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ABSTRACT
Objective: To assess whether inter-professional, bidirectional collaboration between 
general practitioners (GPs) and pharmacists has an impact on improving cardiovascular 
risk outcomes among patients in the primary care setting. It also aimed to understand 
the different types of collaborative care models used.

Study design: Systematic review and Hartung-Knapp-Sidik-Jonkman random effects 
meta-analyses of randomised control trials (RCTs) in inter-professional bidirectional 
collaboration between GP and pharmacists assessing a change of patient cardiovascular 
risk in the primary care setting.

Data sources: MEDLINE, EMBASE, Cochrane, CINAHL and International Pharmaceutical 
Abstracts, scanned reference lists of relevant studies, hand searched key journals and 
key papers until August 2021.

Data synthesis: Twenty-eight RCTs were identified. Collaboration was associated 
with significant reductions in systolic and diastolic blood pressure (23 studies, 5,620 
participants) of –6.42 mmHg (95% confidence interval (95%CI) –7.99 to –4.84) and 
–2.33 mmHg (95%CI –3.76 to –0.91), respectively. Changes in other cardiovascular risk 
factors included total cholesterol (6 studies, 1,917 participants) –0.26 mmol/L (95%CI 
–0.49 to –0.03); low-density lipoprotein (8 studies, 1,817 participants) –0.16 mmol/L 
(95%CI –0.63 to 0.32); high-density lipoprotein (7 studies, 1,525 participants) 
0.02 mmol/L (95%CI –0.02 to 0.07). Reduction in haemoglobin A1c (HbA1C) (10 
studies, 2,025 participants), body mass index (8 studies, 1,708 participants) and 
smoking cessation (1 study, 132 participants) was observed with GP-pharmacist 
collaboration. Meta-analysis was not conducted for these changes. Various models of 
collaborative care included verbal communication (via phone calls or face to face), and 
written communication (emails, letters). We found that co-location was associated 
with positive changes in cardiovascular risk factors.

Conclusion: Although it is clear that collaborative care is ideal compared to usual 
care, greater details in the description of the collaborative model of care in studies is 
required for a core comprehensive evaluation of the different models of collaboration.
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INTRODUCTION
Cardiovascular disease (CVD) continues to be a major contributor to mortality, morbidity and 
health expenditure globally [1, 2]. There is a rising prevalence of CVD globally indicating the 
need of models of care that are patient centred and improve health outcomes [3–5].

Despite the availability of low-cost treatment, there remains a significant treatment gap in 
those with established or at high risk of CVD in the primary care setting [6, 7]. This gap in the 
uptake of preventive measures outlines an area to focus current resources. In high income 
countries like Australia, 83% of Australians attend a General Practitioner (GP) every year [8]. 
These consultations provide opportunities to implement primary and secondary prevention 
measures. However, with the rise of chronic disease and maldistribution of physicians across 
urban and rural regions as well as the high costs involved in physician-centred models of 
care, new models have been suggested, including the utilisation of the skills of other health 
professionals such as pharmacists [9].

Pharmacists are often highly accessible healthcare professionals qualified in pharmacotherapies 
of diseases, identifying adherence problems, and addressing adverse drug effects, allowing 
them to provide valuable drug therapy recommendations to physicians. Pharmacist-based 
interventions alone have shown to be effective in the improvement of CVD and diabetes 
outcomes [10, 11]. These studies have demonstrated a reduction in HbA1C in patients with 
diabetes [12], improvement in systolic blood pressure control and reduction in total cholesterol 
measurements [12, 13]. Despite this evidence, pharmacists remain an underutilised member 
of the multidisciplinary healthcare team in the primary care setting [14].

In spite of the growing need to evaluate the use of multidisciplinary team models [15], 
especially in chronic disease management [16], only two published systematic reviews have 
investigated the effect of the inter-professional relationship between general practitioners and 
pharmacists on patient outcomes [17, 18]. The first, found an association between the extent 
of collaboration and implementation rate of recommendations. The second, suggested that 
pharmacist interventions have a positive impact on the management of hypertension and 
hypercholesterolemia and the management of drug-related problems. While other reviews 
assessed pharmacy interventions in the primary care setting but did not focus on collaborative 
care between GPs and pharmacists [19–21]. The results of these reviews found that pharmacist 
intervention was associated with improvements of CVD risk factors.

Studies have found that direct discussion between pharmacist, physicians, other healthcare 
professionals and patients is an essential component of successful management [22]. Based 
on this evidence, primary care practices have hired clinical pharmacists to collaborate with 
physicians [23]. However, this evidence has not been synthesised. As there is no set definition 
for collaboration within the literature, our study is specifically focusing on bidirectional 
communication as collaboration. Therefore, this study aims to review current literature 
to assess whether GP and pharmacist collaboration improves patients’ CVD risk factors or 
management within the primary care setting and gain an understanding of the different types 
of collaborative care models used.

METHODS
The methods to this review were previously published and is outlined in brief [24]. PROSPERO 
registration: 2017 CRD42017055259.

SEARCH STRATEGY

We used the PRISMA guideline to search MEDLINE, EMBASE, Cochrane, CINAHL and International 
Pharmaceutical Abstracts databases from the beginning of each database until August 2021 
[25]. Further studies were obtained from scanning reference lists of relevant studies, hand 
searching of key journals and citation searching of key papers identified for inclusion.

Papers were independently assessed for inclusion to reduce risk of bias, and reasons for exclusion 
were documented. Discrepancies between two reviewers was resolved by consultation with the 
senior author.
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STUDY INCLUSION AND EXCLUSION CRITERIA

This systematic review focused on randomised control trials (RCT) of inter-professional two-
way collaboration between GP and pharmacists assessing a reduction of patient cardiovascular 
risk or improvement in CVD management in the primary care setting. Bidirectional collaboration 
is defined as back-and-forth communication between the GP and pharmacist. This included 
verbal (face to face or phone call) or written (letters, fax, email or medical note) communication. 
Articles were excluded if they were not a journal article, not in written in English, not a report 
based on empirical research (e.g. protocol, editorial), reviews and not human research.

DATA COLLECTION

Data were collected using a standardised data extraction form. The form was piloted and 
reviewed before being finalised. The three reviewers independently extracted data from 
the included articles. Data extracted included general study information as well as study, 
participant and intervention characteristics. Corresponding authors were contacted to obtain 
unpublished data or to clarify ambiguities.

OUTCOMES

The primary outcome of this study was to assess the effect of GP and pharmacy collaboration on 
patient cardiovascular risk and CVD risk factors. Quantitative cardiovascular outcomes included 
blood pressure (BP), total cholesterol, low-density lipoproteins (LDL), high-density lipoproteins 
(HDL), triglyceride changes, HbA1C, body mass index (BMI), smoking, cost effectiveness. The 
secondary outcome was to describe the different types of GP and pharmacist collaboration 
models.

DATA ANALYSIS

For all the outcomes we performed Hartung-Knapp-Sidik-Jonkman random effects meta-
analysis of mean differences. We have included all studies which reported mean differences 
and standard deviations/errors: for the studies which had not reported standard errors we 
have imputed those by values predicted from the regression between observed (log) mean 
differences and (log) standard errors.

We assessed the quantitative heterogeneity by conducting a formal test of homogeneity and 
evaluating the proportion of variability due to heterogeneity (I2). The assessment of small-
study effects has been done by regression-based Egger test and eyeball evaluation of the 
contour-enhanced funnel plots.

Along with the pooled effect sizes and 95% confidence intervals, we also reported the prediction 
intervals. All pooled results are presented in the form of forest plots. All statistical analyses were 
performed using Stata 17 (StataCorp LLC, College Station, TX, USA).

ASSESSMENT OF RISK OF BIAS

Risk of bias of included studies was assessed separately by two investigators using a Risk of 
Bias Tool. Studies were not excluded from analysis because of methodological flaws if they 
otherwise met inclusion criteria.

RESULTS
SEARCH AND STUDY SELECTION

The search retrieved 2,875 potentially relevant citations. After initial screening of title and 
abstract, 133 full text papers were assessed of which 106 did not meet the eligibility criteria. A 
total of 27 studies were included in the final review (Figure 1).

SUMMARY OF INCLUDED STUDIES

Twenty-seven RCTs representing a total of 7,442 participants were included in this review. 
Table 1 summarises the characteristics of included studies. Trials were published between 
1973 and 2020 in peer reviewed journals. Majority of the studies were conducted in the  
United States of America (16/27), with the studies originating from 10 countries in total. 
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Three cluster RCTs were included with the remaining trials randomised at patient level. While 
conducting the review 20 authors were contacted, 2 for additional data and 18 for clarification 
regarding the nature of the collaboration of which 50% (10/20) responded.

PRIMARY OUTCOME

BP was measured as an outcome in 23 studies (7,082 participants). Intervention resulted in 
a reduction in SBP and DBP outcome in all studies. Twenty-three RCT’s were included in the 
meta-analysis for SBP and 22 for DBP. Overall, collaboration in addition to medication titration 
was associated with a reduction in SBP and DBP of –6.42 mmHg (95%CI –7.99 to –4.84, Figure 
2a) and –2.33 mmHg (95%CI –3.76 to –0.91, Figure 2b), respectively. Regression-based Egger 
test for small-study effects random-effects model found no publication bias in included studies 
measuring SBP and DBP (Figure 3a and 3b, respectively).

Twelve studies measured changes in cholesterol. Changes were measured in total cholesterol 
(6 studies, 1,917 participants), LDL (8 studies, 1,817 participants), HDL (7 studies, 1,525 
participants) and triglycerides (3 studies, 573 participants). Four studies were included in 
the meta-analysis for changes in total cholesterol which was associated with a reduction 
of –0.26 mmol/L (95%CI –0.49 to –0.03, Figure 2c). Four studies were included in the meta-
analysis for LDL which was associated with a reduction of –0.16 mmol/L (95%CI –0.63 to 0.32, 
Figure 2d). Four studies were included in the meta- analysis for HDL which was associated with 
an increase of 0.02 mmol/L (95%CI –0.02 to 0.07, Figure 2e). Regression-based Egger test for 
small-study effects random-effects model found statistically significant publication bias (Figure 
3c, p = 0.0015), however this analysis only included six studies. Furthermore, no publication bias 
was observed in included studies measuring LDL and HDL (Figure 3d and 3e, respectively).

Other studies measured changes in HbA1C (10 studies, 2,025 participants), BMI (8 studies, 1,708 
participants) and smoking cessation (1 study, 132 participants). Mean difference in HbA1C was 
measured as a percentage or mmol/mol. The change was –0.4 (–1.6 to 0.7%) in the control to 
–1.2% (–2.5% to –0.15%) in the intervention group. Reduction in BMI was greater in the intervention 
group with BMI mean reduction –0.5 (–0.3 to –0.9) compared to a mean reduction of –0.04 (–0.3 to 
0.5) in the control. One study assessed smoking cessation and found that two of the participants in 
the control group ceased smoking compared to eight participants in the intervention group.

Figure 1 Flow chart of study 
retrieval and selection.
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None of the included studies addressed cost effectiveness. However, three studies assessed 
the changes in cost of the drug and visit which were all calculated in United States Dollars but 
were measured differently. Cost of medication and visits varied in the intervention compared to 
the control group. One study reported visit cost per patient ($160 vs $195) was lower, but drug 
costs ($11.31 vs $4.25) from baseline was higher in the intervention compared to the control 
group. Another found that mean drug ($317 vs $212) and visit charges ($823 vs $336) for the 
intervention group was higher control group. The final study found that the medication ($319 
vs $410) charges was lower but visit ($115 vs $112) charges were greater in the intervention 
compared to control group.

SECONDARY OUTCOME

Participants were followed over a median of eight months (range 3–12 months). The 
interventions have been summarised in Table 1. They involved (1) patient education and 
counselling (3%, 25/27); (2) assessing medication regimen (100%, 27/27); (3) adherence 
assessment (can involve implementation of reminder systems) (67%, 18/27); and (4) physical 
assessments (i.e., measuring BP) (93%, 25/27).

Only one study specified the doctor as a GP with the remaining studies referring to them as 
physicians (70%, 19/27) or primary care physicians (26%, 7/27). Collaboration between the 
pharmacist and physician was undertaken in two main settings; co-location (56%, 15/27) and 

Figure 2 Random effects 
meta-analysis of the 
change in cardiovascular 
risk factors (systolic blood 
pressure, diastolic blood 
pressure, total cholesterol, 
low density lipoproteins, high 
density lipoproteins) based 
on collaboration of general 
practitioner and pharmacist 
or usual care. a. Systolic blood 
pressure. b. Diastolic blood 
pressure. c. Total cholesterol. 
d. High density lipoproteins. e. 
Low density lipoproteins.
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separate (30%, 8/27) locations and some were not specified (15%, 4/27). Co-location was 
associated with positive changes within CVD risk factors. Inter-professional communication 
was either purely verbal (face-to-face or over the phone) (33%, 9/27), purely written (letter 
or electronic) (19%, 5/27), a combination of the two (26%, 7/27) or not specified (22%, 6/27).

Nine out of 28 studies recorded the number of recommendations made by the pharmacist. 
Across the studies, 2,029 recommendations were made by the pharmacist, of these 85% 
(1720/2029) were accepted by the physician.

METHODOLOGICAL QUALITY OF STUDIES

A summary of the proportion of trials that were at low, unclear, and high bias for each domain 
is shown in Supplementary File 1. Among twenty-eight RCT most domains remained low risk of 
bias. Information about selective reporting was unclear for most trials. Allocation concealment 
was also unclear for approximately half the trials.

DISCUSSION
Our research identified 28 RCT’s that evaluated collaboration between GP and pharmacists. Our 
meta-analysis found that collaborative care achieved reduction in BP and  cholesterol, however 
reduction in cholesterol was modest. Reduction in HbA1C and BMI as well as increasing smoking 
cessation was also noted with collaborative care. In the three studies that evaluated costs, this 
model of care was associated with increased costs. The most frequent form of collaboration 
provided was assessing medication regime and performing regular physical measurements. 
Our findings are consistent with previous similar reviews which suggest that pharmacist 
interventions have a positive impact on the management of cardiovascular risk factors [18, 20]. 

Figure 3 Contour enhanced 
funnel plot for random 
effects meta-analysis of the 
change in cardiovascular 
risk factors (systolic blood 
pressure, diastolic blood 
pressure, total cholesterol, 
low density lipoproteins, high 
density lipoproteins) based 
on collaboration of general 
practitioner and pharmacist 
or usual care. a. Systolic blood 
pressure. b. Diastolic blood 
pressure. c. Total cholesterol. 
d. Low density lipoproteins. e. 
High density lipoproteins.
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However, these reviews have not focused on bidirectional collaboration, rather just pharmacist 
intervention in general and have not specified the nature of GP involvement. This meta-analyses 
found similar changes to CVD risk factors to other reviews however it was difficult to differentiate 
which GP and pharmacist model attributed to the changes due to the lack of information 
provided within the studies [20]. Additionally, included studies found improvement in CVD 
risk factors within the control group. However, this may be attributed to over half the studies 
having the pharmacist and physician co-located which may have led to cross contamination 
of the groups. Furthermore, the fact that study participants tend to be healthier than non-
participants and the Hawthorne effect could have also had an impact on improvements within 
the control group [23, 26, 27]. The Hawthorne effect has been shown to improve adherence to 
medications which may result in improvements to cardiovascular risk factors such as BP. These 
influences are worthy of further exploration, nevertheless collaboration between pharmacist 
and physician resulted in favourable changes in cardiovascular risk factors. To our knowledge 
this was the first review to evaluate bidirectional collaboration between GP and pharmacist, 
rather than a pharmacist or GP led intervention management.

Lifestyle modifications, like weight control and smoking cessation, are important risk factors 
that can affect cardiovascular outcomes. Proportion of participants who quit smoking was 
significantly larger in the intervention group than in the control group, however was only 
assessed by one study [28]. BMI was generally lower in those who received collaborative care, 
however the change in BMI still minimal and similar to those who were within the control group. 
Interdisciplinary collaboration could lead to more effective lifestyle modifications not confined 
to weight and smoking, such as reduction in sodium, which could be effective in hypertension 
control and potentially allow for reduction in antihypertensive medications [28]. Preventive 
measures, such as aspirin therapy and influenza vaccination, are also more prevalent in those 
who received collaborative care [23].

Overall, costs of medications and visits was varied, however no cost effect analysis was 
conducted. This could suggest that the interventions were potentially more effective in increasing 
uptake in drugs in those that were under-treated. Furthermore, mean costs per visit lower in the 
intervention group and could be attributed to a lower average number of visits to the primary 
care [29]. Nonetheless, it is evident that more visits are associated with increased collaboration 
[29, 30]. This may reflect more effective follow up in patients who undergo collaborative care. 
However, these costs could be minimised if the physician-pharmacist collaboration occurs over 
the phone at the time of the visit by the patient to the physician’s office [28]. The increased 
cost of medications, although not ideal, could offset other savings associated with poor health 
outcomes. These include downstream healthcare costs of worsening CVD risk factors can lead 
to increased costs by hospitalisations, more medications, and visits with specialists.

Informal in-person discussions have been found to facilitate richer exchange of patient specific 
ideas compared to impersonal emails or faxes that are more commonly used [22, 27]. This model 
of care is pragmatic, people centred and accessible, however is not often used which is evident as 
only a third of the included studies reported communicating verbally. These informal discussions 
may be more achievable through a co-located pharmacy which can further facilitate collaborative 
care. Although over half the studies included were co-located, method of collaboration vastly 
varied. This may be attributed to the lack of clear definition of collaboration, with each individual 
having their own unique understanding. Other studies have found that majority of participants 
state that they do not receive public health services from pharmacies and do not expect them, 
yet those who have received them have been more satisfied [31]. It is evident that participants 
who receive collaborative care report higher levels of satisfaction, were less worried about their 
health and had a higher perceived health level than usual care [23]. This model of care requires 
a good relationship as well as trust among the collaborators and a shared value of improving 
patient outcomes. Nonetheless, pharmacists find it difficult to set up cooperation potentially 
due to a lack of time or premises to convince the GP to cooperate [23]. It is evident that further 
research needs to be undertaken to understand the barriers and facilitators of collaborative 
care and the adaption of this model. Additionally, other models of integrated care that involve 
GPs and nurses or nurse practitioners as well as other allied health including dietitians, diabetes 
educators and community care workers need to be considered [32, 33].
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LIMITATIONS

Our review had some limitations. Firstly, collaboration was defined as bidirectional which was 
difficult to attain from the limited description of the intervention provided in some studies. Although 
authors were contacted for clarification, when no response was received it was left up to our 
judgement from the information provided within the study. As a result, some relevant studies may 
have been excluded from the review. Due to the multifaceted nature of this intervention, it was 
challenging to attribute the observed differences to a specific component and precisely identify 
which component of the intervention was more effective. There is a possibility of publication bias 
as not all trials are published especially when their results are unfavourable. We have included 
contour enhanced funnel plot (Figure 3) to indicate evidence of publication bias specifically in 
Figure 3c measuring total cholesterol. It is important to note that only included six studies. Finally, 
meta-analysis was not conducted for changes in HbA1C, BMI and smoking cessation.

CONCLUSION
In conclusion, our meta-analysis found that bidirectional collaboration leads to improved CVD 
risk factors for patients. There are various models of collaborative care, however it is unclear if 
superiority exists. This review focused on CVD risk factors rather than longer-term clinical end 
points such as stroke or death. Further research is required to assess the cost-effectiveness and 
longer-term clinical endpoints associated with collaborative care as well as the barriers and 
facilitators of collaborative care.
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