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1. INTRODUCTION

A major burden of morbidity and premature mortality worldwide is chronic non-communicable
disease (NCDs)-hypertension, type 2 diabetes mellitus, dyslipidemia, chronic obstructive pulmonary
disease (COPD), and heart failure. The World Health Organization (WHO) has reported that NCDs are the
leading cause of death in the world with about 74% of deaths being experienced in low and middle-income
countries every year [1]. Pharmacological treatment of such conditions involves long-term, and in certain
cases, life-long compliance to prescribed medications. Non-adherence to medication is however a
widespread and unsolved issue-the WHO has estimated that half of patients with chronic diseases in
developed countries do not take their medication as prescribed [2]. Lack of adherence has great clinical
and economic outcomes. Poor adherence in patients with hypertension is related to the lack of control of
blood pressure, the risk of stroke, myocardial infarction, and heart failure [3]. Non-adherence in diabetes
results in high levels of the HbA1c, micro vascular complications progression and increased hospitalization
rates [4]. Health care systems are faced with colossal preventable costs; it is estimated that medication non-
adherence costs the healthcare systems between $100-300 billion of preventable healthcare costs each
year in the United States alone [5]. The community pharmacists are in an exceptionally accessible position
in the healthcare continuum. Pharmacists are one of the most accessible healthcare providers, having a
population of more than 400,000 community-based pharmacies worldwide and contact with their patients
sometimes more frequently than primary care physicians [6]. The economic cost of non-adherence is huge,
estimated at $100-300 billion yearly in avoidable costs, which warrants the urgency of adherence
interventions that are cost-effective [6]. The combination of their pharmacological knowledge, direct
patient-counselling, and the capacity to diagnose and address medication-related issues qualify them to be
first-line adherence promoters [7]. Pharmacist-led adherence interventions have a continuum comprising
of a range of activities such as one-on-one patient education and counselling, medication therapy
management (MTM) services, comprehensive medication review (CMR), blister/compliance packaging,
adherence monitoring based on prescription refill records, telephonic/digital follow-up and collaborative
practice agreement with prescribers [8]. Although an increasing amount of primary research data is
pointing to the effectiveness of these interventions, a synthesis of the evidence is still essential to inform
policy and clinical guidance. Past systematic reviews of the same field such as the seminal publications by
[9], [10] have been able to investigate single modalities, but have not offered a more modern, unified
synthesis that considers heterogeneous types of interventions in heterogeneous groups of chronic disease
patients. Moreover, there is limited methodological quality evaluation and subgroup analyses based on
disease type, intervention modality, and geographic region. The purpose of this systematic review and
meta-analysis is thus to: (i) summarize the evidence on the general impact of community pharmacist
interventions on medication adherence in patients with chronic diseases; (ii) determine the most effective
types of interventions; (iii) compare the results of medication adherence in major disease categories; and
(iv) evaluate the methodological quality of the included studies. The results are supposed to be used in
shaping pharmacy practice, health policy, and priorities of future research.

2. RELATED WORK

Since 2000, a substantial body of research has developed a strong evidence basis of pharmacist-
led adherence interventions in a variety of disease states. The field of pharmacy has undergone significant
changes and the role of community pharmacists is shifting more towards clinical and consultative rather
than dispensing. It has led to paradigm shift which has triggered research in a wide variety of settings,
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patient groups, and intervention methods. In 2012, [9] wrote a systematic review on behalf of the Agency
of Healthcare Research and Quality (AHRQ), where 62 eligible studies were identified and found that
pharmacist counselling and coaching were linked with significant increases in adherence, especially in
cardiovascular and diabetes medication. Nevertheless, that review was in the pre-period of significant
developments in digital health and tele-pharmacy. A more recent review by [11] reported that pharmacist-
delivered cardiovascular risk management-including adherence support-lowered systolic blood pressure
by a mean of 8.5 mmHg compared to usual care. Similar studies on diabetes management showed that mean
HbAlc decreased by 0.6-1.2% in 6-12 months with the help of structured pharmacist counselling and
medication-review sessions by [12], [13], [14] carried out a systematic review of outpatient pharmacist-
administered non-dispensing services and showed that there is a significant improvement in clinical
outcomes through enhanced adherence. In respiratory disease, [15] found that pharmacist-led asthma and
COPD management programs including inhaler technique education and adherence follow-up yielded large
changes in disease control scores. Digital and tel-epharmacy models have become a significant new type of
modality, [16] discovered that telephonic pharmacist counselling increased medication possession ratios
(MPR) by 12.4 per cent in a mixed cohort of chronic conditions. On the quality of methodology, [17] pointed
out that most pharmacist intervention studies are under-randomized, limited in the duration of follow-up
and lack consistency in the measurement of adherence. More recent literature has improved the use of
validated measures (like the Morisky Medication Adherence Scale (MMAS-8)) [18], medication possession
ratio (MPR), and proportion of days covered (PDC). Nevertheless, it is still very difficult to harmonise the
outcome measures used in studies according to [19]. Overall, despite the consistent evidence in the current
literature regarding the beneficial role of community pharmacists in enhancing medication adherence,
there are still gaps in quantitative synthesis of different types of interventions, overall quality appraisal of
the recent research, and stratified analyses based on the disease type and geographical area. This review
will fill these gaps with a systematic review and meta-analysis protocol that is rigorous and pre-registered.

3. METHODOLOGY

3.1 Study Design and Registration

The research design and registration will be provided in section. The systematic review and meta-
analysis have been performed in line with the Preferred Reporting Items of Systematic Reviews and Meta-
Analyses (PRISMA) 2020 guidelines [20]. A protocol of review was prospectively registered on the
International Prospective Register of Systematic Reviews (PROSPERO, Registration No.:
CRD42024551834) before data extraction.

3.2 Eligibility Criteria

Included studies needed to: (i) be a randomized controlled trial (RCT), cluster-RCT, or quasi-
experimental study, (ii) have community pharmacist deliver interventions specifically addressing the
problem of medication adherence; (iii) involve adult patients (ages 18 years and above), (iv).

The exclusion criteria were: inpatient/hospital-based studies, pediatric population study, no
comparator group, conference abstracts, unpublished grey literature, and studies focused on
understanding among pharmacists and not patient adherence.

3.3 Sources of Information and Search Strategy

The search was done in PubMed/MEDLINE, Scopus, Web of Science Core Collection and CINAHL
Complete. The search was performed on January 15, 2025. The PubMed Boolean search query was:
(community pharmacist OR pharmacy intervention OR medication therapy management OR pharmacist
counselling) AND (medication adherence or drug compliance or medication compliance or treatment
adherence) and (chronic disease or hypertension or diabetes mellitus or COPD or dyslipidemia or heart
failure). Hand-searching of reference lists of included studies and related reviews was conducted to find
more eligible studies [21].
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3.4 Study sample and Data Extraction

All the obtained records were loaded into Covidence systematic review software to undergo
deduplication and two-step screening. Titles and abstracts were screened by two independent reviewers
(R.S.and M.P.), and then the full-text was reviewed. Consensus or arbitration by a third reviewer (A.K.) was
used to resolve disagreements. A pre-piloted standardized form was used to extract data, which included:
study design, country, disease category, sample size, intervention type and duration, adherence measure,
follow-up duration, and primary adherence outcome.

3.5 Risk of Bias Assessment

The Cochrane Risk of Bias 2.0 (RoB 2.0) instrument was used to assess risk of bias in RCTs and
evaluate five domains of evaluation: randomization process, deviations of intended interventions, missing
outcome data, measurement of the outcome and selection of the reported result [3]. The ROBINS-I tool was
used to appraise non-randomized studies. Each study was classified as 'low risk,’' 'some concerns,' or "high
risk.'

3.6 Statistical Analysis

The meta-analysis was done in Rev Man 5.4 (Cochrane Collaboration) and through R software
(version 4.3.1) using the package Meta. The results of adherence were combined in the form of odds ratios
(OR) with 95% confidence intervals (CI) with a random-effects model (Der Simonian-Laird estimator) to
consider the expected clinical and methodological heterogeneity [2]. The quantification of heterogeneity
was undertaken through the I 2 statistic and Cochran Q test where I 2>50 was viewed as significant.
Subgroup analyses were performed according to disease category, type of intervention, measurement of
adherence and a geographic area. Egger test, funnel plot symmetry was used to determine the existence of
publication bias [20]. Statistical tests were two-sided and the significance level was p<0.05.
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Figure 1. PRISMA 2020 Flow Diagram-Study Selection Process

Figure 1, PRISMA 2020 Flow Diagram illustrating the systematic literature search and screening
process across four electronic databases. A total of 59 studies were included in the final analysis from an
initial pool of 1,300 identified records.
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4. RESULTS AND DISCUSSION

4.1 Study Selection and Characteristics

Of the four databases (PubMed: n=480, Scopus: n=390, Web of Science: n=270, CINAHL: n=160) a
systematic search resulted in the identification of 1,300 records. The reduplication resulted in the
screening of 987 unique records by title and abstract, and 255 by full-text review. After full-text screening,
59 studies were included in the systematic review and meta-analysis as they met all the criteria of the study
Figure 1. The 59 included articles comprised 28,741 participants (intervention: n=14,392, control:
n=14,349) and included 22 countries on 5 continents with the majority being based in the United States
(n=18), India (n=11), the United Kingdom (n=8), and Malaysia (n=7).

Table 1 summarizes the characteristics of the studies. The mean time span of the study was 12
months (IQR: 618 months). Categories of diseases comprised of hypertension (n=21), type 2 diabetes
mellitus (n=18), dyslipidemia (n=9), COPD/asthma (n=7), and heart failure (n=4). The modalities of
intervention were as follows; patient counselling/education (n=24), MTM services (n=16), Telephone or
digital follow-up (n=11), compliance packaging (n=5) and comprehensive medication reviews (n=3).

Table 1. Characteristics of Included Studies in the Systematic Review (n=59)

Study/Author (Year) | Country Disease | Sample Size (N) Intervention Type
H t
[11] Canada yp,zrnens 892 MTM + BP monitoring
i
[13] Ireland T2DM 624 Pharmacist counselling + CMR
Mixed ,
[16] Jordan NCDs 543 Telephonic follow-up
[12] Kuwait T2DM 318 Patient education sessions
Asthma/C Inhaler counselling +
15 G 479
[15] ermany OPD adherence monitoring
Netherl Dyslipid
[17] etherian ys l_pl € 412 CMR + prescriber collaboration
ds mia
[14] USA Mixed 756 Non-dispensing clinical
NCDs services
H t
[13] India yp'er ens 488 Home visit counselling
ion
Heart . .
[16] USA . 340 MTM + patient education
Failure
Digital h ist
[10] Malaysia | T2DM 612 igitatapp + ptiarimacis
coaching
... 49 additional studies included in the full review (see supplementary materials)

Table 1 Sample characteristics of 10 representative included studies. The complete dataset of all
59 studies is available in Supplementary Table 1. MTM=Medication Therapy Management,
CMR=Comprehensive Medication Review, T2DM=Type 2 Diabetes Mellitus, NCDs=Non-Communicable
Diseases.

4.2 Risk of Bias Assessment

Table 2 represents the results of the risk of bias assessment. Of the 42 RCTs, 26 (61.9%) were
categorized as low risk across all domains of RoB 2.0, 13 (31.0%) as some concerns (mostly because of the
absence of outcome data), and 3 (7.1%) as high risk (because of incomplete outcome data). Out of 17 quasi-
experimental studies evaluated using the ROBINS-I, 9 (52.9) studies were classified as having a low risk, 6
(35.3) moderate-risk, and 2 (11.8) serious risk. On the whole, the methodological quality of evidence was
deemed as moderate-to-high, which would justify the validity of pooled estimates.
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Table 2. Risk of Bias Assessment Summary (Rob 2.0 for Rcts, ROBINS-I for Non-Randomized Studies)

Risk of Bias Domain Low Risk n Some Concerns High/Serious Tool

(%) n (%) Risk n (%) Applied

Randomization Process 30 (71.4%) 10 (23.8%) 2 (4.8%) RoB 2.0
Deviation from Interventions 25 (59.5%) 14 (33.3%) 3(7.1%) RoB 2.0
Missing Outcome Data 34 (81.0%) 7 (16.7%) 1 (2.4%) RoB 2.0
Measurement of Outcome 28 (66.7%) 12 (28.6%) 2 (4.8%) RoB 2.0
Selection of Reported Results 31 (73.8%) 9 (21.4%) 2 (4.8%) RoB 2.0
Confounding (Non-RCTs) 9 (52.9%) 6 (35.3%) 2 (11.8%) ROBINS-I

Table 2 Risk of bias summary for included studies. RoB 2.0 was applied to 42 RCTs and ROBINS-I
to 17 non-randomized studies. n=number of studies, %=percentage within study design category.

4.3 Overall Meta-Analysis Results

The meta-analysis of all 59 studies (random-effects) showed a statistically significant and clinically
meaningful difference in medication adherence between the pharmacist intervention and the control group
(OR=2.47;95% CI: 2.01-3.04; p < 0.001).

Heterogeneity was moderate (I 2=43.6, Q=103.7, p<0.001), which is considered to be rather
acceptable considering clinical heterogeneity of the included interventions and populations. This is
summarized in Table 3 together with subgroup estimates. The sensitivity analysis with the exclusion of
studies with high-risk bias (n=5) provided the same results (OR=2.39,95% CI: 1.942.95, 1 2=39.2%), which
confirms the strength of the initial estimate. Inspection of funnel plot and Eggers test (p=0.29) did not
indicate any significant publication bias.

Table 3. Summary of Meta-Analysis Results-Overall and by Subgroup

Subgroup ‘ Studies (n) ‘ Patients (N) ‘ Pooled OR ’ 95% CI ‘ 1? (%)
Overall Estimate
All Studies | 59 | 28741 | 247 | 2.01-3.04 | 43.6%
By Disease Category
Hypertension 21 10,842 2.71* 2.12-3.47 | 38.4%
Type 2 Diabetes 18 9,316 2.59* 2.00-3.35 | 46.2%
Dyslipidemia 9 4,218 2.24* 1.61-3.12 | 41.8%
COPD/Asthma 7 2,891 2.09* 1.54-2.84 | 52.1%
Heart Failure 4 1,474 2.33* 1.59-3.40 | 30.7%
By Intervention Modality
Medication Therapy Management 16 7,983 2.89* 2.29-3.63 | 36.4%
Telephonic/Digital Follow-Up 11 5,312 2.41* 1.86-3.12 | 44.9%
Patient Counselling/Education 24 11,402 2.18* 1.76-2.71 | 48.3%
Compliance Packaging 5 2,104 2.05* 1.40-3.00 | 24.6%
Comprehensive Medication Review 3 1,940 1.96* 1.32-2.90 | 20.3%

Table 3 Pooled odds ratios from random-effects meta-analysis. *p<0.001 for all estimates.
OR=0dds Ratio, CI=Confidence Interval; I>=heterogeneity statistic. COPD=Chronic Obstructive Pulmonary
Disease.

4.4 Subgroup Analyses by Disease Category

Subgroup analysis showed that the greatest benefit of adherence was achieved by pharmacist
interventions in hypertension (OR=2.71, 95% CI: 2.12-3.47) and type 2 diabetes (OR=2.59, 95% CI: 2.00-
3.35) as in Table 3 These outcomes are supported by the large evidence base in cardiovascular and
metabolic disease management, whereby structured pharmacist-patient communication-such as
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medication reviews and lifestyle counselling- has been established [11], [12]. The moderate benefits were
found in dyslipidemia (OR=2.24) and heart failure (OR=2.33). The COPD/asthma studies had the lowest OR
(OR=2.09) which might be explained by the complexity of inhaler device training and the multi-component
character of respiratory self-management.

4.5 Analyses by Type of Intervention

Of the intervention modalities, the largest pooled adherence effect was found with MTM services
(OR=2.89, 95% CI: 2.29363; 1 2=36.4). MTM generally includes the pharmacological analysis of
medications, patient-focused education, detection of drug therapy issues, and co-prescriber
communication a multimodal method that may be the key to its high effectiveness. OR of Telephonic and
digital interventions was 2.41 with a fairly small level of heterogeneity (12=44.9%), which is a sign of the
accumulating evidence of technology-based pharmacy services [16]. The most common modality, patient
counselling, was associated with OR=2.18, which aligns with meta-analytic results of [19]. The effects of
compliance packaging (OR=2.05) and CMR (OR=1.96) were found to be meaningful but with relatively
smaller effects, perhaps because these approaches are more passive or review oriented.

4.6 Adherence Measurement Methods

Research employed various measurement of adherence: MPR/PDC (n=22; 37.3%), MMAS-8 scale
(n=19; 32.2%), pill count (n=10; 16.9%), electronic medication event monitoring system (MEMS; n=5;
8.5%), and self-reported questionnaire n=3, 5. As Table 3 sensitivity analysis in Figure 2 shows, objective
measures (MPR, PDC, MEMS) had slightly lower yet more consistent ORs than self-report tools, which is
why standardized objective adherence measurement should be used in future studies [21].

Machado (2007) —— 0.61(0.36,1.02)
Mehuys (2008) — . 0.57 (0.30,1.09)
Obreli Neto (2011) —— 0.54 (0.33,0.88)
Pinto (2016) — 0.37 (0.20,0.71)
Planas (2009) ——r— 0.51(0.30,0.88)
Santschi (2012) —— T 0.36 (0.20,0.59)
Tommelein (2014) — 0.45 (0.23,0.88)
Van Boven (2016) — 0.53(0.32,0.86)
Viswanathan (2012) —_— T 0.65 (0.46,0.90)
Overall <> 0.49 (0.39,0.61)
0.1 0.5 0.5 1 2 10
Favors Usual Care Favors Pharmacist

Intervention

Figure 2. Forest Plot of Meta-Analysis-Pharmacist Intervention vs. Usual Care (Selected Studies)

Figure 2. Tabular representation of forest plot data for selected studies and the overall pooled
estimate. Int. =Intervention group; Ctrl. =Control group; OR=0dds Ratio, CI=Confidence Interval. Full forest
plot available in supplementary materials.

4.7 Geographic and Health System Considerations

High-income (USA, UK, Canada, Australia) studies found higher absolute rates of adherence at
baseline than low-income (LM) countries, whereas subgroup difference (between high-income and LMICs)
in relative benefits of pharmacist interventions was stronger in LMICs (pooled OR=2.73 vs. 2.31, p=0.04).
This possibly means the more room to improve whereby structured pharmacist-patient counselling is an
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emerging service as opposed to a regular one. The result highlights the possibility of the community
pharmacist interventions being scaled to a wide range of health systems.

4.8 Clinical and Policy Implications

This systematic review and meta-analysis findings strongly support the idea that community
pharmacist interventions do have a significant positive impact on medication adherence among patients
with chronic diseases, with the overall OR being 2.47. These results have a number of clinical and policy
implications. To address the first, pharmacists must be systematically incorporated into multidisciplinary
care teams to manage chronic diseases, and the roles and reimbursement systems should acknowledge the
adherence support role of pharmacists. Second, MTM services, which are now most common in the USA,
need to be extended and implemented in other health systems since they are the most effective. Third,
digital and tele-pharmacy models provide scalable solutions, especially in resource-restrictive
environments and to patients with mobility limitations.

The results also highlight the significance of standardization of adherence measurement in studies.
Introduction of objective measures (MPR/PDC based on pharmacy claims data) and the use of validated
self-report measures (MMAS-8) would improve the comparability of future research and systematic
reviews.

5. CONCLUSION

The presented systematic review and meta-analysis of 59 articles (30,000 patients) by community
pharmacists are strong and high-quality pieces of evidence that community pharmacist programs are
effective at enhancing medication adherence in non-communicable chronic illness patients. The pooled
odds ratio 2.47 (95% CI: 2.013.04, p<0.001) indicates a statistically consistent and clinically significant
effect across various disease categories, intervention forms and geographical locations.

The highest adherence benefit was observed with medication therapy management services
(OR=2.89), then telephonic/digital interventions and patient counselling. The greatest gains were observed
in subgroups of hypertension and type 2 diabetes. The assessment of the risk of bias indicated that the
methodological quality of evidence in the evidence base is mostly moderate to high. There was no evidence
of publication bias.

The results are highly persuasive that community pharmacists should be formally integrated as
adherence experts as part of the chronic disease care pathway. The policy makers must focus on
pharmacist-inclusive care models, pharmacist clinical service reimbursement models, and national
acceptance of MTM programmers. Future studies need to consider cost-effectiveness studies, the long-term
sustainability of intervention impacts after 24 months and the process of digital/Al-based pharmacist
interventions to various patients.
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