PPMC group to both early best-possible medication history (BPMH) and usual care groups. In the PPMC group, pharmacists initially documented the BPMH and collaborated with medical officers to co-develop treatment plans and chart medications in ED. The early BPMH group included early BPMH documentation by pharmacists, followed by traditional medication charting by medical officers in ED. The usual care group followed the traditional charting approach by medical officers, without a pharmacist-collected BPMH or collaborative discussion in ED. Included were older people (≥65 years) presenting to the ED with at least one regular medication with subsequent admission to an acute medical unit. PIM outcomes (use of at least one PIM, PIMs per patient and PIMs per medication prescribed) were assessed at ED presentation, ED departure and hospital discharge using Beers criteria.
Results: Use of at least one PIM on ED departure was significantly lower for the PPMC group than for the comparison groups (χ2, p = 0.040). However, PIM outcomes at hospital discharge were not statistically different between groups. PIM outcomes on ED departure or hospital discharge did not differ from baseline within the comparison groups.
Discussion: In conclusion, PIM use on leaving ED, but not at hospital discharge, was reduced with PPMC. Close interprofessional collaboration, as in ED, needs to continue on the wards.
Keywords: partnered pharmacist, co-charting, medication charting, emergency department, potentially inappropriate medication
1 INTRODUCTION
Improving patient care requires a focus on medication safety in the emergency department (ED), a setting characterized by heavy workloads and complex medication use processes (Brown, 2005; Juarez et al., 2009). Evidence shows that up to 32% of older people presenting to the ED may have at least one potentially inappropriate medication (PIM) in their home medicines (Hustey et al., 2007). The term “PIM”, operationalized using evidence-based criteria and expert opinions (Hanlon and Schmader, 2013; O'Mahony et al., 2015; American Geriatrics Society Beers Criteria, 2019), suggests that the risk of a medication potentially outweighs its benefits, and the medication should generally be avoided. Exposure to PIMs can increase the risk of adverse drug events, ED revisits and rehospitalization, leading to increased healthcare costs (Dalleur et al., 2012; Dormann et al., 2013; Weir et al., 2020; Schiavo et al., 2022).
The inclusion of pharmacists in prescribing models has gained popularity over the past quarter-century globally, with emphasis on strategies to improve medication safety (Galt, 1995; Gray, 2002; Kay and Brien, 2004; Tonna et al., 2007; Stewart et al., 2008). Involving pharmacists in ED care through collaborative charting models is one of the strategies advocated to potentially improve medication safety (Vasileff et al., 2009; Taylor et al., 2019; Atey et al., 2022; Atey et al., 2023). An example is partnered pharmacist medication charting (PPMC), which refers to the co-charting of a patient’s medicines by a pharmacist following a clinical conversation with a medical officer who is in charge of the patient care (Tong et al., 2016). While previous studies in Australia have primarily focused on the impact of PPMC on medication errors and length of hospital stay (Vasileff et al., 2009; Khalil et al., 2016; Tong et al., 2020; Atey et al., 2023), there remains a notable gap in the national and global literature on whether PPMC has any impact on the use of PIMs. Therefore, this pragmatic controlled study investigated the impact of PPMC on the use of PIMs in older people.
2 MATERIALS AND METHODS
The study’s methodology (Sections 2.1–2.6) including the study setting, period, design, groups, inclusion/exclusion criteria and data collection procedures, are published elsewhere in detail (Atey et al., 2023).
2.1 PPMC
PPMC operating model of care and credentialing process for Royal Hobart Hospital (RHH) were adapted from Victoria’s Alfred Hospital to fit the Tasmanian Health Service (THS) requirements (Tong et al., 2015). More information regarding the PPMC model is given elsewhere (Atey et al., 2023). Figure 1 outlines the credentialing pathway for eligible pharmacists, which included the final objective structured clinical examination (OSCE)-credentialing assessment.
[image: Figure 1]FIGURE 1 | Summary of the credentialling pathway for partnered pharmacist medication charting credentialling candidates. Abbreviations: ClinCAT, clinical competency achievement tool; OSCE, objective structured clinical examination; PPMC, partnered pharmacist medication charting; SHPA, Society of Hospital Pharmacists of Australia; THS, Tasmanian Health Service.
2.2 Study setting
The PPMC project was implemented and evaluated in the RHH ED, a 490-bed teaching and referral public hospital located in southern Tasmania (Australia). The hospital is the largest hospital and the state’s major referral center that provides acute, sub-acute, mental health and aged care inpatient and outpatient services. It provides services to approximately a quarter-million people each year, with over 63,000 annual ED visits (Department of Health and Human Services, 2021).
2.3 Study design, population, and period
This study employed a controlled concurrent pragmatic evaluation design that compared three practicing models in a real-world setting simultaneously. The study included people aged 65 years or older, presenting to the RHH ED between 1 June 2020 and 17 May 2021.
2.4 Inclusion and exclusion criteria
Older people aged 65 years or above who presented to ED with subsequent admission to one of the three acute medical units (general medicine, emergency medicine or mental health unit), were taking at least one regular medication prior to hospitalization and received their first medication reconciliation (MedRec) on the ward within 48 h after transferring from ED were included. MedRec is defined as “the formal process of obtaining and verifying a complete and accurate list of each patient’s current medicines and matching the medicines the patient should be prescribed to those they are actually prescribed in the hospital” (Australian Commission on Safety and Quality in Health Care, 2011). Patients were ineligible if were not admitted to hospital after management in the ED, were admitted to units other than an eligible unit, had overnight ED presentations between 9 p.m. and 8 a.m. (i.e., outside of the PPMC Pharmacists working hours), did not receive MedRec within 48 h after transfer from ED, or had incomplete data, such as incomplete discharge summary.
2.5 Study arms
The study comprised three distinct arms: the PPMC arm, the early best-possible medication history (BPMH) arm and the usual care arm, representing a redesigned process, a modified process and a traditional standard of care, respectively. In the PPMC arm, a pharmacist documented a patient’s BPMH shortly after they arrived in the ED. The BPMH was collected through a structured patient interview and from secondary sources, such as caregivers, electronic health records, and community pharmacies. Following a clinical review, the pharmacist and a medical officer (a post-graduate year 2 resident or above) collaborated to develop a mutually agreed treatment plan. Based on this plan, the pharmacist charted the medications using purple ink, and each medication order was formally endorsed by the medical officer prior to its administration by the nursing staff.
The early BPMH included documentation of a BPMH by a pharmacist as early as feasible in the ED. This was then followed by the traditional medication charting approach, where a medical officer charted medications in the ED using black/blue ink. While the BPMH was available to the medical officer prior to charting, there was no clinical discussion between the pharmacist and the medical officer in this arm.
In the usual care arm, patients underwent the standard admission process, i.e., the traditional medication charting, where a medical officer wrote medication charts in the ED using black/blue ink. Notably, there was no pharmacist-collected BPMH or any collaborative discussions between the pharmacist and medical officer within the ED in this arm. Regardless of the study arms, ward clinical pharmacists offered standard clinical pharmacy services, including the conduct of MedRec, on the inpatient ward.
2.6 Data collection
A non-blinded independent researcher retrospectively collected the data from October 2020 to December 2021 by linking multiple datasets (i.e., ED presentation, MedRec, BPMH, admission and PPMC data) and accessing patients’ digital medical records. Data were also retrospectively collected from the Healthcare Software Clinical Suite (HCS), which is a working system that enables clinical pharmacists to record a BPMH and MedRec of the patients’ medicines. The researcher was not a member of the pharmacy team involved in PPMC, the admitting team or an RHH employee. Demographic, clinical and medication variables were collected through a predefined data collection form, which had received prior approval from an ethics committee. The extent of comorbidities was assessed using an age-adjusted Charlson comorbidity index (CCI), which takes into account 17 medical disorders and a patient’s age (Charlson et al., 1987). ED presentations were assessed using the Australasian Triage Scale (ATS), with 1 indicating the most critical presentation and 5 indicating the least critical presentation (Australasian College for Emergency Medicine, 2000).
2.7 Outcome measures
The 2019 American Geriatrics Society Beers Criteria (American Geriatrics Society Beers Criteria, 2019) were used to assess the use of PIMs at three different time points: a) medications taken before hospitalization (i.e., at baseline/presentation to ED), b) medications charted in the ED, and c) medications prescribed on hospital discharge. The primary outcome was the percentage of patients who were prescribed at least one PIM on ED departure. Secondary outcomes were the use of at least one PIM on hospital discharge and the number of PIMs in each group (i.e., the median number of PIMs per patient and the median number of PIMs per prescribed medication prescribed). The median number of PIMs per medication was obtained by dividing the total number of PIMs by the total number of medicines for each patient and then computing the median of this ratio for each study group. A relative risk reduction was also computed as the relative reduction in the risk of using at least one PIM in the PPMC group compared to the early BPMH group or the usual care group. For example,
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2.8 Sample size calculation
A priori sample size was calculated using a multigroup goodness-of-fit test with contingency tables in G*Power (V3.1.9.4, Westphalia, Germany). Considering 90% power, 5% significance and two degrees of freedom (i.e., a two-by-three contingency table depicting the binary primary outcome in each of the three study groups), 107 older people per group were required to detect a 20% relative reduction (i.e., moderate effect size) in the use of at least one PIM on ED departure with PPMC when compared to the early BPMH group or the usual care group. Samples of patients were selected randomly using an online random number generator (http://izmm.com/random.pl).
2.9 Data analysis
Categorical variables were summarized using frequencies and percentages. A normality test for continuous variables was determined using the Shapiro-Wilk test and graphical methods. Ordinal and non-normally distributed continuous data were presented using the median and interquartile range ([IQR]). Both between- and within-group analyses were conducted for comparisons of the PIM outcomes, i.e., use of at least one PIM, PIMs per patient and PIMs per medication. Categorical variables were compared between the groups using Pearson’s chi-square test or Fisher’s exact test, as appropriate. Between-group comparisons used the Kruskal–Wallis test with Dunn’s post hoc test. Within-group comparisons (on ED departure/hospital discharge vs. at baseline) used the Friedman rank-sum test with a pairwise Wilcoxon rank-sum post hoc test or Cochran’s Q test with Dunn’s post hoc test, as appropriate. A p-value of less than 0.05 was considered statistically significant in all analyses. The p-values were adjusted for multiple comparisons using the Benjamini–Hochberg method. The statistical analyses were conducted in R® 4.1.12 (R Foundation for Statistical Computing, Vienna, Austria) (R Core Team, 2013).
Ethics approval from the University of Tasmania Human Research Ethics Committee (H0018682) and site authorization were obtained before commencing the study.
3 RESULTS
3.1 Patients’ characteristics
During the study period, 62,662 patients presented to the RHH ED. Screening and selection of the study participants are presented in detail elsewhere (Atey et al., 2023). Three hundred twenty-one older people, 107 per group, were randomly selected and included in the analysis (Figure 2).
[image: Figure 2]FIGURE 2 | Flow chart depicting the selection of study patients. Abbreviations: AMU, acute medical unit; BPMH, best-possible medication history; ED, emergency department; MedRec, medication reconciliation; PPMC, partnered pharmacist medication charting. BPMH was limited to within 48 h post-admission (i.e., until the MedRec time) in the usual care arm.†Examples include incomplete/unavailable discharge summary or medication chart information. PPMC group included BPMH followed by a collaborative medication charting in ED. Early BPMH group included BPMH followed by a medical officer-led traditional medication charting approach in ED. Usual care group included BPMH on the inpatient ward after the traditional medication charting in ED.
The groups differed with respect to age (p < 0.001), CCI (p = 0.039), number of initially charted medicines in the ED (p = 0.042) and admission units (p < 0.001). Median ages were 82.3, 80.1 and 75.4 years in the PPMC, early BPMH and usual care groups, respectively. Medicines charted in the ED were higher in the PPMC group than in the usual care group (p = 0.046) (Table 1).
TABLE 1 | Baseline demographic and clinical characteristics of the study patients.
[image: Table 1]3.2 Types of PIMs
Proton-pump inhibitors (PPI) (210 of 647, 32.5%), benzodiazepines (123 of 647, 19.0%) and antidepressants (117 of 647, 18.1%) were the most prevalent Beers PIM categories in all study groups over the three time points. PPIs, benzodiazepines and antidepressants accounted for 65.3% (130 of 199) of all PIM occurrences on ED departure: 41 of 52 (78.8%) in the PPMC group, 54 of 77 (70.1%) in the early BPMH group and 35 of 70 (50%) in the usual care group. Several PIM case vignettes are provided in Supplementary Appendix S1.
3.3 Use of PIMs between the study groups
At baseline, the use of at least one PIM (p = 0.96), median number of PIMs per patient (p = 0.96) and median number of PIMs per medication (p = 0.84) were similar between the groups (Table 2). However, fewer patients in the PPMC group (41%) were prescribed at least one PIM, despite being prescribed more drugs, than those in the early BPMH group (48%) and the usual care group (51%) upon ED departure (p = 0.040). The risk of using at least one PIM on ED departure was reduced by 14.6% (95% confidence interval [CI]: 12.4%–17.8%) and 19.6% (95% CI: 16.8%–23.7%) with PPMC when compared to the early BPMH group and the usual care group, respectively. Use of at least one PIM from benzodiazepines, non-steroidal anti-inflammatory drugs, antiarrhythmics or antihistamines was largely reduced with PPMC upon ED departure and hospital discharge (Figure 3).
TABLE 2 | Comparison of PIMs use between the groups and within each study group.
[image: Table 2][image: Figure 3]FIGURE 3 | Use of at least one PIM by medication categories at each time point. Abbreviations: ED, emergency department; NSAIDs, nonsteroidal anti-inflammatory drugs; PIMs, potentially inappropriate medications *Others: Antiemetics, anti-infective, antispasmodics, estrogens, insulin, nonbenzodiazepine and sulfonylureas.
On ED departure, the median number of PIMs per patient (p = 0.046) and the median number of PIMs per medication (p = 0.042) were both significantly lower for the PPMC group than for the comparison groups. However, the PIM outcomes did not differ significantly between the PPMC group and the comparison groups on hospital discharge. Likewise, there were no statistically significant changes in PIM outcomes on either ED departure or hospital discharge for the early BPMH group compared to the usual care group. Further PIM prevalence information is available in Supplementary Appendix S2.
3.4 Use of PIMs within each study group
Within-group analysis for the PPMC group showed statistically significant improvements in the use of at least one PIM on ED departure vs. at baseline (p = 0.040). By contrast, no significant changes were seen in the use of at least one PIM on ED departure vs. at baseline within the early BPMH group (p = 0.88) or the usual care group (p > 0.99). The percentage of patients who were prescribed at least one PIM did not change significantly within each of the study groups on hospital discharge when compared to the baseline.
Unlike the median number of PIM per patient, no significant changes were seen in the median number of PIM per prescribed medication on hospital discharge vs. at baseline within the PPMC group. Neither the median number of PIM per patient nor the median number of PIM per prescribed medication changed significantly within the comparison group on hospital discharge vs. at baseline (Table 2).
4 DISCUSSION
Compared to early BPMH alone or usual care, the use of PIMs was significantly reduced with PPMC in the ED, where the model of care was implemented, but not upon hospital discharge. The within-group analysis indicated statistically significant decreases in PIMs use on ED departure compared to presentation within the PPMC group, and the impact lasted until hospital discharge for the median number of PIMs only. None of the PIM outcomes on ED departure or hospital discharge differed significantly from baseline within the comparison groups. The ED findings were consistent with literature that reported an association between ED-based pharmacist interventions and improved appropriateness of prescribed medications in the ED (Airaksinen et al., 2021; Atey et al., 2022).
The clinical discussion held between PPMC-credentialled pharmacists and medical officers in the ED was the main differentiating factor between the PPMC arm and the comparison arms. Patient-specific clinical information and medication issues were the primary topics of conversation. Presumably, the observed reductions in the use of PIMs in the ED with PPMC were primarily driven by the collaborative face-to-face clinical discussion.
There were no significant differences between the PPMC group and the comparison groups for any of the PIM outcomes on hospital discharge, as opposed to the findings on ED departure. Charting issues (e.g., drug omission errors) and clinical issues (e.g., inappropriate drugs) were more likely to be identified in the ED through the PPMC model of care in the PPMC group and on the ward through the MedRec model in the comparison groups (Tesfaye et al., 2019; Atey et al., 2023). While MedRec is likely to continue ensuring the safety of medications on the inpatient ward, MedRec alone may be limited in its capacity to achieve statistically significant reductions in the use of PIM on hospital discharge vs. at baseline within the comparison groups. This could be because, unlike in the PPMC model, pharmacists’ face-to-face discussions with medical officers were not a routine component of the MedRec model. Participation of pharmacists in direct therapeutic dialogues with prescribers may improve the implementation of pharmacists’ recommendations (Gillespie et al., 2009).
The use of some PIMs, mainly PPI, was resumed on the inpatient ward after not being prescribed in the ED. Although the benefit vs. risk of resuming a PIM requires a case-by-case clinical decision, which is beyond the scope of this study and a potential area for future research, this finding further collaborated the value of implementing shared decision-making on the ward to sustain treatment optimization. It is also possible that a patient may be taking a PPI while on a corticosteroid in the ED, which would not qualify the PPI to be a PIM according to the Beers Criteria. However, the PPI could be considered a PIM if it were continued without the corticosteroid on the ward and afterwards.
4.1 Clinical implication
The presence of PPMC pharmacists and their collaboration with medical officers in ED significantly reduced older ED patients’ exposure to PIMs. However, our study found no statistically significant difference between the three study groups in PIM use at hospital discharge, supporting the need for a MedRec on the inpatient ward, but with a closer interprofessional collaboration approach, as in PPMC. Ensuring medication safety in a hospital, thus, requires a continuum of close collaboration among health professionals that takes into account the dynamic hospital medication use process or evolving patient clinical status (Hughes and Blegen, 2008; Hua et al., 2022). In a complex healthcare system, potential medication errors are prevented from causing harm by placing a successive, series of layers of medication safety safeguards across the transition of care, similar to a Swiss cheese model (Reason, 2000).
4.2 Strengths and limitations
To avoid organizational bias, this evaluation study was conducted by an external, independent research group. Another strength of the study was a simultaneous comparison of the three arms, which provided a method to concurrently assess the impact of different ED-based care models. We assessed the use of PIMs at three-time points using a controlled concurrent design. Adding both baseline and control groups for comparison may help overcome the confounding issues in non-randomized studies (Harris et al., 2006).
PIM use was assessed using Beers criteria, which is an explicit, criterion-based assessment tool that requires minimal clinical judgment and is inexpensive. By contrast, implicit criteria, such as medication appropriateness index (Hanlon et al., 1992), are subjective metrics that are time-consuming and complex (Lopez-Rodriguez et al., 2020). It is important to acknowledge that at the time of manuscript writing, the updated version of the Beers Criteria 2023 had not been released, making it challenging to consider the updated criteria in our analysis. Future studies should consider the 2023 Beers Criteria when evaluating the impact of PPMC on the use of PIM.
Without randomized allocation of the study participants, it is still possible that all variables might not be adequately controlled with a possible risk of residual confounding, although the use of PIMs was similar at baseline across the groups. Patients in the three study groups had different baseline demographic and clinical characteristics (Table 1). Compared to patients in the usual care group, those in the PPMC group were older, had more medically complex conditions and had a higher number of initially charted medicines. This difference may suggest that the hospital may have purposely enrolled these patients in the PPMC arm with the expectation that they would gain the utmost benefit from their participation.
Blinding of data collection was not possible as patients could easily be identified during the retrospective data collection. As a retrospective study, there may be a possibility that the data may not have been recorded completely and consistently (Cole and Trinh, 2017).
5 CONCLUSION
Compared to early BPMH alone or usual care, the co-charting model significantly reduced the use of PIMs on ED departure among older patients who presented to ED with at least one regular pre-admission medication. However, outcomes at hospital discharge were not statistically different. No significant changes were seen in any PIM outcomes on ED departure or hospital discharge vs. at baseline within the comparison groups. The findings may support the continuance of the model in the ED setting to ensure appropriate medication use in the hospital, with a similar collaborative approach needed on the wards.
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Objective: Pain is one of the most common symptoms of cancer patients. Patients with advanced stages of cancer are always transferred to primary medical institutions or treated with home medication due to their specific pathophysiological characteristics. Studies have shown that continuous pharmaceutical care can improve the effectiveness and safety of drug therapy for cancer pain patients in primary care, but no relevant research has been conducted in China. Based on the Delphi method, this study aims to construct a pharmaceutical care mode for cancer pain patients and analyze its effect in drug therapy treatment in primary care in China.
Methods: A pharmaceutical care mode for cancer pain patients in primary care was developed through two rounds of expert consensus. A total of 200 cancer pain patients from January 2022 to January 2023 in Nanjing Drum Tower Hospital were recruited and divided into an intervention group and control group. The self-developed pharmaceutical care mode in primary care was conducted in the intervention group, while the traditional pharmaceutical care mode was conducted in the control group. Comparisons between the groups were performed in terms of pain assessment rate, reasonable rate of pain assessment, pain score, and incidence of adverse reactions.
Results: The initiative of experts in the two rounds of consultation was 100%, with an authority coefficient of 0.83. The coordination coefficient of the second round was higher than that of the first round, indicating that the consistency of expert opinions was enhanced. There were 100 cases in each group, and 12 and 8 were lost to follow-up in the intervention group and control group, respectively. Compared with the control group, the intervention group had a significantly higher pain assessment rate, a reasonable rate of pain assessment, and a significantly lower pain score and incidence of adverse reactions.
Conclusion: Under the scientific and reasonable mode of pharmaceutical care for cancer pain patients at the primary level, standardized drug therapy could significantly enhance the efficacy of treatment, thereby improving the quality of life of patients.
Keywords: cancer pain, pharmaceutical care, Delphi method, pain management, primary care
1 INTRODUCTION
Malignant tumor remains a crucial and life-threatening public health issue in the 21st century. The latest global cancer statistics reveals that China accounts for 24% and 30% of new cases and fatal cases of cancer all over the world, respectively (Cao et al., 2021; Sung et al., 2021). Pain is one of the most common symptoms of cancer patients, with an incidence of about 25% in newly diagnosed cases and 60%–80% in advanced cases. In addition, 1/3 patients with advanced stages of cancer suffer from moderate–severe pain (Chapman et al., 2020). Because of the characteristics of long-lasting effects and greater difficulty in treatment, cancer pain will significantly amplify both physical and psychological pain and reduce the quality of life of cancer patients without effective and timely control (Swarm et al., 2019; Zhang et al., 2021). The mean values of patients who report inadequate analgesics or dissatisfaction with pain management are 39.1 % and 40.3 % in North America and Europe, respectively (Liu et al., 2020). However, between 41.3% and 52.9% of patients report this situation in China (Liu et al., 2020). At present, drug therapy is the leading way to control cancer pain. Studies have proven that standardized medication treatment can alleviate 80%–90% of pain and improve the effect of analgesic treatment among cancer pain patients (Norman et al., 2017; Kawaguchi et al., 2018).
It is necessary for patients with cancer pain to receive quality pharmaceutical care to control the pain. However, malignant tumor progression indicates that most cancer pain patients are no longer suitable for active anti-cancer treatment in third-grade class-A hospitals but should be transferred to primary medical institutions or take medication at home. Due to the lack of a standardized pharmaceutical care mode and pharmaceutical care capacity, there appear many drug-related problems (DRPs) in the treatment of cancer pain in primary healthcare institutions in China. In addition, there remain insufficient effective connections between superior hospitals and primary medical institutions, resulting in a higher risk of medication among patients after referral, thereby restricting the effect of cancer pain management at the primary care and increasing the incidence of inadequate analgesia or adverse reactions. Masami et al. (Yamada et al., 2018) provided continuous cancer pain pharmaceutical care and confirmed that it could effectively reduce the degree of pain and the incidence of adverse drug reactions.
Based on the abovementioned analysis, this study first constructed a pharmaceutical care mode for cancer pain patients at the primary care level in China based on the Delphi expert consensus in order to focus on the continuity and quality of pharmaceutical care after referral from superior medical institutions to primary healthcare institutions. Second, this study carried out a prospective interventional study to investigate the effect of such modes so as to provide reference for promoting standardized and scientific practice of cancer pain pharmaceutical care at the primary care level.
2 METHODS
2.1 Implementation of the Delphi procedure
2.1.1 Formation of a research team
To ensure professionalism, the research team consisted of four members, including three senior clinical pharmacists and one master majoring in pharmacy. The main tasks included the preliminary construction of a pharmaceutical care mode for cancer pain patients at the primary care level, development of expert consultation questionnaires, determination of inquiry experts, distribution and collection of questionnaires, and statistical analysis.
2.1.2 Composition of the experts
In this study, we recruited people from different positions in the field of cancer pain management, including clinical, pharmaceutical, and nursing experts, hospital administrators, pharmaceutical administration, health management research experts, and officials of health administration departments. The inclusion criteria were as follows: 1) more than 3 years of work experience in the field of cancer pain management, 2) bachelor’s degree and above, 3) medium-grade professional title and above, 4) and the ability to cooperate and complete two rounds of expert consultation.
2.1.3 Expert consultation questionnaires
We searched related articles on continuous pharmaceutical care, cancer pain pharmaceutical care, and primary pharmaceutical care in the past 10 years on PubMed, Embase, Web of Science, China National Knowledge Infrastructure (CNKI), and Wangfang databases. On the basis of practical work experience, the research team summarized the key elements of the working mode and preliminarily set up a consultation questionnaire, including three first-level items and 16 second-level items. The questionnaire was composed of four parts: instructions, basic information of experts, construction index of the pharmaceutical care mode for cancer pain patients at the primary care level, and judgment basis and familiarity of experts. The Likert 5-level scoring method was used to determine the importance of indicators, and an open-ended supplementary suggestion column was set under each item, where experts could modify, supplement, or delete the corresponding items.
2.1.4 Distribution and collection of questionnaires
Questionnaires were distributed by the “Wenjuanxing” platform and were collected within five working days for each round of consultation. The initiative of experts was expressed as the response rate of the questionnaires. We used the authority coefficient (Cr) to quantify the authority level among experts in the consultation, and the Cr was calculated as the average of familiarity with the questionnaire (Cs) and judgment coefficient (Ca). Kendall’s coefficient of concordance was used to evaluate the degree of coordination among experts, and the mean and standard deviation (SD) of each indicator reflected the concentration degree of experts’ opinions. Indicators were screened with the standard of the mean of importance assignment ≥3.5 and the coefficient of variation ≤0.3. Combining with supplementing and deleting the indicators according to the textual opinions of experts, the second round of consultation was formed. Based on the results of two rounds of consultation, a set of pharmaceutical care modes for cancer pain patients at the primary care level was obtained.
2.2 Empirical study on the primary cancer pain pharmaceutical care mode based on the Delphi method
2.2.1 Study population
The institutional review board of Nanjing Drum Tower Hospital approved this study (No. 2022-664-02), and all participants signed informed consent. In our study, an effect size of 0.5 and a power of 0.9 were applied (Cohen, 1988; Dell et al., 2002). Considering the rate of loss to follow-up and the actual volume of cancer pain patients in our hospital, we decided to enroll 100 patients in each group. Then, a total of 200 cancer pain patients from January 2022 to January 2023 in our hospital were recruited for a prospective interventional study. The inclusion criteria were as follows: 1) confirmed diagnosis of cancer pain, 2) voluntarily participated and signed the informed consent, 3) expected survival time of more than 6 months, and 4) required continued cancer pain management after discharge. Patients were excluded if 1) they had cognitive dysfunction and could not communicate normally, 2) they were under 18 years of age, or 3) they could not cooperate with the regular pain follow-up.
Patients were divided into an intervention group (n = 100) and control group (n = 100). A study on the control group was carried out first, followed by the intervention group after some preparations, such as standardized cancer pain pharmaceutical care training.
2.2.2 Empirical research methods
In the control group, the conventional pharmaceutical care for cancer pain was conducted in addition to the extra telephone follow-up, i.e., there is no intervention in the existing pharmaceutical care mode, and both superior pharmacists and family doctors provide pharmaceutical care for the patients. Before the study on the intervention group, according to the pharmaceutical care mode formulated by the Delphi method, pharmacists in superior hospitals carried out training on standardized pharmaceutical care for cancer pain for family doctors in cooperative primary medical institutions and formulated relevant assessment contents and requirements. Only after family doctors completed the training and obtained the qualification certification, they could provide pharmaceutical care for cancer pain patients at the primary care level in the intervention group. Pharmacists in superior hospitals handed over the management of discharged patients to family doctors in the primary institutions and linked up the process of pharmaceutical care. When patients were in superior hospitals, pharmacists in superior hospitals provided cancer pain management, medication education at discharge, and popular science education. Also, they collected and sorted out the patient’s diagnosis and treatment information in time and uploaded it to the information cloud platform for family doctors to check after contacting the patients. After patients were referred to primary medical institutions or received home drug treatment, the family doctor established a file for them and evaluated the status of pain control and existing medication regimens. Family doctors monitored the DRPs in the process of drug treatment for cancer pain and provided patients with medication reconciliation, follow-up assessment, medication guidance, pharmaceutical consultation, and popular science education. Patients’ medication information, pain score, and other information can be uploaded by family doctors or patients independently to the information cloud platform for sharing. When encountering difficult cases, family doctors can seek consultation from superior pharmacists through the information cloud platform to jointly manage the patient’s drug treatment process. Additional working details are reflected in the provided figures. The flow chart of the empirical study is shown in Figure 1, and the pharmaceutical care mode conducted in the intervention group is displayed in Figure 2.
[image: Figure 1]FIGURE 1 | Flow chart of the empirical study.
[image: Figure 2]FIGURE 2 | Pharmaceutical care mode for cancer pain patients at the primary care level in the intervention group.
2.2.3 Observation indicators
Comparisons between the intervention group and control group after different pharmaceutical care modes were performed using the following indicators: 1) pain score: numerical rating scale (NRS) was used to evaluate the pain status after pharmaceutical care for 1 month, with 0 point indicating painless, 1–3 points indicating mild pain, 4–6 points indicating moderate pain, and 7–10 points indicating severe pain (Fink and Gallagher, 2019); 2) pain assessment rate: pain assessment during analgesic drug treatment. Pain assessment rate = (number of patients with pain assessment/total number of patients in the group) * 100%; 3) reasonable rate of pain assessment: reasonable pain assessment was not only the assessment of pain intensity but also the comprehensive assessment of pain site, pain nature, and previous medication regimen (Magee et al., 2019). The pharmacist of the superior hospital would judge the pain assessment. Reasonable rate of pain assessment = (number of reasonable pain assessments/total number of pain assessments) * 100%; and 4) incidence of adverse reactions: adverse reactions during analgesic drug treatment, including constipation, nausea, vomiting, dizziness, pruritus, and urinary retention. (Gahr et al., 2017). Incidence of adverse reactions = (number of patients with adverse reactions/total number of patients in the group) * 100%.
2.3 Statistical analysis
Variables were expressed as mean ± standard deviation (x ± s) and counts (proportion) for continuous and categorical variables separately. Numerical differences between the two groups were assessed by the chi-squared test for categorical variables and the t-test for continuous variables. The threshold for significance was p = 0.05. Excel 2021 software was used for data input. All statistical analyses were conducted using SPSS version 25.0 (SPSS Inc., Chicago, IL, USA).
3 RESULTS
3.1 Results of Delphi
There were 24 experts in each round of expert consultation, and their basic information is shown in Table 1. Related fields included clinical pharmacy, pharmacy administration, hospital pharmacy, general medicine, geriatrics, nursing, clinical pharmacy, big data, and other fields.
TABLE 1 | Experts’ basic information (n = 24).
[image: Table 1]The response rate of valid questionnaires represented the initiative of experts. We collected 24 valid questionnaires in each round, and the response rate was 100.0%, with an authority coefficient of 0.83. Kendall’s coefficient of concordance of the two rounds was 0.237 and 0.444 (p < 0.01), indicating a statistically significant difference (see Table 2).
TABLE 2 | Kendall’s coefficient of concordance of the two rounds.
[image: Table 2]We collected experts’ evaluation of each item and their opinions on literal adjustment in the two rounds of questionnaires, excluding indicators with arithmetic mean <3.5 and coefficient of variation >0.3. Finally, three primary indicators and 14 secondary indicators were selected (see Appendix 1). Based on this indicator system, we preliminarily constructed a pharmaceutical care mode for cancer pain patients at the primary care level and applied it to the intervention group in the empirical study (see Figure 2).
3.2 Results of empirical research
3.2.1 General information
A total of 200 cancer pain patients were recruited in this study, with 100 cases in the intervention group and 100 cases in the control group. Due to migration, death, or voluntary withdrawal, 20 patients were lost to follow-up. Finally, there were 88 patients in the intervention group and 92 in the control group. In terms of tumor types, most patients had pancreatic cancer, gastric cancer, intestinal cancer, lung cancer, liver cancer, and biliary tract cancer. Very few patients had breast cancer and throat cancer, which were considered as other cancer types. No significant differences were found between the two groups in gender, age, body mass index (BMI), tumor type, and other general information, with all p-values greater than 0.05. See Table 3 for details.
TABLE 3 | General information of patients in both groups.
[image: Table 3]3.2.2 Observation indicators
3.2.2.1 Pain assessment rate and reasonable rate of pain assessment
Pain assessment was conducted after 1-month implementation of the cancer pain pharmaceutical care mode. As shown in Table 4, the intervention group had a significantly higher pain assessment rate and a reasonable rate of pain assessment compared to the control group.
TABLE 4 | Pain assessment rate and reasonable rate of pain assessment in both groups.
[image: Table 4]3.2.2.2 Pain score
Pain scores were collected at 1–3 months after the implementation of the cancer pain pharmaceutical care mode. As shown in Table 5, no significant difference between the two groups was found in the 1-month follow-up. However, at 2-month and 3-month follow-up analyses, the intervention group had a significantly lower pain score compared to the control group.
TABLE 5 | Comparison of pain scores between the two groups.
[image: Table 5]3.2.2.3 Incidence of adverse reactions
Adverse reactions were recorded after 3 months of the implementation of the cancer pain pharmaceutical care mode. As shown in Table 6, compared with the control group, the intervention group had a significantly lower incidence of adverse reactions.
TABLE 6 | Comparison of the incidence of adverse reactions between the two groups.
[image: Table 6]4 DISCUSSION
4.1 Scientific nature of the pharmaceutical care mode for cancer pain patients in primary care based on the Delphi method
As a mature and reliable method that has been widely applied in the field of health services, the Delphi method is often used in the formulation of models and standards (Boulkedid et al., 2011). On the basis of the Delphi method, Katie et al. (Earle-Payne et al., 2022) identified 44 practice standards for general clinical pharmacists to provide multiple medications and chronic disease drug treatment reviews and proved that such standards were acceptable and effective. Therefore, in this study, we used the Delphi method to construct a set of pharmaceutical care modes that could be suitable for cancer pain patients at the primary healthcare level in China.
It is of great importance for the Delphi procedure to select experts with higher attainments based on strict inclusion criteria (Shawahna, 2020). In this study, we recruited people from different positions in the field of cancer pain management to ensure good disciplinary representativeness, including clinical, pharmaceutical, and nursing experts, hospital administrators, pharmaceutical administration, health management research experts, and officials of health administration departments. In addition, 75% of the experts have worked in the field of cancer pain management for more than 10 years, which guarantees the professionalism and scientific nature of the research.
The response rates of the questionnaire in both rounds were 100%. In addition, the experts put forward a number of constructive suggestions, reflecting the high initiative and support of experts for this study (Diamond et al., 2014). The results remained the same in the two rounds of consultation, with an authority coefficient of 0.83 (i.e., greater than the cut-off value of 0.7), pointing out a higher degree of authority (Wang et al., 2019). Compared with the first round (0.237) of expert consultation, Kendall’s coefficient of concordance in the second round (0.444) was significantly higher, suggesting that after the first round of consultation and correction, the coordination degree of experts’ opinions in the second round of consultation increased, and the consistency was better. After two rounds of consultation, three primary indicators and 14 secondary indicators were selected by combining the screening criteria, expert opinions, and statistical results. A set of pharmaceutical care paths for cancer pain patients at the primary care level with unified standards and complementary advantages was formed.
4.2 Standardizing the pain assessment among cancer pain patients at the primary care level
Pain assessment is the first step in the management of cancer pain. Only by making a reasonable dynamic pain assessment and understanding the characteristics of pain degree, site, nature, and psychological state can the corresponding medication regimen be formulated so as to improve the treatment effect of cancer pain and the quality of life of patients. Sun et al. (2018) conducted an intervention–control study with either standardized or conventional pain assessment in the two groups, and the results showed that compared with the control group, the intervention group had a significantly lower pain score, depression score, and anxiety score but higher quality of life and satisfaction.
Most pain assessment in the community among cancer pain patients in developed countries is completed by pharmacists (Savage et al., 2013). At present, China is advocating and promoting pharmacists to join the family doctor team to manage primary healthcare through multidisciplinary collaboration, which also requires improvement of the standardization of pain assessment by the whole family doctor team. The mode constructed in this study emphasized the training and guidance of pharmacists from superior medical institutions to family doctors, among which pain assessment was an important part of standardized cancer pain management. Family doctors in our study were all trained before providing standardized cancer pain pharmaceutical care for the intervention group, and the results revealed that the intervention group had a significantly higher pain assessment rate and reasonable rate of pain assessment than the control group, which laid the foundation for the implementation of accurate, timely, and effective drug treatment.
4.3 Effectiveness and safety of cancer pain management by the pharmaceutical care mode for cancer pain at the primary care level based on the Delphi method
Pharmaceutical care in the management of cancer pain medication abroad includes the assessment of pain control, number of acute pain attacks, adverse drug reactions, formulation of medication regimens, and management of medication adherence (Burns and Anne, 2008). Some studies have also pointed out that the main reason for the poor pain control in China might be the irrational use of analgesic drugs, misunderstanding of analgesic drugs by patients and their families, difficulty in obtaining pain management services, and poor adherence with analgesic drugs (Xu et al., 2018). In view of the abovementioned problems and referring to cancer pain medication management in other countries, our pharmaceutical care mode standardized the process of primary pharmaceutical care, promoted collaboration between superior and primary health institutions, and provided pharmaceutical care for patients, such as pain assessment, medication management, medication education, and public education.
Pain scores were analyzed at 1–3 months after the implementation of the cancer pain pharmaceutical care mode. No significant difference between the intervention and control groups was found in the 1-month follow-up, which might be related to the low degree of cooperation and trust between patients and family doctors. However, at 2-month and 3-month follow-up, the intervention group had a significantly lower pain score compared to the control group, proving that the self-developed mode could improve the effectiveness of cancer pain control. The majority of patients prefer to visit hospitals because of their concerns about the service level of primary medical care. Under the standardized pharmaceutical care mode, family doctors gradually penetrate into the process of patient diagnosis and treatment, so patients can experience the same service from primary care as hospitals and will be more willing to seek cancer pain management from family doctors. The intervention group in our study had a significantly lower incidence of adverse reactions compared to the control group after 3 months of the implementation of the cancer pain pharmaceutical care mode, noting that such modes could remarkably increase the safety of cancer pain drug treatment. Standardizing the path of pharmaceutical care and clarifying the responsibilities and workflow of family doctors is conducive to timely detection of drug-related events and adjustment of medication regimens, thus conducting individualized management of cancer pain.
Medication adherence remains an influencing factor for the effect of cancer pain medication. In our study, both the intervention and control groups had more than half of patients with moderate adherence, without statistical difference. However, compared with the control group, the intervention group had significantly more patients with good adherence and less with poor adherence. The abovestated results demonstrated that through standardized pharmaceutical care for cancer pain at the primary care level, regular medication evaluation records and medication education for patients could improve their medication adherence.
4.4 Limitations
There are some limitations in this study. First, 20 of the 24 experts in consultation were from Nanjing, Jiangsu Province, which had regional characteristics. Thus, the pharmaceutical care mode constructed in this study may need to be adjusted and improved according to the actual situation in the future. Second, empirical research was a single-center study with a relatively small sample size and short follow-up time, which might lead to bias. We expect to expand the research scope and sample size in the process of promotion and application in the later stage and to add the research on the influence of the application of this mode on patient medication adherence and economics so as to further confirm the application effect of this mode in cancer pain management in the primary care level.
5 CONCLUSION
Through two rounds of Delphi expert consensus, this study developed a set of pharmaceutical care modes for cancer pain at the primary care level, which standardized the management process of cancer pain medication for patients referred to primary medical institutions or at home. The empirical research results of this model indicated that our pharmaceutical care mode could reduce the risk of drug use in cancer pain patients, as well as improve the quality of cancer pain management at the primary care level. We recommend further promoting and applying this mode in clinical practice in order to achieve continuous improvement and optimization.
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Background: Oral anticoagulants (OACs) are essential for stroke prevention in patients with nonvalvular atrial fibrillation (NVAF). However, the appropriateness of anticoagulation treatment in locally practice remains unclear. This study evaluated compliance with anticoagulation therapy concerning the guidelines and drug labels in patients with NVAF.
Methods: Hospitalized patients diagnosed with NVAF between 1 November 2020, and 31 December 2021, were retrospectively enrolled. The appropriateness of anticoagulation regimens at discharge was evaluated based on a flowchart designed according to atrial fibrillation (AF) guidelines and medication labels. Furthermore, we explored factors potentially influencing the “no-use of OACs” using binary logistic regression and verified anticoagulation-related issues through a physician questionnaire.
Results: A total of 536 patients were enrolled in this study, including 254 patients (47.4%) with inappropriate anticoagulation regimens. 112 patients (20.9%) were categorized as “underdosing-use of OACs,” 134 (25%) who needed anticoagulation therapy were “no-use of OACs” and eight (1.5%) were “over-use of OACs.” The results of a binary logistic regression analysis showed that paroxysmal AF (odds ratio [OR], 7.74; 95% confidence interval [CI], 4.57–13.10), increased blood creatinine levels (OR, 1.88; 95% CI, 1.11–3.16), hospitalized pacemaker implantation (OR, 6.76; 95% CI, 2.67–17.11), percutaneous coronary intervention (OR, 3.35; 95% CI, 1.44–7.80), and an increased HAS-BLED score (OR, 1.62; 95% CI, 1.11–2.35) were associated with “no-use of OACs” in patients with NVAF who had indications for anticoagulation therapy.
Conclusion: For patients with NVAF with severe renal dysfunction and paroxysmal AF, anticoagulation therapy was inadequate. The underdosing-use of OACs in patients with NVAF was frequently observed. We recommend an anticoagulation management team to tailor anticoagulation regimens to suit each patient’s needs.
Keywords: nonvalvular atrial fibrillation, anticoagulation therapy, non-vitamin K antagonist oral anticoagulants, clinical pharmacist, no-use of OACs
1 INTRODUCTION
Atrial fibrillation (AF) is a common arrhythmia that becomes more common as people get older; it mostly involves nonvalvular AF (NVAF) (Lippi et al., 2020). Episodes of NVAF are associated with chest tightness, palpitations, progression of heart failure, and even ischemic stroke, which are 4–5 times higher than in those patients without NVAF. Moreover, the incidence of ischemic stroke in Asian patients has increased (Chiang et al., 2017). The 2020 European Society of Cardiology (ESC) guidelines for AF (Hindricks et al., 2021) recommend that men with NVAF and CHA2DS2-VASc scores ≥2 and women with NVAF and CHA2DS2-VASc scores ≥3 should be considered for anticoagulation therapy, preferably non-vitamin K antagonist oral anticoagulants (NOACs), to prevent strokes. However, awareness of anticoagulation therapy was inadequate in out-patients with AF, and low-use of OACs was common in practice (Du et al., 2021). Moreover, Asian patients are considered at high risk of hemorrhage and off-label dosage, especially under-dose of NOACs, is regularly prescribed by domestic physicians to patients with AF (Cheng et al., 2019). Poor compliance with guidelines and off-label use of NOACs could cause adverse outcomes (Bang et al., 2023). It is important to highlight compliance with anticoagulation therapy in alignment with guidelines and medication labels in practical clinical settings. This study evaluated the appropriateness of anticoagulation regimens and explored the potential factors associated with inappropriate anticoagulation regimens especially with no-use of OACs locally.
2 MATERIALS AND METHODS
2.1 Study population
All patients diagnosed with AF or atrial flutter admitted to the Affiliated Hospital of Jiangnan University were retrospectively enrolled between 1 November 2020, and 31 December 2021. The inclusion criterion was as follows: diagnosis of AF by ECG within the timeframe. The diagnostic criteria were based on the 2014 American Diagnostic Standards for AF. The exclusion criteria were as follows: patients with moderate to severe mitral stenosis or mechanical valve replacement; hyperthyroidism or malignant tumor; concomitant venous thromboembolism; patients who left the hospital automatically and were transferred to another hospital, those who died, or those who were discharged from the hospital without standardized treatment within 3 hospital-days of admission; those with incomplete data; patients with repeated hospitalization within this period, and patients treated with low-molecular weight heparin (LMWH) at discharge (Figure 1). The Institutional Review Board of the Affiliated Hospital of Jiangnan University approved this study. Written informed consent for participation was not required in this study is in accordance with national legislation and institutional requirements.
[image: Figure 1]FIGURE 1 | Flowchart of patients enrolled in the study.
2.2 Data collection
Demographic data, clinical characteristics, laboratory measurements, and medication use were obtained from the Hospital Information System (HIS). The specific details in the HIS included age, sex, liver and kidney function, platelet counts, coagulation function, concomitant medications, concomitant diseases, and operation type. All patients were scored for their risk of thrombosis and bleeding according to the updated CHA2DS2-VASc and HAS-BLED scoring systems recommended in the 2020 ESC guidelines for AF.
2.3 Outcomes and definitions
Anticoagulation regimens at discharge of all enrolled patients were evaluated according to a flowchart designed basing on the 2020 ESC guidelines for AF, the 2021 European Heart Rhythm Association (EHRA) practical guide on using NOACs in patients with AF, and the drug’s label (Figure 2) (Hindricks et al., 2021; Steffel et al., 2021). The flowchart shows evaluation of anticoagulation regimens, including indications, contraindications, and dosage of oral anticoagulants (OACs). The primary outcomes were as follows: rate of inappropriate anticoagulation therapy consisting of “no-use of OACs,” “underdosing-use of OACs,” “over-use of OACs,” and the factors potentially influencing “no-use of OACs” (Zhao et al., 2022). “No-use of OACs” were defined as patients for whom anticoagulation therapy was indicated and, without contraindications, did not receive OAC treatment. “Underdosing-use of OACs” were defined as patients who did not possess the criterion for reducing the dosage, received a reduced OAC treatment, or who received a smaller OAC dosage not approved by the National Medical Products Administration (NMPA). “Over-use of OACs” were patients who received OAC treatment, but contraindications were breached, and patients for whom anticoagulation therapy was not indicated but still received OAC treatment.
[image: Figure 2]FIGURE 2 | Flowchart of appropriateness assessment of standardized anticoagulation therapy for patients with nonvalvular atrial fibrillation.
2.4 Statistical analyses
Data were collected and input into Excel spreadsheets. Statistical analysis was performed using the SPSS software version 25.0(IBM, Armonk, NY, United States of America). Normally distributed continuous data were presented as the mean ± standard deviation and compared between groups using the Student t test. Abnormally distributed continuous data were presented as the median (P25, P75) and compared between groups using the Mann–Whitney U test. Categorical data were reported as frequencies (%) and compared using the chi-square or the Fisher exact test. A multivariable logistic model included candidate variables with a p-value <0.1 by univariate analysis. A binary logistic regression analysis was used to analyze the factors influencing “no-use of OACs.” p < 0.05 indicated a statistically significant difference.
2.5 Questionnaire design
We developed a ten-question questionnaire to investigate the factors contributing to “no-use of OACs” and other anticoagulation-related concerns in patients with NVAF. The questions focused on the choice of anticoagulation regimen for patients with concomitant paroxysmal AF, renal dysfunction, and other specific conditions that influence anticoagulation therapy. We sent invitations to 14 cardiovascular physicians, asking them to complete the questionnaires, including four chief physicians, four deputy chief physicians, four attending physicians, and two resident physicians (Supplementary Data).
3 RESULTS
3.1 Population characteristics
In total, 536 patients were enrolled in this study. Of this number, 56.3% of patients were men, 54.9% of patients were aged ≥75 years, 36.0% were diagnosed with paroxysmal AF, and 31.2% were diagnosed with concomitant renal dysfunction. Overall, 91.8% of patients (men with CHA2DS2-VASc scores ≥2 and women with CHA2DS2-VASc scores ≥3) had indications for anticoagulation therapy. However, 34.5% did not receive OAC treatment, 14.7% received single antiplatelet therapy (SAPT), 6.9% received dual antiplatelet therapy (DAPT), and 12.9% did not receive antithrombotic treatment (Table 1).
TABLE 1 | Baseline characteristics of enrolled patients with nonvalvular atrial fibrillation (n = 536).
[image: Table 1]3.2 Appropriateness of anticoagulation regimens
In our evaluation of anticoagulation therapy, of the 536 patients with NVAF, 282 (52.6%) patients received appropriate treatment. Of these 282, 51 patients did not receive OAC treatment because of a low risk of stroke or there were anticoagulation contraindications, and 231patients received appropriate dosage OAC treatment. In contrast, 254 (47.4%) patients received inappropriate treatment. Of them, 134 (25%) patients who needed anticoagulation therapy were categorized as “no-use of OACs,” 112 (20.9%) patients were “underdosing-use of OACs,” and eight patients (1.5%) were “over-use of OACs.” (Figure 3).
[image: Figure 3]FIGURE 3 | Result of appropriateness assessment of anticoagulation therapy for patients with nonvalvular atrial fibrillation (n = 536).
3.3 Potential factors influencing the no-use of OACs
We analyzed the factors influencing “no-use of OACs” using univariate logistic regression compared with anticoagulation treatment group. These factors included demographic characteristics, concomitant diseases, laboratory monitoring indicators, and hospitalized operation type. Significant variables (p < 0.1) were included in the binary logistic regression model and the results showed that paroxysmal AF (OR, 7.74; 95% CI, 4.57–13.10), increased blood creatinine levels (OR, 1.88; 95% CI, 1.11–3.16), hospitalized pacemaker implantation (OR, 6.76; 95% CI, 2.67–17.11), percutaneous coronary intervention (PCI) (OR, 3.35; 95% CI, 1.44–7.80), and an increased HAS-BLED score (OR, 1.62; 95% CI, 1.11–2.35) were associated with “no-use of OACs” patients with NVAF for whom anticoagulation therapy was indicated (Table 2).
TABLE 2 | Possible factors influencing the no-use of oral anticoagulants for patients with nonvalvular atrial fibrillation (n = 477).
[image: Table 2]3.4 Findings from questionnaire for physicians
The following findings were obtained from the physician questionnaire (Supplementary Data):
Question 1:. Approximately 50% of physicians restarted NOACs at least 1 week after pacemaker implantation.
Question 2–3:. Physicians partially discontinued long-term anticoagulation therapy in patients with paroxysmal AF after successful cardioversion to sinus rhythm using amiodarone or catheter ablation.
Question 4:. Most physicians overestimated HAS-BLED scores in clinical practice.
Question 5–6:. Most physicians were reluctant to prescribe warfarin to patients with severe renal dysfunction (CrCl <30 mL/min) or tended to prescribe low-dose NOACs or discontinued anticoagulation therapy altogether.
Question 7–8:. For patients with paroxysmal AF undergoing PCI, a small number of physicians tended toward DAPT.
Question 9:. Fifty percent (50%) of physicians tended toward SAPT instead of anticoagulation therapy in patients with end-stage renal disease (ESRD) and concomitant stable coronary heart disease (CHD).
Question 10:. Underdosing-use of NOACs was commonplace in clinical practice.
4 DISCUSSION
OACs, particularly NOACs, are essential for preventing stroke in patients with NVAF. However, the appropriateness of anticoagulation treatment in locally practice remains unclear. In this cross-sectional retrospective study, clinical pharmacists evaluated 536 AF inpatient records examining anticoagulation regimens based on the latest guidelines and medication labels. Similar studies also evaluated the appropriateness of OAC treatment in patients with AF (Qian et al., 2021; Delesie et al., 2022; Moudallel et al., 2022) and explored the possible influencing factors regarding inappropriate anticoagulation therapy. Distinct from those studies, our study designed, produced, and disseminated a questionnaire and asked the “no-use of OACs” to verify the influencing factors. As a result, we designed a flowchart for administering individualized anticoagulation regimens for patients diagnosed with NVAF. These measures aimed to improve therapeutic quality and involve clinical pharmacists in anticoagulation management.
The study showed approximately 47.4% (254/536) of the anticoagulation regimens for AF patients upon discharge were inappropriate. The inappropriate sample consisted of 134 (25%) “no-use of OACs”, 112 (20.9%) “underdosing-use of OACs”, and eight (1.5%) “over-use of OACs”. Comparisons between the “no-use of OACs” and anticoagulation treatment group showed that paroxysmal AF, increased blood creatinine levels, hospitalized pacemaker implantation, PCI, and increased HAS-BLED scores were associated with no-use of OAC treatment. Furthermore, underdosing-use of OACs in patients with NVAF was commonplace in locally practice.
4.1 “Paroxysmal AF” leading to no-use of OACs
Among patients with NVAF, those with paroxysmal AF were frequent, including those newly diagnosed and those who had undergone catheter ablation. The stroke risk associated with paroxysmal AF appears lower than with persistent AF (Genovesi-Ebert et al., 2020). However, the risk factors for stroke in patients with paroxysmal AF are usually less than those in patients with persistent AF. In other words, the CHA2DS2-VASc score of patients with paroxysmal AF is routinely lower than those with persistent AF. The 2020 ESC guidelines for AF recommend anticoagulation therapy depending on the CHA2DS2-VASc score rather than the type of AF. Patients with AF and high CHA2DS2-VASc scores need to be treated with anticoagulation therapy to prevent stroke or systemic embolism, even if they are diagnosed with paroxysmal AF or have been treated with catheter ablation. In clinical practice, physicians are reluctant to prescribe OACs to patients with paroxysmal AF, especially 3 months after catheter ablation. A US national registry involving 21,595 patients with AF showed that 23% of patients discontinued OAC treatment after catheter ablation despite a high stroke risk score (Freeman et al., 2019). OAC discontinuation after catheter ablation was controversial because the evidence was limited to observational data. While the definition of “successful ablation” remains ambiguous, maintaining sinus rhythm to reduce the incidence of stroke was uncertain (Chew and Piccini, 2021). Anticoagulation therapy should be administered to patients with paroxysmal AF who do not undergo catheter ablation and have a high CHA2DS2-VASc score.
4.2 “Increased blood creatinine levels” leading to no-use of OACs
The study revealed that severe renal dysfunction was an independent factor associated with the no-use of OACs in patients with NVAF. Some patients have AF and concomitant chronic kidney disease (CKD) due to their shared risk factors, including hypertension, diabetes mellitus, and coronary artery disease (Ding et al., 2021). Previous studies have revealed that renal dysfunction is an independent risk factor for new-onset AF. Patients with a CrCl <60 mL/min or chronic renal dysfunction together with proteinuria have a higher prevalence of AF than healthy individuals (Guo et al., 2019; Kodani et al., 2020). Furthermore, patients with AF are an increasingly aging population with a gradual decline in renal function. Long-term AF causes a decline in cardiac function, ultimately leading to reduced renal perfusion and further damage (Carlisle et al., 2019). Patients with AF and renal dysfunction have an increased risk of thrombosis and bleeding (Parker et al., 2022). Anticoagulation therapy is challenging for these patients, particularly in patients with ESRD, because NOACs partly depend on renal clearance. Although warfarin was approved for domestic use in patients with concomitant ESRD and AF, physicians were reluctant to prescribe warfarin because of the need for frequent monitoring of the international normalized ratio (INR). Furthermore, the benefits and bleeding risks associated with warfarin were controversial for patients with CrCl <15 mL/min (Ha et al., 2019). However, for patients with AF and mild to moderate renal dysfunction, NOACs have been associated with a lower risk of acute kidney injury, CKD progression, and a better clinical profile of net clinical benefit (Gu et al., 2019; Trevisan et al., 2023). Some physicians in practice did not prescribe NOACs due to concerns about hemorrhage, even for patients with moderate renal dysfunction, let alone patients with severe renal dysfunction. Physicians were concerned that patients’ renal function was over-assessed by different methods, such as Modification of Diet in Renal Disease (MDRD), Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI), and Cockcroft-Gault (CG), and other methods showing inconsistencies in assessing renal dysfunction (Rohla et al., 2021). Anticoagulation management requires intensive follow-up to monitor renal function for the dynamic assessment of bleeding risk. However, domestic follow-up is inadequate due to the limited time and effort of domestic physicians.
4.3 “Hospitalized pacemaker implantation” leading to no-use of OACs
The 2021 EHRA practical guide to using NOAC in patients with AF stated that coronary intervention and pacemaker implantation were both invasive procedures with minimal risk of bleeding, and the NOAC regimens can be resumed 24 h after operation in patients with normal renal function. In a real-world setting, some physicians did not administer NOACs within 7 days of pacemaker implantation, despite the patients’ normal renal function, because they believed early NOACs might lead to pacemaker pocket hematoma. The BRUISE CONTROL study (Birnie et al., 2013) showed that uninterrupted warfarin administration during the perioperative period of pacemaker implantation can significantly reduce the incidence of hematoma and hospital stay compared with low-molecular-weight heparin. Subsequently, the BRUISE CONTROL-2 study (Birnie et al., 2018) from 2013–2017 aimed to explore whether continuous treatment with NOACs could reduce the incidence of pocket hematoma after pacemaker implantation. However, the study was halted because the sample size needed to be enlarged following mid-term data analysis. In other words, present studies have found no significant correlation between NOAC interruption and the incidence of pocket hematoma. However, discontinuation of NOACs increase the risk of ischemic stroke. Therefore, the perioperative anticoagulation management of pacemaker implantation, which involves the pacemaker type, surgical method, personal platelet function, and thrombotic risk, needs further exploration. Multidisciplinary team involvement is necessary for the perioperative management of patients with NVAF, and early restoration of anticoagulation therapy is essential in patients with NVAF with a high risk of stroke.
4.4 “PCI” leading to no-use of OACs
This study found that three-quarters of patients with NVAF with no-use of OACs received antiplatelet treatment (SAPT or DAPT). Moreover, results of a binary logistic regression analysis indicated that PCI was associated with no-use of OACs. Previous studies had showed that OACs can more effectively reduce the incidence of stroke in patients with NVAF than antiplatelet drugs (Hohnloser et al., 2007). However, in practice, a small proportion of physicians and patients tend to use antiplatelet drugs to prevent stroke in patients with NVAF to replace OACs, particularly in those with concomitant CHD. Antiplatelet drugs are seemingly safer and are more commonly used than OACs in clinical practice. Nevertheless, antiplatelet and anticoagulation therapies may have similar bleeding risks, depending only on the hemorrhage risk factors in patients (Olesen et al., 2011). From an analysis of physicians’ medication habits, this phenomenon was obvious in patients with AF who underwent PCI and was attributed to DAPT treatment after PCI. Nevertheless, the 2021 EHRA practical guide on using NOACs in patients with AF and the 2020 ESC guidelines for AF stated that OACs should be consistently prescribed to patients with AF with concomitant CHD, whether or not these patients undergo PCI due to acute coronary syndrome (ACS) or chronic coronary syndrome (CCS). Patients were selectively treated with DAPT or SAPT and OACs based on a comprehensive assessment of the risk of thrombosis and bleeding. This work may require time and effort to weigh the risks, and the involvement of a multidisciplinary team in shared decision-making principles is recommended.
4.5 “High HAS-BLED score” leading to no-use of OACs
The HAS-BLED score is widely used in clinical practice as an assessment tool for the risk of bleeding in patients with AF. This score was proposed and validated in an early cohort study (Pisters et al., 2010), wherein “A” was defined as liver or renal dysfunction, including the presence of chronic dialysis, renal transplantation, or serum creatinine >200 μmol/L. In practice settings, most physicians considered all types of renal dysfunction as bleeding risk factors. Accordingly, the bleeding risk score was overestimated. Similarly, hypertension was also listed in the HAS-BLED score even if the patient’s blood pressure was well-controlled. A higher HAS-BLED score that does not support using OACs is reasonable. However, improper understanding of the HAS-BLED score may be an obstacle to anticoagulation therapy.
4.6 Underdosing-use of OACs
In our study, 59.0% of all enrolled patients (536) were prescribed NOACs, including rivaroxaban, dabigatran, and edoxaban. Apixaban was excluded, which was not approved in patients with NVAF by the NMPA in China. Moreover, only 6.5% of patients were prescribed warfarin. Compared with the average domestic level, the total use of NOACs was significantly high (Du et al., 2021). However, nearly half of the NOAC dosages were off-label, mainly because of underdosing. The standard dosage of rivaroxaban is 20 mg once daily, and that of dabigatran is 150 mg twice daily in patients with NVAF for stroke prevention. Additionally, the dosages of NOACs can be adjusted according to a comprehensive assessment of patients’ weight, age, renal function, and concomitant medications. Detailed principles of use have been individually documented for every medication label approved by the NMPA in China. However, underdosing-use of NOACs was commonplace in practice. For example, the usual dose of rivaroxaban prescribed by physicians was 15 mg or even 10 mg once daily, which was an off-label dosage.
Several studies had confirmed that underdosing-use of NOACs was associated with an increased risk of all-cause mortality or thrombotic events (Steinberg et al., 2016; Nielsen et al., 2017; Yao et al., 2017; Camm et al., 2020; Lee et al., 2020). Out of these studies, the most recent one focused on Asian patients but was conducted in a single center. It found that using a lower dose of NOAC (which was an off-label use) was linked to a 2.5-times higher risk of thromboembolism compared with using warfarin (Lee et al., 2020). Additionally, in a study conducted by Xu et al., in 2023, it was reported that the off-label use of underdosed NOACs in Asian patients with AF was associated with significantly reduced risks of major bleeding and all-cause mortality when compared with the recommended dosage. Although this study and Lee et al., 2020 provided evidence for the off-label use of NOACs, both studies may be influenced by confounders due to their retrospective nature. Furthermore, in the former study by Lee et al., 2020, the under dosage of NOACs was compared with warfarin, and in the latter study by Xu et al., 2023, it was compared with the recommended dosage of NOACs. We conclude that off-label dosage of NOACs remains a matter of debate for the Asian population. The off-label use of these medications requires a comprehensive prospective study involving a substantial number of Asian patients with AF to validate its effectiveness, particularly since it has not yet received approval from the NMPA, at least as of now. Therefore, NOACs should be individually prescribed. In particular, patients with a high stroke risk and low bleeding risk should be treated with the full dose.
4.7 Questionnaire
The questionnaire aimed to investigate physicians’ understanding of anticoagulation therapy, as this knowledge influenced their selection of anticoagulation plans for patients with NVAF. The questionnaire was designed to address the gap between practice and guidelines. According to the questionnaire, we discovered a change in physicians’ choice of anticoagulation regimen in patients with NVAF during the perioperative period of PCI. The questionnaire was administered 1 year after data collection of this study. For patients with persistent AF undergoing PCI due to acute coronary syndrome, 57% of physicians chose triple therapy with aspirin, clopidogrel, and NOAC for 1 month after PCI, and 43% of physicians chose dual therapy with clopidogrel and NOAC. Both regimens involved using OACs. Among the ten questions on anticoagulation in patients with NVAF, each question contained an option for SAPT. However, almost none of the physicians chose SAPT in the first nine questions. SAPT was chosen only for patients with ESRD (10 mL/min < CrCl <15 mL/min) and concomitant CHD. Some physicians tended toward SAPT, which was approved in patients with ESRD when using OACs was challenging. This indicated that nowadays, almost all physicians in our hospital regard anticoagulation therapy as the first-line treatment for patients with NVAF, along with various updated guidelines, and antiplatelet therapy as secondary replacement therapy in special cases. However, a few physicians chose the DAPT regimen consisting of aspirin and clopidogrel without OAC after PCI for patients with CCS and concomitant paroxysmal AF. Despite patients having a CHA2DS2-VASc score of ≥3, physicians were reluctant to prescribe OACs for paroxysmal AF. In other words, physicians considered the stroke risk of patients with paroxysmal AF low. This awareness was verified using multiple questions in the questionnaire. Fifty percent of physicians would discontinue anticoagulation treatment after successful cardioversion by drugs or catheter ablation for patients with NVAF, especially for patients with rare episodes of AF after catheter ablation.
4.8 What pharmaceutical care can we provide?
In conclusion, there are some difficulties standardizing anticoagulation treatment, which is essential for patients with NVAF. In clinical practice, we intend to intervene to improve guideline-adherence for anticoagulation therapy. Since managing patients with AF is complex, an anticoagulation team, including physicians, clinical pharmacists, and nurses from multiple disciplines, is necessary (Gebreyohannes et al., 2021; Koolian et al., 2022). Subsequently, for patients diagnosed with NVAF, the team could administer individualized anticoagulation regimens based on the patient’s age, liver function, kidney function, concomitant disease, concomitant drugs, and operation type, according to shared decision-making principles (Supplementary Table S1 and Supplementary Figure S1). Many hospitals in China have implemented the Physician-Pharmacist Collaborative Clinic and have achieved promising results (Wang et al., 2021). Furthermore, genetic testing and blood medication concentration testing to guide individualized medication choice of NOACs is a promise direction being leaded mostly by clinical pharmacists in an anticoagulation team (Gu et al., 2018).
Additionally, clinical pharmacists can provide anticoagulation education to patients using various tools, such as flyers, brochures, and posters. Medication education can establish awareness of anticoagulation treatment and enhance medication adherence in patients with AF. Pharmaceutical services can improve the safety and efficacy of medications, such as OACs high-alert drugs (Khan et al., 2022). Furthermore, clinical pharmacists can also complete follow-ups for patients with AF using powerful follow-up software to ensure correct adherence to medication, which is important for treating chronic diseases (Zhang et al., 2021). In particular, this study showed that many patients with concomitant AF and renal dysfunction required intensive follow-up after anticoagulation therapy. In addition, adverse drug-induced events can be efficiently reduced by timely rectification of incorrect dosages and drug combinations during follow-up.
4.9 Limitations
This study had some limitations. First, the cohort included only patients with AF admitted to a cardiology department in a single hospital within a specified period, and the population was selectively biased. Second, the study lacked patient follow-up after discharge to determine medication compliance. Therefore, the usage rate of OACs in practice may have been overestimated. Third, this study did not analyze patients’ anticoagulation awareness, financial status, and educational background, which may have influenced the use of OACs. Fourth, only a small number of physicians were invited to participate in the questionnaire, and a large-scale questionnaire involving multicenter should be collected to confirm our results, especially for the overestimated HAS-BLED scores. Fifth, apixaban was not domestically approved and was excluded from this study, so that this study cannot reflect all NOACs use.
5 CONCLUSION
For patients with NVAF with severe renal dysfunction and paroxysmal AF, anticoagulation therapy was insufficient. Underdosing-use of NOACs in patients with NVAF is common in practice. Individualized anticoagulation regimens should be administered by an anticoagulation management team (including physicians, clinical pharmacists, and nurses from multiple disciplines) based on the patient’s age, liver function, kidney function, concomitant disease, concomitant drugs, and operation types, according to the shared decision-making principles.
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Introduction: Partnered pharmacist medication charting (PPMC), a process redesign hypothesised to improve medication safety and interdisciplinary collaboration, was trialed in a tertiary hospital’s emergency department (ED).
Objective: To evaluate the health-related impact and economic benefit of PPMC.
Methods: A pragmatic, controlled study compared PPMC to usual care in the ED. PPMC included a pharmacist-documented best-possible medication history (BPMH), followed by a clinical conversation between a pharmacist and a medical officer to jointly develop a treatment plan and chart medications. Usual care included medical officer-led traditional medication charting in the ED, without a pharmacist-obtained BPMH or clinical conversation. Outcome measures, assessed after propensity score matching, were length of hospital or ED stay, relative stay index (RSI), in-hospital mortality, 30-day hospital readmissions or ED revisits, and cost.
Results: A total of 309 matched pairs were analysed. The median RSI was reduced by 15.4% with PPMC (p = 0.029). There were no significant differences between the groups in the median length of ED stay (8 vs. 10 h, p = 0.52), in-hospital mortality (1.3% vs. 1.3%, p > 0.99), 30-day readmission rates (21% vs. 17%; p = 0.35) and 30-day ED revisit rates (21% vs. 19%; p = 0.68). The hospital spent approximately $138.4 for the cost of PPMC care per patient to avert at least one medication error bearing high/extreme risk. PPMC saved approximately $1269 on the average cost of each admission.
Conclusion: Implementing the ED-based PPMC model was associated with a significantly reduced RSI and admission costs, but did not affect clinical outcomes, noting that there was an additional focus on medication reconciliation in the usual care group relative to current practice at our study site.
Keywords: partnered pharmacist, co-charting, medication charting, emergency department, length of stay, cost-benefit, cost-effectiveness, PPMC
1 INTRODUCTION
Interventions that involve the integration of pharmacists in the emergency department (ED) have been associated with significant reductions in polypharmacy, medication errors and the use of potentially inappropriate medications (Becerra-Camargo et al., 2013; Koehl et al., 2019; Parro Martín et al., 2021; Atey et al., 2022). However, whether these benefits translate into health and economic outcomes is not clear in the literature. Conflicting evidence exists regarding the impact of ED-based pharmacist interventions on these outcomes. Some studies reported that no significant benefit was gained from the interventions on the length of hospital stay (LOS) (DeClifford et al., 2007; DeLorenzo-Pinto et al., 2018; Pevnick et al., 2018), length of ED stay (Mortimer et al., 2011; Robey-Gavin and Abuakar, 2016), in-hospital mortality (DeLorenzo-Pinto et al., 2018; Kulwicki et al., 2019; Kozlow and Livings, 2021), and hospital readmissions (DeLorenzo-Pinto et al., 2018; Pevnick et al., 2018) and ED revisits (DeLorenzo-Pinto et al., 2018) at 30 days after discharge. By contrast, others reported significant positive effects on the LOS (Masic et al., 2019; Kozlow and Livings, 2021) and length of ED stay (Masic et al., 2019). Evidence from interventions delivered by pharmacists conducted in other hospital settings also remains heterogeneous, with the majority reporting inconclusive impact on mortality and rates of readmissions and ED revisits at 3, 6, and 12 months (Thomas et al., 2014; Christensen and Lundh, 2016; Ravn-Nielsen et al., 2018; Santolaya-Perrin et al., 2019).
An example of an ED process redesign is partnered pharmacist medication charting (PPMC), a relatively new initiative intended to improve medication safety. With PPMC, a pharmacist obtains the best-possible medication history (BPMH) for the patient and has a clinical conversation with a medical officer to jointly develop a treatment plan and chart medications. Previously published studies have largely focused on the impact of PPMC on medication errors, LOS and cost of admission in older patients taking complex medications (Tong et al., 2015; Department of Health and Human Services, 2018). There remains a paucity of evidence on the impact of PPMC on health-related and economic outcomes in patients presenting to ED. We hypothesised that health- and economic-related benefits of PPMC may arise from a decreased incidence of medication errors potentially bearing high/extreme risks and from having a clear initial treatment plan in place. Therefore, we aimed to investigate the impact of PPMC on health- and economic-related outcomes compared to usual care, specifically, on the LOS, relative stay index (RSI, which is a risk-adjusted LOS) (Australian Institute of Health and Welfare, 2022a), length of ED stay, in-hospital mortality, and 30-day hospital readmissions and ED revisits. The cost-effectiveness and cost-benefit of PPMC were also determined.
2 MATERIALS AND METHODS
A detailed account of the study setting, study population, study period, study design, study arms, inclusion and exclusion criteria, and data collection procedures are presented elsewhere (Atey et al., 2023). A pragmatic, parallel controlled study was conducted with a study population composed of adults (aged 18 years or older) visiting the ED and taking at least one medication. This study included patients subsequently admitted to a general medicine unit (GMU) or emergency medicine unit (EMU) between 1 June 2020, and 17 May 2021.
In the PPMC arm, a best-possible medication history (BPMH) was promptly documented by an ED pharmacist at the earliest possible time point in the ED. The BPMH was obtained through structured patient interviews and secondary sources, such as caregivers, electronic health records, and community pharmacies. Following clinical review, the pharmacist collaborated with a medical officer (at least a post-graduate year 2 resident) to develop a shared medication treatment plan (SMTP). The co-signed SMTP was placed in the patient’s medical progress notes as a record of the shared clinical decision-making. Based on the SMTP, medications were then charted by the pharmacist using purple ballpoint ink. The medical officer endorsed each medication order before administration by nursing staff. A ward pharmacist later conducted a medication reconciliation (MedRec) on the inpatient ward.
The usual care arm included patients who followed the standard admission process. This process entailed the traditional medication charting, wherein a medical officer wrote medication charts within the ED using black/blue ballpoint ink. Notably, the charting occurred in the absence of a pharmacist-collected BPMH or any pharmacist-medical officer collaborative discussion in the ED. Following this, a ward pharmacist conducted a MedRec on the inpatient ward (Figure 1).
[image: Figure 1]FIGURE 1 | Admission processes for patients in the PPMC and usual care arms. Abbreviations: BPMH, best-possible medication history; ED, emergency department; PPMC, partnered pharmacist medication charting.
2.1 Independent variables
Independent socio-demographic and clinical variables were age (in years), sex (male or female), age-adjusted Charlson comorbidity index (CCI), Australasian Triage Scale, type of admission specialty units (GMU or EMU), the arrival time of the day [during peak business hours (9:00–15:00) or outside these hours (8:00–9:00 or 15:00–21:00)] and the arrival day of the week (weekdays or weekends/public holidays). A triage scale is a clinical tool consisting of 5 ED presentation levels, with 1 being the most critical and 5 being the least critical (Australasian College for Emergency Medicine, 2000). The CCI encompasses 17 medical conditions and a patient’s age, with total scores ranging from 0 to 33 (Charlson et al., 1987).
2.2 Outcome measures
Primary outcomes were the LOS from the time of the ED presentation to the cessation of the acute episode of care (discharge), in days, and the RSI. The RSI was computed by dividing a patient’s actual LOS by an expected LOS for a similar patient, which was based on national figures (Independent Health and Aged Care Pricing Authority, 2021). The expected LOS is standardised across Australian-refined diagnosis-related groups (AR-DRGs), care type, age, admission type, arrival source, discharge destination and comorbidity level (i.e., number of comorbidities from separate International Classification of Diseases-10 Australian Modification (ICD-10-AM) chapters) (Australian Institute of Health and Welfare, 2022a). An RSI greater than one indicates that a patient’s LOS is longer than would be expected, given the patient’s casemix distribution. An AR-DRG is “an Australian admitted patient classification system which provides a clinically meaningful way of relating the number and type of patients treated in a hospital (known as hospital casemix) to the resources required by the hospital” (Australian Institute of Health and Welfare, 2022b). Each AR-DRG has an alphanumeric code that represents a group of patients with similar clinical conditions demanding similar hospital services.
The expected LOS data were obtained from the Independent Health and Aged Care Pricing Authority’s National Hospital Cost Data Collection (NHCDC) report (version 10.0) (Independent Health and Aged Care Pricing Authority, 2021). The NHCDC public sector’s 23rd round report for the fiscal year 2018-19 was the latest publicly available at the time of manuscript writing. The report also contains hospital costs of admission data by jurisdictions and the episode of admission type (e.g., acute, subacute or non-acute admissions). The NHCDC statistics were linked to each patient’s data using AR-DRG as a linking variable.
Secondary outcomes included length of ED stay from ED presentation to ED departure (in hours), all-cause in-hospital mortality during the acute admission, occurrences of unplanned hospital readmissions or ED revisits to the same hospital within 30 days after hospital discharge, and PPMC’s cost-effectiveness and cost-benefit. The economic analysis was conducted from a health system’s perspective. The benefits from cost avoidance with PPMC based on the potential to avert a high/extreme risk error (Atey et al., 2023) (cost-effectiveness) and from cost savings by reducing the RSI (cost-benefit) were estimated, as described below. The cost of PPMC was estimated relative to the cost of usual care.
Firstly, the cost of care per patient to avert at least one high/extreme risk was estimated based on a) the average time required to deliver PPMC for one patient, b) the number of patients who needs to be treated (NNT) with PPMC to prevent at least one high/extreme risk and c) the hourly salary rate. The average time estimate to conduct one PPMC activity was obtained from the Royal Hobart Hospital (RHH), in which an online survey of PPMC pharmacists was conducted and then a consensus was reached among the pharmacists. The NNT was based on our PPMC’s impact on medication error study, and definitions and prevalence of high or extreme-risk errors are provided elsewhere (Atey et al., 2023). The estimated hourly salary rates were based on data from THS’s 2020/21 Public Sector Agreements (Tasmanian Health Service, 2019); $46.3 for a PPMC pharmacist based on Allied Health Professional Level 2 Year 4 (Department of Health and Human Services, 2018), $55.8 for a supervising pharmacist based on Allied Health Professional Level 4 Year 2, $54.0 for an ED medical officer based on Medical Practitioner Level 7 (Registrar Year 3), and $45.0 for a nurse based on Registered Nurse Grade 4 Year 1.
Secondly, the relative reduction of RSI with PPMC was translated into admission cost savings by multiplying the percentage of RSI reduction by the average cost of unplanned, acute admission in Tasmania. The cost of admission in Tasmania was based on the NHCDC report (Independent Health and Aged Care Pricing Authority, 2021). According to the report’s historical cost trend from 2016 to 17 to 2018-19, the average cost of admission increased by 6.6% annually in Tasmania. We factored in this increase for estimating the cost of admission for the study period (2020-21). Based on the national data, the average “expected LOS” trend remained relatively steady; therefore, no adjustments were considered in this study.
Thirdly, the cost difference between admission cost savings and the cost of care was reported as the PPMC cost-benefit. Approximate fixed costs from the cost of initial credentialling were also estimated; however, we were unable to incorporate some of PPMC’s fixed costs, such as the cost of establishment and supervision due to a lack of data. All the cost findings presented in this study were only approximations and were reported in Australian dollars.
2.3 Propensity score matching
A 1:1 nearest neighbour propensity score matching without replacement using a calliper of 0.03 was used to create comparable groups in both arms. The propensity scores were calculated using a logistic regression based on the covariates (CCI, arrival time of the day and admission unit type). The quality of matching was assessed using numerical summaries and graphical methods. A covariate balance before and after matching was deemed adequate when a standardised mean difference was below 0.1 (Harder et al., 2010). A MatchIT package was used for the propensity score matching (Stuart et al., 2011).
2.4 Statistical analysis
The normality of data distribution was checked via statistical methods using the Shapiro-Wilk test and visual inspection of histograms and Q-Q plots. Multicollinearity was determined by observing the size of correlation coefficients, variance inflation factors and eigenvalues. Prior to matching, statistics were compared using the Wilcoxon rank-sum test for continuous data and Pearson’s chi-square test for categorical data. For the matched pairs, continuous variables were compared using the Wilcoxon signed-rank test, and categorical variables were compared using McNemar’s chi-square test (Swinscow and Campbell, 1997; Austin, 2008).
Subgroup analysis according to the major diagnostic category (MDC) was conducted to examine whether the RSI varied by MDC between the two study groups. The MDCs are mutually exclusive categories into which all possible DRGs and principal diagnoses fall (Independent Health and Aged Care Pricing Authority, 2020). The diagnosis in each MDC corresponds to a single aetiology or body system, for example, “MDC 01 Diseases and Disorders of the Nervous System.” The analysis was compared using the Wilcoxon rank sum test.
Kaplan-Meier’s “survival” probability curves were constructed to analyse time to hospital readmissions and ED revisits. Patients who died in the hospital and their counter-matched pairs were excluded from health-related outcome analyses. All reported p-values <0.05 were considered statistically significant. Data were analysed in R® version 4.1.12 (R Foundation for Statistical Computing, Vienna, Austria) (R Core Team, 2013).
3 RESULTS
3.1 Patients’ characteristics
The screening and selection of the study participants are detailed elsewhere (Atey et al., 2023). There were 3,468 admissions to GMU and EMU screened based on the eligibility of BPMH in both cohorts during the study period (Figure 2). Of these, 731 and 562 eligible patients made up the PPMC arm and the usual care arm, respectively. A total of 309 patients from the usual care group were matched to the same number of patients from the PPMC group.
[image: Figure 2]FIGURE 2 | Screening and selection of the participants. Abbreviations: AMU, acute medical unit; BPMH, best-possible medication history; ED, emergency department; EMU, emergency medicine unit; GMU, general medicine unit; MedRec, medication reconciliation; PPMC, partnered pharmacist medication charting *Examples include incomplete/unavailable diagnosis-related group, discharge summary or medication chart information.
The demographic and clinical characteristics of each cohort before and after matching are tabulated in Table 1. Sex, triage level and arrival day of the week were comparable between the groups before matching. However, there were significant differences (p < 0.001) in the median age, CCI, types of admission units and arrival time of the day between the unmatched groups. The baseline characteristics of the cohorts were well-balanced post-matching, with a standardised mean difference of less than 0.1. The median ages were 77 years [interquartile range (IQR): 64–86 years] and 75 years (IQR: 63–84 years) in the matched PPMC group and the usual care group, respectively.
TABLE 1 | Unmatched and matched comparisons between the PPMC group and the usual care group.
[image: Table 1]3.2 Length of hospital stay and relative stay index
The median absolute LOS did not vary significantly between the groups (p = 0.51), with 3.9 days (IQR: 2.1, 7.2) in the PPMC group and 4.2 days (IQR: 2.6, 7.9) in the usual care group (Table 2). In contrast, patients in the PPMC group had a lower RSI (1.1; IQR: 0.7, 1.9) than those in the usual care group (1.3; IQR, 0.8, 2.1) (p = 0.029). The RSI was reduced by 15.4% with PPMC compared to the usual care group.
TABLE 2 | Impact of PPMC on health-related outcomes and cost of admission.
[image: Table 2]After conducting a sub-group analysis based on MDC, the only statistically significant difference (p = 0.022) in the median RSI was for the principal diagnosis related to “Injuries, Poisoning and Toxic Effects of Drugs.” Within this diagnostic category, patients in the PPMC group exhibited a comparatively shorter median RSI (1.2; IQR: 0.89, 2.50) than those in the usual care group (1.58; IQR: 1.37, 1.90) (Figure 3).
[image: Figure 3]FIGURE 3 | Comparison of relative stay index by major diagnostic category in the PPMC group and the usual care group. *Others: Alcohol/Drug Use, Hepatobiliary System and Pancreas, Mental Diseases and Disorders, Blood and Blood Forming Organs and Immunological Disorders, and Diseases and Disorders of Ear, Nose, Mouth and Throat.
3.3 Other health-related outcomes
There were no statistically significant differences between the two groups for the median length of ED stay (Table 2). All-cause in-hospital mortality occurred in 4 patients (1.3%) in each of the groups (p > 0.99). The majority of the patients (∼80%) in both groups were discharged to their usual home residence following the cessation of the acute episode of care.
Figure 4 shows Kaplan-Meier “survival” curves for the hospital readmissions and ED revisits within 30 days after the hospital discharge. Time-to-event analyses did not show any significant between-group differences in the time to hospital readmissions (p = 0.22) or ED revisits (p = 0.76).
[image: Figure 4]FIGURE 4 | Kaplan-Meier cumulative “survival” probability curves for hospital readmissions (A) and ED revisits (B) within 30 days after hospital discharge. Abbreviations: ED, emergency department; PPMC, partnered pharmacist medication charting.
3.4 Cost-effectiveness and cost-benefit of PPMC
The fixed cost of initial PPMC credentialling was estimated at $330.2 per pharmacist (Table 3). The average time required to deliver PPMC for a single patient was estimated to be 75 min, with the most time (73.3%, 55 min) spent on determining the BPMH (i.e., 35 min) and charting medications (i.e., 20 min). The hospital spent approximately $138.4 for the cost of PPMC care per patient to avert at least one medication error bearing high/extreme risk (Table 4).
TABLE 3 | Fixed cost of initial PPMC credentialling.
[image: Table 3]TABLE 4 | Breakdown of the cost analysis according to the approximate input cost parameters.
[image: Table 4]The average cost of an unplanned, acute admission in Tasmania was estimated to be $8,465.6 in 2020-21, based on an average 6.6% annual increase in the trend of admission costs (Supplementary Appendix) (Independent Health and Aged Care Pricing Authority, 2021). With PPMC, a notable reduction of 15.4% in the RSI was achieved, translating into proportional reductions in the cost of admission. This translated to an approximate saving of $1,303.6 per admission per patient. After accounting for the cost of PPMC care at $34.6 per patient, it can be estimated that PPMC would yield net savings of approximately $1,269 per admission per patient.
4 DISCUSSION
Compared to the trial’s usual care, the RSI was significantly reduced by 15.4% with PPMC. However, there were no statistically significant between-group differences in the other outcomes. The hospital spent approximately $138.4 per patient on PPMC to prevent at least one high/extreme risk medication error. Approximately $1,269 was also saved per admission per patient with PPMC. A previous study reported each admission under the PPMC arm had an average saving of $726, probably from increased safety and reduced complications (Department of Health and Human Services, 2018). The previous study was conducted in 2016-17, while our study period covered 2020-21, leaving a possibility of cost variations.
Previous studies have shown that patients’ LOS may be prolonged due to serious/severe preventable adverse drug events (Bates et al., 1997; Pinilla et al., 2006). High/extreme risk errors could result in temporary or permanent injury and necessitate additional monitoring or intervention, thereby prolonging hospitalisation. The implementation of PPMC reduced the occurrence of these high/extreme risk errors (Atey et al., 2023), and fostered collaboration between a pharmacist and a medical officer through the development of a clear, comprehensive patient treatment plan. This plan may facilitate timely investigations and improve communication among clinicians, thus streamlining the discharge process and affecting the RSI. Conversely, medication inaccuracies and inadequately planned plans may hinder timely investigations (Gleason et al., 2010; Tong et al., 2020), potentially affecting the duration of stay.
Reduction of the RSI and cost of admission, and potential time savings with PPMC could have enormous clinical and financial implications for hospitals with high bed occupancy rates or those suffering from significant access blocks. In September 2020, more than two-thirds of patients waiting for hospital admissions across 93 Australian EDs were experiencing access blocks (Australasian College for Emergency Medicine, 2018). Access block accounts for an increased ED staff workload and a prolonged LOS, and it may delay the initiation of treatments, creating a negative feedback loop for patient care (Richardson, 2002; Bernstein et al., 2009; Kennebeck et al., 2011; Australasian College for Emergency Medicine, 2018; Morley et al., 2018). Minimising any delay in hospital flow is, therefore, clinically and financially important for hospitals marked by bed shortages and overcrowding.
The findings from the sub-group analysis of patients with a principal diagnosis related to “Injuries, Poisoning, and Toxic Effects of Drugs” shed light on the potential benefits of PPMC in specific clinical contexts. These patients may have medication misadventure associated with confusion or poor communication about their drug therapy. PPMC can streamline medication charting, improve communication among clinicians and facilitate quicker access to vital medication information, thus potentially impacting medication-related processes and improving patient outcomes. While this sub-group analysis provided valuable preliminary insights, it is important to acknowledge that its robustness was limited by the modest size of the matched sample. Therefore, caution should be taken when interpreting the findings, and future studies should prioritise replicating this sub-group analysis using a larger and more diverse sample.
This study has several strengths and limitations to consider. We used a robust propensity-matched analysis endeavouring to create cohorts from both groups that were comparable in baseline characteristics. This approach is currently recommended as a standard tool for investigators trying to estimate the effects of interventions in non-randomised studies (Austin, 2011). A comprehensive panel evaluation methodology was employed for the assessment of medication errors.
Due to ethical concerns about denying patients access to a new service, randomisation of the patients was not possible. Although we used matching techniques, the absence of randomisation still makes it impossible to rule out the possibility of other potentially unknown or residual confounders. The unavailability of a patient’s actual cost of admission data is another limitation, which is a potential area for future study. Our analysis was limited to easily quantifiable, short-term outcomes (e.g., RSI) and did not include additional variables that may have longer-term or more difficult-to-measure consequences (e.g., quality of life).
It is important to note that “usual care” in this trial was operationally defined as patients receiving MedRec (including BPMH) on the inpatient ward within 48 h of admission. This definition was used for the purpose of assessing medication errors, mimicking ideal practice, and ensuring comparability between the study groups (Atey et al., 2023). However, it is worth noting that in practice, MedRec is not universally conducted for all admitted patients at our study hospital. In fact, only about one-third of patients currently receive this on the wards. This means that the true impact of PPMC, if implemented within the current environment, might have been underestimated in our study.
The analysis omitted the time spent by medical officers during their involvement in the PPMC’s clinical discussions. This decision was based on the understanding that their participation did not demand additional time compared to the usual care scenario, where they independently obtained medication histories and charted medications. In fact, it was anecdotally reported that their time commitment had been reduced with PPMC. For future studies, however, a rigorous time and motion study is recommended to accurately estimate the time spent on each activity.
The study used secondary clinical and administrative data collected from routine hospital patient care, potentially affecting the completeness and accuracy of data. Being a single-site study may limit the study’s generalisability to other populations or settings. Therefore, it is important to consider conducting a multi-site study in the future and extending PPMC to cover additional clinical areas and/or extended working hours.
5 CONCLUSION
PPMC within the ED was associated with a significantly reduced relative stay index and has the potential to reduce costs per admission. However, no statistically significant differences were observed between PPMC and usual care in the ED stay, in-hospital mortality, and 30-day hospital readmissions or ED revisits, noting that there was an additional focus on medication reconciliation in the usual care group relative to current practice at our study site.
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Background: Diazepam, one of the benzodiazepines, is widely used clinically to treat anxiety, for termination of epilepsy, and for sedation. However, the reports of its adverse events (AEs) have been numerous, and even fatal complications have been reported. In this study, we investigated the AEs of diazepam based on real data from the U.S. Food and Drug Administration (FDA) adverse event reporting system (FAERS).
Methods: Disproportionality in diazepam-associated AEs was assessed through the calculation of reporting odds ratios (RORs), proportional reporting ratios (PRRs), Bayesian confidence–propagation neural networks (BCPNNs), and gamma-Poisson shrinkage (GPS).
Results: Among the 19,514,140 case reports in the FAERS database, 15,546 reports with diazepam as the “principal suspect (PS)" AEs were identified. Diazepam-induced AEs occurred targeting 27 system organ categories (SOCs). Based on four algorithms, a total of 391 major disproportionate preferred terms (PTs) were filtered out. Unexpectedly significant AEs such as congenital nystagmus, developmental delays, and rhabdomyolysis were noted, which were not mentioned in the drug insert.
Conclusion: Our study identified potential signals of new AEs that could provide strong support for clinical monitoring and risk identification of diazepam.
Keywords: diazepam, real-world data analysis, adverse event, pharmacovigilance, disproportionality analysis
INTRODUCTION
Diazepam, also known as Valium, was introduced in 1963 as a benzodiazepine anxiolytic approved by the US Food and Drug Administration (FDA) for treatment of epilepsy, anxiety, convulsions, sedation, hypnotic effects, and for central muscle relaxation. Its mechanism of action is related to facilitation of gamma-aminobutyric acid (GABA) release through binding to the central benzodiazepine receptor or facilitation of synaptic transmission function (Wang et al., 2020).
As a long-acting benzodiazepine, diazepam possesses a half-life of 24–36 h. Upon entering the body, it operates through gamma-aminobutyric acid type A (GABAA) receptors, increasing the receptors’ affinity for GABA (an inhibitory neurotransmitter) and enhancing GABA activity. This process slows down neurotransmission, resulting in sedative and anxiolytic effects (Campo-Soria et al., 2006). Due to its potent and effective pharmacological effects, diazepam has found extensive clinical use in various departments, including the intensive care unit, emergency department, neurosurgery, and neurology. However, many unexpected AEs may occur in patients using diazepam due to individual patient differences.
A therapeutic dose of diazepam administered to healthy controls has been shown to induce significant impairment of psychiatric alertness and cognitive performance, without notable effects on respiration (Mak et al., 1993). Similarly, relevant studies have demonstrated that the effects of benzodiazepines on cognitive performance are primarily observed in low doses sufficient to severely impair the driving ability (Verster et al., 2002). Moreover, benzodiazepines have also been shown to have an impact on memory, particularly on newly acquired knowledge after their consumption (Verster and Volkerts, 2004). Notably, other significant AEs such as drug dependence, drug abuse, and suicide are being reported with increasing frequency (Wang et al., 2022).
The FDA Adverse Drug Event Reporting System (FAERS), established in 2012, is one of the largest pharmacovigilance databases globally, encompassing a vast number of AEs and medication errors related to drugs and therapeutic biological products. It serves the purpose of monitoring the safety of medicines after their introduction to the market (Liu et al., 2022). There are many research projects to analyze the AEs of drugs in clinical use by mining data from the FAERS database to explore unexpected adverse drug reactions (ADRs) that are not described in the drug labels.
In this study, we used disproportionate analyses to detect diazepam-related ADR signals included in the FAERS database. The study aimed to detect new and unexpected ADRs not described in the drug label.
DATA SOURCES AND METHODS
Data sources
A retrospective, observational pharmacovigilance study used data from the FAERS data published by the FDA (updated quarterly). In our study, diazepam-related AE reports submitted from the first quarter of 2004 to the first quarter of 2023 (spanning a total of 77 quarters) were extracted from the FAERS database. The data were then imported into SAS 9.4, MySQL, and Excel software for cleaning and analysis.
Data processing
We extracted 19,514,140 reports from the FAERS database, following the FDA-recommended method for removing duplicate reports. We selected the PRIMARYID, CASEID, and FDA_DT fields from the DEMO table and sorted them by CASEID, FDA_DT, and PRIMARYID. We retained the report with the largest FDA_DT value for cases with the same CASEID. Subsequently, for cases with both the same CASEID and FDA_DT, we kept the report with the largest PRIMARYID value. A list of deleted reports was included in each quarterly data package since Q1 2019, and after data deduplication, reports were excluded based on the CASEID present in the list of deleted reports. Finally, we included 16,293,354 reports for further analysis (Figure 1). MedDRA was then used to correct the preferred term (PT) names in the FAERS database and to obtain the system organ class (SOC) and preferred terms (PTs).
[image: Figure 1]FIGURE 1 | Process of selecting cases of diazepam-related AEs from the FAERS database.
Statistical analysis
Based on the rationale of disproportionality analysis and Bayesian analysis, we employed the reporting odds ratio (ROR), proportional reporting ratio (PRR), Bayesian confidence propagation neural network (BCPNN), and multi-item gamma Poisson shrinker (MGPS) algorithms to investigate the associations between the drug and the specified AEs. The equations and criteria for the four algorithms are listed in Table 1.
TABLE 1 | Summary of algorithms.
[image: Table 1]RESULTS
General characteristics
We extracted all reported cases from the FAERS database from 2014 to Q1 2013, amounting to 19,514,140 cases. After deleting duplicates and screening, a total of 15,546 reports of diazepam-related adverse reactions were obtained. The reported data were analyzed in this study, and the general characteristics of the associated AEs are listed in Table 2. Among the reported AEs, the percentage of women (44.19%) was slightly higher than that of men (42.99%). Regarding age distribution, although the percentage of patients with unknown age reached 25.64%, the highest percentage of AEs of 34.24% occurred in the 18–45 year age group, followed by the 45–65 year age group with AE percentage of 24.78%. The top reporting country was the United States (40.93%), followed by France (16.13%), the United Kingdom (8.82%), Italy (5.94%), Australia (4.03%), and Canada (3.26%), among others. The most serious AE outcome was death (32.75%), whereas the other three outcomes were hospitalization (27.69%), life-threatening conditions (5.96%), and disability (1.56%). Considering the years 2004 to 2023 (Figure 2), the highest reported year was 2019 (11.08%).
TABLE 2 | Features of reports associated with diazepam.
[image: Table 2][image: Figure 2]FIGURE 2 | Annual trends in diazepam reporting.
Signal detection
Table 3 displays the signal intensity of diazepam at the SOC level. As depicted in the figure data, diazepam-induced AEs targeted 27 organ systems. Significant SOCs that met the criteria for at least one of the four indices were psychiatric disorders (SOC: 10,037,175, n = 9,555), injury, poisoning, and procedural complications (SOC: 10,022,117, n = 8,689); nervous system disorders (SOC: 10,029,205, n = 7,137); respiratory, thoracic, and mediastinal disorders (SOC: 10,038,738, n = 2,931); cardiac disorders (SOC: 10,007,541, n = 2,192); social circumstances (SOC: 10,041,244, n = 537); congenital, familial, and genetic disorders (SOC: 10,010,331, n = 447); and pregnancy, puerperium, and perinatal conditions (SOC: 10,036,585, n = 433). We identified that congenital, familial, and genetic disorders within the mentioned SOCs were new and valuable ADRs not listed in the diazepam drug insert.
TABLE 3 | Signal values of reports associated with diazepam at the SOC level.
[image: Table 3]Supplementary Table S1 lists the 391 significantly disproportionate PTs that simultaneously complied with all four algorithms. From this list, the top 40 PTs with the highest number of reports were extracted and ranked in decreasing order of ROR values, as shown in Table 4. The top five diazepam PTs in terms of number of cases were toxicity to various agents (PT: 10,070,863, n = 2,481), drug abuse (PT: 10,013,654, n = 2,140), completed suicide (PT: 10,010,144, n = 1,012), overdose (PT: 10,033,295, n = 955), and somnolence (PT: 10,041,349, n = 774). The top five PTs in terms of significance were congenital nystagmus (PT: 10,010,562, ROR = 496.173), victim of child abuse (PT: 10,047,401, ROR = 394.682), exposure via father (PT: 10,071,403, ROR = 160.423), poisoning (PT: 10,061,355, ROR = 59.337), and bradypnea (PT: 10,006,102, ROR = 47.099). Notably, several unexpectedly significant AEs were identified that were not labeled in the labeling, including congenital nystagmus (PT: 10,002,959), developmental delay (PT: 10,012,559), pneumonia aspiration (PT: 10,035,669), serotonin syndrome (PT: 10,040,108), pulmonary congestion (PT: 10,037,368), and rhabdomyolysis (PT: 10,039,020). Other unexpected PTs are given in Supplementary Table S1.
TABLE 4 | Signal strength of diazepam reports at the top 40 preferred term (PT) levels.
[image: Table 4]DISCUSSION
Generally, the majority of efficacy and safety data for drugs originate from preclinical and clinical trials (Kim et al., 2018). However, factors such as trial design and relatively small sample sizes can make it challenging to fully elucidate the effects of drugs on humans in the real world, particularly regarding safety. Therefore, focusing on the risk signals of adverse drug effects in clinical applications becomes crucial for evaluating the safety of drugs and achieving a balance between benefits and risks in clinical decision-making. In this study, we collected and evaluated the safety of diazepam through pharmacovigilance, using a large sample of real-world data. The aim is to provide a reference for medication safety in clinical practice.
A total of 15,546 AE reports were collected from the FAERS database, originating from different countries and regions around the world for the years 2004 to 2023. The incidence of diazepam-related AEs was slightly higher in women (44.19%) than in men (42.99%), which may be related to the antagonistic effect of progesterone and its metabolites on diazepam (Silva et al., 2016), implicitly leading to an increase in the dosage and frequency of diazepam in female patients. The annual trend graph of AE reports from 2004 to Q1 2023 (Supplementary Figure S1) shows that the use of diazepam continued to increase from 2004 to 2019 and then gradually declined. This decline might be attributed to the tightening of clinical sedative drug control and the outbreak of COVID-19, resulting in a strain on medical resources.
According to the disproportionality analysis, the most significant signals at the SOC level were psychiatric disorders, injury, poisoning, and procedural complications; nervous system disorders; respiratory, thoracic, and mediastinal disorders; cardiac disorders; and social circumstances. The significant AEs mainly included poisoning, bradypnea, small for dates baby, respiratory depression, coma, bradyphrenia, altered state of consciousness, cardiac arrest, and suicide attempt. These findings are consistent with AEs reported in the drug insert and clinical safety data (Greenblatt et al., 1978; Finkle et al., 1979). We also identified some new valuable potential unexpected AEs, such as congenital nystagmus, developmental delay, pneumonia aspiration, serotonin syndrome, pulmonary congestion, and rhabdomyolysis. These findings are almost difficult to detect in limited population trials.
Diazepam, like other benzodiazepines, acts as a positive allosteric modulator of the GABAA receptor complex. When it binds to the GABAA receptor, it induces an increase in the inward flow of chloride ions into the neuron. This process leads to hyperpolarization of the postsynaptic membrane, enhancing the neuron’s inhibitory response to GABA and thereby exerting its sedative effects (Nutt and Malizia, 2001). Based on diazepam’s pharmacologic mechanism, psychiatric and various neurologic disorders have become its most common AEs. GABAergic neuronal activity has been reported in regions such as the brainstem, thalamus, hypothalamus, and cerebral cortex, and diazepam has a repressive effect on neurons in these areas as well (Polzin and Barnes, 1976; Fontanesi et al., 2007; Zou et al., 2019). This may be one of the mechanisms underlying fatal AEs, such as respiratory depression and cardiac arrest.
Diazepam and its major metabolites can readily diffuse through the placenta to the fetus after administration due to their high lipid solubility. Subsequently, they bind to plasma proteins of the fetus and accumulate in the liver at high levels, especially if the mother has been treated with diazepam in the first trimester of pregnancy (Erkkola et al., 1974; Mandelli et al., 1975; Kuhnz and Nau, 1983). Previous studies have shown that early pregnancy exposure to diazepam is accompanied by a significantly higher risk of limb malformations, rectal–anal stenosis/atresia, cardiovascular malformations, and a variety of congenital malformations (Czeizel et al., 2003). These risks may be linked to neurotransmitter influences during embryonic development (Zimmerman and Wee 1984). Moreover, the use of benzodiazepines close to term leads to neonatal signs of dependence and withdrawal, including hypotonia, reluctance to suck, apnea, cyanosis, and an impaired metabolic response to cold stress. This is closely related to the pharmacokinetics and placental transfer of benzodiazepines (McElhatton, 1994). It is noteworthy that unreported neonatal AEs such as congenital nystagmus, developmental delay, congenital hypophoria, porphyria, and cryopyrin-associated periodic syndromes were also found in our study; the occurrence of these rare AEs might also be related to the above mechanisms, but the exact mechanism still needs to be further explored. Interestingly, a study has demonstrated that exposure to low-dose diazepam (20 mg/d) during the first trimester of pregnancy does not increase the rate of neonatal complications (Tasci et al., 2009). This can provide medication references for some mothers with severe emesis in pregnancy, but great caution is still needed. Unfortunately, due to factors such as the presence of patients with unknown ages in our dataset and other considerations, we were unable to provide detailed information on the exact number of pregnant users.
The abuse of benzodiazepines has become a growing problem worldwide (Zhang et al., 2018; Maust et al., 2019), and long-term use can lead to diminished efficacy, drug dependence, pharmacogenetic insomnia, and addiction. The 2016 National Drug Abuse Monitoring Annual Report showed that benzodiazepines are among the most abused drugs in China. Meanwhile, our study also found that drug abuse and overdose were among the most reported diazepam PTs, making the clinical control of specific drugs particularly important. It has been shown that due to decreased serum levels of carrier proteins in elderly patients, the half-life and free fraction of the drug in the body increase, allowing the drug to accumulate in the body and making it more susceptible to drug overdose (Calcaterra and Barrow, 2014). In populations with tobacco or e-cigarette use, exposure to nicotine impairs the GABAA receptor function in the ventral tegmental area, resulting in altered effects of diazepam on dopamine (DA) circuits and increased consumption of diazepam (Ostroumov et al., 2020). For individuals with a history of moderate alcohol consumption, a family history of alcoholism, and greater anxiety, benzodiazepines have more potent pharmacologic effects, undoubtedly exacerbating the risk of overdose and addiction (Juergens, 1991; Wang et al., 2023). Fortunately, the number of reports of diazepam-related AEs has decreased each year since 2019, which may represent a positive trend.
The GABAA receptor family comprises four subunits (α1, α2, α3, and α5), and benzodiazepines exert their effects by binding to these subunits (Atack, 2005). Among them, the α2 and α3 subunits mediate muscle relaxation and anxiolytic effects (Mohler et al., 2002). A study indicated that zolpidem impairs oral coordination, pharyngeal contraction strength, pharyngeal clearance rate, throat protection, and spontaneous swallowing frequency in healthy adults, thereby increasing the risk of aspiration pneumonia (Hardemark Cedborg et al., 2015). Compared to other benzodiazepines, diazepam has a higher affinity for peripheral benzodiazepine receptors, thus posing a higher risk of aspiration pneumonia (Cheng et al., 2018). Additionally, benzodiazepines may increase the risk of pneumonia by acting on peripheral receptors and inhibiting immune regulation and cell responses (Wei et al., 2010). However, the exact relationship between diazepam and the risk of pneumonia requires further investigation.
Although we were unable to uncover the detailed mechanisms linking diazepam to certain adverse events (e.g., rhabdomyolysis and serotonin syndrome) in the current study, clinical case reports of such events abound (Dagtekin et al., 2011). A cross-sectional survey on dystonia in children indicated rhabdomyolysis-related dystonia in some children administered with oral diazepam (Saini et al., 2022). Furthermore, an animal study demonstrated a notable increase in the solubility of serum M1 and M5 in rats following diazepam use (Lagard et al., 2016). These findings suggest a potential association between these adverse events and diazepam use. Thus, there is a need for more sophisticated studies to unveil the exact pathogenesis of these rare yet potentially serious adverse events, offering a more comprehensive safety assessment for clinical practice.
The study also has some limitations. First, FAERS relies on spontaneous reporting, introducing a reporting bias that can lead to underestimation or underreporting of AEs, affecting the accuracy of the data. This limitation is particularly significant in age groups, as the occurrence of certain AEs is closely associated with age. Second, incomplete data, missing key information, and insufficient total number of patients using diazepam made it impossible to calculate the true incidence of each AE. Population heterogeneity further complicates matters, as study participants encompass a diverse range of ages, genders, races, and health conditions. Additionally, the presence of time delays and confounding factors makes the timely identification and assessment of new safety signals more challenging. Lastly, variations in healthcare levels may affect the consistency of reporting and evaluating drug safety. Our study serves as a clinical warning and supplements the rare AE system in FAERS. It cannot explain the detailed pathogenesis, and large-scale prospective or retrospective studies are needed to validate our results and elucidate the exact mechanism.
CONCLUSION
We conducted a pharmacovigilance analysis based on real data from the FAERS database using the disproportionality method to unveil safety signals and potential risks associated with diazepam use. The AEs uncovered in this study were generally consistent with those specified, while some unexpectedly significant AEs, such as congenital nystagmus, developmental delay, serotonin syndrome, and rhabdomyolysis, were also detected. The finding of these strong signaling AEs, to some extent, supplements the relatively small sample size of clinical studies on this drug. However, further prospective clinical studies are needed to confirm and elucidate the association between diazepam and these AEs, considering the presence of reporting bias, data incompleteness, population heterogeneity, and other confounding factors that may limit the results of data analysis. The results of this study can contribute to supplementing the FAERS lineage system for rare AEs, providing a novel and unique perspective on the discovery of such events.
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Jakarta 6(L0%)  21(3.4%) 17 (2.7%) 10 (1.6%) 12(1.9%) 15 (24%)
West Java 7127%) | 217(8.2%) 141 (5.4%) 147 (5.6%) 132 (5.0%) 156 (5.9%)
Central Java 30(23%) | 100(7.5%) 65 (5.0%) 65(5.0%) 61(4.6%) 69(5.2%)
0.001% 0.006% 0.029%
Yogyakarta 407%)  5(1.0%) 6(1.2%) 3(05%) 2(04%) 7(1.3%)
EastJava 13(L9%) | 51(7.3%) 27 (3.9%) 37(5.3%) 20 (28%) 144 (6.3%)
Banten 13(08%) | 30(1.8%) 24 (1.4%) 19.(1.2%) 15 (0.9%) 28 (1.7%)
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Men 017 0019% 067(0.48-094) 016 0.016* 146(107-199) 017 027 1.2(0:87-1.67)
Women (Ref.) 1 1 1

Age (years)

20-30 092 0,673 148(0.24-901) 083 0947 095(0.19-479) 088 0.182 0.31(0.05-1.74)
31-40 092 0.6 154(025-941) 083 0976 10202-518) | 088 0.241 0,36 (0.06-2)
41-50 095 0509 187(0.29-1207) | 085 0775 127(024-671) 09 0392 0.46 (0.08-2.7)
>50 (Ref) 1 1 1

Educational background

Pharmacist professional 037 0.647 118 (058-244) 034 0.125 059 (0.3-1.16) 037 0077 052(025-1.07)

Master (Ref.) 1 1 1

Practice setting

Inpatient 015 0.14 0.8(0.59-1.08) 014 0.007% 145(L11-189) 015 0114 0.8 (0.6-1.06)
Outpatient (Ref) 1 1 1
Province

Aceh 047 oonr® 333(133-839) 055 0.001% 017(0.06-05) 048 0732 085 (0.33-2.16)
North Sumatra 046 0.06 238(097-585) 055 oon 025(0.08-073) | 047 039 0.67(0.26-1.68)
West Sumatra 06 0.005* 532(1.65-17.1) 06 0,027 027(0.08-086) 053 0.184 049 (0.17-1.4)
Riau 052 0.058 27 (097-7.54) 061 013 04(0.12-131) | 056 0492 147 (0.49-4.39)
Jambi 053 044 15(0.54-4.21) 0.64 0.189 043(012-151) 056 0.954 097 (0.32-2.93)
South Sumatra 058 0.001% 7.16(232-2213) | 056 0.007% 022(007-067) 049 0872 0.92(0.35-2.42)
Bengkulu 062 0.903 108(032-3.63) 073 0.254 044(0.1-181) | 0.64 0071 0.32(0.09-1.1)
Lampung 064 0.005* 603(171-2124) 061 0.007% 019(006-063) 055 0175 0.48 (0.16-1.39)
Bangka Belitung 071 0.861 088(0.22-355) | 086 0.001% 006(001-033) 077 0075 025 (0.06-1.15)
Riau Islands 079 0.185 286(06-1355) | 079 0.104 028(006-13) | 075 0611 0.68 (0.16-2.96)
Jakarta 049 0021% 309(118-809) | 057 <0001* | 012(004-037) | 049 0419 0.67(0.26-1.75)
West Java 04 0012% 2710124592 | 051 0.001% 019(007-051) 042 0.136 0.54(0.24-1.22)
Central Java 041 0.007% 304(136-677) | 051 0.001% 0.18(007-049) 042 0217 0,59 (0.26-1.36)
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Bali 0.66 0.275 205(057-741) 071 0.006* 0.14 (0.03-056) 07 0.057 0.26 (0.07-1.04)
West Nusa Tenggara 0.69 0.002% 82(214-314) 06 0.001% 0.15(004-047) 055 0919 0.95(032-2.8)
East Nusa Tenggara 047 0.146 1.97 0.79-49) 057 0.023* 027(0.09-083) | 049 025 0,57 (0.22-1.49)
West Kalimantan 053 0123 2.28(0.8-6.49) 062 0.046* 029(0.09-098) 055 0.148 045 (0.15-1.33)
Central Kalimantan 055 0316 174(059-5.11) 063 0001 0.13(004-046) 057 0.187 047 (0.15-1.44)
South Kalimantan 053 0.03* 319(112:907) | 059 0.006* 019(006-062) 053 0133 045 (0.16-1.27)
East Kalimantan 06 0015% 433(134-1405) 061 <0001* | 011(0.03-036) | 054 0.129 0.4 (0.15-1.27)
North Kalimantan 08 054 163 (034-7.8) 084 0,042 0.18(0.03-099) 083 0.689 0.72(0.14-3.64)
North Sulawesi 059 0.282 188 (0.6-5.97) 0.66 0.007% 017005062 063 0.036* 027 (0.08-0.92)
Central Sulawesi 051 0.259 177(066-479) | 059 0.003% 017(005-059) 054 0618 0.76 (0.26-2.21)
South Sulawesi 046 0,004 38(154-9.37) 054 0.002% 0.18(006-053) 046 0858 109 (0.44-2.68)
Southeast Sulawesi (Ref) 1 1 1

The Community Health Center provides the drug for the government program
No 044 0.885 1.07 (0.45-2.54) 0.54 0.002% 0.18(0.06-0.54) 0.43 0.015% 2.87(1.23-6.69)
Yes (Ref.) 1 1 1

Years of practice

0-10 118 0.838 079 (0.08-7.89) 102 0.586 0.57(0.08-426) 026 0015 189 (1.13-3.16)
11-20 12 0.667 0.6 (0.06-6.24) 104 035 0.38 (0.05-2.91) 16
21-30 144 0972 095(0.06-1587) 125 0.889 119 (0.1-13.87)

>30 (Ref) 1 1

Have ever provided MTMv services
No 015 0.003% 065(0.48-0.86) 013 0,033 076(06-0.98) | 0.14 <0001%  023(017-029)
Yes (Ref) 1 1 1

'Using multivariable ordinal regression.
‘Using multivariable logistic regression.

SE, standard error.

‘OR, 0dds ratio,

CI, confdence interval.

“The reference variable of years of practice i regression for the predictors of practice was >10years.
“Significant at p<0.05.
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Characteristics Unweighted

%

Weighted
% (95% CIY)

n
Gender

Men 25
Women 887
Age (years)

2030 578
31-40 468
41-50 7
50 12

Educational background

Pharmacist professional 1,089
Master 4
Doctoral 0
Practice settings

Inpatient 421
Outpatient 711

216

784

511

413

65

38

372

628

21.6(19.0-24.4)

78.4(

81)

51.6(48.3-54.8)
415 (38.3-44.8)
6.1(48-7.9)

08(04-15)

95.9(94.3-97.1)

41(29-5.7)

41.0(37.9-44.1)

59.0(55.9-62.1)

The Community Health Center provides the drug of the

government program
No 1,095
Yes 37

Years of practice

0-10 1017
11-20 %
21-30 1
>30 5

Have ever provided MTM services
No 561

Yes 571

‘CI, confidence interval.

96.7

33

89.9

87

04

504

97.0(95.7-97.9)

3.0(2.1-43)

90.1(88-91.9)
8.7 (7.1-10.8)
06(03-1.3)

05(02-1.3)

50.2 (46.9-53.5)

49.8(46.5-53.1)
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Correct Answers

Unweighted Weighted
n % % (95% CIY)

L Any patient who uses prescription and non-prescription medications, herbal products, or other 975 86.1 85.9(83.4-88.0)
dietary supplements could potentially benefit from MTM.

2 Patients may receive a comprehensive medication therapy review once a year and a targeted 851 752 75.7(728-784)
‘medication therapy review if there are new medication-related issues.

EX In MTM service, the personal medication record serves as a tool for patients to manage their 986 87.1 85.8 (83.2-88.1)
treatment based on the pharmacists instructions.

4 Patients are actively involved in addressing medication- related problems by referring to the 908 802 79.4(765-81.9)
‘medication-related action plan records that pharmacists make.

5. Pharmacists intervention to the medication therapy could be performed during MTM vi 957 845 849 (823-87.1)

6. ‘The documentation of MTM services includes recording the schedule of control visits, amount of 1,042 920 91.6(89.5-93.3)

time with patients, and feedback on health workers or patients.

‘Cl, confidence interval.
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Answers
Unweighted %, Weighted % (95% CI%)

Strongly Agree Neutral Disagree Strongly
Agree Disagree

‘The patient’ health outcomes would 384,388 47.8,47.0 95,95 23,23 20,24

be improved when medications are
L monitored by a pharmacist as

compared with other healtheare (35.6-42.1) (43.7-50.3) (7.7-11.6) (15-3.5) (15-3.7)

providers.

Besides the processes of normal 492,501 478,465 14,18 04,04 11,12

dispensing functions, reviewing
. patient’s medication profile and

providing interventions are important (46.8-53.4) (432-098) (10-30) (02-12) (07-22)

as roles of pharmacists in preventing

adverse effects.

Creatinga personal medication record 163,47.1 506,49.1 19,25 02,01 11,12
E) can help patients avoid medication-

i (43.8-50.4) (459-52.4) (15-39) 0.0-06) (06-22)

Medication-related action plans help 353,357 604,595 31,35 02,02 10,11
. healthcare professionals and patients

identify medication-related issues and (32.6-38.9) (56.2-62.8) (24-5.0) 0.0-1.0)

evaluate their solutions.

Counseling is an intervention I will 476,482 486,480 24,22 14,16
5. provide to improve the patient

understanding of the treatment. (44.9-51.5) (44.7-51.3) (1.4-3.4) (1.0-2.8)

Consistent documentation and 327,332 60.4,59.1 60,67 01,00 08,09
6 regular control visits are the essential

components of MTM servics (30.2-364) (559-62.3) (5.2-8.6)

By considering the five core elements 47.1,483 489,475 29,30 01,01 L1

of MTM: medication therapy review,

personal medication record,

‘medication-related action plan,
" intervention or referral, and (45.0-51.5) (443-50.8) (20-4.4) (0.6-2.0)

documentation and follow-up, do

you agree that MTM services are

valuable?

By applying MTM services, patients 398,406 565,553 27,31 01,01 09,10

would receive adequate and beneficial
8. information about their chronic

disease(s) and medication therapies (37.4-439) (520-586) @1-45)

from their providers.

Providing MTM services is a unique 383,400 563,543 43,45 02,01 10,11
. opportunity for pharmacists to

participate in patient care in a broader (36.8-43.3) (50.9-57.6) (33-6.1)

spectrum

Applying MTM services requires 123,432 507,500 49,47 11,12 10,10
10, more knowledge than basic

(40.0-46.5) (467-533) (34-63)

information on pharmacy practice.

‘CI, confidence interval.
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Correct Answers

Weighted
% (95% CI')

8.

Do you use the patients medical records in communicating and working with other health

workers to achieve optimal treatment goals?

Do you specifically review the treatment of patients identified as having drug-related
problems?

Do you ereate and provide a personal medication record for patients?

Do you provide a record of the action plan for the patient so they can observe the progress in

their treatment?
Do you design and implement strategies to address or prevent medication-related problems?
Are you able to cooperate with other health professionals in caring for patients?

“To evaluate the progress of your patient’s treatment, do you document the services and

interventions provided?

Do you evaluate the progress of the patient’ treatment?

‘CI, confidence interval.

Unweighted
n
781 690
823 727
500 442
455 402
686 60.6
955 814
685 605
678 599

692 (66.1-72.2)

733 (70.3-76.1)

457 (42.4-49.0)
406 (37.3-43.9)

608 (57.5-64.0)
85.1(82.7-87.2)

62.1(589-65.2)

607 (57.5-63.8)
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Control group (n = 92) 310 + 157 3.08 £ 175 297 +1.66
Intervention group (n = 88) 3.02 £ 159 259 + 145 244 £ 136
0319 2.020 2315
0750 0.045° 0.022
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Pain assessment rate

Assess

Not assess

Reasonable rate of pain assessm:

Reasonable assessment

Unreasonable assessment

Control group (n = 92) 58.7% (54/92) ‘ 41.3% (38/92) 74.1% (40/54) 25.9% (14/54)
Intervention group (n = 88) 98.9% (87/88) ‘ 1.1% (1/88) 97.7% (85/87) 2.3% (2/87)
X 42758 18.489
P 0.000* 0.000°
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Clinical parameter Control group Intervention group (n = 88)

(n=92)
Gender 0267
Male 54.3% (50/92) 62.5% (55/88)
Female 45.7% (42/92) 37.5% (33/88)

Age ' 583 £ 105 i 57290 0458
BMI (kg/m?) 206+ 34 218+38 0061
Tumor types | |

Pancreatic caner 27.2% (25/92) 25.0% (22/88) 0740

Intestinal cancer 12.0% (11/92) 10.2% (9/88) 0712

Lung cancer 10.9% (10/92) 102% (9/88) 0889

| Gastric cancer 23.9% (22/92) 20.5% (18/88) [ 0577
Liver cancer 7.6% (7/92) 102% (9/88) 0537

Biliary system cancer 13.0% (12/92) [ 17.0% (15/88) 0452

Other 5.4% (5/92) 6.8% (6/38) 0699

P > 0.05 indicates no statisti

TN —_—
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Kendall’s coefficient of

concordance (W)

Round 1 | 99.516 | 0.000% 0237
Round 2 | 37.276 | 0.000% 0444

P 008 tudicate s statistically sicuiboant diffbeonics:
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Basic informatio Classificatiol ber Percentage (%)

Gender Male 14 58.33

Female 10 4167

Highest academic qualification Doctor 8 3333
Master 6 25

Bachelor 10 41.67

Title Senior 8 3333
Deputy senior 6 25

Intermediate 10 41.67
Years of work in the field of cancer pain management 39 6 25
10-16 6 25
17-23 6 25
24-30 6 25
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Primary indicators

A. Pharmacists in superior hospitals

B. Family doctor

C. Information technology support

Secondary indicator:

AL Provide cancer pain pharmaceutical services, discharge medication education, and popular science education for patients

A2.Sort out the diagnosis-treatment information and medication history of patients in the hospital and upload it in time; establish the
electronic file of patients (realize the sharing of patients’ diagnosis and treatment information with family doctors)

A3. Provide training on cancer pain drug treatment management for primary family doctors and organize qualification certification
(guard the level of cancer pain pharmaceutical service in primary care)

Ad. Provide technical support to primary family doctors and participate in difficult case consultations initiated by family doctors
BL. Review the patient’s medical information and evaluate the pain control status and medication regimen

B2. Analyze the causes of DRPs, carry out medication reorganization and other work, and give medication instruction to patients

B3. Provide pharmaceutical consultation and popular science education for patients

B4. Follow-up regularly to evaluate the effect of pain management and to determine whether the current analgesic regimen needed to
be adjusted

BS. Record and upload patients’ medication information and assessment results regularly
B6. Improve their pharmaceutical service ability and participate in relevant training and examination actively

B7. Strengthen cooperation and communication with doctors, pharmacists, and other medical personnel in relevant departments of
superior hospitals

C1. Build a patients’ information sharing platform to realize the establishment of electronic files of patients and to store patient
‘medication information, pain assessment results, etc.

C2. Realize online communication among patients, pharmacists in superior hospitals, and family doctors

3. Realize online appointments for consultation and medical treatment
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Variable Number of consultations

1 Gender
Male 515 4353
Female 668 5647
‘ Age, years
<35 627 53.00
35-49 284 2401
50-64 185 1564
265 87 7.35
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Item Number of consultations Proportion (%)
ADRs 350 2959
Dosage and administration 0 2561
Drug-drug interactions 97 820
Course of treatment ) 668
Contraindications 60 507
Indications L 389
Clinical curative effect 21 178
Medication reconciliation ) 169
Warning s 127
Storage ™ 101
Decocting method 10 085
Others 10 1437
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Item Number Proportion (%

Rational use of medication 314 2654
Common ADRs and their treatment 308 2604
*Detaled medical procedures 108 9.3
Whether the drug can be taken 93 7.86
Whether certain drugs can be taken together 82 693
Appropriate course of drug treatment 65 549
Mechanism of action and indications of drugs 3 363
VDrug regimen optimization 37 313
*Patient referred to prescriber 30 254
The healthy lifestyle 2 178
 Precautions for taking medicine 18 152
Time of onset of the drug 16 135
Correct storage conditions 13 110
‘Treatment of drug misuse or overdose s 110
Others 12 101
* Correct preparation of traditional Chinese medicine 10 085
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Variable Number (proportion)

Sex

Male 213 (50.84%)
Female 206 (49.16)
Age, years

<35 214 (51.07%)
35-49 104 (24.82)
50-64 73 (17.42%)
265 28 (6.68%)
Marital status

Married 207 (49.40%)
Separated/divorced/widowed 212 (50.60%)

Educational background

High school or below 150 (35.80%)
Bachelor degree 242 (57.56%)
Postgraduate degree or above 27 (6.44%)
Residence

| Urban 274 (65.39%)
Rural area 145 (34.61)

Number of medical visits

1 171 (40.81%)
2 145 (34.61%)

23 103 (24.58%)





OPS/images/fphar-14-1253770/fphar-14-1253770-t002.jpg
Item

‘ Access duration

Number of vi

0-2s 504 161
355 1753 474
6-10s 2,739 741
11-20s 4627 1252
21-30s 3,864 1046
31-50 5472 1481
51-100 5 6,828 1848

100 11,069 29.96

‘[ Number of clicks, times
1 16,371 4431
2 7,410 20,06
3 3748 10.14
4 2494 675
5 1585 429
67 1922 520
8-10 1434 s
11-20 1459 395
21-30 319 086
>30 204 055

| Number of pages visited
1 2,527 o
2 14,461 39.14
3 4,146 1122
4 4794 1298
5 2,142 580
6-10 5819 1575
>10 3,057 827
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Location Basic information of instrument

Study objective

Number of
dimensions

Ngorsuraches
and Li (2006)

Lounsbery et al.
(2009)

Okonta et al.
(2012)

Katoue et al.
(2014)

El Hajj et al.
(2016)

Elsadig et al.
(2017)

Omar et al.

(2020)

Kopciuch et al.
(2021)

‘Thailand

United States

Nigeria

Kuwait

Qatar

Sudan

Qatar

Poland

To examine the comprehension,
attitudes, and challenges encountered
by pharmacists in Thailand
regarding PC.

To assess pharmacists’ actual and
perceived barriers to implementing
MTM services in the outpatient
setting and to assess demographic and
other factors associated with
identified barriers

“To identify the possible barriers to the
implementation of PC among
community and hospital pharmacists
in Nigeria

To investigate hospital pharmacists’
attitudes towards pharmaceutical
care, perceptions of their
preparedness to provide
pharmaceutical care, and the barriers
to its implementation in Kuwait

To examine the extent of PC practice

and the barriers to PC provision as

perceived by Qatar pharmacists and

to assess their level of understanding

of PC and their attitudes about PC
provision

“To explore the role and challenges
facing the clinical pharmacists of
Sudan

To determine perceptions and
expectations of healthcare providers
toward the clinical pharmacy services

at the National Center for Cancer
Care and Research

‘To evaluate the pharmacists’ atitudes
towards practice in, and knowledge of
PC in Poland and to identify the
barriers in PC provision

"PC, pharmaceutical care; MTM, medication therapy management.
"“No categorization” means that the author did not organize the instrument into specific dimensions but instead presented the individual items.
“5-point Likert scale” indicates that the author used a rating system with five levels to measure the importance of each item. The scale ranges from 1 to 5, representing responses from “strongly
Herss® i “Stioncty dkee”

Number Dimension classification Response
of items levels
15 Lack of external cooperation, Lack of | 5-point Likert
Knowledge and skills, Lack of scale
initiatives, Lack of resources
30 Components of MTM, Pharmacist | 5-point Likert
concerns, Interprofessional scale
relationships, Patient care,
Management, Compensation
16 Patient factors, Pharmacist factors, | 5-point Likert
Environmental factors, Monetary scale
factors.
17 No categorization 5-point Likert
scale
28 Lack of access to patient data, Lack of | 5-point Likert
interaction with patients and scale
healtheare providers, Lack of support
from external partners, Societal
barriers, Lack of knowledge and skills,
Lack of initiatives, Lack of space and
time, Lack of resources
15 No categorization 5-point Likert
scale
8 No categorization 5-point Likert
scale
5 No categorization Yes/No
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Number of patients who had pharmacy BCPPP (n = 27) Non-BCPPP (n = 23) p-value
recommendations

n=225 n=122

Average number of medicines (S.D.) 80 (35) 85(38) 020

Average number of reduced medicines ($.D.) 17 (13) 18 (14) 082

Pharmacy recommendations n Accepted (% n Accepted (%)

Overall 252 239 948 | 139 129 928 041
Long-term administration of irresponsible or aimless medications 0 99 952 70 66 943 093
Adverse effects caused by medications 83 80 %64 | 40 36 | 900 030
Medication-mediated duplication of the pharmacological effect 4 38 927 19 18 947 079
Medication-induced drug-drug interactions 1 10 909 2 2 100.0 084
Inappropriate drugs for older patients 9 8 889 3 3 1000 075
Inappropriate drugs or dose considering the patient’s organ function | 4 4 wo | s | 4 80.0 055

Rate of symptom improvement due to pharmacy Symptom Symptom

recommendations improvement improvement

Number of prescriptions changed by recommendations 80 2 525 36 1 | 306 004

BCPDD; boand cectiind pharinscst i pallidtn shinince S0 iGndand devition.
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Age 90's 17
80s 109 314
705 17 337
60s 67 193
50 23 72
405 9 26
30 3 09

Disease* Cancer 297 856
Cardiovascular disease 15 43
Urological disease 7 20
Chronic kidney disease 5 14
Cerebral nerve disease 5 14
Digestive system disease 3 09
Asthma 3 09
Diabetes 2 06
Hypertension 1 03
Other 21 6.1

sMultiple diseases were recorded in one patient.
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Anatomical therapeutic chemical classification

n

Alimentary tract and metabolism 169 323
Nervous system 19 28
Cardiovascular system 59 13
Musculoskeletal system 40 7.6
Blood and blood forming organs 15 29
Anti-infectives for systemic use 14 27
Respiratory system 13 25
Genito urinary system and sex hormones 10 19
Systemic hormonal preparations, excluding sex hormones and insulins 8 15
Dermatological 6 L1
Antineoplastic and immunomodulating agents 4 08
Various 66 126
Functional classification of drug discontinued
Gastrointestinal medications 7 14.0
Analgesics 69 132
Antipsychotics 43 82
Hypnotic sedatives 42 80
Antiemetics 33 63
Laxatives 24 46
Others 239 45.7
Discontinued drug according to pharmacological category
Gastrointestinal medications 7 140
Proton pump inhibitors 19 36
Prostaglandin analogs 14 27
Antiflatulents 1 21
Histamine H, receptor blockers 10 19
Dopamine receptor antagonists 4 08
Mucosal protection agents 1 02
Other 16 31
Analgesics 6 132
Non-steroidal anti-inflammatory drugs 25 48
Opioids 20 38
Tramadol 1 21
Acetaminophen 9 17
Analgesic adjuvants 4 08
Antipsychotics 43 82
Typical antipsychotics 13 25
Atypical antipsychotics 1 21
Selective serotonin reuptake inhibitors 8 15
Other antidepressant 4 08
Tricyclic antidepressants 3 06
Dementia drugs 1 02
Antiepileptic drugs 1 02
Antihistamines 1 02
Other 1 02
Hypnotic sedatives 42 80
Benzodiazepines 27 52
Non-benzodiazepines 9 17
Other 6 11
Antiemetics 33 63
Dopamine receptor antagonists 31 59
Antihistaminic agents 1 02
SHT; inhibitors 1 02
Laxatives 2 46
Salt-based laxative 12 23
Peroral stimulative laxatives 5 10
p-receptor antagonist 3 06
Chloride channel agonists 2 04
Sugar laxatives 1 02
Other 1 02
Others 239 45.7
Antihypertensive drugs 20 38
Vitamins 20 38
Diuretics 19 36
Herbal medicines 17 33
Anticoagulants 15 29
Antibacterials 14 27
Diabetic drugs 13 25
Anti-diuretic drugs 10 19
Airway mucus regulators 10 19
Hyperlipidemic drugs 9 17
Steroids 8 15
Ca replacement drugs 6 B
Tron replacement drugs 6 11
Beta-blockers 4 08
Antiallergic drugs 4 08
Anti-cancer drugs 4 08
Anti-arrhythmic drugs 4 08
Hepatobiliary protection agents 4 08
Enteral feeding agents 3 06
Antidiarrheals 3 0.6
Antitussives 3 0.6
Rehydration agents 3 06
Circulation improvers 3 06
K-replacement medications 2 04
Muscle relaxants 2 04
Topical steroids 2 04
Other 29 55
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Improving rate

Overall 123 55 447
Hypnotic sedation 15 122 9 600
Delirium 1 1000 7 636
Hypotension 1 733 5 455
Hemorrhage 8 727 1 125
Diarrhea 7 875 5 714
High K blood bed 7 1000 1 143
Extrapyramidal disorders 6 857 3 500
Nausea 5 833 5 1000
Contraindications 5 1000 0 00
Renal impairment 5 1000 1 200
Low blood sugar 5 1000 0 00
Hypermagnesemia 4 800 2 500
Gastrointestinal symptoms 4 1000 1 250
Constipation 4 1000 3 750
Liver damage 3 750 1 333
Respiratory depression 3 667 1 500
Restlessness 2 1000 1 500
Insomnia 2 1000 1 500
QT prolongation 1 500 0 0.0
Malignant syndrome 1 1000 1 1000
Pseudo hyperaldosteronism 1 1000 0 00
‘Thrombocytopenia 1 1000 0 00
Hypercalcemia 1 1000 0 00
Hyperglycemia 1 1000 0 00
Aspiration 1 1000 0 00
Dehydration 1 1000 0 00
Electrolyte abnormalities 1 1000 0 00
Serotonin syndrome 1 1000 1 1000
Gastrointestinal symptoms 1 1000 1 1000
Dehydration 1 1000 1 1000
Hypokalemia 1 1000 0 00
Falling over 1 1000 1 1000
Benzodiazepine dependence 1 1000 1 1000
Myoclonus 1 1000 1 1000
Vertigo 1 1000 1 1000
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Number of patients who had pharmacy Opioid using Non-opioid using p-value
recommendations
n =180 n =167

Average number of medicines (S.D.) 89 (37) 7.3 (34) <0.001

Average number of reduced medicines ($.D.) 19 (14) 15(12) <001

Pharmacy recommendations Accepted n Accepted

Overall 210 203 96.7 181 165 912 002
Long-term administration of irresponsible or aimless medications 99 93 939 s 6 920 084
Adverse effects caused by medications 65 54 83.1 58 52 897 042
Medication-mediated duplication of the pharmacological effect k) 31 939 27 25 926 075
Medication-induced drug-drug interactions 5 4 800 8 8 100.0 076
Inappropriate drugs for older patients 5 5 1000 7 6 857 058
Inappropriate drugs or dose considering the patient’s organ function | 3 3 1000 6 5 833 0.66

Rate of symptom improvement due to pharmacy

recommendations

Number of prescriptions changed by recommendations

S.D. standard deviation.

Symptom
improvement

40

625

SYuleltely]
improvement

52 13

(%)

250

p-value

<0.001
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PATIENT FACTOR

Cooperation 7.3%

Adherence 6.14%
Attitude 4.11%
Knowledge 2.37%
Communication 2.26%

Access to health facilities  0.35%
Educational background  0.17%

HEALTH WORKER FACTOR
Interprofessional collaboration 16.68%

Pharmacists’ knowledge 9.32%
Pharmacists’ attitude 5.73%
HEALTH FACILITY/ORGANIZATION FACTOR Pharmacists’ skill 2.26%

The number of staff 16.79% Pharmacists’ experience 0.23%
Adequacy of facilities/drug supply/ 6.95%
documentation system

Stakeholder support 6.54%
Workload 5.56%
Time 2.72%
Training 1.68%
Budget 0.93%
Program socialization 0.81%

Access of guidelines/information  0.58%
Availability of standard procedure  0.29%
Compensation 0.23%
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<20 respondents [ 21-40 respondents Il 41-60 respondents

M 61-80 respondents I 101-200 respondents M > 200 respondents
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Pilot study (N = 250) Validation study (N = 359)

Sec-CPs Sec-CPs Ter-CPs
N % N N
Gender
Male 34 2982 48 35.29 36 3103 89 3663
Female 80 70.18 88 64.71 80 68.97 154 6337
Total 114 100.00 136 100.00 116 100.00 243 100.00
Age (years)
20-29 28 2456 24 1765 b2 2069 43 1770
30-39 82 7193 109 80.15 58 50.00 139 57.20
40-49 2 175 3 221 29 25.00 49 2016
250 2 175 0 0.00 5 431 12 494
Total 114 10000 136 100.00 116 100.00 243 100.00
Professional Title

Pharmacist 57 50.00 64 47.06 53 45.69 76 3128
Pharmacist-in-charge 51 4474 70 51.47 53 45.69 133 5473
Associate professor of pharmacy 6 526 2 147 9 7.76 30 1235
Professor of pharmacy 0 0.00 0 0.00 1 0.86 4 1.65

Total 114 100.00 136 100.00 116 100.00 243 100.00

Academic degree

Lower than Bachelor degree 13 1140 12 8.82 2 18.97 23 9.47
Bachelor degree 102 8947 115 84.56 101 87.07 206 8477
Graduate degree 29 2544 65 47.79 24 20.69 104 4280
Doctoral degree 0 0.00 6 441 0 0.00 6 247
Total 114 100.00 136 100.00 116 100.00 243 100.00

Years working in hospital

1-9 30 2632 108 79.41 56 48.28 142 58.44
10-19 72 63.16 2 19.12 44 37.93 68 27.98
220 12 10.53 2 147 16 13.79 33 13.58
Total 114 100.00 136 100.00 116 100.00 243 100.00

“Sec-CPs, clinical pharmacists working in secondary hospital; Ter-CPs, clinical pharmacists working in tertiary hospital
"In China, since 2011, clinical pharmacists have been mandated to possess a bachelor’s degree or higher. Nevertheless, some in-service clinical pharmacists with limited education were allowed
to continue their practice after receiving standardized training,
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Factor Item Factor loadil
Factor 1 1. Lack of understanding of the components of pharmaceutical care 0.678
2. Inappropriate attitude of pharmacists toward pharmaceutical care 0.867
3. Lack of confidence for pharmaceutical care development 0.586
Factor 2 5. Lack of communication skills 0.652
6. Lack of knowledge in clinical pharmacy 0.820
7. Lack of knowledge in clinical medicine 0770
8. Lack of electronic information technology and document retrieval skills 0.705
Factor 3 10. Lack of an electronic management system of pharmaceutical care 0.653
11. Lack of additional staffing (pharmacist, technician, or support staff) 0.666
12. Lack of rules and regulations of pharmaceutical care practice 0.537
13. Lack of physical space for pharmaceutical care provision 0720
14. Lack of time for pharmaceutical care provision 0.580
15. Lack of an electronic information system and prescription evaluation system 0.758
16. Lack of an efficient and standardized documentation system 0723
Factor 4 18. Lack of communication with doctors and their support 0.856
19. Lack of communication with other medical service staff and their support 0874
20. Lack of communication with patients and their support 0792
Factor 5 23. Lack of opportunities for continuing education 0.808
24. Lack of time for continuing education 0.697
25. Lack of support from hospital leaders 0.567
26. Lack of support from upper management 0.688

*Factorl = Cognition and attitude, Factor2 = Knowledge and skills, Factor3 = Objective conditions, Factor = External cooperation, Factor5 = Support from managers.
"Principal components analysis with varimax rotation was employed to conduct exploratory factor analysis.
‘After factor extraction, item 4, 9, 17, 21, 22, and 27 were removed from the scale.
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Absolute fit indicators Incremental fit indicators Goodness of fit index

Fitness indicator SRMR RMSEA TLL CFI TFL x/df PNFI PGFI
Validation value 0.068 0072 0.902 0915 0915 2844 0.766 0698
Suggested criteria <008 <008 >09 >09 >0.9 <3 >05 >05

‘SRMR: standardized root-mean-square residual, RMSEA: root mean square error of approximation, TLI, tucker lewis index; CFI, comparative fit index; IFI, incremental fit index,
X' = Chi-square, df = Degree of freedom, PNFI, parsimonious normed fit index; PGFI, parsimonious goodness of fit index.

“The model’s fit was assessed using absolute fitting index, relative fitting index, and goodness-of-fit index.

“The validation values should ideally demonstrate close proximity to or surpass the suggested criteria, as per theoretical expectations.
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Factorl 0543 0857 0737

‘ Factor2 0570 0.901 0346° 0755°

‘ Factor3 0509 0.878 0.435" 0577" 0714

‘ Factord 0717 0931 0367° 0487° 0613 0847

\ Factor5 0592 0.909 0.414" 0.549" 0.691" 0.583" 0.769°

*Factor1 = Cognition and attitude, Factor2 = Knowledge and skills, Factor3 = Objective conditions, Factord = External cooperation, Factor5 = Support from managers, AVE, average variance
extracted; CR, composite reliability.

"Absolute value of the correlation coefficient between factors.

Square root of AVE.
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Process Decision Result

Forward translation Two independent translators (CP) C-Version 1

Translate Version 1 into two Chinese version
Reconciliation

Backward translation Another two independent translators (CP) E-C-Version 1

Translate C-Version 1 into 2 English version
Reconciliation

Concordance rate checking Authors of Version 1 Version 2

Compare E-C-Version 1 with Version 1

Translate and back-translate repeatedly

Expert verification Twenty experts Version 4

Test cross-cultural adaptation to form Version 3

Discussion and amendment

Focus group discussion Ten CPs Version 5
Fill the scale (Version 4)

Discuss their understanding of each item

Amendment

'CP, clinical pharmacist.
"The Version 1 including 37 items.
The Version 5 inchisded 37 teme
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Variables Univariate analysis Multivariate analysis

95% Cl p-value 95% Cl p-value

Age (years) 102 1.00-104 0.085 102 0.98-105 0314
Men 087 058-129 0480 | | |
Inpatient days (days) 1.06 101-111 0031 100 094-107 0891
HBP 123 076-198 0395

b 216 135 | oom 1o | Lon-a7a | oost
PAD 110 028-432 0892 [
DM 1.60 103-250 0038 [ 096317 006
HCM 129 0.32-5.22 0.725
Heart Function Grade of NYHA 079 0.67-0.94 0.008 095 075-122 0707
Paroxysmal AF 599 388-9.25 <0.001 7.74 457-13.10 <0.001
Previous stroke/TIA 1.09 0.66-1.78 T oms | I |
History of bleeding 110 028-432 0892
Blood creatinine level 178 115-276 0010 1.8 L11-3.16 oo
Liver dysfunction 057 032-102 0.060 084 041-1.72 0626
CHA,DS,-VASc score 113 100-1.27 0047 082 062-108 0159
HAS-BLED score 147 118-183 <0.001 162 | Lu-23s 0.012
AF catheter ablation 010 001-075 0025 0.09 0.01-0.69 0.021
CAG 087 052-145 0585
pCr 3.80 192-753 <0001 | 335 | 144-7.80 0.005
Pacemaker implantation 499 230-1079 <0001 676 2.67-17.11 <0.001

The bold values indicate statistical significance (p < 0.05).
AF, atrial fibrillation; HBP, high blood pressure; CHD, coronary heart disease; PAD, peripheral arterial disease; DM, diabetes mellitus; HCM, hypertrophic cardiomyopathy; NYHA, new york
heart association; TIA, transient ischemic attack; CAG, coronary arteriography; PCI, percutaneous coronary intervention; Cl, confidence interval; OR, odds rati
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Variables Type N (9
Age (years) <64 83 (15.5)
65-74 159 (29.7)
275 294 (54.9)
Sex Women 234 (43.7)
Concomitant disease
HBP Yes 390 (72.8)
CHD Yes 346 (64.6)
PAD Yes 11 @2.1)
DM Yes 132 (24.6)
HCM Yes 10 (1.9)
Heart Function Grade of NYHA Normal 89 (16.6)
Class 1 34(63)
Class 1l 167 (31.2)
Class 11T 199 (37.1)
Class IV 47 (8.8)
Previous stroke/TIA Yes 104 (19.4)
History of bleeding Yes 23 (4.3)
Renal dysfunction Yes 167 (31.2)
Liver dysfunction Yes 89 (16.6)
AF type PAF 193 (36.0)
NPAF 343 (64.0)
CHA,DS,-VASc score Men <2 score or Women <3 score 44 (82)
Men 22 score or Women >3 score 492 (91.8)
HAS-BLED score <3 score 414 (77.2)
23 score 122 (22.8)
AF catheter ablation YES 26 (49)
Pacemaker implantation YES 30 (5.6)
CAG YES 99 (18.5)
PCI YES 38 (7.1)
Antithrombotic drugs No medicine 69 (12.9)
DAPT 37 (69)
DAPT + NOAC 102
Warfarin 35 (65)
NOAC 295 (55.0)
SAPT 79 (14.7)
SAPT + NOAC 20 37)

HBP, high blood pressure; CHD, coronary heart disease; PAD, peripheral arterial disease; DM, diabetes mellitus; HCM, hypertrophic cardiomyopathy; TIA, transient ischemic attack; AF, atrial
fibrillation; NYHA, New York Heart Association PAF, paroxysmal atrial fibrillation; NPAF, non-paroxysmal atrial fibrillation; CAG, coronary angiography; PCI, percutaneous coronary
intervention; DAPT, dual antiplatelet therapy; NOAC, non-vitamin K antagonist oral anticoagulant; SAPT, single antiplatelet therapy.
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Constipation Nausea Vomiting Vertigo Pruritus Urinary retention ~ Total incidence

Control group (n = 92) 26.1% (24/92) 19.6% (18/92) | 109% (10/92) | 65% (6/92)  1.1% (1/92) 1.1% (1/92) 65.2% (60/92)

Intervention group (1 = 88) 19.3% (17/88) 10.2% (9/88) 34% (3/88) | 3.4% (3/88)  2.3% (2/88) 0.0% (0/88) 38.6%" (34/88)

T T —





OPS/images/fphar-14-1273657/fphar-14-1273657-g002.gif





OPS/images/fphar-14-1273657/fphar-14-1273657-g001.gif
Jonts pressnting & emerency depariment (ED)






OPS/images/fphar-14-1249636/fphar-14-1249636-t005.jpg
Time CPC group UC group

n (%)
Smonths | 21(385) | 39 13(420) | 38 3009 0083 |
6 months 20 (54.05) ‘ 37 15(846) | 390 188 0173 ‘

HbAIC: glycated hemoglobin.
Berrean Ot sensive fost Miirher oF misilie 2

4,c=6,d=7.
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CPC group UC group

n (%) n (

Lmonth | 97 (858) | 113 93 (8087) | 115 o1 031
3 months ‘ 103 (91.15) 13 89 (77.39) 115 8.115 0.004*

6 months ‘ 100 (88.50) | 113 | 88 (77.19) | 114" 5095 0.024

*Pearson Chi-square test; Number of missing data: b = 1.
The italic values mean statistically significant. A p-value <0.05 was considered statistically
-
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Time CPC group

n (%)
Imonth | 62(5585) | 111"  54(5000)  108° ‘ 0753 | o3 |
3months = 66 (61.11) | 108 = 50 (44.64) = 112¢ ‘ 5.982 0.014° ‘

6 months | 86 (78.18) | 110° 54 (5143) = 105 ‘ 16927 <0.001° ‘

LDL-C: low-density lipoprotein cholesterol.
*Pearson Chi-square test; Number of missing data: b =2, ¢ =5,d = 3,e =7, f = 10.
The italic values mean statistically significant. A p-value <0.05 was considered statistically
=y
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CPC group

mean * SD
1 month ‘ 93.89 + 721 13 ‘ 88.13 £ 9.85 s <0001 ‘
3months | 9558+ 625 13 ‘ 89.27 + 9.56 s <0001 ‘
6 months ‘ 97.18 £ 5.03 13 ‘ 89.94 £ 9.08 14" <0001 ‘

SD: standard deviation.

‘Mann-Whitney U test; Number of missing data: b = 1.

The italic values mean statistically significant. A p-value <0.05 was considered statistically
significant.
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Variable CPC group {ii3) UC group (n = 115)
Age (years) (mean + SD) 60.80 + 10.56 60.80 + 9.59 0.804°
Male/female, n 76/37 e 0384
Current-smoker/non-smoker, n 472 4273 0970°
Drinking/non-drinking, n 36/77 35/80 0816°
Dyslipidemia, n (%) 82 (72.57) 83 (72.17) 0947
Hypertension, n (%) 81 (71.68) 71 (61.74) o
Diabetes, n (%) 43 (38.05) 45 (39.13) 0.867°
Adherence (mean + SD) 79.54 £ 10.69 Cwmann 0725
7 Triglycerides (mmol/L) 209129 o1 0383
Total cholesterol (mmol/L) 472 £ 1.06 471119 0.978°
LDL-C (rmmol/L) 2ezoss | 2aszo0m 0955t
HDL-C (mmol/L) 103 £023 106 +0.24 0368
Systolic BP (mmHg) V 134.66 £ 17.79 134.78 + 21.02 | 0.763"
Diastolic BP(mmHg) 77.57 £ 1093 7678 + 1226 0611
FPG (mmol/L) 7.03 £2.22 748 2,70 o7
HbAlc (%) 662 £ 147 676  1.61 0.463*

SD: standard deviation, LDL-C: low-density lipoprotein cholesterol, BP: blood pressure, HbA1c: glycated hemoglobin, FPG: fasting plasma glucose.
*Mann-Whitney U test.

"Pearson Chi-square test.

Tt emple FINE
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Conten
Patient

Question

Disease

Current
‘medications

Assessment

Suggestion

Classification

Case 1

Female, 66 years old

The prescription dose
of leflunomide is

2 tablets 4 times a day,
which exceeds the
recommended dose

Rheumatoid arthritis

Leflunomide tablets
(20 mg qid);
Celecoxib capsules
(02 g bid);
Lguratimod tablets
(25 mg qd)

‘The frequency of
leflunomide is
incorrect. Contact the
prescribing doctor to
confirm that the
frequency is qd

‘The correct frequency
of leflunomide tablets
is qd

Dosage and
administration

Case 2

Female, 19 years old

Adverse reactions after
accidental intake of
trazodone 100 mg:
dizziness, dry mouth,
fatigue

Anxiety-depressive
state

Trazodone
hydrochloride tablets
(50 mg qn)

‘The maximum dose of
trazodone for
outpatient patients can
reach 400 mg. The
common adverse
reactions are dry
mouth, dizziness and
fatigue

‘Taking 100 mg for the
first time can cause dry
mouth, dizziness,
fatigue, and other
adverse reactions,
which is generally not
life-threatening and
requires no special
treatment. Please take
the medicine correctly

Adverse drug reactions

Case 3

Female, 19 years old

Can vitamin A
palmitate eye gel be
kept out of the
refrigerator?

Comneal layer change

Vitamin A palmitate
eye gel (0.2 g bid);
Azithromycin tablet
(500 mg qd)

Vitamin A palmitate
eye gel should be
stored in the
refrigerator before
opening (2'C-8°C).
After opening, the
product can be
stabilized at
15°C-25°C for 30 days

The product should be
stored in the
refrigerator before
opening (2'C-8'C)
and store at 15°C-25'C
for 30 days after

opening

Storage

Case 4

Male, 59 years old

Can azilsartan tablets
combining with
doxazosin mesylate
extended-release
tablets cause low blood
pressure?

Hypertension,
prostatic hyperplasia

Azilsartan tablet
(40 mg qd); Doxazosin
mesylate extended-

release tablet (4 mgqn)

Doxazosin extended-
release tablet is an
alpha receptor
antagonist that can be
used for prostatic
hyperplasia and
hypertension

Doxazosin can be used
for hypertension. Thus,
combining with
azilsartan may cause
hypotension. It is
recommended to
adjust the dosage of
azisartan to 20 mg and
monitor blood
pressure closely

Drug-drug interactions

se 5

Male, 40 years old

May I take cefaclor capsules
and metronidazole tablets
after drinking alcohol
yesterday?

Acute periapical
inflammation

Cefaclor capsule (500 mg
bid); Metronidazole tablet
(200 mg tid)

Cefaclor is a cephalosporin
drug that does not contain
the methiontetrazolium
group. Alcohol
consumption will not cause
disulfide reaction.
Nitroimidazole
‘metronidazole can induce
disulfiram reaction

Metronidazole can cause
disulfiram reaction, thus
alcohol should not be
consumed during treatment.
Patients are advised to take
medication 3 days after
drinking alcohol

Others

Case 6

Female, 44 years old

How long should I
take bacterial lysates
capsules?

Bronchiectasis

Gitafloxacin capsule
(100 mg bid);
Acetylcysteine
effervescent tablet
(600 mg bid);
Bacterial lysates
capsule (7 mg qd)

For prophylactic,
bacterial lysates
capsules should be
used for 10 days, then
stop for 20 days. One
course of treatment is
3 months. For
adjuvant therapy, it
should be used until
symptoms disappear

(at least 10 days)

Inform the patient
that bacterial lysate
capsules should be
used until symptoms
disappear (at least

10 days) for adjuvant
therapy

Course of treatment
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System organ class (SOC) Preferred ROR (95% CI)  PRR (x2) IC EBGM

term (PT) (IC025) (EBGMO5)
Congenital, familial, and genetic Congenital nystagmus* 57 49617 495.61 562 (5.19) 326.79 (237.30)
disorders (360.30-683.29) (18,5329)
Social circumstances Victim of child abuse 54 394.68 39426 553 (5.08) 279.47 (203.53)
(287.44-541.95) (14,999.4)
Injury, poisoning, and procedural Exposure via father 185 16042 159.84 631 (6.08) 137.10 (117.30)
complications (137.26-187.49) (25,0209)
Injury, poisoning, and procedural Poisoning 609 5934 (54.65-64.43) 58.63 5,67 (5.55) 5531 (5094)
complications (32515.2)
Respiratory, thoracic, and mediastinal Bradypnea 104 57.41 (47.10-69.99) 57.30 517 (4.88) 54.12 (44.39)
disorders (5427.94)
Injury, poisoning, and procedural Exposure via ingestion 134 55.17 (46.35-65.68) 55.03 5.24 (4.98) 52.09 (43.76)
complications (6,722.03)
Pregnancy, puerperium, and perinatal Small for gesiaﬁbnal age 181 43.08 (37.11-50.01) 4293 5.07 (4.86) 41.12 (3543)
conditions baby (7,093.95)
Injury, poisoning, and procedural Poisoning deliberate 220 38.49 (33.63-44.06) 38.33 499 (4.79) 3689 (3223)
complications (7,690.59)
Respiratory, thoracic, and mediastinal Respiratory depression 357 3507 (31.55-38.99) 3483 495 (4.79) 33.64 (30.26)
disorders (11,321.2)
Psychiatric disorders Drug abuse 2,140 3248 (31.08-33.94) 3115 490 (4.83) 3020 (28.90)
(60,560.0)
Eye disorders Miosis 174 2902 (2495-33.76) 28.93 460 (4.38) 2811 (2417)
(4,554.30)
Psychiatric disorders Sopor 319 27.08 (24.22-30.28) 2691 460 (4.44) 2621 (23.44)
(7.743.72)
Respiratory, thoracic, and mediastinal Respiratory arrest 610 2443 (2253-26.49) .15 451 (4.39) 23.58 (21.75)
disorders (13,208.3)
Nervous system disorders Nystagmus 122 2652 (22.15-31.75) 26.46 442 (4.16) 2577 (21.53)
(2,908.50)
General disorders and administration Accidental death 45 27.60 (20.52-37.12) 27.57 410 (3.67) 2683 (19.94)
site conditions (1,120.13)
Psychiatric disorders Substance abuse 163 2097 (17.95-24.50) 2091 419 (3.97) 2048 (17.53)
(3,024.41)
Eye disorders Strabismus 55 22.54 (17.25-29.46) 252 400 (3.61) 22.02 (1685)
(1,105.03)
Injury, poisoning, and procedural Alcohol poisoning 50 22,69 (17.14-30.03) 22.66 3.97 (3.56) 22.16 (16.74)
complications (1,011.52)
Nervous system disorders Coma 725 1838 (17.07-19.79) 1813 412 (4.01) 17.81 (16.54)
(11,525.4)
Injury, poisoning, and procedural Toxicity to various agents 2481 1744 (1675-18.16) 16.63 402 (396) 1637 (15.71)
complications (35,940.0)
Investigations Coma scale abnormal 50 1787 (1351-23.64) | 17.85 (78082) | 373 (3.32) 1754 (13.26)
Psychiatric disorders Drug use disorder 68 1682 (1323-21.38) | 16.80 (992.90) | 375 (3.40) 1652 (13.00)
Psychiatric disorders Completed suicide 1012 1387 (13.03-14.77) 1361 373 (3.64) 1343 (1262)
(11,676.1)
Respiratory, thoracic, and mediastinal Respiratory acidosis 51 1658 (12.57-21.88) | 1657 (73343) | 365 (3.25) 1630 (1236)
disorders
Respiratory, thoracic, and mediastinal Asphyxia 102 1466 (12.05-17.83) 14.63 367 (3.39) 14.43 (11.86)
disorders (1,27597)
Psychiatric disorders Alcohol abuse 40 1638 (11.98-2239) | 16.36 (56731) | 356 (3.10) 16.11 (11.78)
Psychiatric disorders Bradyphrenia 79 1354 (1084-1691) | 1352 (90303) | 353 (3.21) 1334 (10.68)
Psychiatric disorders Intentional self-injury 244 1195 (10.53-13.56) 1190 349 (3.31) 1176 (10.36)
(2:406.33)
Injury, poisoning, and procedural Intentional overdose 580 1109 (10.21-12.04) 10.97 342 (3.30) 1086 (10.00)
complications (5.203.32)
Social circumstances Drug diversion a1 1256 (923-17.10) | 12.55 (43031) | 329 (2849) 1240 (9.11)
Cardiac disorders Cardio-respiratory arrest 380 10.16 (9.18-11.25) 10.09 329 (3.14) 10.00 (9.03)
(3,083.13)
Nervous system disorders Depressed level of 318 956 (856-10.68) | 9.51 (2398.11) | 320 (3.04) 9.42 (8.43)
consciousness
Nervous system disorders Sedation 191 9.68 (840-1117) | 9.65 (1466.99) | 319 (2.99) 9.56 (8.29)
Nervous system disorders Altered state of 163 9.80 (8.39-1143) | 977 (127027) | 320 (297) 9.68 (8.29)
consciousness
General disorders and administration Potentiating drug 33 1160 (823-1636) | 1160 (31569) | 3.3 (263) 1147 (8.14)
site conditions interaction
Nervous system disorders Hypoxic-ischemic 38 1133 (823-1560) | 1132(35332) | 3.5 (268) 1120 (8.13)
encephalopathy
Surgical and medical procedures Self-medication 38 1117 (8.11-1538) | 1116 (347.42) | 313 (267) 1104 (8.02)
General disorders and administration Developmental delay* 77 10.00 (7.99-1252) | 9.99 (61660) | 3.15 (2.82) 9.90 (7.91)
site conditions
Cardiac disorders Cardiac arrest 605 853 (787-925) | 844 (3941.38) | 3.05(293) 838 (7.73)
General disorders and administration Hypothermia 81 9.61 (772-1196) | 9.60 (617.57) | 3.11(279) 951 (7.64)
site conditions

‘indicates statistically significant signals in the algorithm; ROR, reporting odds ratio; CI, confidence interval; PRR, proportional reporting ratio; x2, chi-square; IC, information component;
1C025, the lower limit of 95% CI of the IC; EBGM, empirical Bayesian geometric mean; EBGMOS, the lower limit of 95% CI of EBGM.
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Item Number of patients Proportion (%)
Department of psychiatric 326 27.56
Department of obstetrics and gynecology 93 7.86
Department of gastroenterology 92 7.78
Department of dermatology 89 7.52
Internet hospital 82 693
Department of urology 57 482
7 Department of cardiovascular medicine 46 3.89
Department of nephrology 42 355
Department of otolaryngology 39 330
Department of metabolism and endocrinology 36 3.04
Department of Traditional Chinese medicine 35 296
Department of neurology 35 296
Department of ophthalmology 2 220
Others 185 15.64
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System organ class (SOC) Case ROR PRR (x2) IC EBGM
reports (95% CI) (IC025) (EBGMO5)
Psychiatric disorders* 9,555 3.84 (375, 3.93) 33 172 (1.69) 329 (3.22)
(16,212.08)
Injury, poisoning, and procedural complications* 8,689 191 (186,195) | 175 (3,0989) | 081 (077) 175 (1.71)
Nervous system disorders’ 7,137 173 (169, 178) | 163 (190446) | 07 (0.67) 163 (1.59)
General disorders and administration site conditions 6318 0.68 (0.66,07) | 072 (841.63) | -048 (-0.51) 072 (0.7)
Respiratory, thoracic, and mediastinal disorders* 2931 124(12,129) | 123 (12895) | 029 (0.24) 123 (118)
Investigations 2,359 074 (071,077) | 075(11) | 042 (-048) 075 (0.72)
Cardiac disorders* 2,192 1.62 (1.55, 1.69) 1.59 (491.69) 0.67 (0.6) 159 (1.52)
Gastrointestinal disorders 1757 0.38 (0.37, 04) 041 -13 (-137) 0.41(0.39)
(1,676.71)
Musculoskeletal and connective tissue disorders 1,040 0.38 (0.36, 0.41) 039 ~134 (-143) 0.39 (0.37)
(1,024.67)
Vascular disorders 966 087 (082,093) | 088 (1746) | 0.9 (-0.29) 0.88 (0.82)
Skin and subcutaneous tissue disorders 899 0.32(03,034) | 033(1,287.9) | -16 (-1.69) 0.33 (0.31)
Eye disorders 815 081 (076,087) | 082 (3368) | 029 (-0.39) 0.82 (0.76)
Infections and infestations 806 0.3 (0.28,032) 031 -17 (-18) 031 (0.29)
(1,31852)
Metabolism and nutrition disorders 630 056 (052,061) | 057 (211.66) | 082 (-0.93) 057 (0.53)
Product issues 607 078 (072,085) | 078 (37.05) | -035 (-0.47) 078 (0.72)
Social circumstances® 537 231(212,251) | 23 (39344) 12 (107) 229 (211)
Immune system disorders 508 092 (085, 101) | 092(325) | -0.11(-024) 092 (0.85)
Renal and urinary disorders 501 05 (046,055) | 05 (24808) | -0.99 (-L11) 051 (0.46)
Congenital, familial, and genetic disorders* 47 284 (259,312) | 283 (528.02) 15 (1.35) 282 (257)
Pregnancy, puerperium, and perinatal conditions™ 433 193 (176,2.13) | 193 (19307) | 094 (0.8) 192 (1.75)
Hepatobiliary disorders 415 089 (081,098) | 089 (522) | 0.6 (-03) 089 (081)
Blood and lymphatic system disorders 279 0.33(029,037) | 033 (387.26) | -16 (-177) 0.33 (0.29)
Surgical and medical procedures 259 039 (035,045) | 04 (23953) | -133 (-151) 04 (035)
Ear and labyrinth disorders 164 074 (064,087) | 074 (1454) | -043 (-0.65) 0.74 (0.64)
Reproductive system and breast disorders 130 027 (023,033) | 028 (249.82) | 186 (-2.1) 0.28 (0.23)
Neoplasms: benign, malignant, and unspecified (including cysts and 108 0.08 (0.06, 0.09) 0.08 -3.68 (-3.94) 0.08 (0.06)
polyps) (1,209.07)
Endocrine disorders 77 061 (049,077) | 061 (186) | 07 (-102) 0.62 (0.49)

‘indicates statistically significant signals in the algorithm; ROR, reporting odds ratio; CI, confidence interval; PRR, proportional reporting ratio; x2, chi-square; IC, information component;
1C025, the lower limit of 95% CI of the IC; EBGM, empirical Bayesian geometric mean; EBGMOS, the lower limit of 95% CI of EBGM.
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Case reports (n)  Case proportion (%)

Gender
Female 6,870 4419
Male 6,683 42.99
Unknown 1,993 12.82
Age
<18 795 511
218,<45 5323 3424
245,<65 3,853 2478
265,75 894 575
75 695 447
Unknown 3,986 25.64

Reported countries

America 6363 40.93
France 2,508 16.13
Britain 1,371 882
Italy 924 5.94
Australia 626 403
Canada 507 3.26
Other countries 3,247 2089
Outcome

Death 5,092 3275
Hospitalization 4304 27.69
Life-threatening 927 5.96
Disability 242 156
Congenital anomaly 188 121

Other outcomes 5214 33.54
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Adverse drug reactions, n (%)

Liver enzyme Local Headache Abdominal Gastrointestinal Insomnia
elevation bleeding distention bleeding
cre 2(177) 1 1(0:88) 1(0:88) 0(0) 1(0:88) 0(0) 00 6(5.31)
grouwp (0.38)
UC group 8 (696) 0 0@ 0(0) 3(261) 2(174) 1(087) 1(0.87) 15
(13.04)
X — — — — — — — - ‘ 4077
— - — — — — — ‘ 0,043

pvalue | —

*Pearson Chi-square test.
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Cost of PPMC care Estimated time spent per patien Estimated cost

PPMC activities®
Obtaining a BPMH 35 min - -
Holding a clinical conversation with a medical officer and 10 min - -

writing a shared treatment plan

Writing a medication chart 20 min - -
Nursing handover discussion 5 min 2 s
Other PPMC activities such as triaging/screening 5 min . B

Total time spent in PPMC®<

By a pharmacist 10 +20 + 5+ 5 = 40 min 0.67 h X $46.3 per h = $31.02 AHP Level 2 Year 4
—067h
By a nursing staff 5min — 0.08 h 0.08 h X $45.00 per h = $3.60 Registered Nurse
Grade 4 Year 1
Total cost per patient $34.62 $34.62 = $31.02
+$3.60

B. PPMC cost-benefit Cost Commen

Cost per patient $34.62

Cost of PPMC care to prevent one high/extreme risk $138.4 NNT*: 4 X $34.62
Cost saving using RSI $1,303.6 15.4% of $8,465.6°
Cost-difference 51,269 $1,303.6 - $34.62

Abbreviations: AHP, allied health professional; h, hours; min, minutes; NNT, number of patients who need to be treated; RSI, relative stay index.

“These time points were estimated based on an average number of pre-admission medicines (including regular, PRN; and complementary medicines), i, ten medicines for one PPMC, patient
(Atey et al., 2023).

"As the BPMH was 2 common element in both arms, it was deemed cost-neutral and therefore not included in the analysis.

“The time spent by medical officers on clinical discussions was not included in the analysis because their involvement in these discussions did not require any extra time compared to usual care.
“The NNT with PPMC to prevent at least one high/extreme risk error compared to usual care was obtained from the medication discrepancy/error study (Atey et al, 2023).

“The RSI, relative risk reduction was 15.4% with PPMC, compared to the usual care group. The average cost of admission in Tasmania in 2020-21 for unplanned, acute admissions was $8,465.6,
according to the projected NHCDC data (Independent Health and Aged Care Pricing Authority, 2021).
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Cost of initial Personnel Estimated time spent  Salary rate per Number of Total Comment

credentialling in hours hour trainers

Activities

Six PPMC clinical episodes Hospital 35h $46.3 per h - $1620  AHP Level 2 Year 4
pharmacists

Supervised clinical case studies | Supervising 0875 b $55.8 per h 2 $488  AHP Level 4 Year 2
pharmacists

OSCE Supervising 1h $55.8 per h 1 $558  AHP Level 4 Year 2
pharmacist
Medical officer 1h $63.7 per h 1 $636  Medical Practitioner

Level 10
Total $330.2  Per pharmacist

Abbreviations: AHP, allied health professional; h, hours; OSCE, objective structured clinical exam.
'30-40 min per one linical episode (average 35 min): 35 min * 6 episodes = 3.5 h.

Miarvison ol disical anseder was candosted i Detcha:i:xmolling Suliion: a8 diicd srseodes -4 pharmadues: 3.5 kit phaomadisty

875 h per pharmacist.
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Outcomes, median (IQR) or n (%) PPMC (N = 301) Usual care (N = 301)

‘ Length of hospital stay in days 39 (21,72) 42 (26,79) 051°
‘ Relative stay index T 07,19 s (08,2.1) oo
‘ Length of ED stay in hours 8 (5, 14) 10 (7, 13) 052"
‘ 30-day hospital readmissions 63 (21%) 52 (17%) 035"
‘ 30-day ED revisits 63 (21%) 57 (19%) 0.68"

Abbreviations: ED, emergency department; IQR, interquartile range; n, number; PPMC, partnered pharmacist medication charting.
“Wilcoxon signed rank test.

"McNemar's chi-square test.

Bold highlights values that have statistical significance.
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Variables Unmatched comparison Matched comparison

Usual care p-value PPMC Usual care p-value SMD
(N = 562) (N = 309) (N 9)
Sex female, n (%) 402 (55%) 288 (51%) 018 162 (52%) 166 (54%) 074
Median age in years (IQR) 79 (69, 86) 75 (63, 84) < 0.001° | 77 (64, 86) 75 (63, 84) 0.36"
Charlson comorbidity index 5 (4, 6) 5(3,6) <0001 | 02342 5(,6) 5(3,6) 084" 0.018
Australasian triage scale, n (%) 3 (2, 4) 3(34) 0.67" | 3(3,4) [ 3(33) 0.64"
Admission unit <0001 099"
Emergency medicine 79 (11%) 192 (34%) Lomn 7w 79 ow 00104
General medicine 652 (89%) 370 (66%) 07523 | 231 (75%) 230 (74%) ~00104
| Arrival time of the day < 0.001* >0.99"
Within business hours 655 (90%) | 282 s0%) 12017 | 233 (75%) 234 (76%) 00106
(9 am.-5 pm.)
Outside business hours 76 (10%) 280 (50%) |17 | 76 s 75 (24%) 00106
Arrival day of the week 037" | 0.58"
Workdays (Monday to Friday) | 453 (629%) | 362 (61%) 178 (58%) 185 (60%)
Weekends including public 278 (38%) 200 (36%) | 131 2% 120 (a0%)
holidays

Abbreviations: IQR, interquartile range; n, number; PPMC, partnered pharmacist medication charting; SMD, standardised mean difference.
*Pearson’s chi-square test for unmatched comparison; McNemar's chi-square test for matched comparison.

"Wilcoxon rank sum test for unmatched comparison; Wilcoxon signed rank test for matched comparison.

Bold bighlshts valnes that hiave:siatistical slprubicanco:
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Equation Critel
ROR ROR = {3d = ¢ a23,95% CI (lower limit)>1

95% CI = en(OR1.96y TETD

PRR PRR = % 23, 95% CI (lower limit)>1, PRR22, 2> 4

95% CI = (PRR196V T

BCPNN IC = loga 2 = log,fasicd) No signal (-)1C-28D < 0
E (IC) = log, giilletbiediachiors) Weak signal (+).0<IC-2D < 15
VO = b [t bt i st ity Medium signal (++)15<IC-2D < 3

— 1] atbrerdsa) @sbscsdsf) i :1C-:
R Strong signal (+++}1C-25D > 3

1C-25D = E(IC)-2 \V{IC)

psal=pl=La=p=2yl
_ alasbict
MGPS EBGM = 4tk EBGMO5 > 2

9506 Cl = (MEBGM)21.96y T

“ROR, reporting odds ratio; a, number of reports containing both the suspect drug and the suspect adverse drug reactions b, number of reports containing the suspect adverse drug reaction with
other medications (except the drugof interest); ¢, number of reports containing the suspect drug with other adverse drug reactions (except the event of interest); d, number of reports containing
other medications and other adverse drug reactions; CI, confidence interval; PRR, proportional reporting ratio; X2, chi-square; BCPNN, Bayesian confidence propagation neural network; IC,
information component; IC-2SD, the lower confidence interval of IC; MGPS, multi-item gamma Poisson shrinker; EBGM, empirical Bayesian geometric mean; EBGMOS, the lower 95% one-
cided CI of EBGM.





OPS/images/fphar-14-1226386/inline_1.gif





OPS/images/fphar-14-1226386/fphar-14-1226386-t002.jpg
Drug category Combined drug Inhibitors of CYP3A4 or

CYP2D6
Antipsychotic | Clozapine, Olanzapine’, Quetiapine fumarate’, Perphenazine’, Risperidone’, Sulpiride*, Lithium carbonate, Perphenazine, Haloperidol
| Amisulpride, Haloperidol, Penfluridol*
Sedative-hypnotic Lorazepam*, Alprazolam’, Oxazepam, Estazolam, Clonazepam’, Zopiclone*
Antidepressive Sertraline’, Escitalopram*, Fluvoxamine®, Paroxetine* Paroxetine
Antidiabetic Acarbose’, Glipizide’, Metformin hydrochloride
Antiepileptic Magnesium valproate’, Sodium valproate*
Antianxiety Buspirone’, Duloxetine* Duloxetine
Antihypertensive Propranolol*
Narcotic Propofol*
| Gastrointestinal Dompendone/Domperidone
Antiparkinsonian Benzhexol
Chinese patent drug | Jiuweigantai, Qiyeanshen, Tianmaxingnao, Xingnaojing

"Known drugs

Siowr: iy llosteustions inkemition o Tiorsbupe coparied):
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ly dose/! ases.

D < 10mg 125 mg 1 022
25 mg 4 088

5mg 17 376

10 mg < D < 30 mg 10 mg 95 2102
15mg 36 7.96

20 mg 161 3562

Cns mg 1 022

25mg 19 420

30 mg 95 2102

D > 30 mg 40 mg 1 243
45 mg 2 044

50 mg 2 044

60 mg 8 177
Total 452 10000
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Factor 95% Cl p-Value
High BMI 6737 1997-22726 0020
‘ IPS risk factors
Sex-Male (n, %) 2035 0.591-7.003 0587
Age 245 years 0.881 0.260-2.983 0945
Ann Atbor stage IV 1.103 0.330-3.689 Coam
Serum albumin <40 g/L 0373 0.088-1.592 0.130
Hemoglobin level <105 g/l 1017 0.156-6.641 0957
WBC count 215 x 10°/L 3813 1363-10.661 o
Lymphocyte count <0.6 x 10°/L 1220 1.085-1372 0999

Abbreviations: RR, relative risk; BMI, body mass index; IPS, international prognostic score; WBC, white blood cell.






OPS/images/fphar-14-1195907/fphar-14-1195907-t005.jpg
Low BMI (n = 48) High BMI (n = 19)

IPS risk factor

No. patients 9 No. patients
Sex-Male 25 521 13 684 0224
7Age 245 years 13 271 s 421 0232
Ann Arbor stage IV s s 2 105 0.148
‘7 Serum albumin <40 g/l 20 g s 263 0242
 Hemoglobin level <105 g/L 5 104 [1 53 0.848
WBC count 215 x 10°/L 3 63 3 158 0448
Lymphocyte count <0.6 x 10°/L 6 125 0 0 0173

Abbreviations: BMI, body mass index; IPS, international prognostic score; WBC, white blood cell.
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2-year 3-year 5-year

BMI group
No. patients No. patients b No. patients
low BMI (n = 48) | 35 729 30 625 15 ‘ 313
high BMI (n = 19) ‘ 9 474 9 474 5 ‘ 263

Abbreviations: BMI, body mass index.
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racteristics Responders (; Non-responders (|
Age, years (Median, range) 31 (17-72) 24 (13-67) 0472
BMI (Mean, range) 28 (17.2-385) s (18.5-38.4) 0.002
Underweight (1, %) 7 (125) 0(0) 0.589
Normal weight (n, %) 38 (67.9) 3(27.3) 0029
Overweight (n, %) 8 (143) 4(36.4) 0.188
Obese (1, %) 3 (54) 466 0011
Ann Arbor stage IV (1, %) 26 (46.4) 5(45.5) 0953
B symptoms (1, %) 15 (268) 2(182) 0825
Extranodal involvement (1, %) 18 (32.1) 3(27.3) 0537

Blood parameters at diagnosis (Mean, range)

Serum albumin level, g/L 41.2 (27.8-51.5) 410 (25.2-47.3) 0916
Hemoglobin level, g/L. 127 (85-170) 132 (96-157) 0.464
WBC count, 10°/L. 8.20 (2.13-16.57) 1221 (3.72-21.38) 0028
Lymphocyte count, 10°/L 1.38 (0.24-3.28) | 1,52 (10.87-2.35) 0510

IPS risk factors (n, %)

Sex-Male (n, %) 30 (53.6) 8(727) 0241
Age 245 years 18 (321) 3(27.3) 1000
Ann Arbor stage IV 14 (25.0) 3(27.3) 1000
Serum albumin <40 g/L 23 (41.1) 2(182) 0274
Hemoglobin level <105 g/L. 5(89) 100) 1000
WBC count 215 x 10°/L 3 (54) 3(27.3) 0.080
Lymphocyte count <0.6 x 10°/L 6(10.7) Lo 0579

Anthracycline chemotherapy drugs

Doxorubicin/epirubicin 20 (35.7) 5 (45.5) 0541

Doxorubicin hydrochloride liposome 36 (64.3) 6 (54.5)

Abbreviations: BMI, body mass index; IPS, international prognostic score; WBC, white blood cell.
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Interim response End-term response

Response to ABVD-like treatment

No. of patients % No. of patients
R 4 612 687
‘ PR 25 373 149
‘ D ‘o 0 0
‘ PD 1 15 | 164
ORR (%) Loss |
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Characteristics (n = 67)

Age, years (Median, range) 31(13-72)
BMI, kg/m? (Mean, range) 236 (17.2-38.5)
Underweight (BMI <18.5) 7 (10.4)
Normal weight (18.5 < BMI <25) 41 (61.2)
Overweight (25 < BMI <30) 12 (17.9)
Obese (BMI 230) 7 (104)

Histologic subtype (n, %)

Classic HL, mixed cellularity 16 (23.9)
Classic HL, nodular sclerosis 39 (58.2)
Classic HL, lymphocyte rich 11 (16.4)
Nodular lymphocyte predominant 1(15)

Ann Arbor stage (n, %)

-1 36 (53.7)
-V 31 (46.3)
B symptoms. 17 (25.4)

ECOG performance status (n, %)

0-1 65 (97.0)
2 2(30)
Extranodal involvement (n, %) 21 (31.3)

Blood parameters at diagnosis (Mean, range)

Serum albumin level, g/L 412 (252-515)
Hemoglobin level, g/L. 128 (85-170)

WBC count, 10%/L 8.86 (2.13-2138)
Lymphocyte count, 10%/L 140 (024-3.28)

IPS risk factors (n, %)

Sex-Male (1, %) 38 (56.7)
Age 245 years 21 (31.3)
Ann Arbor stage IV 17 (25.4)
Serum albumin <40 g/L 25 (37.3)
Hemoglobin level <105 g/L 6(90)
Lymphocyte count <0.6 x 10°/L 6(90)
WBC count 215 x 10%/L )

BMI, body mass index; ECOG, eastern cooperative oncology group; HL, hodgkin
Baatininm 105 Tiseationd prosncetic seors: WL Wil Hion ol
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CPC group (n = 113)

UC group (n = 115)

\ MACEs, n (%) 6(5.31) \ 14 (1217) \ 0.067*
‘ Risk factor, n (%) 1(088) ‘ 3 (261) ‘ 0.626"
‘V Others, n (%) 8 (7.08) ‘ 6 (5.22) ‘ 0.558"
‘ Total, n (%) 15 (13.27) ‘ 23 (20.00) ‘ 0173

MACE: major adverse cardiac event.
*Pearson Chi-square test.

Wortamnityadimited Chi-auare k.
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Database Search terms

PubMed (“medication therapy management”(MeSH Terms] OR “medication therapy management”[MeSH Terms] OR
“medication reconciliation”[MeSH Terms] OR “drug therapy management”[Title/Abstract] OR “medication
therapy management”[Title/Abstract] OR “medication reconciliation”[Title/Abstract]) AND
{[clinicaltrial(Filter) OR randomizedcontrolledirial(Filter) OR observationalstudy(Filter)] AND [2014/1/10:
2022/4/16(pdat)]}

Filters applied: Clinical Trial, Randomized Controlled Trial, Observational Study, Humans, English, from 2014/
1/10—2022/04/16.

‘The Cochrane Library #1 MeSH descriptor: [Medication Therapy Management] explode all trees
#2 MeSH descriptor: [Medication Reconciliation] explode all trees

#3 (“medication therapy management” or “MTM or “drug therapy management” or “medication
reconciliation”)i,ab kw

#4 #1 OR #2 OR #3

Embase (“medication therapy management”/exp OR “medication therapy management” OR “medication
reconciliation”/exp OR “medication reconciliation”) AND ([controlled clinical trial)/lim OR [randomized
controlled triall/lim OR “cohort analysis”/de OR “prospective study”/de OR “retrospective study”/de) AND
[article}/lim AND [humans}/lim AND [english]/lim

Clinical Trials gov (“medication therapy management” OR “Medication Reconciliation” OR “pharmaceutical case management”
OR “drug therapy management” OR “drug therapy problem” OR “drug therapy problems” OR “medicine
management” OR “medicines management”) AND AREA|ResultsFirstSubmitDate] NOT MISSING |
Available, Completed Studies | medication therapy management | Start date from 01/10/2014 to 04/16/2023
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The association between Nirmatrelvir/ritonavir therapy and the outcomes was estimated by multivariate Cox proportional-hazards regression model after adjustment for confounders. The
variables were age, sex, and eGFR, category, and comorbidity number.

“Model 1 was adjusted for age and sex.

"Model 2 was adjusted for Model 1 plus GFR, category, and comorbidity number.

HR: hazard rafin: CL conidence vl oCPR; cstimated plomsertilar filstion a5
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Obstacles and barriers Frequency Percentage (%)
Lack of private counseling area 209 38
‘ Lack of time | 413 75
‘ Workload and/or shortage of pharmacy staff 237 43
‘ Lack of educational materials 116 21
‘ Lack of knowledge and skills 391 7
*Lack of coordination with other healthcare professionals 472 | 856
‘ Patients being uninterested in preventive activities 309 56
‘ Lack of clinical tools 176 2
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Good practice >15

Demographic variable 95% Cl

Gender (Ref. Male)

Female 119 103 137 0022+ 106 093 121 0411
Education level (Ref. Bachelor’s degree)

Postgraduate degree 095 077 116 0613 177 166 189 0.001*
Pharmacy type (Ref. Independent pharmacy)

Chain Pharmacy 109 094 125 0261 2 1 oo
Position in the pharmacy (Ref. Assistant pharmacist)

Chief pharmacist 145 1155 182 0.001* 187 075 1.067 0712

Pharmacist in charge 124 1.034 149 0.021* 122 1.01 1.468 0.038*
Work experience (Ref. 1-5 years) ,

>10 years 744 361 9.83 <0.001* 113 6.01 15.62 <0.001*
6-10 years | 225 | 1.85 274 <0.001* 442 V 3.90 5.00 <0.001*
Number of patients served daily (Ref. > 20)

5-10 137 110 170 0.004* 1.09 085 142 047

1-20 112 094 133 0213 097 082 117 079
Working hours/day (Ref. >8 h)

<8h 099 0.86 115 0943 1.03 091 L15 0.667

Received CVD prevention and management training (Ref. No)
Yes 269 232 314 <0.001* 129 115 146 <0001*

Age 1.003 0.99 102 0589 1.010 1.000 1019 0.044*

Notes: *p < 0.05 was considered statistically significant, and the good knowledge and practice scores were determined based on the median scores. Postgraduate refers to a Master's degree or
Ph.D., and an assistant pharmacist s a healthcare professional who supports the work of pharmacists in various pharmacy settings, working under the supervision of a registered pharmacist.
Abbreviations: CVD. cardiovascular disease.
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Demographic variable Perception score (11 items) Practice score (18 items)

Mean 95% Cl P-value Mean 95% CI P-value
Gender
Male 7069 68.16 7322 0.001* 7587 7312 78.63 0.001*

Female 78.67 77.04 80.29 79.39 77.45 81.33

Education level

Bachelor 7415 72.63 75.68 <0001* 7416 68.99 79.33 0,04
Postgraduate e s §7.19 78.77 771 | 800

Pharmacy type

Independent pharmacy 7428 7222 7634 0058 7372 7137 76.07 <0.001*

Chain pharmacy 77.04 75.07 79 8255 80.52 84.59

Position in pharmacy

Pharmacist in charge 7647 74.87 78.06 0.004* 80.96 79.17 82.76 <0.001%
Chief pharmacist 77.06 73.83 80.30 7134 67.24 75.44
Assistant pharmacist 69.53 64.33 7473 70.72 65.95 75.49

Work experience

1-5 years 4642 4437 4847 <0.001% 6148 57.15 65.82 <0.001*

6-10 years 76.85 75.73 7797 80.66 7892 8241

> 10 years 97.24 96.29 98.18 80.66 76.53 84.79

Number of patients served per day

5-10 78.02 75.04 80.99 <0.001* 9833 97.64 99.02 <0.001*
11-20 7867 77.10 [ 80.25 8221 8123 | 83.19

7 >20 65.30 61.56 69.04 4833 46.19 50.47
Hours worked/day

V <8h 7371 70.99 7642 0.081 7275 | 70.32 75.19 0.001*

>8h 7647 7479 78.14 80.35 78.36 8235
Received CVD prevention and management training
Yes 87.66 86.65 88.68 <0001* 75.05 7236 77.73 0.001*

No 60.04 58.59 61.49 80.37 7847 8227

Notes: *p < 0.05 was considered statistically significant. P-values were calculated using an independent f-test and one-way ANOVA., Postgraduate refers to a Master's degree or Ph.D., and an
assistant pharmacist is a healthcare professional who supports the work of pharmacists in various pharmacy settings, working under the supervision of a registered pharmacist.
AbBisebittiae: I baadiinis tbeibl U cabdthinsculic daiis
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Practice item Not at all Little Uncertain  Involved Very involved

involved involved
F

1. Advise patients to lose weight by following a low-calorie diet s 78 @ n3 w09 18 107 194 20 47
2. Promote physical exercise: s w7 w48 7w w7 e w2 a2 s
3. Advise paients to resrict ther salt intake s 78| 78 %0 163 w7 267 w8 a4
4. Provide counseling on which diets lower cholestrol i, reduced intake of cholesterol/saturated fts) s 83w se| % w4 2 w2 s w4
5. Advise patients to folow a vegetable-rich dict 22| s as o v s 272 2 485
6. Advise patients to increase the amount of soluble ibe in thei diet e 6 29 9 180 us| 263 27 466
7. Provide counseling on exercsing caution when choasing over-the-counter drugs or herbal products, s these have beenlinked toan |~ 43 78 @ 13 109 198 17 194 20 417
incressed rik of cardiovascular disease

5. Advise patients to limit ther alcohol consumption M e ® a1 W m2 1@ w6 s 279
9. Advise patiets to quit smoking % 65 om 74l w2 23 & 18 w5 499
10. Review the drug refll history of the patent to assss whether they are folloving the therapy 2 oss e %7 s o s 15 o o
1. Provide counseling on why patients should routiney montor thei weight, blood ghucose, and blood pressure,as wellsswhythey | 46 83 31 se| % wa o w2 11 w4
should achieve their health targets

12, Offer patients screening and measurement services for weight, blood glucose, and blood pressure o owss s 102 0 3 i o7 o o
13, Sell blood pressure and blood glucose home monitoring cquipment o 132 E I 74 s w2 W e3
14, Advise patients on how presciption treatment and self-care can help mitigate the components of CVD B 78 @ m3 w9 s 107 4 20 a7
15, Encourage patients to follow the treatment 6 29 3 24 & 120 107 94 39 @3
16. Monitor how the patients respond to the treatment % w4 17 ®E s 7 s b 6 1
17. Maintain patient care service ecords in the pharmacy m @9 m am s n 20 o o
18, If necesary,refer patients o a doctor w7 99 3 13 s 15 2 o

Abbreviations: CVD, cardiovascular diseases F, frequencys %, Percentage.
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Perception item

Disagree

1. Cardiovascular disease is a common and increasingly prevalent condition in the UAE. 21 38 530 962
2. A sedentary lifestyle and obesity are the primary causes of CVD 60 109 91 89.1
3. There should be more attention to ‘modifying the general population’s lifestyles 149 27 402 73
4.1t is important to identify patients with CVD to address the multiple risk factors involved 38 69 513 93.1
5. The risks of CVD can be reduced by following a weight loss program 63 114 488 886
6 The risks of CVD can be decreased through increased exercise 67 122 484 878
7. Drugs should be prescribed to treat the individual aspects of CVD 70 127 481 873
8. The risks of CVD can be reduced through the use of dietary and herbal supplements 307 557 244 443
9. The risks of CVD can be reduced by restricting alcohol consumption 74 134 477 866
10. Patients should be screened at an early stage to avoid severe outcomes 2 44 527 956
11. When evaluating CVD, it is important to document the patient's drug refill history 53 96 498 904

Abbreviations: CVD, cardiovascular disease; F, frequency; UAE, UUnited Arab Emirates; %, Percentage.
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Demographic variable Frequency Percentage (%)
Gender Male 210 381
Female 341 619
Educational level Bachelor’s degree 465 84.4
Postgraduate 86 156
Pharmacy type Independent pharmacy 281 51
Chain pharmacy 270 w
Position in the pharmacy Pharmacist in charge 389 706
Chief pharmacist 88 1
Assistant pharmacist 74 13.4
Work experience s years 75 136
6-10 years 397 721
> 10 years 7 143
| Hours worked/day <8h 167 30.3
>8h 384 69.7
Numbers of patients served per day 5-10 110 20
11-20 321 583
>20 120 218
Received CVD prevention and management training Yes 311 564
No 240 436

Note: postgraduate refers to a Master’s degree or Ph.D., and an assistant pharmacist s a healthcare professional who supports the work of pharmacists in various pharmacy settings, working

i e Saniaian B i vkl R,
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Reference Drugs  Daly Age/ Concomitant Initial Timeof  Peak Peak  Renal Urine e Therapy Time to

dose sex  treatment  symptoms symptom CPK  time impaiment tested y normalization
(mg) onset  value () of CPK
um
Spenglerctal. | Urited States | levetracetam | 1000 | 23 | Lorssepam None 0 136 | 4 Yo [ [ Drug 2
[ withdraval
Ayamactal | Jpan | lewtinceam | 1000 | 297F Valproate Mylgia u w0 | 4 ' 7 ' Drug N
oy backache and withdraval
weskness
Isacson etal. | United Sates | levtiaceiam | 500 | 19M | Oscarbasepine None a0 w6 |8 Yes Normal Myoglabin Drug st
o) Sngml | withdraval
Incecketal. | Tukey | lewticeam | 500 | 13F 4 Myslgia u 56 7 No ' Myoglabin Drug '
06 Tongml | withdeawal
Ramonctal. | Fance | lewtiacetam | 1000 | 25/M ' ' s s |4 ' i F Drug s
o6) withdraval
Singhetal, | United Stes | levtiacetam | 1500 | 161 | lorazepam back pain w [T Yo Myoglobinuria ' Drug %
) withdraval
DiLorenoand | Unitd Sttes | lectraceiam | 2000 | 27M ' None u o s / Myoglobinuria / Drug s
LiGorn withdraval
Shahbazetal | Pakisun | lewiiceam | 1000 | 4YM | Topimate None 1 w0 |7 No ’ [ Drug 2
o withdraval
Kubotwetal | Japan | lewtinaceam | 500 | 26F | Carbamazpine | Weskness 154 e |1 No ' ™ 104
o withdraval
Phenobarbicl
Rota et al. Taly | lectiraceam | 1000 | 48 / Myslgia a0 s | 4 No ' Myoglabin Drug &
o) I6sngml. | withdraval
Rasogictal. | United Staes | lvetracetam | 1000 | 42M | Risperidone None 1 o0 |3 Yes Myoglobinuria ' Drug st
o) withdraval
MemMarin | Spain | lewtinceiam | 2000 | 29M F None 1 s |7 Yes ' ' Drug st
etal. Qo18) withdraval
Thomasetal | Frnch | levetiaceam | 1000 | 62M ' u s | 6 No 7 F Drug s
o) withdraval
Admeal | Tuky | leetmceam | 1000 | 15M ' st o | 2 No Myoglobinuria | LDH: 501 UA: | Drug st
o) Myogbin: | withdraval
3000 ng/m.
Moinuddin, | United Staes | levetracetam | 1000 | 2M / None m ame | s No Nommal | Myoglbin: Drug %
o) Singml | withdraval
Ahehabi etal. | Soudi Arbia | levtiacetam | 1000 | 36M ' Fatigue B | emen | 7 Yes ' ' Hemodislysis 2
o)
Boucher etal. | United Sttes | lveiracetam | 1000 | 35/M F None 1 wom | s Yes Normal ' Drug '
o) withdraval
Chioetal Kowa | gbapentin | 1800 | 32F | Hydromorphone | Farigue 304 o0 | %0 Yes Myoglobinuria | LDH: Continuous 304
o weskness 220U renal
replacement
Coupletal | Canada | gibapentin | 3000 | 3UE Naproxen g poin 214 w0 | 2 No Normal LDH: Drug '
o — 72UL | withdraval
Trazodone
Paroxictine weskness
Hydromorphone
Quetal | United Sutes | gabapentin | 4200 | 3/M | Atorvasatin ' I a0 | 1 Yes Nomal | Myoglbin: | Hemodisysis P
o) 20000 ng/mis
LDH:
1822 UL
Ghoshetal | Quar | gbapentin | LS00 | 29 ' Weakness 1 wo | o2 No ’ Myoglabin: Drug "
02 152ngml. | witdrawal
Koufman and | Unied States | pregabalin | 300 | 7OM | Smvasatin | Wesknes, leg ' won |2 Yo ' F Drug '
Choy. (2012) | and back pain withdraval
Oxyeadone
Amitiptyline
Gunathilake | Australn | progbalin | 150 | 66F | Awnasatn | Myslga and u o | s Yo E Drug s
el @o13) weakness withdraval
Valproic scid
Acctaminophen
Venlaine
Oxyeadone
Kato et Jopn | progbalin | 150 | 7SF | Feoofbrae | Myslga and s 10 | 3 No Myoglobinuria P Drug st
o) wesknes | vithdraval
Karsoulnis | Greeee | lmowigine | 6000 | 4F | Oscarbasepine ' ’ w0 | s 7 ’ ’ Drug s
sl Qo16) —— withdraval
Olanzapine
Matsud Jopn | licossmide | 100 | 72M / None 154 186 15 / Nomal | LDH:39UL | Drug 104
etal. 018) withdraval

0 B M i i SO Taie: Ut eitiaon G S S aRn i ot AT S et s





OPS/images/fphar-14-1197470/fphar-14-1197470-t002.jpg
Drugs N ROR (95% two-sided Cl)
Levetiracetam 421 801 (7.26-8.84)
Lamotrigine 171 378 (3.25-4.40)
Oxcarbazepine 39 347 (2.53-4.75)

Pregabalin 255 275 (243-3.12)
Lacosamide 30 185 (1.29-2.65)
Topiramate 52 164 (1.25-2.15)
Gabapentin 162 132 (1.13-155)

N, number of adverse events reported; ROR, reporting odds ratio; Cl, confidence interval; 95% CI, two-sided for ROR, respectively; ASMs, ant

eizure medications.
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Variable N,

Total number 217
Age

<18 23 (10.6)
19-50 117 (53.9)
5175 30 (13.8)
276 6(28)
Unknown 41 (18.9)
Mean age, year (range) 36 (0-90)
Gender

Female 56 (25.8)
Male 111 (51.2)
Unknown 50 (23.0)

Reporting regions

Asia 70 (32.3)
Europe 81 (37.3)
VNanh America 58 (26.7)
South America 2(09)
Unknown 6(28)

Reporting year

2018-2019 83 (38.2)
2019-2020 49 (22.6)
2020-2021 37 (17.1)
72011~2022 48 (22.1)

Newer-generation ASMs

Levetiracetam 160 (73.7)
Lamotrigine 22 (10.1)
Pregabalin 10 (4.6)
Gabapentin 20 9.2)
Lacosamide 3 (14)
Topiramate 1(05)
‘Oxcarbazepine 1(0.5)

Outcome of events

Death 9 (41)
Life-threatening 18 (8.3)
Hospitalization-initial or prolonged 95 (43.8)
Other medical significant condition 92 (43.4)
Unknown 3 (14)

Combination of renal injury

Acute kidney injury 30 (13.8)

Time of onset, day

Within 1 day 8(37)
1-7 13 (6.0)
7-14 6 (2.8)
>14 5(23)
Unknown 185 (85.3)

ASMs. anti-seizure medications.
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Not familiar

Total
Educational level
Doctorate
Master

Bachelor
Professional title
Senior
Intermediate

Junior

|16 1201)
3(27.27)
6 (1429)

7 (10.00)

12 (12.50)
4(1600)

0 (0)

52 (42.28)

3(27.27)

20 (47.62)

29 (41.43)

43 (44.79)
9 (36.00)

0(0)

51 (41.41)

5 (45.45)
14 (33.33)

32 (45.71)

39 (40.63)
11 (4.00)

1.(50.00)

4(3.25)

asu
0(0)
2(4.76)
2 (2.86)

50
2(2.08) |
1(4.00)

1(50.00)

0564

0.016

The meaning of the italic values is that their p < 0.05 was considered statistically significant.
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Very familiar Quite familiar Basically famili Not famili

Total 18 (14.63) 57 (46.34) 46 (37.40) 2(163)

Educational level 3197 0784
Doctorate 1(9.09) | 5 (45.45) [ 5 (45.45) [ 0(0) |
Master 9 (21.43) 19 (45.24) 13 (30.95) 1(238)

Bachelor 8 (11.43) 33 (47.14) 28 (40.00) 1(143)

Professional title 4953 0550
Senior 14 (14.58) w (48.96) n (35.42) [ 1(1.04)

Intermediate 4(16.00) 10 (40.00) o (40.00) IR (4.00)

| Junior 0(0) 0(0) 2 (100) 0(0)
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Weak opioid analgesics

Total 104 (84.55) 14 (11.38) 5 (4.07)
Educational level [ | s Cosst
Doctorate 7 (63.64) e 1(9.09)

 Master 34 (80.95) 5(11.90) 3(27.27)
Bachelor 63 (90.00) 6(857) 1(143)

 Professonal e | [ 2269 | osss
Senior 79 (82.29) 12 (12.50) 5(521) [
Intermediate 23 (92.00) 2(8.00) 0(0)
Junior 2 (100 0(0) 0(0)
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Very satisfied

Total 15 (12.20) 48 (39.02) 52 (42.28) 5 (4.07) 3 (244)
Educational level | [ | | 6.672 [ 0572
Doctorate 1(9.09) 6 (54.55) 3(27.27) 0(0) 1(9.09)
 Master 4(952) 19 (45.24) |17 0an) ) 1(238)

Bachelor 10 (14.29) 23 (3286) 32 (45.71) 4(571) 1(1.43)

Professional e | 23405 0.003
Senior 10 (10.42) 39 (40.63) 42 (4375) 3(313) 2(208)

Intermediate 5 (20.00) | 9 (36.00) [ 9 (36.00) | 2 (8.00) | 0(0)

Junior 0(0) 0(0) 1(50.00) ) 1(50.00)

The meaning of the italic values is that their p < 0.05 was considered statistically significant.
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For all patients ~ For most patients  For some patients  For a few pa

Total 7 (569) 22 (17.89) 61 (49.59) 29 (13.58) 4(325)

Educational level 61 0s%2
Doctorate 1.(9.09) 1(9.09) 5 (45.45) 4(36.36) 0

Master 2.(476) 8 (19.05) 25 (59.52) 7 (16:67) 0

Bachelor 4(571) 13 (1857) 31 (4429) 18 (2571) 4(571)

Professional title | 17653 | 0.024
Senior 6(625) 16 (16:67) 51 (53.13) 21 (51.88) 2(208)

Intermediate 1.(4.00) "6 a0 "9 Geon) 8 (32.00) 1.(4.00)

Junior 00 00 1(50.00) 0(0) 1(50.00) 7

The meaning of the italic values is that their p < 0.05 was considered statistically significant.
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Demographics

Knowledge on drug-drug interactions

Mean + SD
Age
2125 5 2929 £17.9 0258
26-30 40 4196 £ 21.3
3136 58 3461 £ 230
Over 36 44 4058 + 215
Gender
Male 131 3978 £ 220 0014
Female 16 2545+ 178
Pharmacy academic qualification
B.Pharm 17 4014 £218 0.086
PharmD 18 2837 £217
Postgraduate studies 12 3423223
Years of experience
0-5 years 36 3482 £ 218 0007
6-10 years 39 46.79 £ 22.1°
11-15 years “ 3125 £ 19.1°
Above 15 years 2 4158 + 22.8°
Country of Academic qualification
Local (Saudi Arabia) “ 3377 £213 0110
Overseas 103 4012 %222

‘Significant using Independent -test at <0.05 level.
"Significant using One-Way ANOVA, Test at <0.05 level.
“Post-Hoc Test = LSD.

*CAPITAL, letters indicates Post-Hoc mul

le pairing summary indicator. Having the same letter means the same measure statistically.
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Dependent variable: Knowledge on drug-drug interactions

Source Type Il sum of squares Mean square
Corrected Model 7,898.061° 4 1974515 4454 0.002
Intercept 57,023.426 1 57,023.426 128622 <0001
Gender 2,160.668 1 2,160,668 4874 0029
 Years of experience 4970086 3 1656.695 3737 0013
Error 62,954.361 142 443341
Total 285,548.469 147
*Corrcted Total 70,852423 146

Parameter Estimates

Dependent variable: Knowledge on drug-drug interactions

Parameter B SE. 95% confidence interval p-value
Lower bound
‘ Intercept 28.345 7.196 14.119 42.570 <0.001*
 Gender = Male | 13237 5996 1384 25.090 0.029°
 Years of experience = 0-5 years -2716 C sen -13811 8.380 0.629
Years of experience = 6-10 years 5.892 5225 -4436 16220 0.261
Years of experience = 11-15 years -9.429 T ~19.524 | 0.666 0.067

‘R Squared = 0.111 (Adjusted R Squared = 0.086).
Scrihcant wiine Coneral Linvar Modd st 20,08 levil:
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Total

21-25
26-30
31-36
Over 36

B.Pharm
PharmD
Postgraduate studies

0-5 years
6-10 years
11-15 years
Above 15 years

Local (Saudi Arabia)
Overseas

40
58

17
18

39
44

103

100.0

272
395
299

89.1
109

796
122

245
265
299
190

299
70.1
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Contraindication n (%

Not sure n (%

1| Digoxin/Erythromycin 8 (5.4%) 23 (15.6%) 90 (61.2%) 26 (17.7%)
B Clarithromycin/Simvastatin 16 (10.9%) 27 (184%) 70 (47.6%) 34 (23.1%)
3| Phenytoin/Cimetidine 4.2.7%) 31 (211%) 85 (57.8%) 27 (18.4%)
4| Itraconazole/Quinidine 4.27%) 20 (13.6%) 79 (53.7%) 44 (29.9%)
5 | Theophylline/Omeprazole 16 (10.9%) 44 (299%) 57 (38.8%) 30 (204%)
6 | Sildenafil/Isosorbide mononitrate 6 (4.1%) 4.27%) 120 (81.6%) 17 (11.6%)
7 | Tbuprofen/Furosemide 23 (15.6%) 66 (44.9%) 23 (15.6%) 35 (23.8%)
8 | Amoxicillin/Acetaminophen 113 (76.9%) 12 (8.2%) 320%) 19 (12.9%)
9 | Pimozide/Ketoconazole 16 (10.9%) 20 (13.6%) 53 (36.1%) 58 (39.5%)
10 | Fluconazole/Phenytoin 11(7.5%) 39 (26.5%) 56 (38.1%) 41 (27.9%)
11 Digoxin/Sildenafil 41 (27.9%) 24 (163%) 60 (40.8%) 22 (150%)
12| Alprazolam/Itraconazole 18 (12.2%) 15 (10.2%) 61 (41.5%) 53 (36.1%)
13| Fexofenadine HCL/Metoprolol 74 (50.3%) 27 (18.4%) 9 (6.1%) 37 (252%)
14 Amiodarone/Warfarin 7 (4.8%) 49 (333%) 54 (36.7%) 37 (252%)
15 Cyclosporine/Rifampicin 14 (9.5%) 37 (252%) 47 (32.0%) 49 (33.3%)
16 Raloxifene/Alendronate 39 (26.5%) 19 (12.9%) 31 21.1%) 58 (39.5%)
17 | Warfarin and sulfamethoxazole/Trimethoprim 8 (5.4%) 36 (24.5%) 60 (40.8%) 43 (29.3%)
18| Meloxicam/Gabapentin 77 (524%) 19 (129%) 14 (9.5%) 37 (252%)
19| Methotrexate/Probenecid 12 (82%) 31 (211%) 51 (34.7%) 53 (36.1%)
20 | Phenytoin/Warfarin 6 (4.1%) 37 (252%) 66 (44.9%) 38 (25.9%)
21| Meperidine/Phenelzine 9 (61%) 19 (129%) 51 (34.7%) 68 (46.3%)
Rosuvastatin/Propranolol 67 (45.6%) 28 (19.0%) 11 (7.5%) 41 (27.9%)
Omeprazole/Clopidogrel 13 (8.8%) 31 (211%) 74 (50.3%) 29 (19.7%)
Amiodarone/Simvastatin 19 (12.9%) 36 (245%) 43 (29.3%) 49 (33.3%)

s Diphenhydramine/Warfarin 54 (36.7%) 21 (143%) 28 (19.0%) 44 (29.9%)
2 | Simvastatin/ltraconazole 18 (12.2%) 31.(211%) 55 (37.4%) 43 (29.3%)
27 Dopamine/Phenytoin 17 (11.6%) 35 (23.8%) 46 (31.3%) 49 (33.3%)
28 Acetaminophen/Celecoxib 84 (57.1%) 20 (13.6%) 12 (8.2%) 31 (211%)
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Drug-drug interaction pair Incorrect n (%) Correct n (%)

Digoxin/Erythromycin 124 (84.4%) 23 (15.6%)

2 Clarithromycin/Simvastatin 77 (52.4%) 70 (47.6%) 0.564
3 Phenytoin/Cimetidine 116 (78.9%) 31 211%) <0.001°

4 Itraconazole/Quinidine 68 (46.3%) 79 (53.7%) 0.364
5 Theophylline/Omeprazole 131 (89.1%) 16 (10.9%) <0.001°
6 Sildenafil/Isosorbide mononitrate 27 (18.4%) 120 (81.6%) [ <0.001°
7 I Tbuprofen/Furosemide 81 (55.1%) 66 (44.9%) [ 0216
8 Amoxicillin/Acetaminophen 34 (23.1%) 113 (76.9%) | <0.001°
9 Pimozide/Ketoconazole 94 (63.9%) 53 (36.1%) 0.001°
10 | Fluconazole/Phenytoin 108 (73.5%) | 39 (26.5%) | <0.001°
1 Digoxin/Sildenafil 106 (72.1%) 41 (27.9%) <0.001*
2 Alprazolam/ltraconazole 86 (58.5%) | 61 (41.5%) [ 0,039

7 13 ' Fexofenadine HCL/Metoprolol 73 (49.7%) | 74 (503%) [ 0.934
14 Amiodarone/Warfarin 93 (63.3%) 54 (36.7%) 0.001°
15 Cyclosporine/Rifampicin 110 (74.8%) | 37 (252%) <0.001°
16 ' Raloxifene/Alendronate 108 (73.5%) 39 (26.5%) [ <0.001°
17 Warfarin and sulfamethoxazole/ 111 (75.5%) 36 (24.5%) [ <0.001°

Trimethoprim

18 Meloxicam/Gabapentin 70 (47.6%) | 77 (52.4%) [ 0564
19 Methotrexate/Probenecid 96 (65.3%) 51 (34.7%) <0.001°
20 Phenytoin/Warfarin 110 (74.8%) | 37 (25.2%) [ <0.001°
21 Meperidine/Phenelzine 96 (65.3%) 51 (34.7%) <0.001*
2 Rosuvastatin/Propranolol 80 (54.4%) | 67 (45.6%) | 0284
23 Omeprazole/Clopidogrel 73 (49.7%) | 74 (50.3%) 0934
24 Amiodarone/Simvastatin 111 (75.5%) 36 (24.5%) [ <0.001°
25 Diphenhydramine/Warfarin 93 (63.3%) 54 (36.7%) | 0.001°
26 Simvastatin/Itraconazole 92 (62.6%) | 55 (37.4%) [ 0,002
27 Dopamine/Phenytoin 112 (76.2%) 35 (23.8%) <0.001°
28 Acetaminophen/Celecoxib 63 (42.9%) 84.(57.1%) 0.083
N Min-Max Mean + SD Median

Knowledge on drug-drug interactions 147 0.00-89.29 3822 £ 22.0 3571

Senikiain witie ChisGians Tast at:008 Tonl.
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Control group EQ-5D-3L index Intervention group EQ-5D-3L index

(multivariable linear regression model) (multivariable linear regression model)
Unstandardized B [95% CI] Unstandardized p [95% Cl]

Age (years) |

18-30 vs. >51 | 0.009 [-0.033 to -0.051] 066 Not applied

31-50 vs. >51 -0.015 [-0.046 to 0.016] 032 -0.007 [-0.016 to 0.002] 014
Gender |

Male vs. female -0.039 [-0.076 to -0.003] 003 Not applied
Qualification

Uliterate vs. literate Not applied Not applied
Employment status

Employed vs. unemployed  Not applied Not applied
Locality

Rural vs. urban Notappled e -0.031 (-0.060 to -0.001] 008
Income |

Low vs. high Notappled e 0,018 [-0011 to 0.048] 021

Intermediate vs. high Not applied
Body weight

<40 kg vs. 240 kg -0.109 [-0.195 to -0.024] 001 0,015 [-0019 to 0.049] 039
Comorbidities

Yes vs. no -0.136 [-0.252 to -0.020] 002 -0.024 (-0.060 to 0.011] 017
Cigarette smoker |

Smoker vs. non-smoker -0.204 [-0.291 to -0.118] 0.00 Not applied
Reported center |

Delayed vs. not Delayed | 0032 [-0.068 to -0.005] 009 Not applied

CI (confidence interval), univariate analysis with p < 0.2 is considered for the fit model multivariate linear regression for the control group analysis with F = 8.6, p < 0.001, and adjusted R® =
(.25 s for the Rawervention growp mode with F = 230, p < 0,04 and adiused 1 = 0,088, Collinsarity (varkince inflation factor = 10% 30 tolerance valus < 0.1
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Patient satisfaction feedback regarding pharmacist counsell Response n (%)

Were you able to get counseling without any difficulty? Yes 189 (92.2)
No 16 (7.8)

Were you able to obtain the knowledge you required? Yes completely 160 (78.1)
Yes, to some extent 25 (12.1)
No, I did not get 20 (9.8)

Did you find the pharmacist helpful in resolving your questions? Very helpful 171 (83.4)
Somewhat helpful 24(117)
Not helpful o (48)

‘What is your opinion about the time duration of pharmacist counseling? More time should be given 60 (292)
Appropriate time was given [ 139 (67.8)
My time was wasted 6(29)

Will you recommend getting counseling from pharmacists to others? Yes 200 (97.5)
No 5(25)

In your opinion, should this service be offered by pharmacies in your locality? Yes 205 (100)
No 0(0)

Are you willing to pay for this counseling service? Yes 131 (639)
No 74 (36.1)

How would you rate your satisfaction with pharmacist counseling? Very satisfied 147 (71.7)
Satisfied 40 (19.5)
Uncertain 13 (63)

Not satisfied

5(24)
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Fully participated Moderately Generally Hardly No

participated participated participated participation

Total 14 (11.38) 33 (26:83) 30 (2439) 43 (34.96) 3(244)

Educational level Csen 0374

Doctorate 3(27.27) 3(27.27) 1(9.09) 3 (2727) 1(9.09)

Master 4(9.52) ‘ 14 (33.33) 11(26.19) 13 (30.95) 0

Bachelor [7 (10.00) 16 (22.86) s @571) o (38.57) B (2.86) I

Professional title 3263 0917
| Senior 12 (12,50) 27 (28.13) u (25.00) 31 (3229 [ 2 (2.08)

Intermediate 2 (8.00) 6 (24.00) 5 (20.00) 11 (44.00) 1(4.00)

Junior 0 o [ (50.00) 1(50.00) 0
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n (%) Very needed Relatively needed Needed Optional

Total 50 (40.65) 31 (25.20) |40 G252) 2069

Educational level 5122 0528
Doctorate 5 (45.45) | 1(9.09) 5 (45.45) 0(0)

Master 17 (4048) 14 (33.33) 11(26.19) 0(0)

Bachelor 28 (40) 6 (22.86) 24 (3429) 2 (2.86)

Professional title [ 1068 0.099
Senior 38 (39.58) u (25.00) 33 (3438) 1(1.04)

Intermediate 12 (48.00) 5 (20.00) 7 (28.00) 1(4.00)

Junior 0(0) 2 (100) 0(0) 0(0)
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Very necessal Relatively necess: Necessal

Total 61 (49.59) 27 (21.95) 30 (24.39) 5(407)
Educational level 5.960 0428
Doctorate 5 (45.45) | 46636) 2(18.18) ) [
Master 24 (57.14) 8 (19.05) 10 (23.81) 0(0)
Bachelor 32 (45.71) 15 (21.43) 18 (25.71) 5(7.14)
Professional title | | oo Cosan
Senior 47 (48.96) |20 o) 26 (27.08) 3(.13) [
Intermediate 13 (52.00) 6 (24.00) 1600 200
| Junior 1 (50.00) | 1.(50.00) 0(0) 0(0)
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AMS (i 58) MS (n = 90)
‘ Primary outcomes
Use of Polymyxin (22 days), n (%) 9(1552) 28 (31.11) 0034
DOT of Polymyxin (day/patients), mean (SD) 1100 £ 5.07 1318 £ 7.64 0431
Use of Tigecycline (22 days), n (%) 2 (345) 10 (11.11) 0127
DOT of Tigecycline (day/patients), mean (SD) 500 +2.83 850 £ 591 0445
7 Secondary outcomes, n (%)
Mortality 13 (2241) 24 (26.67) 0698
All-cause readmission 7 (12.07) 4(44) 0111
Readmission due to the same cause as the previous admission 2(345) 0(0) 0152
Prescription adjustment number (mean, IQR),items 3(34) 2023 <0.001
Appropriate de-escalation 23 (39.66) 18 (20.00) <0.001
Adverse drug reactions 7 (12.07) 18 (20%) 0264
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Pre-AMS (n = 487)

\ Primary outcomes

Use of anti-pseudomonal beta-lactams as empirical treatment (>2 days), n (%) 231 (4392) 297 (60.99) <0.001
Use of anti-pseudomonal beta-lactams as definitive treatment (2 days), n (%) 226 (4297) 199 (40.86) 0.524
DOT of anti-pseudomonal beta-lactams (day/patients), mean (SD) 885 +7.10 87 + 643 0.780

Secondary outcomes, n (%)

Mortality 55 (10.46) 60 (12.32) 0373
All-cause readmissions 28 (5.32) 12 (246) 0023
Readmissions due to the same cause as the previous admission 13 247) 9 (1.85) 0526
Prescription adjustment patients 245 (46.58) 198 (40.66) 0058
Prescription adjustment number (mean, IQR),items 0(02) 0(01) <0001
Appropriate de-escalation | 147 (27.95) [ 112 (2230) 0072
Adverse drug reactions 60 (11.41) 63 (12.94) 0.501

AMS: antimicrobial stewardship; DOT: Days of therapy.
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AMS Pre-AMS p-value
MDRO infections 58 (11.03) 90 (18.48) <0.001
Sex (male), n (%) 23 (367) 38 (422) 0.864
Age (mean, IQR), years 625 (5375-72) | 615 (50-71) 0.560
ICU stay (mean, IQR), days 119-17) 115 (7-16) 0.780
Underlying disease, n (%)
Diabetes mellitus 14 (24.1) 9(10.0) 0.035
Metastatic cancer 0(0) 1Ly 1
Liver cirrhosis 3(517) 5 (5.56) 1
Chronic kidney disease 6 (10.3) 5(5.6) 0.341
Hypoproteinemia 35 (603) 49 (84.5) 0.501
MDRO, n (%)
Acinetobacter baumannii 11 (18.97) 23 (25.56) 0425
Klebsiella pneumoniae 37 (63.79) 73 (81.11) 0022
Pseudomonas aeruginosa 6(10.34) 9 (10.00) 1
MRSA 8(138) 8(89) 0421
Others 5 (8.62) 111 0034
Infection site (presumed or confirmed) }
Respiratory [ s 93.1) 78 (86.7) 0283
Urinary tract 4(69) 9 (10.0) 0.569
Intracranial 0(0) 6(6.67) 0.082
Disease severity ‘
Sepsis 8(138) 4(4.4) 0062
Septic shock 4(69) 0(0) 0.022
APACHE I, mean (SD) 2460 +7.71 2271£541 0081

MDRO: Multi-drug resistant organism; MRSA: Methicilli

resistant Staphylococcus aureus.
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AMS (n 6) Pre-AMS (n = 487)
Sex (male), n (%) 347 (6597) 297 (60.99) 0.103
7 Age (mean, IQR), years 59 (50-69) 59 (49-69) 0593
ICU stay (mean, IQR), days 5(3-10) 7 (4-10) 0.126

Surgery before ICU admission, n (%) 441 (83.84) 399 (8193) 0452

Underlying disease, n (%)

Diabetes mellitus 68 (12.93) 63 (12.94) 1.00
Metastatic cancer 10 (1.90) 9 (185) 1.00
Liver cirrhosis 31 (5.89) 34 (6.98) 0522
Chronic kidney disease 36 (6.84) 24 (4.93) 0231
Hypoproteinemia 200 (38.02) 73 (14.99) <0.001

Infection site (presumed or confirmed), n (%)

Superficial surgical site 1(1.90) 4(082) 0201
Respiratory 383 (72.81) 379 (77.82) 0069
Urinary tract 26 (494) 9 (185) <0001
Catheter-related 2(0.38) 4(082) 0436
Intracranial 21 (399) 19 (3.90) 100

Disease severity

Sepsis 11 (152) 9(082) 0825
Septic shock 8(1.52) 6(123) 0791
APACHE II, mean (SD) 17.05 + 12.00 1649 + 11.95 0462

AMS: antimicrobial stewardship; ICU:

tensive care unit; IQR: interquartile range; APACHE II: Acute physiology and chronic health evaluation II.
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Project Time Measure

Patient Patients transferred to 1. The AMS team develops antimicrobial treatment plans based on applicable guidelines and the specific circumstances of
‘management neurosurgical ICU the patients. These plans are tailored to optimize the use of antimicrobial agents while considering factors such as the type
of infection, pathogen susceptibility patterns, and individual patient characteristics

2. Procalcitonin (PCT) levels in the patients’ serum are assessed on the third and seventh day after surgery. If the PCT level
is below 0.5 ng/mL or has decreased by more than 80% compared to previous measurements, antibiotic administration is
discontinued. This approach helps guide the appropriate duration of antibiotic therapy and prevent unnecessary exposure
to antimicrobial agents

Medical advice review and Clinical pharmacists; daily

communication

Ward rounds AMS team; every 3 days
MDRO-detected patients 1. Adherence to quarantine requirements

2. Assessment of bacterial infection or colonization: by accurately identifying and differentiating between infections and
colonization, healthcare providers can make informed decisions regarding antimicrobial therap

3. Monitoring and adjustment of treatment: regular monitoring of key indicators such as blood counts, total biochemical
values, PCT, and signs of infection is essential. These measurements are typically conducted every 3 days after infection.
Based on the patient’s clinical signs and infection status, the AMS team makes the necessary adjustments to the
administration regimen, ensuring optimal treatment outcomes

Full process monitoring Clinical pharmacists played a crucial role in patient care by monitoring various
aspects of medication management, including the implementation of medication
plans, efficacy monitoring; patient adherence monitoring; genetic testing and
interpretation; and therapeutic drug monitoring

Ward round AMS team; 1-2 times daily
Infection 1. Nosocomial infection experts monitor and ensure the effective implementation of infection prevention and control procedures in neurosurgical ICU.
prevention
2. Physicians and nurses receive instructions from clinical microbiology laboratories on proper collection of culture specimens in a standardized manner. It
aimed to ensure the accurate and reliable identification of pathogens causing infections in neurosurgical ICU patients
Monitor ADRs | Nurses are assigned the responsibility of monitoring and promptly reporting any adverse events that occurred in patients

Regular meetings | 1. Once every 2 weeks

2. Outcome measures closely monitored and evaluated. These measures assess the impact of AMS on various aspects of antibiotic use, physician prescribing
practices, MDRO detection, patient outcomes, and adverse events

3. Discussion of typical cases

4. Identify areas of improvement in the next phase of the plan

AMS: antimicrobial stewardship; MDRO: Multi-drug resistant organism; ICU: intensive care uni dverse drug reactions.
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APACC, accredited pharmacist of ambulatory cancer chemotherapy; BCPPP, board certified pharmacist i

Sex
Male 27 540
Female 2 460

Pharmacist experience, years 14 [10.25-19]

Median [interquartile range]

Number of beds in charge wards 49 [39-91]
Median [interquartile range]

Number of hospital beds 380 [199-652]
Median [interquartile range]

Working hours per day 88 [19]
Mean [standard deviation]

Working hours per day spent on medication counseling per day 40 (3.0]
Mean [standard deviation]

Time spent on continuing education related to the clinical pharmacy in the last year 0 [36-100]

" Median [interquartile range]

Board pharmacy certification
No 1 220
Yes 39 780

BCPPP 27 540
BCPOP 1 220
Jop 8 160
APACC 4 80
Others 2 440

palliative pharmacy; BCPOP, board certified pharmacist in oncology pharmacy; JOP,
fapanes:Society of Pharmacenticel Hsakheare and Scimces: (JEPHICS) certifieation of Oncology Pharmacii
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Number of patients involved in the pharmacy service 1415
 Number of pharmacist contributions due to inappropriate prescription
Patients 347 45
Cases 391
Number of regularly used drugs in patients with inappropriate prescription 82[3.5]
Mean [standard deviation]
\7 Reasons and acceptance rates of pharmacist recommendations to reduce medications
Recommendations Acceptance Acceptance rate
Long-term administration of irresponsible or aimless medications 174 165 94.8
Adverse effects caused by medications 123 116 943
Medication-mediated duplication of the pharmacological effect 60 56 9.3
Medication-induced drug-drug interactions 13 12 923
Inappropriate drugs for older patients 2 1 91.7
7 Inappropriate drugs or dose considering the patient’s organ function 9 8 88.9
Total 391 368 9.1
Contents of deprescribing
Discontinuation 523
Dose reduction 36
Average number of discontinued drugs 17
Average number of drugs reduced in doses 0.6
Average number of drugs discontinued or reduced in dose 18
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s with bleeding (n Patients wi bleeding (n = 314)  p-Valui

Age (years), mean + SD 67.72 £ 1024 65.69 + 11.56 68.96 + 920 0.072
Female, n (%) 205 (45.9%) 45 (33.8%) 160 (51.0%) 0.001
Weight (Kg), mean  SD 6337 £ 1002 64.02 + 1100 6297 £ 942 0.558
CHA2DS2-VASC, mean + SD 3415194 316+ 1.85 357 196 ™

HASBLED, mean + SD 191 +1.06 1.94 +0.99 189 £ 110 0.793
Type of anticoagulant, n (%) |
VKA 166 (37.1%) 59 (44.4%) 107 (34.1%) 0.04
NOACs 281 (62.9%) 74 (55.6%) 207 (65.9%)

Degree of education, n (%)

literacy 62 (13.9%) 6 (4.5%) 56 (17.8%) <0.001
Primary education 149 (333%) 55 (41.4%) [ 94 (29.9%)
Secondary education 173 (38.7%) 65 (48.9%) 108 (34.4%)
Tertiary education 63 (14.1%) 7 (5.3%) 56 (17.8%)

Time since AF diagnosis, n (%)

<1 month 58 (13.0%) 8 (6.0%) 50 (15.9%) <0001
1 month ~1 year 167 (37.4%) 74 (55.6%) 93 (29.6%)
1 year 5 years 151 (33.8%) 40 (30.1%) 111 (35.4%)

>5 years 71 (15.9%) 11 (8.3%) 60 (19.1%)

Income, n (%)

None 105 (23.5%) 26 (19.5%) 79 (25.2%) <0.001
<2000yuan 64 (14.3%) 18 (13.5%) 46 (14.6%)
2000-5000yuan | 189 (42.3%) 79 (59.4%) [ 110 (35.0%)
>5000yuan 89 (19.9%) 10 (7.5%) 79 (25.2%)

Baseline disease, n (%)

Hypertension 229 (51.2%) 101 (75.9%) 128 (40.8%) <0.001
Diabetes 88 (19.7%) 24 (18.0%) 64 (20.4%) 0570
Heart failure 84 (18.8%) 36 (27.1%) 48 (15.3%) 0.004

Stroke 49 (11.0%) 10 (7.5%) 39 (12.4%) 0129

Drug combination, n (%)

Antiplatelet agents 52 (11.6%) 15 (113%) 37 (118%) 0879
Statins 172 (38.5%) 53 (39.8%) 119 (37.9%) | oes
ACEI 108 (24.2%) 37 (27.8%) 71 (22.6%) 0240

Amiodarone 90 (20.1%) 37 (27.8%) 53 (16.9%) oo

B-receptor blockers 83 (18.6%) 22 (165%) 61 (19.4%) 0473

‘Time of taking anticoagulant, n (%)

<1 year 340 (76.1%) 126 (94.7%) 214 (68.2%) <0001
>1 year 107 (23.9%) 7 (5.3%) 100 (31.8%)
History of bleeding, n (%) 51 (114%) 26 (19.5%) 25 (8.0%) <0001

History of thrombosis, n (%) 71 (15.9%) 36 (27.1%) 35 (11.1%) <0.001
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All (n=447) Patients in the test-re-test p-value® Patients with education p-value®

(n=135) (n=116)
Age (years), mean % SD 6772+ 1024 67.06 +9.01 0820 6518+ 9.16 0428
Female, n (%) 205 (45.9%) 66 (48.89%) 0537 16 (39.66%) 0231
Weight (Kg), mean + SD 63.37 + 10.02 64.80 + 9.74 0.260 66.41 + 10.88 0.027
CHA2DS2-VASC, mean + SD 3415194 276+ 154 0059 2514182 0017
HASBLED, mean + SD 191 + 1.06 1.63 £ 0.93 0.136 141 + 1.02 0013

Type of anticoagulant, n (%)
VKA 166 (37.1%) 57 (42.22%) 0287 36 (31.30%) 0222

NOACs 281 (62.9%) 78 (57.78%) 80 (68.97%)

Degree of education, n (%)

literacy 62 (13.9%) 20 (14.81%) 0552 19 (16.38%) 0.906
Primary education 149 (333%) 37 (27.41%) 36 (31.30%)
I Secondary education 173 (38.7%) 60 (44.44%) I 45 (38.79%) |
Tertiary education 63 (14.1%) 18 (13.33%) 16 (13.79%)

Time since AF diagnosis, n (%)

<1 month 58 (13.0%) 15 (11.11%) 0859 10 (8:62%) 0647
1 month -1 year 167 (37.4%) 49 (36.30%) 46 (39.66%)
7 1 year -5 years s 46 (34.07%) 41 (35.34%) |
>5 years 71 (159%) 25 (18.52%) 19 (16.38%)

Income, n (%)

None 105 (23.5%) 37 (27.41%) 0.149 28 (24.14%) 0033
<2000yuan 64 (14.3%) 14 (1037%) 14 (12.07%)
2000-5000yuan 189 (42.3%) 66 (48.89%) 37 (31.90%)
>5000yuan 89 (19.9%) 18 (13.33%) 37 (31.90%) |

Baseline disease, n (%)

Hypertension 229 (51.2%) 79 (58.52%) 0817 65 (56.03%) 0722
Diabetes s asmn 28 (20.74%) 19 (16.38%)

Heart failure 84 (18.8%) 24 (17.78%) 19 (16.38%)
Stroke 49 (11.0%) 13 (9.63%) 14 (12.07%)

Drug combination, n (%)

Antiplatelet agents 52 (11.6%) 16 (11.85%) 0785 9 (7.76%) 0361

Statins 172 (385%) 62 (45.93%) 47 (40.52%)
ACEIL | 108 (24.2%) | 30 (22.22%) 25 (21.55%)
Amiodarone 90 (20.1%) 33 (24.44%) 33 (28.45%)
p-receptor blockers 83 (18.6%) 32 (23.70%) 24 (20.69%)

Time of taking anticoagulant, n (%)

<1 year 340 (76.1%) 103 (76.30%) 0955 95 (81.90%) 0.182

>1 year 107 (23.9%) 32 (23.70%) 21 (18.10%)
History of bleeding, n (%) 51 (11.4%) 26 (19.26%) 0018 10 (8.62%) 0389
History of thrombosis, n (%) 71 (15.9%) 27 (20.00%) 0263 26 (22.41%) 0.097

*Compared with all patients.
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All Patients with bleeding Patients without p-Value

(n=133) bleeding (n = 314)
QI-1 AF s a condition where the heart beats irregularly and often faster than | 216 (48.3%) 48 (44.4%) 168 (49.6%) 0354
normal

QI-2 AF is not always accompanied by symptoms 177 (39.6%) 47 (435%) 130 (383%) 0339

QI3 Patients can detect AF by taking their pulse regularly 77 (17.3%) 18 (166%) 60 (17.6%) 0806

Q1-4 AF can cause blood clots which can lead to stroke 220 (49.2%) 49 (45.4%) 171 (50.4%) 0359

QI-5 Medication cannot prevent AF permanently, as the arrhythmia will 108 (24.2%) 23 (213%) 85 (25.1%) 0424

increasingly occur with ageing, even when taking medication
Q16 An AF patient should not go to the general practitioner or emergency | 112 (25.1%) 51 (47.2%) 61 (18.0%) <0001
room each time he/she feels AF

Q17 Being overweight exacerbates AF 120 (26.9%) 26 (243%) 94 (27.7%) 0455

Q18 Blood thinners are often prescribed for patients with AF in order to 208 (46.5%) 48 (44.4%) 160 (47.2%) 0617
prevent the development of blood clots in the heart, which can lead to stroke

Q-1 Patients with AF should always take their blood thinners, even if they | 128 (28.6%) 29 (26.9%) 99 (29.2%) 0638

do not feel AF
Q2-2 Possible side effects of blood thinners are the occurrence of bleedings | 142 (31.8%) 33 (30.7%) 109 (32.2%) 0756
and longer bleeding times in case of injuries
Q2-3 AF patients may only take painkillers based on paracetamol 23 (5.1%) 7 (63%) 16 (4.7%) 0470
Q2-4 When AF patients regularly have minor nose bleeds (that 109 (24.4%) 25 (233%) 84 (24.7%) 0731

spontaneously cease), they should contact the general practitioner or
specialist, while continuing to take their blood thinners

Q2-5 If an AF patient needs an operation, he/she should consult a doctor to |~ 155 (34.6%) 39 (36.2%) 116 (34.1%) 0719
discuss possible options
Q3-1 AF patient taking VKA should have their blood thinning checked at |~ 118 (71.1%) 30 (50.8%) 88 (82.2%) <0001
least once a month

Q3-2 When AF patient taking VKA have forgotten to take their blood 78 (47.1%) 18 (30.5%) 60 (56.1%) 0002

thinner, they should still take their forgotten pill immediately or at the next
dose
Q3-3 INR is a measure to check how thick or how thin the blood is 73 (43.9%) 21 (35.6%) 52 (48.6%) 0.106
Qu-1 For patients taking NOAG, it is important to take their blood thinnerat | 123 (43.9%) 37 (50.0%) 86 (41.5%) 0208

the same time every day

Q4-2 When AF patients taking NOAC have forgotten to take their blood | 42 (14.9%) 13 (17.6%) 29 (14.0%) 0461
thinner, they can still take that dose, unless the time till the next dose is less
than the time after the missed dose

Q4-3 The NOAC card should be shown to their general practitioner and | 23 (8.2%) 2.(27%) 21 (10.1%) 0045
specialist by AF patients
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Outcomes Study group Between-group compari:

Early BPMH Usual care Overall Pairwise

Patients prescribed > 1 PIM, n (%)

Baseline 59 (55%) 55 (51%) 56 (52%) 092
ED departure 44 (41%) 51 (48%) 54 (51%) 0.040%
Hospital discharge 46 (43%) 49 (46%) 53 (50%) 027*
Within-group comparison Overall 0,001 035+ 083+

Pairwise Loomr, 013 0.88°%, 5099% 099

PIMs per patient, median (IQR)

Baseline 1(0,1) 1(0,1) 100, 1) 0.96" 0.89"

ED departure 00, 1) 00, 1) 10,1) 0.036' 0.046°, 088"
Hospital discharge 00, 1) 000, 1) 00, 1) 032' 054, 0.40°
Within-group comparison Overall <000 0.09'" 051"

Pairwise | 00s3*, 0046 0.77%,059% osan

PIMs per medication, median (IQR)

Baseline 0.06 (0, 0.13) 0.05 (0, 0.12) 0.06 (0, 0.13) 0.84' 092, 097
ED departure 0(0,0.07) 0(0,0.10) 005 (0, 0.11) 0.029' 0.042°, 084°
Hospital discharge 00,009 0(0,0.11) 0(0,0.14) 028' 061%, 035, 043
Within-group comparison Overall 0.023" 02 092"

Pairwise 002", 009 0.70°% 088

Abbreviations: ED, emergency department; IQR; interquartile range; PIM, potentially inappropriate medication.
The between-group comparison shows the comparison of PIM, outcomes between the three groups ata given time point (i.e., {PPMC, vs. early BPMH; SPPMC, vs. usual care; gearly BPMH, vs.
usual care) using the following tests.

®Pearson’s chi-square test.

® tKruskal-Wallis rank sum test for overall comparison and Dunn's post hoc test for pairwise comparison.

The within-group comparison provides a comparison of PIM; outcomes for a specific study group on ED, departure/hospital discharge vs. baseline (i.e., #ED, departure vs. baseline; §SHospital
discharge vs. baseline) using the following tests.

®*“Cochran's Q test for overall comparison with Dunn's post hoc test for pairwise comparison.

®+tFriedman rank sum test for overall comparison with multiple comparisons using pairwise Wilcoxon rank sum test.

Bald Mighokits valns: thae Tiave shtiaoal SoaReuies.
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Characteristic, n (%) or median (interquartile Study group p-value
range)

Early BPMH Usual care Overall  Pairwise

(N =107) (N =107)
Sex female 63 (59) 53 (50) 55 (51) 035"
Age (years) | 823 (75.2, 88.1) 80.1(73.9, 84.6) 754 (707, 81.4) <0.001" | 006", < 0.001°,

0.017*

Comorbidity index 560 5(45,6) 5(4,6) oo 02,002, 0260
Triage scale 3(254) 3(3,35) 323) 049" 0.79%, 0.57%, 0.7
Medicines
Pre-admission (baseline) 10 (7, 13) 116, 14) 9(6,12) 016" 096, 018", 0.32°
Initially charted in ED 118, 14) 10 (8, 13) 9(7,12) 0.042° 055, 0.046%, 0.10°
Hospital discharge 9(6,13) 9(6,12) 8(5 12) 025" 054, 030, 0.45°
Acute admission units | <0.001°
Cardiology 0 (0%) 9 (84%) 8 (7.5%)
Emergency Medicine 7 (65%) 13 (12.1%) 15 (14%)
General Medicine 100 (93.5%) 65 (60.7%) 44 (41.1%)
Respiratory Medicine | 0 (0%) 5 (4.7%) 16 (15%)
Stroke 0 (0%) 5 (4.7%) 15 (14%)
Others® | 0 (0%) 10 (9.4%) 9 (8.4%)
ED arrival to MedRec (hours) 248 (214,320) | 223 (126, 349) 27.4 (212, 44.1) 0.002° 008, 0.11° 0.001°

*Pearson’s chi-square test.

"Kruskal-Wallis with Dunn's post hoc tests: $PPMC, vs. early BPMH; SPPMC, vs. usual care; early BPMH, vs. usual care,
‘Others: Endocrinology, Neurology, Renal Medicine, Rheumatology.
Bold Highlights values that have statistical significance.
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Demograghic and general clinical characteristics

Age (years); mean + SD 5416
Gender

Male 61 (389)
Female [ 96 (61.1)
Types of ICM

Tohexol Injection (Omnipaque) 52 (33.1)
Todixanol Injection (Visipaque) e (217)
Iopromide Injection (Ultravist) 71 (452)
Patients at anaphylaxis risk

Prior allergic-like reaction to ICM 16 (10.2)
Uncontrolled asthma )
Stable asthma 7 (45
Urticaria/atopic dermatitis 15 (96)
Allergic rhinitis 9(5.7)
History of drug allergy (ICM was not included) 100 (63.7)
History of food allergy 7(4.5)
Had two or more anaphylaxis risk factors v (108)

Patients at CA-AKI risk

Metformin was discontinued for less than 48 h 1(0.6)
€GER less than 30 mL/min/1.73m? 0(0)

CGER of 30-44 mUmin/1 73" 309"
€GER of 45-59 mL/min/1.73m? 562
€GER of 60-89 mL/min/1.73m* 10 (64)
Diabetes mellitus 425
Heart failure 0(0)
Hypertension requiring medical therapy 16 (10.2)
Multiple myeloma 0(0)
Hyperuricemia 7(45)

7 Age 270 | 27 (17.2)
Intra-arterial administration of ICM [ 31(197)
Multiple doses of ICM within a short period of time (<24 h) 1(0.6)
Concurrent nephrotoxic drugs 11 (7.0)
Had two or more CA-AKI risk factors 21 (134)

Patients with thyroid dysfunction

Untreated or uncontrolled hyperthyroidism 2(13)
Controlled hyperthyroidism 3019
Subelinical hyperthyroidism 1(0.6)
Hypothyroidism 5(32)

Others 5(32)

D, standard deviation.

*As multiple risk factors were compounded, the numbers do not equal 157.

“There were 2 patients with €GFR of 30-44 mL/min/1.73 m* combined with positive urinary protein or others CA-AKI risk factors; ICM, iodinated contrast media; eGFR, epidermal growth
factor receptor; CA-AKI, contrast-associated acute kidney injury.
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Most important statements

- AL: Pharmacists need to use simple and understandable language with their patients
- B.1: The usefulness and purpose of a MR was discussed with the patient
- C.1: The pharmacist paid attention to whether the patient could swallow the drugs

- D.1: Which drugs was used for which condition was discussed with the patient

- EI: A recent and clear medication schedule was created and discussed with the patient
- E.1: The pharmacist paid attention to whether all drug indications were stil current

- G.1: Patients were given the opportunity to discuss their symptoms with the pharmacist

- H.1: The patient’s expectations and concerns were taken into account when developing the treatment plan
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Measure Item ercentage (%

Age (years) 20-30 32 34
31-40 19 20

s 18 19

51-60 18 19

61-70 [ 5| 8

>70 [ 0 0

Nationality Belgian (B) [ s6 59
| Dutch (NL) 38 40

German (D) [ 1 [ 1

Group | PRISMA pharmacists (NL + B + D) 2 4
KAVA pharmacists (B) [ N 19

APA pharmacists (B) 19 20

Pharmacy students (B) [ 16 [ 17

Profile Pharmacy practice researcher 18 19
Pharmacy student 2nd master 16 17

Deputy pharmacist (community pharmacy) [ 12 13

Practice pharmacist and researcher | 9 9

Head pharmacist (community pharmacy) s 8

Academic staff within pharmaceutical care field [ 8 [ 8

Researcher in pharmaceutical field 6 6

Pharmacist involved in professional development of pharmacists 3 3

Pharmacist stand-in 1 1

Other | u 15

Years of pharmacy experiences None 2 23
1-5 [ 18 19

5-10 14 15

10-15 [ n 12

15-20 7 7

20-30 [ 6| 17

>30 7 7

 Number of MR3 performed by the participants | None [ 8| 40
<5 18 19

5-15 [ s 8

16-25 2 2

>25 29 31
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uestions

1. The service enhanced my adherence to the risks of iodinated contrast media
infusion

2. When I finished the assessment, I clearly understood the risks to be aware of
during the inspection

3. The expertise of the multidisciplinary service team ‘

4. 1 recommend the service to be continued ‘
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aracteristics of nurses (n = 1,831)

Recorded age in years

Frequency

<20 years 20 109
220 years but <30 years 751 4102
230 years but <40 years 627 3424
240 years 433 2365
Sex
Male 24 131
Female 1,807 98.69
Region
Province-level municipality 1,600 8739
Provincial capital 46 251
Prefecture-level city 46 251
County-level city or below 139 7.59
Hospital level
Tertiary hospital 893 4877
Secondary hospital 122 6.66
Community hospital 816 4457
Professional title
Titles below junior title 318 17.37
Junior title 909 49.65
Intermediate title 590 3222
Senior title 14 076
Education
Senior school or below 78 426
Junior college 755 4123
Undergraduate 992 5418
Postgraduate 6 033
Working years
<5 years 45 2430
25 years but <10 years 451 2463
210 years but <20 years 526 2873
220 years 409 2234
Major in respiratory medicine
Never 1,368 7471
Once 346 1890
Current 17 639
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Number of
correct
answer (%)

Correct
answer

Number of wrong
and unknown
answers (%)

Items in the questionnaire

option when using Easyhaler? (single
choice)

after shaking. C. Bring the suction nozzle out of
‘mouth after inhaling and hold breath. D. Inhale and
press simultancously. E. Unclear

QI: Please list the steps of using inhaled | @Breath out. @ Remove or tum cover correctlyand | @@@®®@ | 464 (25.34%) 1,367 (74.66%)
drugs (fill in the blank) insert capsule. ®@Deep mouthwash. @Breath in.

®Hold the breath
Q2: What are the main points that need to |~ A. Unclear. B. Inhale and press simultaneously. C. It | B, F 392 (21.41%) 1,439 (78.59%)
be followed when using MDI? (multiple | is not necessary inhale and press simultaneously. D.
choice) Inhale hardly and deeply. E. Inhale quick. F. Inhale

slow and deep
Q3: What are the main points that need to |~ A. Unclear. B. Inhale and press simultaneously. C. It | C, D 174 (950%) 1,657 (90.50%)
be followed when using DPI? (multiple is not necessary inhale and press simultaneously. D.
choice) Inhale hardly and deeply. E. Inhale quickly. F. Gently

inhale
Q4: Which of the following is the wrong |~ A. Inhaler upright during firing. B. You cannot wash | D 302 (16.49%) 1,529 (83.51%)
option when using Turbuhaler? (single the suction nozzle even though itis dirty. C. The base
choice) needs to rotate one back and forth. D. Rotate the base

to reset after inhaling. E. Unclear
Q: Which of the following is the wrong | A. Medicine is ready to inhale after pushing the | B 424 (23.16%) 1,407 (76.84%)
option when using Accuhaler? (single slider to the end. B. Push slider and inhale
choice) simultaneously. C. Accuhaler should be parallel to

the ground when pushing the slider. D. Push the

Accuhaler’s shell to close after inhaling. E. Unclear
Q6: Which of the following is the wrong |~ A. Repeatedly switching the dispenser lid without | A 476 (26.00%) 1,355 (74.00%)
option when using Ellipta? (Single choice) = medication does not cause drug wastage. B. Opening

the dispenser lid indicates a suction is ready. C.

Cannot breathe into the suction nozzle of the device.

D. It is unnecessary to breathe in and open the

suction nozzle simultaneously. E. Unclear
Q7: Which of the following is the correct |~ A. For the convenience of the elderly, 10 capsules are | D 434 (23.70%) 1397 (76.30%)
option when using HandiHaler? (single removed from the aluminum foil. B. HandiHaler
choice) cannot be washed with water. C. Repeatedly pressing

the needle is more beneficial for inhalation. D. The

sound of capsules rotating can be heard while

inhaling. E. Unclear
Q8: Which of the following is the correct | A. After the bottle is inserted into the inhaler prior to | B 189 (10.32%) 1,642 (89.68%)
option when using Respimat? (single initial use, it can be removed and cleaned during use.
choice) B.Inhale and press simultaneously. C. First open the

dust cover, then rotate the transparent base for halfa

circle until clicking. D. Hard and deep inhale. E.

Unclear
Q9: Which of the following is the correct |~ A. Shake the device vertically 4-5 times. B. Inhale | A 455 (24.85%) 1,376 (75.15%)






OPS/images/fphar-14-1161621/crossmark.jpg
©

|





OPS/images/fphar-14-1258364/fphar-14-1258364-g007.gif
-Baerain G: Causes of dverse drug reactions, Imolesnces.:
nteacons s thei sotons
[ [T —





OPS/images/fphar-14-1258364/fphar-14-1258364-g006.gif
[Gomain £ Bealuation of medichtionuse:

ey

L —

=
53

e
5





OPS/images/fphar-14-1258364/fphar-14-1258364-g005.gif





OPS/images/fphar-14-1258364/fphar-14-1258364-g004.gif
D O Ec O AP, RSFCEOS 0ct ki o af e -
outent





OPS/images/fphar-14-1258364/fphar-14-1258364-g003.gif





OPS/images/fphar-14-1258364/fphar-14-1258364-g002.gif
aaaaa





OPS/images/fphar-14-1171985/fphar-14-1171985-t004.jpg
Control group EQ-5D-3L index Intervention group EQ-5D-3L index

(univariate linear regressiol (univariate linear regression)
Unstandardized B [95% ClI] Unstandardized B [95% Cl]
Age (years)
3150 s 18-30 027 [0.013 to 0.067) 018 0,006 [-0.007 to 0.020] 036
>51 vs. 18-30 - 003 [-0.060 to 0.001] 004 0,017 [-0.016 to 0.003] 015
Gender
Female vs. male -0.04 (-0.080 to -0.001] 004 0,007 [-0.007 to 0.020] 032
Qualification

Literate vs. illiterate -0.019 [0.059 to 0.022] 0.36 -0.002 [-0.011 to 0.016] 072

 Employment status

Unemployed vs. employed | 0018 (-0.067 to 0.030] 045 -0.006 [-0.025 to -0.012] 050
Locality

Urban vs. rural 0,035 [-0.119 to 0.048] 040 0617 [-1.197 to -0.037) 003
Income

Low vs. high 0011 [-0.076 to 0.098] 080 0,021 [ -0.008 to 0.050] 015

Intermediate vs. high -0.012 [-0.057 to 0.032] 058 0,001 [ -0.016 to 0.017] 095
 Body weight

<40 kg vs. 240 kg -0.185 [-0.273 to -0.097] 0.00 0021 [-0.013 to 0.056] 018
 Comorbidities

Yes vs. no 0212 [-0.336 to -0.087] 0.00 -0.028 [-0.064 to 0.007] 012

 Cigarette smoker
Smoker vs. non-smoker 0226 [-0315 to -0.137] 0.00 -0.007 [-0.040 to 0.0.027) 069

Reported center
Not delayed vs. delayed 0.124 [ 0.080 to 0.168] 0.00 0002 [-0.025 to 0.029] 087

Univariate analysis for significant variations with p < 0.2 in the HRQoL was included in multivariate regression analyses.
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Variable

Clinical manifestations (n = 23)

None 9 (39.1)
Myalgia 8 (34.8)
Muscle weakness 8(348)
Fatigue 3(13.0)
Backache 4(174)
Leg pain 2(87)

Peak laboratory values, median

Peak CPK, U/L (n = 26)

15461 (747-921672)

Peak time of CPK, day (n = 26)

5 (1-30)

LDH, U/L (n = 5)

Myoglobin, ng/mL, U/L (n = 7)

1,172 (309-2200)

228 (78-20000)

ALT, ULL (n = 6)

82 (31-220)

AST, U/L (n = 7)

157 (38-1,130)

Creatinine, umol/L (n = 21)

Elevated 12 (57.1)
Normal 9 (429)
Urine tested (n = 13)

Myoglobinuria 9 (69.2)
Normal 4(308)
Therapy (n = 26)

Drug withdrawal 26 (100)
Continuous renal replacement 138)
Hemodialysis 2(7.7)
Time to normalization of CPK, day (n = 22)

<7 11 (50.0)
8-14 7 (31.8)
>l 4(182)
Median 8 (3-38)

ALY ahains aninotiansiisse: AST: st aminotrinsiese: COE. creatins nlinsvhokinsse: LD Iatate delontoesins: ASNEs anti-soiomse e
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Variable Value (%)

Total 2
Gender

Female 10 (38.5)
Male 16 (61.5)

Age, years (n = 26)

<18 30116
19-50 18 (69.2)
51-75 5(192)
Median [ 32 (13-75)

Reporter region (n = 26)

South America 10 (38.5)
Europe 5(19.2)
Asian 10 (385)
Oceania [ 1(38)

Newer generation ASMs (n = 26)

Pregabalin 3(116)
Gabapentin 4(154)
Lamotrigine 1(38)
Lacosamide [ 1(38)
levetiracetam 17 (654)

Indication (n = 24)

Epilepsy 18 (69.2)
Pain 5(192)
Bipolar disorder 1(38)

Concomitant disease (n = 6)

Anxiety/Depression/Schizophrenia 4 (66.7)
Hyperlipidemia 4(66.7)
Hypertension 3 (500)

Combination medications (n = 14)

Antiepileptic drugs 6 (429)
Anti-anxiety/anti-depression drugs 5(357)
Sedatives and hypnotics drugs 4 (286)
Cardiovascular drugs 4(286)
Analgetic drugs 4 (286)
NASIDs 2(143)

Other suspicious medications (n = 4)

Statins 3(750)

Azithromycin 1(25.0)

Time of symptom onset, days (n = 24)

<1 10 (41.7)
i 1-3 6(25.0)
37 [ 3(125)
>7 | 5(208)
Median 2 (1-30)

Naranjo Scale (n = 26)

Probable 22 (84.6)
Possible 3(116)
Doubtful 1(38)

ASMs. anti-seizure medications.
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Intervention group, n = 205 (% Control group, n

Age (years) | 051
18-30 65 (31.8) 57 (30.8)

31-50 77 (37.6) 77 (432)

>51 63 (308) 51 @re)

Gender 012
Male 123 (60) [ 89 (48.1) [
Female 82 (40) 96 (51.9)

Qualification 031
No education 121 (59) 112 (60.5)

Primary level 40 (19.5) 33 (17.8)

Intermediate level 34 (16.6) 33 (17.8)

Master level 400 sen

Religious 6(29) 2(1)

Education category 031
Tlliterate 121 (59) 112 (39.5) |
Literate 84 (41) |73 609)

Employment status 0.06
Employed 31 (15.1) 40 (20.8)

Unemployed 174 (84.9) 145 (78.4)

Locality 006
Urban 150 (73.2) 121 (65.4)

Rural 55 (26.8) 64 (34.6)

Income

Low 148 (72.2) 130 003 0.06
Intermediate 44 (215) 51(27.6)

High 13 (63) 4(22)

Body weight | 007
<40 kg 37 (18) 46 (249)

240 kg 168 (82) 139 (75.1)

‘Type of comorbidities 028
Diabetes 14 (68) 9 (49)

Hypertension 13 (63) 12 (65)

Hepatitis 5024 1(05)

Other

Comorbidities 008
No 162 (83.9) 165 (89.2)

Yes 33 (16.1) [ 20 (10.8)

Cigarette smoking 022
Smoker 39 (19) 42 (227)

Non-smoker 166 (81) 143 (77.3)

Reported to center [ [ 0.09
Delayed 83 (40.5) 97 (47.6)

Not delayed 122 (59.5) 88 (52.4)

Kilograii (e
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Pharmaceutical care group (EQ-5D utility score,
mean + SD)

Usual care group (EQ-
mean + SD)

D utility score,

Month 040 + 036 042 %035 065
0 baseline

; After 3 months | 072 + 025 057 £029 0.00
After 6 months | 0.89 + 0,09 078 £ 027 [ 0.00

7 EQ-VAS score EQ-VAS score
Month [ 453 £ 289 479 £28.1 036
0 baseline

 After 3 months | 717 211 62.1£254 0.00
After 6 months | 855 + 836 79.6 £ 166 0.00
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rst follow-up

| Second follow-up

‘Third follow-up

SD) rol group (mean + SD)
Mobility 146 £ 0.54 157 £ 056 004
Self-care 191 £ 072 186 + 0.64 049
Usual activities 186 £ 0.66 188 £ 0.64 084
Pain 198 + 064 193 + 056 041
Anxiety/depression 212+076 203 +0.70 023
Mobility 108 £ 027 123042 000
Self-care 126 + 054 185+ 0.68 000
Usual activities 145 + 060 183 £0.65 000
Pain 155 + 063 170 £ 059 004
Anxiety/depression 132 %053 176 £ 0.74 om0
Mobility 102 £ 016 102£0.16 089
Self-care 102+ 0.16 149 £ 0.65 000
Usual activities 116 £ 039 1425054 000
Pain 117 £ 039 122 %041 026
Anxiety/depression 120 + 040 1545073 000
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racteristic Total patients (N Step 1 group (N Step 2 group (N P (step1 vs. step 2)
Age (years) 7100 (57.00-76.00) 75.00 (63.75-77.25) 62.00 (56.00-72.25) 0247
Female, n (%) 8 (44) 4(40) 4(50) 1.000
Primary cause for Hemodialysis, n (%) 5(28) 4(40) 1013) 0314
Chronic glomerulonephritis 7(39) 3(30) 4(50) 0.630
Diabetes Kidney disease 3(17) 1(10) 2(25) 0.559
Hypertension 16 a0 0 1,000
7 ADPKD 201 | 1(10) 1(13) 1.000
Unknown causes
| Complications, n (%) 8 (44) [ 3 (30) 5(63) 0342
 Diabetes 422 3(30) 1013) 0.588
 Coronary heart disease 2(1) 2 (20) 0 0477
Bacterial pneumonia 211 0 225 0.183
Cerebral infarction 1(6) 0 1(13) 0444
Renal transplantation 166 1.(10) 0 1.000
Intestinal cancer 166 1.(10) o 1000
Renal hemorrhage 16 ) 0 1.000
COPD
Hemodialysis vintage (months) 17 (3.75-93.00) 27 (3.00-120.00) 14 (5.25-72.00) 0562
AV fistula, n (%) 10 (56) IP (60) 4(50) 1.000
KtV 113 £023 112023 115% 024 0.845
URR (%) 6233 £ 8.40 7‘ 6226 £ 8.46 62.43 + 8.96 0.969
 Time since first virus positive (days) 7 (2.00-9.75) 65 (2.00-7.00) 10 (225-27.25) 0.126
Vaccine, n (%) 1(6) 1.(10) 0(0) 1.000
' CT value of SARS-CoV-2 ORFlab gene in PCR | 27.51 + 7.62 25.06 + 7.08 30.58 + 7.56 0.130
detection
| CT value of SARS-CoV-2N gene in PCR detection | 2694 + 6.35 2477 £ 568 29.65 + 644 0107
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Total patients Step 1group (N=10) Step2group(N=8) P (stepl vs.
(N=18) step2)
Patients with deterioration of liver function during 0 0 0 1.000
treatment
Patients with any AE, n (%) 10 (56) 3(30) 7 (88) 0.025
Considered to be related to drugs. 8 (44) 2 (200 6 (75) 0.054
Number of any AE s 4 1 0.046
Considered to be related to drugs 12 3 9 0.065
Grade of AE, n (%) 9 (60) 3(75) 6 (55) 0.604
1 6 (40) 1(25) 5(45)
2
Type of AEs 12 3 9 0.065
Gastrointestinal discomforts 5 2 5 1.000
Decreased appetite 3 1 2 1.000
Diarrhea 2 0 2
Constipation 1 0 1
Abdominal pain 2 1 1
Chest distress
Laboratory results 585 +3.35 675 + 366 472+273 0211
wie (x10°/1)
Day0
Day3 600 +2.97 651 +256 536 + 348 0430
Day6 656 +2.53 680 +2.12 626 +3.10 0.666
P (DO vs. D3 vs. D6) 0394 0877 0314
Lymphocyte (x10%/L)
Day0 084 +0.38 0.86 +023 082 +053 0812
Day3 092 +0.31 086 £ 0.20 099 + 041 0391
Day6 099 +0.33 092 £ 027 107 £039 0353
P (DO vs. D3 vs. D6) 0347 0748 0437
Hemoglobin (g/L)
Day0 9378 + 18.30 100.90 £ 18.00 84.88 £ 1529 0.062
Day3 9139 + 21.05 98.80 + 23.03 8213 £ 1475 0.095
Day6 8683 £ 1781 92.10 £ 18.06 8025 £ 16.19 0.167
P (DO vs. D3 vs. D6) 0.006 0.020 0288

Pltcet (x10°/L) ) (99.25-232.25) 162,50 (104.75-243.50) 151,00 (103.25-220.75) 0920

» Day0 147.00 (100.00-250.50) 158,50 (102.75-257.50) 132,00 (103.00-174.00) 0.657 I
Day3 19400 (126.75-223.75) 194,00 (143.50-218.00) 188.00 (118.00-231.75) 0859
Day6 0013 0.565 0.003
P (DO vs. D3 vs. D6)

CRP (mg/L) 1092 (35-45.16) 1370 (6.43-64.94) o7 (2.16-39.86) 0248
Day0 1785 (40-41.07) 22,92 (7.86-54.00) | 674 (1740, 13) 0248
Day3 1249 (5.12-55.08) 21.08 (10.75-65.18) 7.64 (3.05-37.86) 0.155
Day6 0.624 0.888 0.860

P (DO vs. D3 vs. D6)

Alt (U/L) 15.00 (8.00-27.25) 26,00 (11.00-38.50) |15 (7.50-16.00) 0.090
Day0 1350 (6.5-19.25) 19.00 (10.25-24.50) 110 (6.50-14.25) 0.082
Day3 1100 (7.50-9.75) 1100 (8.50-1275) 110 (8.25-13.50) 0.240 0964
Day6 0.042 0063

P (DO vs. D3 vs. D6)

Ast(U/L) 2244 £821 2540 + 873 1875 £ 611 0.087
Day0

Day3 1889 £ 739 2030 £ 699 17.13 £7.95 0381
Day6 1600 570 1530 £ 657 1688 + 467 0576
P (DO vs. D3 vs. D6) 0.000 0.000 0364

Total bilirubin (umol/L)

Day0 9.60 + 3.88 1093 £ 482 7.94 £ 096 0.105
Day3 1005 + 487 1441 £ 608 835 +205 0194
Day6 867 +3.12 9.54 + 389 7.58 + 130 0192
P (DO vs. D3 vs. D6) 0016 0.049 0330

Direct bilirubin (umol/L)

Day0 183 £ 118 2224147 134032 0117
Day3 204 + 151 250 + 192 146 029 0152
Day6 175 £ 1.08 221£125 118 £ 039 0.040
P (DO vs. D3 vs. D6) 0182 0506 0.006

Albumin (g/L)

Day0 3511 %482 35.36 + 464 3480 £535 0815
Day3 3386 + 528 3340 + 484 3444 £ 6.08 0.692
Day6 3318 £ 508 3237 £375 3419 £ 651 0467
P (DO vs. D3 vs. D6) 0031 0009 0.865

Creatine Kinase (U/L) 69.00 (40.00-86.50) 69.00 (38.00-110.25) 69.50 (46.75-82.25) 0929
Day0 4150 (30.75-70.75) 50.50 (33.00-72.25) 4050 (28.50-54.50) 0.563
Day3 52.00 (30.5-62.50) 52,00 (35.5-57.00) 5050 (28.75-75.25) 0790
Day6 0.097 0387 0.071

P (DO vs. D3 vs. D6)

D-Dimer (DDU pg/ml) 037 (0.27-1.02) 034 (0.34-1.21) 045 (0.26-0.64) 0.689
Day0 042 (027-071) 0.50 (0.27-0.95) 0.35 (0.23-0.52) 0328
Day3 o (0.30-0.79) 0.61 (0.33-0.94) 0.37 (0.25-0.60) 0790
Day6 0616 0.678 0312
P (DO vs. D3 vs. D6)
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