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Background

Antimicrobial resistance (AMR) is a serious global health threat and leads to a huge challenge to infectious diseases (ID) treatment. To tackle AMR, regional ‘Antimicrobial Stewardship Programs’ (ASP) have been implemented in many countries. Due to insufficient clinical pharmacy resources, a major intervention mode of ASP in China is through clinical pharmacist-led consultation (CPC). The current study aims to prospectively evaluate this intervention and compare the effectiveness of CPC served by ID and non-ID clinical pharmacists.



Methods

We conducted a prospective and multicenter cohort study based on a regional registry database in 17 hospitals in Western China, including consecutive patients with ID between April 2017 and December 2019. Baseline characteristics including sex, age, liver and kidney function, comorbidity, infection severity were prospectively collected and recorded. The main exposure of interest was whether the attending physician adopted recommendations of the clinical pharmacist in the therapeutic scheme. The outcome was the infection effective response, assessed during day 3–7 after completing CPC. Multivariate analyses were performed by generalized linear mixed models.



Results

A total of 2,663 ID patients were included in the final analysis according to the predesigned inclusion and exclusion criteria. The number of patients whose treatment followed and did not follow the pharmacists’ suggestion was 2,529 and 134, respectively. CPC intervention could improve the ID patient prognosis in the context of other confounders controlled (Adjusted Odds ratio(AOR)=1.838, 95%Confidence Interval(CI)=[1.212, 2.786]), and the effectiveness of CPC served by ID and non-ID clinical pharmacists might be equivalent (AOR=0.958, 95%CI[0.740, 1.240]). Special consultation (AOR=1.832, 95%CI[1.106, 3.035]) and surgical treatment of infectious sites (AOR=1.380, 95%CI[1.039, 1.834]) had positive influences on the patient prognosis, while hypoalbuminemia (AOR=0.694, 95%CI[0.523, 0.921]), liver dysfunction (AOR=0.705, 95%CI[0.559, 0.889]), presence of high-risk factors (AOR=0.775, 95%CI[0.613, 0.980]), and increased infection severity (AOR=0.631, 95%CI[0.529, 0.753])were associated with a decrease in effective response rate, independently.



Conclusion

This study suggests that CPC is a promising pharmacist-led intervention to improve ID treatment, and it can achieve standardization among clinical pharmacists with different backgrounds by some measures. Policy/decision-makers should promote this intervention mode in developing countries or regions where there is an insufficient number of clinical pharmacists.
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Introduction

Antimicrobial resistance (AMR) has become a serious global health challenge that can undo the decades of progress in declining morbidity and mortality from infectious diseases (ID) (Alsan et al., 2015; Marston et al., 2016; Thakur and Gray, 2019). AMR caused approximately 700,000 death per year worldwide (O’Neill, 2016), and the mortality from resistant infection was predicted to increase to 10 million by 2050 (Thakur and Gray, 2019). With the rise of AMR, the cumulative cost against this issue was nearly 100 trillion USD (O’Neill, 2016). Developing countries are currently the major consumers of antibiotics and thus have the grimmest situation of AMR (Laxminarayan and Chaudhury, 2016; Gebretekle et al., 2018). Several reports have indicated high presence of methicillin-resistant S. aureus in different healthcare settings of developing countries (e.g., Morocco (14.4%), Ivory Coast (16.8%), Kenya (27.7%), Nigeria (29.6%), Ethiopia (42.8%), South Africa (52%), and Cameroon (72%)) (Hayat et al., 2020). A report based on the data from the China Antimicrobial Resistance Surveillance System (CARSS) and the China Antimicrobial Surveillance Network (CHINET) indicated that gram-negative bacilli have higher antimicrobial resistance profiles than gram-positive bacilli. Besides, the prevalence of Carbapenem-resistant Klebsiella pneumoniae (CRKP) in China showed a remarkable increase from 2005 to 2017 (Hu et al., 2018). Due to the knowledge gaps of both public (Li et al., 2020) and medical professionals such as pharmacists in antibiotics (Hayat et al., 2019), the irrational use of antimicrobial has amplified the AMR burden of China which is one of the world’s largest producers and consumers of antibiotics (Hayat et al., 2019; Shi et al., 2020).In 2014, the World Health Organization (WHO) warned of a “post-antibiotic era, in which common infections and minor injuries can kill (World Health Organization, 2014).” Ever since then, the “Antimicrobial Stewardship Program” (ASP) has been successively implemented in many countries (Charani et al., 2019). ASP is instituted to promote the appropriate use of antimicrobials, improve patient outcome, reduce microbial resistance, and decrease the spread of infection caused by multidrug-resistant organisms (Charani et al., 2019). Meanwhile, the inclusion of clinical pharmacists in ASP has been shown to result in significant improvement in terms of the quality of antibiotic use from various aspects, such as improving guideline-concordant antimicrobial prescribing (Smith et al., 2018; Wang et al., 2018; Fay et al., 2019; Bishop et al., 2020), lessening the emergence of multidrug resistance (Li et al., 2017), shortening the days of antibiotic therapy (Wirtz et al., 2020), reducing the hospital stay of patients (Sadyrbaeva-Dolgova et al., 2020), and decreasing patients mortality (Li et al., 2017).

ASP in China was initiated in 2011 with the promulgation of the Guideline for Clinical Application of Antimicrobial Agents (GCAAA), which required clinical pharmacists to participate in the management of antimicrobials, particularly in special antibiotics (vancomycin, carbapenem, tigecycline). Unfortunately, due to the limited number of clinical pharmacists, not every department of Chinese hospitals have enough clinical pharmacists, particularly ID clinical pharmacists. So, clinical pharmacist-led consultation (CPC), which depended on the collaboration of both ID and non-ID pharmacists, was gradually developed and became an integral and essential part of ASP (Zhang et al., 2019a; Zhang et al., 2019b; Zhang et al., 2020a).

With the implementation of ASP, more attention has been paid to the role of CPC in ID treatment. A previous systematic review (Zhang et al., 2019a) including 50 case series found that, in China, CPC with an excellent acceptance rate (93.60%) was an effective intervention for ID treatment. However, the methodological quality of the included studies was compromised due to high risk of selection and reporting bias. Well-designed prospective cohort studies are thus urgently needed. In another single-center cohort study (Zhang et al., 2019b), researchers demonstrated that CPC could improve the prognosis of ID patients. However, the conclusions drawn in the study should be further verified due to the limited representativeness of patients. Therefore, this multicenter cohort study based on a registry database was conducted to evaluate the effectiveness of CPC in ID treatment on patient outcomes and potential determinants.



Materials and Methods

We followed the STROBE (STrengthening the Reporting of OBservational studies in Epidemiology) Statement for the conduct and reporting of this cohort study (Supplementary Table S1).


Study Design and Setting

This prospective, multicenter, cohort study was carried out in 17 hospitals across Guizhou Province, China (the Guizhou Provincial People’s Hospital (Principal Investigator and Lead Institution), the First People’s Hospital of Guiyang, the Second People’s Hospital of Guiyang, the First People’s Hospital of Bijie City, Tongren Municipal People’s Hospital, Xingyi People’s Hospital, Qian Xi Nan People’s Hospital, People’s Hospital of Anshun City, the People’s Hospital of Qiannan, Guizhou Cancer Hospital, the Affiliated Hospital of Guizhou Medical University, the Second Affiliated Hospital of Guizhou Medical University, the Affiliated Baiyun Hospital of Guizhou Medical University, Affiliated Wudang Hospital of Guizhou Medical University, Guiyang Maternal and Child Health Care Hospital, the People’s Hospital of Sansui, and the People’s Hospital of Xifeng). The study was approved by the Ethics Committee of the Guizhou Provincial People’s Hospital (2017066, Supplementary Tables S2 and S3) and conducted in accordance with the Declaration of Helsinki.



Study Population

Inpatients with confirmed diagnosis of ID (caused by bacteria, viruses, parasites or fungi) seeking CPC services from April 2017 to December 2019 were recruited consecutively upon informed consent. The following conditions formed our study exclusion criteria: (1) clinician-initiated CPC after the use of specific antibiotic regimens including the fourth-generation cephalosporins, vancomycin, teicoplanin, linezolid, carbapenems, tigecycline, echinocandins, voriconazole, and amphotericin B, in which case the clinicians requesting CPC met the requirements of a successful ASP but clinical pharmacist did not participate in the treatment of the ID patients; (2) the patient died or was discharged from the hospital before the consultation.



Description of Consultation Intervention

The attending clinician requested CPC when treating patients with complicated ID. Upon the request, the clinical pharmacy department assigned a qualified clinical pharmacist (successful completion of 1-year residency training and certified by specialty professional board) to execute the consultation.

The assigned pharmacist comprehensively evaluated the infection of the patient in accordance with the clinical symptoms, laboratory tests, etiological and imaging examination, and provided the treatment suggestion (e.g., antibiotic type, dose, frequency, and course) based on the patient’s conditions (e.g., age, sex, liver and kidney function, underlying disease, etc.), the best clinical evidence (as informed by evidence-based practice guidelines), and the medication characteristics (antibiogram, pharmacokinetics-pharmacodynamics, and adverse events). Finally, the clinician decided whether to adopt the recommendations in the therapeutic regimen.



Exposure Factor and Covariates

The main exposure factor was whether the clinicians adopted the clinical pharmacists’ recommendations in the therapeutic regimen, and was identified by comparing the consistency between clinicians’ prescriptions and pharmacists’ suggestions. We categorized patients whose treatment did or did not follow the pharmacists’ suggestions into the intervention group or the control group respectively. Acceptance refers to that clinicians completely or partially adopted the advices from pharmacists, and the acceptance rate (AR) was calculated using the following formula (Zhang et al., 2020b):

	

In the intervention group, the background of clinical pharmacists (ID specialist versus non-specialist) was set as another exposure factor. Other covariates (age, sex, department, time of consultation after hospitalization, consultation type and purpose, number of infectious sites, febrile symptom, hemogram, serum albumin level, kidney and liver function, infection type and severity, inflammatory indicators, etiological examination results, imaging examination results, comorbidity, and surgical treatment of infectious sites) were also recorded prospectively.



Assessment of Outcome

Effective response was defined as partial or complete resolution of clinically significant infectious signs or symptoms, improvement or resolution of computed tomography (CT) or magnetic resonance imaging (MRI) findings, and negative culture results (Zhang et al., 2019b). The follow-up period was from day 3 to day 7 after the completion of CPC.



Data Collection and Management

A registry database (Database Management System for Clinical Pharmacist-Led Consultation for Infectious Diseases in Guizhou Province, http://39.108.6.93/webui/index.html#login) specialized for this study was set up and utilized to record and manage the patient data. The data were recorded and crosschecked by two independent investigators. To avoid detection bias, the clinical pharmacist participating in CPC could not assess the outcome.



Statistical Analysis

Software SPSS 19.0 and Stata 14.0 were used to perform statistical analyses. The significance level was set at 0.05. Categorical variables were presented as numbers with percentages. Chi-square tests (or Fisher’s Exact tests) or Mann-Whitney U tests were used for group comparisons. A generalized linear mixed model was performed to compare the patient outcome of the intervention group with that of the control group and calculate the odds ratio (OR). This was achieved by treating the effective response as the dependent variable while the main exposure factor and other important covariates, including sex, age, department, hypoalbuminemia, kidney and liver function, consultation type, etiological evidence, imaging evidence, comorbidity, high-risk factors, surgical treatment, and infection severity, as independent variables. Considering the aggregation of data existed at the study center (hospital) level, a random coefficient model was utilized. Because all the covariates were categorical, we created a separate category (NA=Not Applicable) for missing values to include in our analyses. Then, sensitivity analyses were performed by a random intercept model or a random coefficient model involving all the covariates. The same statistical analysis methods were also used to explore whether the background of the clinical pharmacist could influence the prognosis of ID patients receiving CPC intervention.




Results


Studied Population

A total of 2,663 patients were included in the final analysis (Figure 1); their baseline characteristics are presented in Table 1. The study patients were mainly from 18 to 65 years old (58.54%) and 57.60% were male. The number of infectious sites and infection type could not be determined in 130 (4.88%) and 294 (11.04%) patients, respectively, due to unexplained infections. As the clinicians did not apply for related examinations, information about hemogram, hypoalbuminemia, kidney function, liver function, and inflammatory indicator (C reactive protein, procalcitonin, or interleukin-6) were unavailable in 53 (1.99%), 439 (16.49%), 127 (4.77%), 117 (4.39%), 533 (20.02%) patients, respectively.




Figure 1 | Flowchart of study patients. ID, Infectious Diseases.




Table 1 | Characteristics of study patients (N=2663).




The number of patients whose treatment regimens did or did not follow the pharmacists’ suggestions was 2,529 and 134, respectively, giving a total AR of 94.97%. Table 1 shows that no significant differences existed in the majority of baseline characteristics between the intervention group and the control group except the consultation type, imaging evidence from X-ray, CT or MRI, and the etiological evidence from cultures of sputum, bronchoalveolar lavage fluid, blood, secretion, abscess, urine, cerebral spinal fluid, ascites, bone, synovial fluid, hydrothorax, and so on. The proportion of special consultations such as multiple disciplinary team consultations in the intervention group was higher than that in the control group (4.98% vs. 0.75%, P=0.020). Nevertheless, the percentage of patients with specific etiological or imaging evidence in the intervention group was lower than that in the control group (41.24% vs. 50.00%, P=0.045; 51.36% vs. 64.18%, P=0.004, respectively).

Among the intervention group (Table 1), the baseline characteristics between ID (n=1,338) and non-ID (n=1,191) pharmacist intervened group were different by the department, consultation type, time of consultation after hospitalized, kidney and liver function, comorbidity (e.g., cardiac disease, diabetes, hypertension, cancer, chronic obstructive pulmonary disease, coronary atherosclerosis, stroke, etc.), febrile symptom, inflammatory indicator, number of infectious sites, infection type, presence of high-risk factors of infection, and surgical treatment of infectious sites.



Effective Response

Among all included patients, 2,147 (80.62%) showed effective response. Univariate analyses demonstrated that CPC intervention, sex, department, consultation type and purpose, hypoalbuminemia, kidney and liver function, comorbidity, presence of imaging evidence,  febrile symptom, hemogram, inflammatory indicator, number of infectious sites, presence of high-risk factors of infection, infection severity, and surgical treatment of infectious sites were associated with patient outcomes respectively (Supplementary Table S4). The effective response rate of the intervention group was significantly higher than that of the control group (81.34% vs. 67.16%, Odds Ratio (OR)=2.131, Confidence Interval (CI) = [1.466, 3.097], P<0.001). Considering the strong correlation between infection severity and number of infectious sites, febrile symptom, hemogram, and inflammatory indicator, infection severity instead of other covariates was input into the multivariate analyses model. Two-level random coefficient model (Figure 2) implies that CPC intervention, sex, department, consultation type, hypoalbuminemia, liver function, presence of imaging evidence, high-risk factors of infection, surgical treatment, infection severity are independent factors associated with the effective response of ID patients. CPC intervention (Adjusted OR (AOR)=1.838, 95%CI=[1.212, 2.786], P=0.004), special consultation (AOR=1.832, 95%CI[1.106, 3.035], P=0.019), surgical treatment of infectious sites (AOR=1.380, 95%CI[1.039, 1.834], P=0.026) had positive influences on the patient prognosis, while male patients (AOR=0.801, 95%CI[0.646, 0.994], P=0.043), hypoalbuminemia (AOR=0.694, 95%CI[0.523, 0.921], P=0.012), liver dysfunction (AOR=0.705, 95%CI[0.559, 0.889], P=0.003), presence of specific imaging evidence (AOR=0.775, 95%CI[0.608, 0.987], P=0.039), presence of high-risk factors (AOR=0.775, 95%CI[0.613, 0.980], P=0.033), and increased severity of infection (AOR=0.631, 95%CI[0.529, 0.753], P < 0.001) were associated with a decrease in effective response rate independently. Compared to the prognosis of patients in the intensive care unit (ICU), it was much better in other general wards except for the Traditional Chinese Medicine department. The results of sensitivity analyses using a random intercept model (Supplementary Table S5) and a random coefficient model involving all the covariates (Supplementary Table S6) also postulated that CPC intervention could improve the effective response of ID patients when other confounders were controlled.




Figure 2 | The results of multivariate analyses using a random coefficient model for all the included patients (n=2,663). Control group, patients in whom treatment regimens did not follow clinical pharmacist’s recommendations. Intervention group, patients in whom treatments adhere to clinical pharmacist’s recommendations. OR, Odds Ratio; CI, Confidence Interval; *=indicated P ≤0.05; yr, years; NA, Not Applicable.



Among patients in the intervention group, univariate analyses (Supplementary Table S7) indicated that patient outcomes were also associated with all the factors mentioned above, except for CPC intervention which is not available under this setting. 1087 and 970 ID patients attained effective response in ID and non-ID pharmacist intervened groups respectively (81.24% vs. 81.44%, OR=0.987, 95%CI[0.807, 1.206], P=0.896). The two-level random coefficient model (Figure 3) illustrates that there is no significant difference between ID pharmacist and non-ID pharmacist intervention groups (AOR=0.958, 95%CI[0.740, 1.240], P=0.742) in the context of other confounders controlled, which is consistent with the results of the sensitivity analyses (Supplementary Tables S8 and S9).




Figure 3 | The results of multivariate analyses using a random coefficient model for the patients in the intervention group (n=2,529). OR, Odds Ratio; CI, Confidence Interval; ID, infectious diseases; *=indicated P ≤0.05; yr, years; NA, Not Applicable.






Discussion

This prospective, multicenter, cohort study included 2,663 patients from 17 hospitals in Guizhou Province in China to evaluate the effectiveness of CPC in ID treatment and explore the influence of clinical pharmacist´s background on the prognosis of ID patients receiving CPC intervention. We found that: (1) CPC intervention can improve the ID patient prognosis when other confounders are controlled; (2) the effectiveness of CPC delivered by ID and non-ID clinical pharmacist might be equivalent in the treatment of ID; (3) factors including sex, department, consultation type, surgical treatment, serum albumin level, liver function, specific imaging evidence, high-risk factors of infection, and infection severity are associated with the outcome of ID patients.

A previous survey (Zhang et al., 2020b) proposed that hospital rank/status could have an impact on the therapeutic efficacy of ID due to the difference in medical resources and disease severity among hospitals. In this study, we also found the aggregation of individual data at the level of hospital, which could be explained by the similarity of diagnostic capability, therapeutic technology, nursing condition, and medical resources in the same hospital. To resolve this problem, a two-level random coefficient model was utilized to perform the multivariate analysis, and sensitivity analyses were then conducted to verify the robustness of results.

The excellent AR (94.97%) in the study is consistent with a recent survey (AR=94.83%, 95%CI[92.95%, 96.76%]) in Guizhou Province (Zhang et al., 2020b), suggesting that CPC for ID has been well accepted by clinicians in this region. Furthermore, CPC was proved to be a promising pharmacist-led intervention in improving ID treatment in this study (AOR=1.838, 95%CI[1.212, 2.786]), which was indeed in line with findings from a previous meta-analysis (Risk Ratio (RR)=2.08, 95%CI[1.41, 3.06]) (Zhang et al., 2019a), a cross-sectional survey (RR=6.49, 95%CI[2.84, 14.82]) (Zhang et al., 2020b), and a single-center cohort study (AOR=1.738, 95%CI[1.028, 2.940]) (Zhang et al., 2019b). During the process of consultation, clinical pharmacists participated in the treatment of ID by discussing with clinicians and patients, communicating with microbiologists and nurses, developing a therapeutic scheme, adjusting the dosage regimen according to pharmacokinetic-pharmacodynamic results and monitoring adverse events. Therefore, it is clear that clinical pharmacists are able to assist clinicians with treatment optimization, leading to improved patient outcomes and effective use of healthcare resources.

A recent study (Bessesen et al., 2015) concluded that ASP with dedicated ID pharmacists contributed to better adherence to the recommended antimicrobial therapy practices than that with general ward pharmacists. Nevertheless, this study showed that the background of the clinical pharmacist did not significantly alter the patient outcome in the intervention group (AOR=0.958, 95%CI[0.740, 1.240]). The CPC experience from our institution (Guizhou Provincial People’s Hospital) suggests that non-ID clinical pharmacists with appropriate educational background, systematic antimicrobial training, and rich experience in clinical practice are competent for anti-infectious consultation, and their capabilities of consultation for ID are not inferior to the ID clinical pharmacists. The Guizhou Province is a relatively less-developed region in Western China, where medical and human resources are lacking. A recent survey (Zhang et al., 2020b) indicated that the deficiency in ID clinical pharmacists was universal in most hospitals and had restricted the development of CPC for ID in Guizhou. Therefore, as the leader of clinical pharmacy in the region, our team are devoted to sharing our CPC experience with and disseminating our CPC mode (Figure 4) to other hospitals in Guizhou. To promote the implementation of CPC for ID, improve the quality of CPC, and narrow the consultation service gap between ID and non-ID clinical pharmacists, we have taken a series of measures during the past two years, including training clinical pharmacists, conducting continuing education courses, establishing telemedicine platforms, and designating senior clinical pharmacists to assist the grassroots medical institutions. Furthermore, we are planning to develop a clinical decision support system for CPC in ID treatment on the basis of our consultation experience, the best evidence, the prognosis prediction model of ID patients and artificial intelligence technology (e.g., knowledge graph, data mining, natural language processing, etc.) to facilitate the standardization of the consultation service among clinical pharmacists with different backgrounds in the grassroots medical institutions. A cross-sectional nationwide survey (Abubakar and Tangiisuran, 2020) among Nigerian tertiary hospitals reported that the scarcity of education and training in AMR and ID was the major barrier to pharmacists’ involvement in ASP. Therefore, we believe that it would be important to share our experience of CPC with other developing countries or regions confronting the similar challenge (Katoue et al., 2014; EI Hajj et al., 2016; Salim et al., 2016; Bilal et al., 2017).




Figure 4 | The frame of CPC mode in our institution for ID. CPC, Clinical pharmacist-led consultation; ID, Infectious diseases. The dash lines represent that the activity was guided or supervised by ID clinical pharmacist.



The current study revealed that the prognosis of ID patients was associated with a number of factors. Compared to general consultations, special consultations involving clinical pharmacists and professionals from various backgrounds and disciplines (i.e., ID specialists, microbiologists, radiologists, nutritionists, and surgeons) can provide more comprehensive therapeutic suggestions and achieve a better effect (AOR=1.832, 95%CI[1.106, 3.035]). The outcome of ID patients may benefit from removal of infectious sites by surgical treatment (AOR=1.380, 95%CI[1.039, 1.834]). The infection and condition of patients in ICU are usually more complicated and severe than those in general wards, so the prognosis of patients in ICU is worse. Poor nutritional status, presence of high-risk factors (e.g., immunocompromised condition, long-term steroid exposure, with implants, hyperthermia with chills, old age, etc.) and increased severity of infection are closely aligned with the poor outcome of ID patients (AOR=0.694, 95%CI[0.523, 0.921]; AOR=0.775, 95%CI[0.613, 0.980]; AOR=0.631, 95%CI[0.529, 0.753], respectively). Besides its direct influence on the prognosis of ID patients (AOR=0.705, 95%CI[0.559, 0.889]), liver dysfunction would limit the use of many intensive antibiotics, such as tigecycline, and make the anti-infection treatment more difficult.

Randomization method was not applied in this observational study, therefore the imbalance of baseline characteristics between the intervention and control group might cause the selection bias. A randomized controlled trial is undoubtedly the gold-standard design to evaluate intervention effectiveness. However, it is impossible to randomly allocate patients to consultation or non-consultation group in Chinese hospitals due to ethical concerns. We designed and executed this prospective, multicenter, cohort study based on a country-wide, population-based registry. Eligible patients were divided into two groups: intervention group and control group, according to the main exposure factor. The hypothesis is that only if the clinician adopts the recommendation from the clinical pharmacist, the patient can really receive the CPC intervention. To minimize the influence of selection bias on the study results, we enrolled patients consecutively, improved the representativeness of patients by the multicenter design, and controlled the confounders with the multilevel model. Although we tried to control some important factors by the multivariate analysis, those unknown or undetermined factors associated with the treating outcomes of ID yet existed. In addition, this study was based on a registry which did not represent the whole of China, and it may reduce the generalizability of conclusions.

The crucial role of pharmacists in rational use of antimicrobial agents has been acknowledged in the healthcare systems of numerous countries (Northey et al., 2015; Waters, 2015; Zhou et al., 2015; Brink et al., 2016; Ellis et al., 2016; Okada et al., 2016). However, the value of CPC in ID treatment is still underestimated in China, and the lack of support from hospital administrators is the most common barrier to implementing CPC. Nevertheless, with the development of clinical pharmacy and the growth of clinical pharmacist team, CPC has been an effective intervention for ID treatment in China, particularly in economically disadvantaged areas. In addition, standardized capability among clinical pharmacists with different backgrounds can be achieved in different ways. In conclusion, our study provides powerful evidence for policy/decision-makers to cognize the value of CPC and propagate this intervention mode in developing countries or regions where clinical pharmacists are insufficient in number and not actively involved in the healthcare systems. In the future, we will make effort to find a practicable way to standardize the CPC service among the different primary healthcare institutions in these areas.
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