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ABSTRACT

Background: Hypertension remains a global health crisis with suboptimal blood pressure control due to poor
long-term treatment adherence, exacerbated by high pill burden in free-combination therapies. Objective: This
systematic review evaluates the effectiveness of Single-Pill Combination (SPC) versus Free-Combination (FC)
in improving adherence among hypertensive patients. Methods: Following PRISMA 2020 guidelines, we
searched PubMed, Semantic Scholar, and Google Scholar (2015-2025) for RCTs and cohort studies using
PICOS framework. Nine studies (3 RCTs, 6 cohorts; N>270,000 patients) were assessed via RoB 2.0 and
ROBINS-I tools, with natrative synthesis. Population/Sample: Adult essential hypertension patients
receiving combination antihypertensives. Instruments/Data Analysis: Risk of bias tools and structured data
extraction for adherence metrics (PDC, MPR, persistence). Results: Eight studies showed SPC superiority
(higher PDC/MPR, OR up to 3.63), linked to better BP control. Conclusion: SPC should be prioritized
clinically to enhance adherence and outcomes, despite methodological heterogeneity.

Keywords: : Hypertension, Treatment Adherence, Single-Pill Combination, Free Combination, Pill Burden.
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INTRODUCTION

Hypertension is an urgent global public health challenge, recognized as a major and
independent risk factor for cardiovascular diseases, including stroke, myocardial infarction, and kidney
failure. Despite the widespread availability of clinical guidelines and antihypertensive drugs, blood
pressure (BP) control rates in various regions of the world are still far from optimal. Data indicate
that millions of adults fail to achieve recommended BP targets, significantly increasing the global
burden of disease and healthcare costs [1], [2].

One of the biggest barriers to achieving effective BP control is long-term treatment adherence
(adherence and persistence). Hypertension requires chronic therapy, and treatment regimens often
involve a combination of two or more antihypertensive agents. Unfortunately, a high pill burden is
inversely related to adherence rates [3]. Non-adherence is the main reason for failure to achieve BP
targets and has been shown to cause significant discontinuation of long-term therapy [4].

To address compliance issues caused by pill burden, Single-Pill Combination (SPC) has been
proposed as a key strategy. SPC combines two or more antihypertensive agents into a single tablet,
thereby drastically simplifying the patient regimen. Theoretically, simplifying the regimen to a single
pill (SPC) is expected to improve long-term treatment adherence [5]. This strategy aims to support
the achievement of recommended BP control targets and mitigate treatment inertia [6], [7].
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Although SPC is promising, evidence of its superiority in improving adherence remains
fragmented and varies in methodological quality. Many observational studies (real-world data)
reporting improved adherence are classified as having a Serious Risk of Bias due to unmeasured
confounding (ROBINS-I Domain 1) [4], [8]. Additionally, available RCTs often use open-label
designs (High Risk of Bias), which are susceptible to performance bias and outcome measurement
bias [5], [9]. Therefore, a systematic review is needed that synthesizes evidence from RCT's and cohort
studies and critically assesses the methodological quality of these studies, especially observational
studies that use advanced adjustment techniques such as Propensity Score Matching (PSM) [10], [11].

This systematic review aims to comprehensively evaluate the effectiveness of Single-Pill
Combination (SPC) compared to Free Combination (FC) in improving long-term treatment
adherence in hypertensive patients. The secondary objective is to assess the comparison of blood
pressure (BP) reduction efficacy and safety profiles between the two treatment strategies, prioritizing
findings based on risk of bias assessment (RoB 2.0 and ROBINS-I).

RESEARCH METHODS

Study Design and Protocol

This systematic review was conducted to answer specific clinical questions regarding the
effectiveness of Single-Pill Combination (SPC) compared to Free Combination (FC) in improving
long-term hypertension treatment adherence. This review follows the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines.

Data Sources

To identify relevant studies on the effectiveness of Single-Pill Combination (SPC) compared
to Free Combination (FC) in improving compliance among hypertensive patients, we conducted a
systematic search of international academic databases and scientific search engines. The data sources
used included PubMed/MEDLINE, Semantic Scholar, and Google Scholat.

We applied the following main keywords and Boolean operators to connect relevant
Intervention, Condition, and Outcome concepts:

e ((“fixed dose combination” OR “single pill combination” OR “single tablet regimen”) AND
(“free combination” OR “multiple pill” OR “unfixed combination”)) AND (adherence OR
compliance OR persistence OR adherent) AND (hypertension OR antihypertensive) AND
(RCT OR “randomized controlled trial” OR cohort OR “cohort study”)

e (Fixed-Dose Combination OR Single-Pill Combination OR FDC) AND (Hypertension OR
Antihypertensive) AND (Adherence OR Persistence OR Compliance) AND  (Free
Combination OR Free Equivalent Combination).

This search was limited to studies published from 2015 to 2025, to ensure comprehensive
literature coverage, covering the period from when SPCs became widely available to the most recent
data. To ensure comprehensive coverage, we also searched for variations of related keywords and
manually searched the reference lists of all included studies.

Selection Strategy
Studies will be included in this review if they meet the following criteria (based on the PICOS
framework):
e P (Population): Adult patients (aged =18 years) with a diagnosis of essential hypertension.
e | (Intervention): Use of Single-Pill Combination (SPC) or Fixed-Dose Combination (FDC)
antihypertensive drugs (including combinations of two or more agents).
e C (Compatrison): Studies must compate SPC/FDC with Free Combination (FC) or Free-
Equivalent Combination (FEC) containing equivalent antihypertensive drugs.
e O (Outcomes): Studies must report at least one relevant outcome, particularly those related
to adherence or long-term treatment persistence (e.g., PDC, MPR, or discontinuation time),
as well as blood pressure (BP) reduction efficacy or adverse events (AE).
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S (Study Design): Studies included are Randomized Controlled Trials (RCTs) and
retrospective or prospective observational cohort studies.

e DPublication Type: Peer-reviewed journal articles.

e Language: Articles published in English or Indonesian.

e Publication Date: Studies published between 2015 and 2025, to ensure coverage of historical
data up to the latest evidence.

Studies will be excluded from this systematic review if they meet any of the following conditions:

e Non-Original Publication Type: Non-original works, such as editorials, commentaries, letters
to the editor, opinion papers, or conference abstracts without complete data available.

e Non-Target Population: Studies that focus exclusively on specific populations in which the
use of SPC/FC has a different purpose ot populations that are very rare (e.g., pediatric
patients, pregnant women, or patients with end-stage heart failure).

e Non-Comparative Study Design: Studies that do not involve a direct comparison between
Single-Pill Combination (SPC) and equivalent Free Combination (FC).

e Non-Hypertension Drug Focus: Studies compating SPC/FDC that exclusively focus on
conditions other than hypertension (e.g., only for the prevention of dyslipidemia without
antthypertensive involvement) or that do not include BP outcomes or antihypertensive
adherence.

e Unacceptable Languages: Articles not published in English or Indonesian.
e Time Range: Studies published before 2015.

e Informal Reports: Community service reports, case reports, or research reports that do not
have a clear research design or standardized outcome measurements.

e Data Duplication: Duplicate publications or secondary analyses that use the exact same dataset
as studies already included in the review.
[ ]
Study Selection Process

The study selection process is conducted independently by two reviewers. The first stage
involves screening the titles and abstracts of all studies identified from the database search. Studies
that are considered irrelevant to the PICOS (Population, Intervention, Comparator, and Outcome)
criteria for hypertension or compliance will be immediately excluded at this stage. Next, potentially
eligible articles will proceed to the full-text review stage. At each stage, studies that do not meet the
established eligibility criteria (including Exclusion Criteria) will be excluded.

To ensure a balanced assessment and reduce the risk of selection bias, any discrepancies
between two reviewers will be resolved through open discussion and consensus. If consensus cannot
be reached, a third reviewer will be consulted to provide a final assessment. The final collection of
studies included for data extraction and synthesis is determined collectively, guided by the
predetermined eligibility criteria. This rigorous yet collaborative process is designed to maintain
transparency and minimize the risk of selection bias.

Quality Assessment and Data Extraction

The methodological quality of the studies included in this review was independently assessed
by two reviewers using specific instruments based on study design: the Cochrane Risk of Bias Tool
(RoB 2.0) for 3 Randomized Controlled Trials (RCTs) and the Risk of Bias in Non-randomized
Studies of Interventions (ROBINS-I) for 6 Observational Cohort Studies.

For non-randomized (cohort) studies, the ROBINS-I assessment revealed the methodological
challenges typical of observational research. Of the six cohort studies, five were assessed as having a
Serious Risk of bias overall, while one study, Choi et al. (2021), was assessed as having a Moderate
Risk. No observational studies in this review achieved a ‘Low Risk’ rating across all domains.

The main issue across observational studies was Confounding Bias (Domain 1). Most studies
were downgraded because they did not adequately adjust for strong potential clinical confounders,
such as the clinical reasons doctors chose SPC over FC. On the other hand, studies that used strong

17547 | Joutnal of Innovative and Creativity, 6(1) 2026



adjustment techniques such as Propensity Score Matching (PSM), as done by Choi et al. (2021),
showed relatively stronger methodological quality, allowing for a Moderate risk rating.

In the seven ROBINS-I domains, the most common concerns were Confounding (D1),
Participant Selection (D2), and Outcome Measurement (D6). Other domains, such as Intervention
Classification (D3) and Outcome Reporting Selection (D7), were generally assessed as low risk.

Meanwhile, out of the three RCT studies, only one study (Wang et al., 2024) was assessed as
having an overall Low Risk of bias. One study (Sung et al., 2021) was assessed as having a High Risk,
mainly due to serious concerns about Bias due to Deviation from Intervention (D2), which is often
associated with open-label designs. This indicates that findings should be interpreted with caution due
to residual bias risks in key areas.

For data extraction, we applied a structured and consistent approach. Information collected
from each study included:

e Study Identification: Title, first author, year of publication (range 2015-2025), and country of
origin.

e Participants: Total sample size, age range (=18 years), and criteria for diagnosis of essential
hypertension.

e Intervention Details: Type of drug combination (SPC/FDC), dosage, and follow-up duration.

e Control Group: Comparison details, namely Free Combination or Free-Equivalent
Combination (FEC) with equivalent antihypertensive drug content.

e Primary Outcomes: Measures of adherence effectiveness, such as Proportion of Days
Covered (PDC), Medication Possession Ratio (MPR), or therapy persistence.

e Secondary Outcomes: Measures of blood pressure (systolic and diastolic BP) reduction
efficacy and adverse events (AE) or treatment discontinuation rates.

e Quantitative Data: Mean values, standard deviations, and sample sizes for the intervention
and control groups.
All data extraction was performed independently by two reviewers, and any disagreements were
resolved through open discussion or consensus with a third reviewer to ensure data accuracy and
completeness.

RESULTS AND DISCUSSION

Study Selection

A comprehensive search was conducted on three main databases, namely PubMed, Semantic
Scholar, and Google Scholar, which collectively yielded 690 records (PubMed = 4; Semantic Scholar
= 17; Google Scholar = 669). After the initial identification process, 56 duplicates were removed,
leaving 634 unique records to be screened at the title and abstract stage.

At the title and abstract screening stage, 610 records were excluded for the following reasons:
studies were not relevant to the research topic (n = 451), study design was not appropriate (n = 64),
population was not appropriate or did not consist of primary hypertension patients (n = 50), and the
intervention did not involve a combination of SPC or FC antihypertensive drugs (n = 45).

After that, 24 full-text reports were sought for retrieval. However, 5 reports could not be
obtained because the full text was not available or PDF access was not possible.

A total of 19 full-text articles were retrieved and assessed for eligibility. At this stage, 10 reports
were excluded, mainly because they did not assess adherence to antihypertensive treatment or did not
involve a comparison between SPC and FC therapy.

Thus, a total of 9 studies met all inclusion criteria and were included in the qualitative synthesis
for this systematic review. The complete flow of the study selection process is shown in the PRISMA
2020 diagram (Figure 1).
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Figure 1. PRISMA flow to evaluate studies

Quality Assessment

The methodological quality of the included studies was independently assessed by two reviewers using
specific instruments based on study design: the Cochrane Risk of Bias Tool (RoB 2.0) for three
Randomized Controlled Trials (RCTs) and the Risk of Bias in Non-randomized Studies of
Interventions (ROBINS-I) for six Observational Cohort Studies.

1. Cohort Study Quality Assessment (ROBINS-I)

Risk of bias domains
D1 | b2 | D3 | D4 | D5 | D6 | D7 |Overal

Rea et al., 2018

Mazza et al., 2017

Hostalek et al., 2015
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Grimmsmann et al., 2016

Masi et al., 2024

00068
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Choi et al., 2021
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Domains: Judgement
D1: Bias due to confounding. .

D2: Bias due to selection of participants. . Serious
D3: Bias in classification of interventions. - Moderate
D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data. . Low

D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Figure 2. Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I)
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Figure 3. ROBINS-I Summary

The methodological quality of the six observational cohort studies included in this review was
assessed using the Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) instrument.
Overall, the majority of studies showed significant methodological challenges, with five of the six
studies assessed as having a Serious Risk of Bias. Only one study, Choi et al. (2021), achieved an
overall Moderate Risk rating. No cohort studies were categorized as having low risk across all
domains, reflecting the inherent vulnerability of real-world research designs.

The main factor contributing to the decline in quality ratings was Confounding Bias (Domain
1). Five studies (Rea et al., 2018; Mazza et al., 2017; Hostalek et al., 2015; Grimmsmann et al., 2016;
and Masi et al.,, 2024) were assessed as having serious risk in this domain because they did not
adequately adjust for baseline clinical confounding factors that could influence the decision to choose
between SPC and FC therapy. In contrast, the study by Choi et al. (2021) demonstrated stronger
quality in this domain (moderate risk) through the use of Propensity Score Matching (PSM) techniques
to minimize differences in characteristics between groups.

Additional concerns were also identified in other domains for certain studies:

e Participant Selection (D2) and Outcome Measurement (D6): The studies by Mazza et al.
(2017) and Hostalek et al. (2015) were assessed as having serious risk due to potential bias in
how participants were selected and how compliance outcomes were measured or reported.

e Missing Data (D5): The study by Mazza et al. (2017) was the only one that showed a serious
risk related to the handling of missing data, while the other studies ranged from low to
moderate risk.

e Deviation from Intervention (D4): All studies assessed consistently showed a Moderate risk
in this domain, indicating potential variation in the implementation of the intervention in the
field.

However, all studies showed good performance in Intervention Classification (D3) and
Outcome Reporting Selection (D7), with all studies receiving a Low Risk rating in both domains. This
indicates that the definition of interventions and reporting of final outcomes in these cohort studies
were conducted transparently and consistently.

2. Quality Assessment of RCT Studies (RoB 2.0)
Risk of bias domains

| b2 | D5 | overal |

B
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D2: Bias due to deviations from intended intervention. . High

D3: Bias due to missing outcome data. ) Some concerns
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result. . Low

Figure 4. Risk of Bias for Randomized Controlled Trials (RCTs) Studies
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Figure 5. RoB 2.0 Summary
The methodological quality of the three Randomized Controlled Trials (RCTs) included in
this review was assessed using the Cochrane Risk of Bias Tool (RoB 2.0). The assessment results
showed significant variation in quality among the studies, with one study rated as having Low Overall
Risk of Bias, one study rated as Some Concerns, and one study rated as High Risk.
The following are the assessment details for each study:

e Wang et al. (2024): This study was the only RCT that demonstrated excellent methodological
quality with a low risk rating across all assessment domains (D1 to D5) as well as overall. This
indicates that the randomization process, intervention implementation, data handling, and
reporting of results were carried out to strict standards.

e Mourad et al. (2017): This study was assessed as having Some Concerns overall. The main
concerns arise in Domain 1 (Bias arising from the randomization process) and Domain 3 (Bias
due to missing outcome data), where there is insufficient information to ensure that the
randomization process and handling of missing data did not significantly affect the final
results.

e Sung et al. (2021): This study was categorized as High Risk overall. This drastic decline in
rating is mainly due to Domain 2 (Bias due to deviations from intended intervention). As
noted in the literature review, many RCTs in this domain use open-label designs that are prone
to performance bias and deviations from the planned intervention.

In summary, the analysis per domain shows the following results:

e Outcome Measurement and Reporting Selection (D4 & D5): All studies (100%) showed low
risk of bias in the domains of outcome measurement and reported outcome selection.

e Randomization Process (D1) and Missing Data (D3): The majority of studies (66.7%) were at
low risk, while the rest showed some concerns.

e Deviation from Intervention (D2): This domain is the most critical area, where only 66.7% of
studies had a low risk, while the remaining 33.3% were assessed as having a high risk.
Opverall, despite the presence of high-quality studies such as Wang et al. (2024), the existence

of studies with high risk of bias such as Sung et al. (2021) suggests that findings from this RCT group
should be interpreted with caution, particularly regarding the influence of study design on patient
compliance outcomes.

Characteristics and Results of Included Studies
1. Cohort Study
Table 1. Characteristics of Included Cohort Studies

N Title  Autho Country Study  Popula Intervention  Outcome  Adjustme
o r, Design tion Comparison nt

Year ) Method

1. Initial Rea, et Italy Populatio 125,635 SPC: Fixed- Method: Adjustmen

Antihyper al. (Lombar  n-based  hyperte dose Prescription  ts were

tensive (2018) dy retrospec  nsive combination  refill (3 years). made using

Treatment Region, tive patients (FDC) of RAS Results: SPC a high-
Strategies Universit  observati blocker + significantly dimension
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3. Cohort Study

The study by Rea, et al. (2018) was a large-scale retrospective cohort study in Italy involving
125,635 hypertensive patients. Adherence was measured indirectly through prescription refill
continuity over three years. The results of this study showed that the use of Single-Pill Combination
(SPC), especially the combination of RAS blockers and diuretics, tended to increase patient adherence
compared to Free Combination (FC) because simplifying the regimen into one tablet increased
therapy stability during the follow-up period [2].

Mazza, et al. (2017) conducted a prospective cohort study in Italy involving 184 patients to
compare triple combination interventions in the form of SPC and FC. Using patient reports and pill
counts, this study found that compliance in the SPC group was significantly higher. The reduction in
pill burden in a single tablet makes it easier for patients to follow the treatment regimen and directly
improves blood pressure control and lipid parameters [7].

Research by Hostalek, et al. (2015) in Poland involved 10,532 patients in a prospective
observational cohort study evaluating the combination of bisoprolol and amlodipine. Adherence was
measured by tablet counting, with results showing that approximately 86% of patients in the SPC
group achieved excellent adherence. This study concluded that SPC was more effective than FC in
improving adherence, contributing to more effective blood pressure control in the real world [3].

In contrast, a retrospective cohort study by Grimmsmann, et al. (2016) in Germany involving
8,032 patients showed different results. By monitoring prescription refill intervals over 4 years, this
study found that patients who started therapy with Free Combination (FC) actually had higher
persistence (56.4%) compared to the SPC group (39.8%). These findings indicate variations in the
effectiveness of SPC in certain populations or different healthcare systems [4].

Masi, et al. (2024) conducted a real-world analysis in Italy on 17,961 patients using a
combination of perindopril and bisoprolol. Adherence was measured using the Proportion of Days
Covered (PDC) with a threshold of = 80%. The results showed that SPC was significantly more
effective, with 45.5% of SPC patients achieving the compliance target compared to only 38.6% in the
FC group. The use of Propensity Score Matching (PSM) in this study strengthened the validity of the
comparison between the two groups [8].

A national cohort study by Choi, et al. (2021) in South Korea involved a very large number of
participants, namely 123,992 patients. This study evaluated the combination of antihypertensive drugs
(ARBs) and statins in the form of SPC compared to FC. Using PDC measurements over 540 days, it
was found that the SPC group showed consistently higher levels of adherence and persistence
compared to the FC group, confirming the long-term effectiveness of SPC [10].

B. Randomized Controlled Trial (RCT) Study

In a phase III randomized clinical trial, Mourad, et al. (2017) studied 454 patients with
uncontrolled essential hypertension in 13 countries. The intervention involved a combination of three
drugs (perindopril/indapamide/amlodipine). Adherence was measured by the ratio of capsules taken,
and the results confirmed that the SPC formulation was more effective in improving adherence than
FC because the reduced number of tablets made it easier for patients to manage their treatment
consistently [12].

Nedogoda, et al. (2017) conducted a double-blind RCT in Russia and Serbia on 148 patients
to compare SPC and FC of perindopril, indapamide, and amlodipine components. Adherence was
defined as the proportion of days with = 80% medication consumption. The results showed a
statistically significant difference, with the compliance rate in the SPC group reaching 59.9%, far
exceeding that of the FC group, which was only 26.9% [9].

Finally, a study by Sung, et al. (2021) in South Korea was an open-label RCT of 145 patients
using the most accurate measurement method, namely the Medication Event Monitoring System
(MEMS). The results of this electronic monitoring showed that adherence in the SPC group
(olmesartan/amlodipine/HCTZ) was significantly superior to the equivalent two-pill regimen, with
an odds ratio of 3.63. The use of MEMS provides strong evidence that SPC significantly improves
patients' daily adherence behavior [5].
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DISCUSSION
Findings in Several Studies

The main findings of this systematic review consistently show that the use of Single-Pill
Combination (SPC) is more effective in improving treatment adherence and persistence compared to
Free Combination (FC) therapy in the majority of studies analyzed. Of the nine studies included, eight
reported significant advantages of SPC, while one study showed different results.

The Role of Regimen Simplification on Adherence

The main driving factor behind the effectiveness of SPC is the reduction in pill burden. RCT
studies by Mourad et al. (2017) and Nedogoda et al. (2017) highlight that combining three
antthypertensive agents (perindopril, indapamide, and amlodipine) into one tablet dramatically
improves adherence [9], [12]. In the study by Nedogoda et al. (2017), the compliance rate in the SPC
group reached 59.9%, which was much higher than that in the FC group (26.9%). This confirms that
the fewer tablets a patient has to take, the less likely they are to forget or deliberately skip doses [9].
Support for this mechanism is also seen in the cohort study by Mazza et al. (2017), where
administering a single-pill regimen made it easier for patients to follow treatment instructions in daily
clinical practice [7].

Evidence from Real-Wotld Studies

Data from large-scale cohort studies provide a strong picture of long-term persistence in the
general population. Studies by Rea et al. (2018) in Italy (N=125,635) and Choi et al. (2021) in South
Korea (N=123,992) show that SPC not only improves compliance at the outset, but also keeps
patients on therapy during long follow-up periods (up to 3 years) [2], [10]. The study by Masi et al.
(2024) reinforces these findings with administrative data showing that the proportion of patients
achieving ideal adherence (PDC = 80%) was significantly higher in the SPC group compared to the
Free-Equivalent Combination (FEC) group [8]. This advantage remained evident despite the serious
risk of confounding bias in these cohort studies, which was then minimized through Propensity Score
Matching (PSM) techniques in the studies by Choi et al. (2021) and Masi et al. (2024) [8], [10].

Accuracy of Adherence Measurement

Variations in adherence measurement methods across studies provide important perspectives.
The study by Sung et al. (2021) used highly accurate Medication Event Monitoring System (MEMS)
technology, which recorded the exact time of opening the medicine bottle. The results still showed
the superiority of SPC with an odds ratio of compliance of 3.63. These findings provide stronger
validation than other studies that only use indirect methods such as prescription refills or pill counting

[5].

Analysis of Divergent Results

The only anomaly was found in the study by Grimmsmann et al. (2016) in Germany, where
the FC group actually showed a higher rate of treatment continuity (56.4%) compared to the SPC
group (39.8%). This difference is likely due to specific healthcare system factors, insurance policies,
or demographic characteristics of patients in the Mecklenburg-West Pomerania region who may have
been more accustomed to separate drug regimens prior to the initiation of SPC [4]. This suggests that
although SPC is generally superior, local contextual factors still play a role in treatment success.

Clinical Impact: Blood Pressure Control

Increased adherence in the SPC group was found to be positively correlated with clinical
outcomes. The study by Hostalek et al. (2015) noted that approximately 86% of patients in the SPC
group achieved excellent adherence, which directly contributed to more effective blood pressure
control [3]. Similar findings were reported by Mazza et al. (2017), who observed improvements in
blood pressure and lipid parameters alongside increased patient discipline in taking a single daily pill

[7]-
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Opverall, evidence from these nine studies strongly supports the recommendation to use SPC
as a first-line or escalation strategy to address chronic non-compliance in hypertensive patients,
thereby reducing the risk of long-term treatment failure.

Methodological Strengths

This review has significant methodological strengths because it involves a comprehensive
study design, including 3 Randomized Controlled Trials (RCTs) and 6 observational cohort studies.
The use of large-scale real-world data, such as in the studies by Rea et al. (2018) and Choi et al. (2021),
each involving more than 100,000 participants, provides high statistical power to generalize the
findings to a broad population. In addition, the application of advanced statistical adjustment
techniques such as Propensity Score Matching (PSM) in several observational studies and the use of
the Medication Event Monitoring System (MEMS) electronic monitoring technology in the Sung et
al. (2021) study improved the accuracy of medication adherence assessment. This review also applied
rigorous quality assessment procedures using the standard RoB 2.0 and ROBINS-I instruments to
ensure transparency in evaluating the risk of bias across the included literature.

Limitations

Despite its strengths, this review has several limitations, particularly related to the variability
in methodological quality among the included studies. The majority of cohort studies were assessed
as having an overall risk of bias that was “Serious,” mainly due to confounding that could not be fully
controlled in real-world clinical settings. In the RCT group, the use of open-label designs in certain
studies, such as Sung et al. (2021), raises concerns about bias due to deviation from the intended
intervention. In addition, there was heterogeneity in the methods of measuring adherence—ranging
from insurance claims data and pill counts to electronic sensors—which could complicate direct
comparisons of results between studies. The presence of one study (Grimmsmann et al., 2016)
showing contradictory results also indicated that local healthcare system factors may affect the
effectiveness of SPC differently in different regions.

Future Research

Future research should focus on conducting high-quality RCTs with stricter blinding methods
to validate findings from observational data regarding the superiority of SPC over FC. In addition to
measuring compliance parameters such as Proportion of Days Covered (PDC) or Medication
Possession Ratio (MPR), future studies should place greater emphasis on the long-term impact on
tangible clinical outcomes (hard outcomes), such as a reduction in the risk of major cardiovascular
events and mortality rates. Research evaluating the cost-effectiveness of widespread SPC
implementation in various healthcare system models is also needed to provide stronger evidence for
policymakers. Finally, more in-depth subgroup analyses of the influence of patient demographics and
specific drug combinations on long-term adherence would be invaluable in supporting more
personalized hypertension therapy strategies.

CONCLUSION

This systematic review concludes that Single-Pill Combination (SPC) is clearly more effective
than Free-Combination (FC) in enhancing long-term treatment adherence and persistence among
hypertensive patients. Eight out of nine analyzed studies demonstrated SPC's supetiority through
various indicators such as Proportion of Days Covered (PDC), Medication Possession Ratio (MPR),
and therapy persistence, which correlate with improved blood pressure control and reduced risk of
treatment failure. However, these findings are influenced by certain limitations, including
methodological quality variations, high risk of bias in most cohort studies due to uncontrolled
confounding, and heterogeneity in adherence measurement methods that complicate uniform effect
size estimation. Practically, these results indicate that prioritizing SPC in clinical practice is warranted
to reduce pill burden, boost patient discipline, and potentially lower healthcare costs.

Future research should prioritize high-quality randomized controlled trials with stricter
blinding procedures, which measure not only adherence parameters like PDC and MPR but also long-
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term clinical outcomes such as major cardiovascular events and mortality rates. Cost-effectiveness
studies across diverse healthcare systems are also essential to ensure broad SPC implementation is
backed by robust economic evidence. Additionally, in-depth subgroup analyses based on demographic
characteristics, comorbidities, and specific drug combinations would greatly aid in developing more
personalized hypertension therapy strategies. Overall, these findings affirm that optimizing SPC use
represents a strategic step toward addressing chronic non-adherence in global hypertension
management.
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