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Abstract
Hypertension is a globally prevalent condition, and low adherence to antihypertensive therapy is considered
one of the main causes of poor blood pressure (BP) control. Non-adherence to antihypertensive treatment is
a complex issue that can arise from various factors; however, gaining an understanding of this provides key
targets for intervention strategies. This study aimed to provide an overview of the current status and recent
developments regarding our understanding of the determinants of patients' adherence to antihypertensives.
A systematic review was performed using the electronic databases MEDLINE/PubMed, Web of Science,
Scientific Electronic Library Online (SciELO), and “Índex das Revistas Médicas Portuguesas”, which included
studies published between 2017 and 2021 following the PICOS model: (P) Adult patients with the diagnosis
of primary hypertension, using at least one antihypertensive agent; (I) all interventions on both
pharmacological and non-pharmacological level; (C) patient’s adherence against their non-adherence; (O)
changes in adherence to the therapeutic plan; and (S) any study design (except review articles) written in
English, French, Spanish or Portuguese.

Articles were reviewed by two researchers and their quality was assessed. Subsequently, determinants were
classified according to their consistent or inconsistent association with adherence or non-adherence. Only
45 of the 635 reports identified met the inclusion criteria. Adherence was consistently associated with
patient satisfaction with communication, patient-provider relationship, their treatment, and use of eHealth
and mHealth strategies; a patient’s mental and physical health, including depression, cognitive impairment,
frailty, and disability, previous hospitalization, occurrence of vital events; drug treatment type and
appearance; and unwillingness due to health literacy, self-efficacy, and both implicit and explicit attitudes
towards treatment. There were discrepancies regarding the association of other factors to adherence, but
these inconsistent factors should also be taken into account. In conclusion, the barriers to adherence are
varied and often interconnected between socioeconomic, patient, therapy, condition, and healthcare system
levels. Healthcare teams should invest in studying patients’ non-adherence motives and tailoring
interventions to individual levels, by using a multifaceted approach to assess adherence. Further research is
needed to analyze the impact of implicit attitudes, the use of new technological approaches, and the
influence of factors that are inconsistently associated with non-adherence, to understand their potential in
implementing adherence strategies.

Categories: Family/General Practice, Preventive Medicine, Therapeutics
Keywords: telemedical technology, mobile apps (mhealth), preventive health, antihypertensive agents, primary
health care, medication adherence strategies, antihypertensive therapy, hypertension

Introduction And Background
Cardiovascular diseases (CVD) are considered a global public health problem and remain the leading cause
of death and incapacity worldwide; they account for 32% of all global deaths, of which 85% are attributed to
stroke and heart attacks [1]. In 2019, across OECD (Organization for Economic Co-operation and
Development) countries, CVD emerged as the number one treatable cause of mortality, representing 36% of
premature deaths amenable to treatment, and the third disease with most preventable deaths through
effective public health measures and primary care intervention (19% of all preventable deaths) [2]. Despite
the significant improvements in CVD mortality rates, evidence from some countries has shown a slowdown
in the reduction of this rate, even before the coronavirus disease 2019 (COVID-19) pandemic, due to certain
challenges including the rapid ageing of the population and the difficulty in promoting practices to deal with
some risk factors, such as obesity and diabetes [3].

In line with worldwide trends, CVD represents the main cause of mortality in Portugal (29.9% of all deaths in
2019) [4,5], with arterial hypertension emerging as the most important risk factor for several complications
such as ischaemic heart disease, stroke, chronic kidney disease and dementia [6-8]. Additionally, in light of
the current epidemiological scenario we are living in, it is important to note that high blood pressure (HBP)
increases the risk of severe COVID-19 infection [9,10]. In 2014, 25.3% (2.2 million people) reported having
HBP in a Portuguese national survey, with the majority of them being females [11].
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The diagnosis of hypertension is established based on the following parameters: systolic blood pressure
(SBP) ≥140 mmHg and/or diastolic blood pressure (DBP) ≥90 mmHg [12]. Achieving good control of blood
pressure (BP) is possible by using both non-pharmacological and pharmacological treatment, and studies
have proven the efficacy of these interventions [13]. The impact of lowering BP can be so relevant that even
modest improvements in SBP (reduction of 10 mmHg) or DBP (reduction of 5 mmHg) can have an
appreciable effect on health outcomes, reducing the risk of cardiovascular events [14]. The approach to good
BP control depends on multiple factors, including pathophysiological and pharmacological aspects, levels of
adherence, and therapeutic inertia [15]. However, despite substantial efforts in promoting healthy lifestyles
and the major progress made in pharmacological treatment, low adherence to preventive measures and
prescribed medication is considered one of the main causes of the lack of BP control in many individuals
[16]. A systematic review and meta-analyses published in 2017 estimated that 45.2% of hypertensive
patients fail to adhere to prescribed regimens, especially among patients with uncontrolled BP (83.7%),
highlighting the importance of addressing low adherence to the therapeutic plan in BP management [17].

The World Health Organization defines adherence to long-term therapy as “the extent to which a person’s
behaviour - taking medication, following a diet, and/or executing lifestyle changes, corresponds with agreed
recommendations from a healthcare provider”. The reported rates of adherence to pharmacotherapy
oscillate between 50 and 70%, depending on the group being studied, the follow-up duration, the methods
applied for adherence evaluation, and the different drug classes involved [18]. In the process of adherence,
both patient and provider understand and agree with the recommendations. However, it is not unusual that
this term is used as a synonym for compliance. This last concept brings a different connotation since it
implies passive behaviour from the patient who is willing to follow the provider’s recommendations, despite
not necessarily agreeing with them [19].

The complexity surrounding a patient’s behaviour towards the prescribed therapy cannot easily be captured
in a single word, as it tends to amplify the clinician’s control over the process of taking medications
and underrate the patient’s beliefs, personal circumstances, and available resources [20]. Adherence often
emerges as a multidimensional phenomenon, which goes beyond the misleading idea that only the patient is
responsible for taking their treatment, and can be classified into five dimensions that might interact with
each other: patient-related factors, condition-related factors, therapy-related factors, social/economic-
related factors, and health system/healthcare team-related factors [18]. The acknowledgement of the
complexity regarding the determinants of patients’ adherence allows us to avoid exclusively blaming the
patients for their non-adherence and guide health systems and healthcare teams to identify effective
solutions, which is critical in reducing the burden related to hypertension and its complications.

Given the importance of medication adherence (MA) in the control of BP and the critical role of different
factors in patient adherence, this study aims to provide an overview, via a systematic approach, of the
current status and recent developments regarding the determinants of patient adherence to treatment in the
adult population, by assessing and comparing different predictors of adherence to both pharmacological and
non-pharmacological treatment for hypertension.

Review
Materials and methods
Design and Registration

We conducted a systematic review of all scientific articles available (according to the search strategy defined
below) and followed the Cochrane Handbook, a methodology guide for systematic reviews. The protocol has
been registered in the International Prospective Register of Systematic Reviews (PROSPERO) under the
number CRD42022301595, and the study was conducted based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Search Strategy

A search for relevant articles published between January 1, 2017, and December 31, 2021, was performed on
electronic databases such as Medline (via PubMed), Web of Science, Scientific Electronic Library Online
(SciELO), and other national/regional databases (Índex - Revistas Médicas Portuguesas).

The general search terms used on Pubmed were ((("Patient Compliance"[Title/Abstract] OR "Medication
Adherence"[Title/Abstract]) OR ("Patient Compliance"[Majr] OR "Medication Adherence"[Majr])) AND ((high
blood pressure [Title/Abstract] OR hypertension [Title/Abstract]) OR ("Hypertension"[Majr]))) AND
("Antihypertensive Agents"[Majr]). The search was restricted to articles written in English, French, Spanish,
and Portuguese, whose abstracts were available online and involved the adult population. A similar search
strategy was used in other databases, but the MeSH terms and text words were modified/adapted as per the
specific requirements of each database.

The research question was elaborated using the PICOS model: (P) Adult patients with the diagnosis of
primary hypertension, using at least one antihypertensive agent; (I) all interventions on both
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pharmacological and non-pharmacological levels; (C) patient’s adherence against their non-adherence; (O)
changes in adherence to the therapeutic plan; and (S) any study design (except review articles) written in
English, French, Spanish or Portuguese: “What influences patient’s adherence to antihypertensive
therapies?” The reviewing team’s decision to include adherence to both pharmacological and non-
pharmacological treatment was based on the fact that the approach in previous studies frequently focuses on
determinants of both types of treatment. Thus, the conclusions would be more reliable since treatment
adherence carries these two dimensions together.

Eligibility Criteria

Studies meeting the following criteria were included: (i) type of study: any study design conducted in
English, French, Spanish or Portuguese, preferring those with a higher level of evidence [i.e., randomized
controlled trials (RCT)], except for all types of reviews; (ii) type of population: adult patients aged 18 years or
over, of any gender or ethnicity, with a diagnosis of primary hypertension, as well as participants with other
comorbidities (e.g., diabetes); (iii) type of intervention: adherence to both pharmacological and non-
pharmacological treatment using direct or indirect measures of adherence and/or based on patient’s
perspective of the impact on their quality of life, changes in the pharmacological treatment, combination of
both pharmacological and non-pharmacological treatment, adherence aids (e.g., reminders/alarms), and use
of educational measures (e.g., communication between the patient and the healthcare professional); articles
examining adherence to multiple pharmacological therapies were deemed eligible for inclusion if
antihypertensive therapy was among the different pharmacotherapeutic agents being studied; (iv) type of
comparator: patient’s adherence against the non-adherence; (v) type of outcome: primary outcome: the
adherence to the antihypertensive therapy measured using the different tools available; secondar outcomes:
the reduction and/or control of the systolic/diastolic blood pressure and patient-reported information on
quality of life or symptoms.

The exclusion criteria were as follows: (i) studies in languages other than the ones in the inclusion criteria,
duplicate articles from different databases, and articles whose titles and/or abstracts did not meet the
inclusion criteria. Articles that required payment for access were analyzed on a case-by-case basis and
excluded if they were not deemed exceptionally relevant to this study. Review articles were excluded, to
avoid a high risk of duplicating the results; (ii) studies involving patients under 18 years of age, patients with
secondary hypertension (e.g., pre-eclampsia, hyperaldosteronism), and pregnant or breast-feeding women;
(iii) studies involving other interventions besides pharmacological and non-pharmacological treatments
(i.e., surgical).

Study Selection

All of the retrieved articles were organized and screened using the online software Covidence and the
Endnote Web reference management software. After removing duplicates, the articles’ titles and abstracts
were screened by two independent reviewers who were blinded to each other’s decisions. The articles and
abstracts that matched the objective of this review were eligible for a full-text review. The two authors
assessed the eligibility criteria and applied them to the final articles and those that met the inclusion criteria
were retrieved. Finally, studies that did not meet any of the inclusion criteria were excluded. Disagreements
were always solved by reaching a consensus and, therefore, there was no need to involve a third author in
the selection process. Finally, after browsing the reference lists, the data were extracted from each study to
synthesize their findings.

Data Extraction and Management

Data extraction was performed by one investigator and included the following items: authors, date of the
study, study design, research aim, sample size, mean age, tool used in the measurement of adherence, and
definition of adherence. To summarize the major findings and the direction of the associations with MA,
data regarding the different determinants affecting adherence were organized into five domains: patient
characteristics, socioeconomic status, comorbidities-related, therapy-related, and healthcare/health system
issues. For each domain, subcategories were introduced according to the determinants present in the
included studies. In addition, to systematize the information, factors were organized into three columns to
signify whether they had a statistically significant association with adherence, a statistically significant
association with non-adherence, or a non-significant association at all.

Quality of Evidence and Risk of Bias

To ensure the quality of the analyzed articles, all eligible studies were reviewed by two researchers to
appraise their risk of bias, using different tools according to the study design of the article being evaluated.
For RCTs, we applied the “Rob2: Cochrane risk-of-bias tool” that assessed the following five components: (i)
randomization process, (ii) deviations from the intended interventions, (iii) missing outcome data, (iv)
measurement of the outcome, and (v) selection of the reported results. The quality assessment for each
component was classified into three possible categories (high risk of bias, some concerns, and low risk of
bias) and an overall judgment was stated. For cohort studies, we applied the “ROBINS-I: Cochrane risk-of-
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bias tool for non-randomized studies of interventions”, which has seven components: (i) confounding, (ii)
selection bias, (iii) classification of intervention, (iv) intended intervention, (v) missing data, (vi) measures
of outcome, and (vii) reported results. The evaluation was expressed in five possible outcomes (low risk,
moderate risk, serious risk, critical risk, and no information). Finally, cross-sectional studies were evaluated
using the “JBI Critical Appraisal Checklist for Analytical cross-sectional studies”, which involved eight
questions with the following possible answers: “Yes”, “No” and “Unclear”. The assessment of the risk of bias
was based on the percentage of “yes” scores, considering the following three levels of classification: high
quality (>70% of “yes” scores), moderate quality (from 50 to 69%), and low quality (<50%).

Results
Study Selection

The literature search on the reported databases elicited 635 articles. After removing 42 duplicates, 593
articles qualified for a title and abstract screening, and according to the inclusion criteria, 179 underwent
full-text review. A detailed assessment of the 179 full-text articles resulted in the elimination of an
additional 134. Finally, 45 articles that fully met the eligibility were included in this review. Figure 1 shows
the PRISMA flow chart illustrating the search and study selection.

FIGURE 1: PRISMA flow chart depicting the literature search and study
selection
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Study Characteristics

The characteristics of the included studies on adherence to antihypertensive therapy are presented in Table
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1 [21-65]. Overall, we included 21 cross-sectional studies [22-24,28,30-32,35,36,40,41,45,47,48,50-
52,56,57,62,64], 19 cohort studies [21,26,27,29,33,34,37-39,42-44,49,53-55,58,60,65], four RCTs
[25,46,59,61], and one quasi-experimental study [63]. The total number of patients included for analysis was
1,533,220, with individual study sample sizes ranging from 32 to 484,493 participants. The mean age of the
participants ranged from 46.5 to 76.6 years old, with most of the studies having a population with a mean
age above 50 years.

Author Year
Study

design
Study objective

Sample size

(N); mean

age (A)

Measurement of

adherence
Definition of adherence

Arancón-

Monge et al.

[21]

2020 Cohort study

To study if changes in

appearance and name in

bioequivalent drugs are

associated with non-adherence

to antihypertensive and lipid-

lowering medications

N = 274

patients; A =

72 years

MGL (scores ranged

from 0 to 4); direct count

of the medication

MGL: high adherence (score of 4). Direct

count: non-adherence if the patient forgets to

take more than 2 doses/trimester

Avataneo et

al. [22]
2018

Cross-

sectional

study

To assess adherence to

treatment in patients with

reported resistant hypertension

using therapeutic drug

monitoring and to study

parameters that might predict

non-adherence

N = 50

patients; A =

56 years

TDM specialist opinion.

A homemade

questionnaire with 10

items (scores ranged

from 0 to 10)

TDM: fully adherent patients – detectable

plasma concentrations of all prescribed drugs.

Specialist opinion: comment on patient

adherence based on their personal

experience before knowing TDM results.

Questionnaire: high adherence (scores

ranged from 9 to 10)

Barbosa et al.

[23]
2019

Cross-

sectional

study

To evaluate predictors of

adherence to antihypertensive

therapies in adults/elderly

N = 257

patients; A =

Not reported

A questionnaire with 24

items, that accessed four

dimensions: patient,

disease/treatment,

healthcare service, and

environment (scores

ranged from 24 to 120)

Adherent (score of 73–120)

Berhe et al.

[24]
2017

Cross-

sectional

study

To evaluate the impact of

adverse drug events and

treatment satisfaction on

antihypertensive medication

adherence

N = 925

patients; A =

57 years

MMAS-8 (scores ranged

from 0 to 8)
High adherence (score of 8)

Chandler et

al. [25]
2019

Randomized

controlled

trial

To evaluate the efficacy of the

SMASH (smartphone app) in

establishing systolic blood

pressure control via increased

medication adherence

N = 54

patients; A =

46.5 ± 9.9

years

MMAS-8 (scores ranged

from 0 to 8); medication

tray: timestamps of

openings of pill tray

compartments (scores

ranged from 0 to 1)

MMAS-8: high adherence (score of 8).

Medication tray: adherent if doses are taken

within 0-3 hours (score of 1)

Chang et al.

[26]
2021 Cohort study

To study the association

between the patient-clinician

relationship and adherence to

antihypertensive medications

among black adults with

hypertension

N = 2571

patients; A =

58 years

MRA Adherent if MRA ≥80%

Cho et al. [27] 2018 Cohort study

To study the association

between cognitive function and

antihypertensive medication

adherence in elderly patients

without dementia

N = 42,132

patients; A =

not reported

CMA using prescription

data
Adherent if CMA ≥80%

Craig et al.

[28]
2021

Cross-

sectional

study

To study the contributions of

implicit and explicit attitudes in

explaining differences between

both objective and subjective

antihypertensive medication

adherence measures

N = 85

patients; A =

62.3 years

PDC K-Wood-MAS-4

(scores ranged from 0 to

4)

Non-adherent if PDC <0.8 or K-Wood-MAS-4

≥1

To assess antihypertensive
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Del Pinto et

al. [29]
2021 Cohort study

treatment adherence and BP

control rates in treated

hypertensive elderly patients

according to different treatment

patterns

N = 13,196

patients; A =

73.2 ± 7.5

years

The ratio between the

number of pills in boxes

used and those expected

in 6 months

Adherent if rate ≥80%

Durand et al.

[30]
2018

Cross-

sectional

study

To study predictors of long-term

medication adherence in patients

who appear to have treatment-

resistant hypertension using a

composite adherence score

N = 204

patients; A =

69.9 years

Adherence composite of

MMAS-8 (scores ranged

from 0 to 8) and MARS

(scores ranged from 0 to

10); prescription refill

records; biochemical

assay of urine (TDM)

Non-adherent if: MMAS-8 <6 and/or MARS

<23. Prescription refill records <80%. Urine

sample: undetectable concentrations of all the

prescribed drugs

Fang et al.

[31]
2020

Cross-

sectional

study

To study the association of cost-

related medication non-

adherence barriers and

hypertension management

among US adults with self-

reported hypertension

N = 7498

patients; A =

not reported

A questionnaire with 3

items to assess cost-

related medication non-

adherence

Non-adherent if answered “yes” to any of the

3 questions

Fernandez et

al. [32]
2017

Cross-

sectional

study

To study factors related to non-

adherence to pharmacological

treatment and to design an

educational program

N = 102

patients; A =

not reported

MGL (scores ranged

from 0 to 4)
High adherence (score of 4)

Fortuna et al.

[33]
2018 Cohort study

To study the association

between the patient experience

with care and medication

adherence

N = 2128

patients; A =

50.4 years

MMAS-8 (scores ranged

from 0 to 8)
High adherence (score of 8)

Gao et al.

[34]
2020 Cohort study

To study the determinants of

antihypertensive medication

adherence

N = 7638

patients; A =

67.6 ± 11.1

years

PDC Good adherence if PDC >0.8

Gewehr et al.

[35]
2018

Cross-

sectional

study

To study the adherence to

antihypertensive agents and the

determinants associated with

non-adherence in primary

healthcare

N = 156

patients; A =

66.9 ± 8.3

years

Brief Medication

Questionnaire (scores

ranged from 0 to 3)

High adherence (score of 0–1)

Gniwa et al.

[36]
2019

Cross-

sectional

study

To investigate therapeutic

adherence and to recognize

factors associated with poor

adherence

N = 276

patients; A =

64.9 ± 10.2

years

Girerd test (6 items)

(scores ranged from 0 to

6)

Good observers (total of yes = 0)

Gupta et al.

[37]
2017 Cohort study

To study the therapeutic

applications of biochemical

screening for the presence of

antihypertensive medications in

bodily fluids

N = 331

patients; A =

54.3 years

(UK

patients)/51.4

years (Czech

patients)

Blood and urine measure

of metabolites using

liquid chromatography-

tandem mass

spectrometry

Adherent patients - detectable concentrations

of all prescribed drugs in serum/urine

Gupta et al.

[38]
2017 Cohort study

To study the relationships

between non-adherence and

main demographic and BP-

lowering therapy-related factors

N = 1348

patients; A =

55.8 years

(UK

patients)/54.4

years (Czech

patients)

Blood and urine measure

of metabolites using

liquid chromatography-

tandem mass

spectrometry

Adherent patients - detectable concentrations

of all prescribed drugs in serum/urine

Hargrove et

al. [39]
2017 Cohort study

To evaluate whether individual

factors predict adherence

trajectories and to improve the

classification of antihypertensive

adherence using group-based

trajectory models

N = 282,520

patients; A =

75 years

PMC, PDC
Adherent if PMC ≥80% days and/or PDC

≥80%
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Heizomi et al.

[40]
2020

Cross-

sectional

study

To study the characteristics

related to health literacy among

hypertensive patients, its

relationship with adherence to

antihypertensive medications

and to determine the validity of

the four-item MGL scale

N = 300

patients; A =

56.7 years

MGL (scores ranged

from 0 to 4)
MGL: high adherence (score of 4)

Ishida et al.

[41]
2019 Cohort study

To study treatment patterns and

medication adherence to

different antihypertensive drug

classes and to evaluate whether

fixed-dose combinations were

being prescribed alone or

simultaneously with other

antihypertensive drugs

N = 47,891

patients; A =

70.1 years

PDC High adherence if PDC ≥80%

Kim et al. [42] 2019 Cohort study

To study the effect of single-pill

combination on adherence to

antihypertensive medication in a

real-world setting

N = 116,677

patients; A =

not reported

MPR: dividing the total

days supplied by the

number of days between

the first and last refills

No more information was given

Kulkarni et al.

[43]
2021 Cohort study

To study pharmacotherapy non-

adherence using urine screens

among patients with uncontrolled

HTN, with analyses of

demographics, polypharmacy,

medication type, and

comorbidities

N = 174

patients; A =

56 years

Urine measure of

metabolites using liquid

chromatography-tandem

mass spectrometry

Adherent patients - detectable concentrations

of all prescribed drugs in urine

Lauffenburger

et al. [44]
2017

Cohort

Study

To evaluate patterns of

antihypertensive therapy

initiation, compare persistence

and long-term adherence to

treatments in patients initiating

fixed-dose combinations and

other antihypertensive therapies,

and identify other determinants

of adherence and persistence to

antihypertensives

N = 484,493

patients; A =

47.2 years

PDC
Fully adherent if PDC >0.8 to at least one

antihypertensive

Macquart de

Terline et al.

[45]

2019
Cross-

sectional

To study adherence to

medication and association with

socioeconomics, clinical and

treatment predictors of low

adherence among hypertensive

patients in 12 sub-Saharan

African countries

N = 2198

patients; A =

57.7 ± 12.0

years

(women) and

59.2 ± 11.4

years (men)

MMAS-8 (scores ranged

from 0 to 8)
High adherence (score of 8)

Morawski et

al. [46]
2018

Randomized

controlled

trial

To study the association

between medication adherence

and blood pressure control with

a smartphone app among

patients with uncontrolled

hypertension

N = 411

patients; A =

52.0 years

MMAS-8 (scores ranged

from 0 to 8)
High adherence (score of 8)

Nascimento

et al. [47]
2021

Cross-

sectional

To study the factors associated

with adherence to the non-

pharmacological treatment of

hypertension in primary

healthcare

N = 421

patients; A =

59.9 ± 11

years

Instrument to evaluate

the adherence of

participants to non-

pharmacological

therapies on the

following parameters:

weight (BMI) and

abdominal circumference

(AC) control, the practice

of physical activity, and

alcohol consumption

Patient considered adherent to each measure:

weight control: when BMI <25 kg/m2 (below

65 years old) or <27 kg/m2 (above 65 years

old); AC: when AC <80 cm (women) and <94

cm (men); physical activity: who practiced

moderate physical activities, aerobic training,

or resistance training; alcohol consumption:

maximum 2 doses a day (men) and maximum

1 dose (women and low-weight individuals)
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Nashilongo et

al. [48]
2017

Cross-

sectional

To evaluate the levels and

predictors of compliance to

antihypertensive therapy among

patients in primary healthcare

and to validate the Hill-Bone

compliance scale

N = 120

patients; A =

47.3 ± 11.1

years

Percentage adherence

level per patient

calculated from the

scores on the Hill-Bone

Blood Pressure Scale 

Perfect adherence (100%) and acceptable

adherence (≥80%)

Nishimura et

al. [49]
2020 Cohort study

To study the adherence pattern

of new users of antihypertensive

drugs and to evaluate possible

patient and facility characteristics

connected with low adherence

N = 31,592

patients; A =

51.7 years

PDC High adherence if PDC ≥80%

Paczkowska

et al. [50]
2021

Cross-

sectional

To evaluate the impact of patient

knowledge on adherence to

medical

recommendations/improving the

efficacy of hypertension

treatment and to analyze

sociodemographic/clinical factors

that affect the level of patient

knowledge regarding

hypertension

N = 488

patients; A =

63.7 ± 13

Questionnaire (5 items)

regarding treatment

adherence

No more information was given

Pan et al. [51] 2019
Cross-

sectional

To study the factors influencing

adherence behaviors and

determine the interventions that

improve adherence in

hypertensive patients

N = 488

patients; A =

not reported

Therapeutic Adherence

Scale for Hypertensive

Patients (TASHP) with

25 items (scores ranged

from 25 to 125)

Low adherence if TASHP <109

Pluta et al.

[52]
2020

Cross-

sectional

To study the level of acceptance

of illness and compliance with

therapeutic recommendations in

patients with hypertension

N = 200

patients; A =

49.1 ± 11.6

years

MMAS-8 (scores ranged

from 0 to 8)
High adherence (score of 8)

Rea et al. [53] 2021 Cohort study

To study the relationship

between initial antihypertensive

treatment strategy and

adherence in patients starting

treatment with one drug or a dual

single-pill combination

N = 63,448

patients; A =

59 years

PDC High adherence if PDC >75%

Schoenthaler

et al. [54]
2017 Cohort study

To study the effect of patient-

provider communication on

medication adherence among

hypertensive patients in a

primary care setting

N = 92

patients; A =

59.7 years

Adaptive statistical

modeling (ASM) of

electronic monitoring

device: division into 5

clusters

Adaptively generated adherence calculated

using the ASM methods: very high adherence

if fits on cluster 1 (97%) or cluster 2 (93%)

Shani et al.

[55]
2019 Cohort study

To study medication adherence

to oral antihypertensive

medications, to compare

adherence rates to different

medications, and to study

determinants among patients

with good adherence

N = 31,530

patients; A =

not reported

Rate of pharmacy-filled

prescription

Good adherence: purchasing at least 9

monthly prescriptions equals at least 75%

adherence

Shi et al. [56] 2019
Cross-

sectional

To study the impact of

medication literacy among

hypertensive patients on their

medication adherence and to

develop strategies to improve

hypertensive patients’ skills in

dealing with the disease

N = 420

patients; A =

60.6 years

MMAS-8 (scores ranged

from 0 to 8)
High adherence (score of 8)

Shimels et al.

[57]
2021

Cross-

sectional

To evaluate the dimension and

associated factors of poor

medication adherence among

diabetic and hypertensive

patients during the COVID-19

pandemic

N = 409

patients; A =

56.5 years

MMAS-8 (scores ranged

from 0 to 8)
High adherence (score of 8)

2024 Ferreira et al. Cureus 16(5): e59532. DOI 10.7759/cureus.59532 8 of 22

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Singh et al.

[58]
2019 Cohort study

To study and identify potential

risk factors for medication non-

adherence

N = 8,218

patients; A =

76.6 ± 5.4

years

(derivation

cohort) and

76.0 ± 5.4

years

(validation

cohort)

PDC Non-adherent if PDC <0.8

Sung et al.

[59]
2021

Randomized

controlled

trial

To evaluate if a triple-component

single-pill combination improved

medication adherence over an

equivalent two-pill combination

therapy, using a Medication

Event Monitoring System

(MEMS)

N = 145

patients; A =

56.0 ± 15.3

years

Using MEMS data to

calculate the percentage

of doses taken (PDT) and

the percentage of days

on which the prescribed

dose was taken correctly

(PDTc)

High adherence if PDT ≥80% and PDTc

≥80%

Tajeu et al.

[60]
2019 Cohort study

To evaluate factors in

antihypertensive medication non-

persistence and low adherence

among adults aged <65 years

N = 379,658

patients; A =

not reported

PDC Low adherence if PDC <80%

Varleta et al.

[61]
2017

Randomized

controlled

trial

To evaluate whether the effect of

a mobile phone text messaging

intervention messaging improves

self-reported antihypertensive

drug adherence in patients with

hypertension, against a

population with no text

messaging

N = 314

patients; A =

60 ± 10 years

MGL (scores ranged

from 0 to 4)
High adherence (score of 4)

Vázquez

Machado et

al. [62]

2019
Cross-

sectional

To study the occurrence of

depressive disorders and vital

events in patients with HBP and

their relationship with adherence

to antihypertensive therapy

N = 222

patients; A =

not reported

MMAS-8 (scores ranged

from 0 to 8)
Low adherence (score of 0–5)

Vieira et al.

[63]
2021

Quasi-

experimental

study

To study the impact of using a

monthly electronic medication

organizer device (Supermed) on

medication adherence

N = 32

patients; A =

71.4 ± 5.6

years

MGL (scores ranged

from 0 to 4)
High adherence (score of 3–4)

Wakai et al.

[64]
2021

Cross-

sectional

To study the importance related

to the number of medications

and complexity of medication

regimens for medication

adherence and blood pressure

control in patients with

hypertension

N = 1,057

patients; A =

not reported

Pharmacists conducted

the first interview for

patients and assessed

the patients’ medication

adherence to brought

medicines immediately

upon admission

Poor adherence if the patients cannot

manage medications by themselves or if they

require their family caregivers and/or nurses

to manage their medications

Wu et al. [65] 2018 Cohort study

To evaluate how a health-

coaching intervention would

affect medication adherence and

blood pressure, and to study if

variations in medication

adherence itself would be

associated with changes in

blood pressure

N = 477

patients; A =

57.1 ± 12.0

years

MMAS-8 (scores ranged

from 0 to 8)
High adherence (score of 6–8)

TABLE 1: Characteristics of included studies on adherence to antihypertensive therapy
CMA: cumulative medication adherence; K-Wood-MAS-4: Krousel-Wood Medication Adherence Scale; MA: medication adherence); MARS: medication
adherence rate scale; MGL: Morisky Green Levine; MMAS-8: Morisky Medication Adherence Scale with 8 items; MPR: medication possession ratio; MRA:
medication refill adherence; PDC: proportion of days covered; PDT: percentage of doses taken; PDTc: percentage of doses taken correctly; PMC:
proportion of months covered; TDM: therapeutic drug monitoring
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Quality of evidence and risk of bias assessment revealed that most studies included had low to moderate risk
of bias (see appendices). One cross-sectional study was identified as having a high risk of bias [32] since it
did not clarify the inclusion criteria, the study setting, or possible cofounders of the study or strategies to
deal with them and was not clear about the statistical approach applied. One RCT was deemed to have some
concerns [25] in risk of bias because the control group compared to the intervention group did not use an
electronic medication tray, even though this tool was used as part of a secondary outcome measure; this
slight difference between groups might have influenced the real outcomes.

Adherence to antihypertensive therapy was assessed using several tools labeled as direct and indirect. Direct
measures that study the patient’s medication-related behavior using the measurement of the drug or its
metabolite concentration in different body fluids such as blood or urine were only used in five studies
[22,30,37,38,43]. By contrast, indirect measures were the most prevalent tools applied. Clinical assessment
using questionnaires and surveys was the most prevalent tool, with the Morisky Medication Adherence Scale
with 8 items (MMAS-8) being the measure more frequently used in 11
studies [24,25,30,33,45,46,52,56,57,62,65] of the 45, followed by five studies [21,32,40,61,63] that used
Morisky Green Levine (MGL) scale with four items. A considerable number of other questionnaires have
been used, with both objective and subjective measures, and with numerous versions to accommodate
various circumstances [23,31,35,36,47,48,50,51].

One study used pharmacist-conducted interviews with patients, assessing patients’ medication adherence to
the medicines brought with them, immediately on admission [64]. Measures involving secondary data
analyses curated from data systems such as electronic prescription records and insurance data were
commonly used, with the proportion of days covered (PDC) being assessed in nine articles
[28,34,39,41,44,49,53,58,60]. Other investigations included the use of medication possession ratio (MPR)
[42], medication refill adherence (MRA) [26], cumulative medication adherence (CMA) [27], the proportion of
months covered (PMC) [39], percentage of doses taken (PDT), and percentage of doses taken correctly
(PDTc) [59], as well as other ratios specifically calculated [29, 55]. Other adherence methods employed to
study adherence included the direct count of the medication [21], the use of electronic medication packaging
devices [25,54], and specialist opinion [22].

Several studies opted for a multifeatured approach, selecting two or more of the medication adherence
measures previously mentioned to increase the accuracy of the information needed to correctly evaluate
patients' adherence levels; e.g., one study applied four tools [MMAS-8, medication adherence rate scale
(MARS), prescription refill records, and therapeutic drug monitoring (TDM)], individually and to calculate a
composite score [30]. Another study regarding patients’ adherence to non-pharmacological treatment used a
composed instrument that included the following parameters: weight and abdominal circumference control,
practice of physical activity, and alcohol consumption [47]. Across all of the examined domains, the
following associations had a constant and statistically significant association with adherence: satisfaction
with communication, patient-provider relationship, digital/electronic health (eHealth) and
telehealth/telemedicine services using smartphones and other technological devices (mHealth), having
depression/occurrence of vital events in the patient’s life, cognitive impairment, frailty and disability,
history of previous hospitalization, the type of drug, drug appearance, satisfaction with their treatment,
health literacy, self-efficacy, and implicit/explicit attitudes.

Higher adherence was observed among black patients with a high level of communication with their
clinicians and with higher levels of involvement in shared decision-making [26]. A better patient-provider
relationship, where clinicians always explained things clearly and always listened to their patients while
showing concern, led to patients being more likely to be adherent, irrespective of their ethnic group [26,33].
On the other hand, lower adherence was more common when discussions with their clinicians were less
patient-centered, less psychosocially focused, and characterized by a lack of detailed discussion or clear
explanation about their antihypertensive medications [54]. These three studies used a cohort study design,
and when assessing the methodological quality, two of them were rated as moderate risk [26,54], and one
study as low risk [33].

Both eHealth and mHealth technological solutions have shown positive effects in enhancing adherence. The
SMASH app proved to increase MA and lower SBP and DBP at each subsequent evaluation during a nine-
month period, managing information from medication trays and BP monitors connected to the app, and
sending alerts to patients to remind them to take their medicines and monitor BP [25]. However, as
previously mentioned, this RCT showed some quality concerns. The Medisafe app, used in an RCT with a low
risk of bias, demonstrated an improvement in self-reported adherence, mostly in patients with previously
low levels of adherence, making them moderately adherent by the end of the follow-up period, but with no
changes in SBP [46]. This app involved self-reporting of medication and BP measurements, providing alerts
to remind patients to take their medicines, and allowing them to designate a “Medfriend” that could access
patients’ reports and work as a peer support helping them to comply with the recommended therapy.

Another RCT with a low risk of bias suggested that using mobile phone text messaging containing educative
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information (about diet, medication schedule, and statements regarding the importance of medication
intake) seemed to improve adherence, although the decreased BP values were not statistically significant
[61]. Application of telemedicine tools in a literacy-sensitive and motivational coaching program, with
monthly telephone encounters with rural patients, improved medication adherence over time and
demonstrated effective drops in systolic and diastolic BP, predominantly in the low adherence group at the
baseline compared to the higher adherence groups in a cohort study with low risk of bias [65]. One quasi-
experimental study used an electronic medication organizer equipped with an alarm clock to help adults
organize and remind the daily intake of their medicines (especially for those not familiar with modern
technology such as mobile phone apps) and gave healthcare professionals access to patient’s reported
adherence by the device [63]. In this study, the authors observed a significant change in adherence patterns
(from less to moderate adherence) and a drop in the mean SBP and DBP of 18.5 mmHg and 4.3 mmHg,
respectively; however, these results must be interpreted carefully since the study seems to carry a moderate
risk of bias.

Some condition-related factors are important modifiers of adherence, with non-adherence being higher
among those with newly diagnosed depression, with depression symptoms, the necessity of
psychopharmacological treatment, or being affected by three or more vital events (defined as adverse
circumstances that occur at any stage of the patient’s life and can induce discomfort and anxiety, like the
death of close family members, interpersonal conflicts, and suffering from physical illnesses) [60, 62]. A
concept-wide association study utilizing text from clinical notes to identify possible risk factors for
medication non-adherence found that phrases on clinical notes including “mental illness”,
“anxiety/depression”, “mood”, “SSRI”, “cognition”, “confusion”, “mental status” and “memory” worked as a
predictor of poor adherence [58].

Medication adherence worsens with mild cognitive impairment, even in patients without dementia [27]. It is
also lower for those with a high probability of being frail and who experienced serious fall injuries following
the initiation of antihypertensive medication [39,60]. Hypertensive patients with a history of previous
hospitalization were unlikely to be adherent [44,49]. In contrast, one study concluded that not having a
history of previous hospitalization was associated with non-adherence [39]. In the first two studies, the
mean age was 47.2 and 51.7 years respectively, while it was 75 years in the third, with all three of them
having large sample sizes. Based on the methodological quality assessment of the studies in the domain of
comorbidities-related factors, most of the studies showed a low risk of bias, with only three being rated as
moderate risk [27,44,62].

Several therapy-related factors affect adherence, the most notable being the drug class consumed, with
patients who initiated angiotensin receptor blockers (ARBs) [41,49,60], calcium channel blockers (CCB)
[45,49], or angiotensin-converting-enzyme inhibitors (ACE-I) [60] monotherapy more likely to be adherent,
whereas those who initiated beta blockers (BB) [47,49], thiazides diuretics [38,49,60], or loop diuretics [60]
tended to show low adherence. Although one study associated CCB use with poor medication adherence in a
cross-sectional setting with a low risk of bias, the authors affirmed that this finding was related to the
limited availability of alternative antihypertensive agents in the study setting [24]. ACE-I showed a high
association with adherence, but when compared to the use of ARBs, patients under ACE-I medication had
lower adherence [49]. However, the low adherence in the study previously mentioned was attributed by the
authors to the population in the study (east Asians) being rarely prescribed this class since they have higher
rates of adverse effects to ACE-Is (i.e., cough).

Two articles showed adherence to be highly variable between individual drugs of the same class:
bendroflumethiazide and chlortalidone were associated with both the highest and lowest adherence levels
respectively, and with CCB (nifedipine, felodipine, and lercanidipine) showing higher adherence compared
to other classes in a cohort study with low risk of bias; however, these discrepancies are likely due to
pharmacokinetic properties and/or tolerability profiles for the different drugs [43]. Another cohort study
with a moderate risk of bias reported amlodipine to be more commonly associated with higher adherence
when compared to Disothiazide [55]. Two studies found that the appearance of drugs had a significant role
in maintaining adherence to the recommended treatment. Changes in appearance and/or name in
bioequivalent drugs could negatively affect patients' adherence and lead to errors in medication-taking
behavior; also, the difficulty in reading the information on the medicine packages has been associated with
non-adherence [21,35]. Overall treatment satisfaction (evaluated in the following three domains:
effectiveness, side effects, and convenience) was reported to be an important predictor of good adherence
[24].

Health literacy played an important role in three studies presenting with low risk of bias. A statistically
significant association between low adherence and health literacy levels was found, with the main domains
associated being communication and decision-making skills, independently of sociodemographic
characteristics [40]. Medication literacy is positively related to adherence to therapy and involves three main
domains: knowledge, attitude, and behaviors (but no association was found with skill literacy) though the
correlations were weak [56]. Another study demonstrated that patient’s knowledge of hypertension was
associated with better adherence to both non-pharmacological (regular physical activity, weight reduction
diet, and dietary salt restriction) as well as pharmacological treatment, lower and better controlled SBP and
DBP, and fewer hospitalizations when compared to those with low literacy levels [50]. Poor self-efficacy in
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managing hypertension, which refers to the individual’s confidence in their capacity to accomplish the
therapeutic recommendations, is associated with low adherence [28]. Furthermore, implicit and explicit
attitudes are related to adherence, with both of them explaining a considerable variance in low pharmacy
refill and self-reported adherence. Implicit attitudes seem to affect medication-taking behavior, working as
a subconscious or automatic response (both in favor and against taking medications as prescribed), that may
not be noticed when using self-reported adherence questionnaires [28,36].

Other determinants evaluated in the included studies neither showed a constant relationship with
adherence nor any statistically significant associations: patient’s gender, age, racial/ethnic minority,
educational level, marital status, employment, financial status, social support/aids, living in metropolitan
areas compared to rural areas, income level of the country, healthcare provider visits or access to specialized
health care use, having health insurance or access to healthcare, having other comorbidities, diagnosis of
diabetes, history of cardiovascular diseases, relation with the duration of the diagnosis of HBP, smoking or
drug/alcohol abuse, side effects from the pharmacological therapy, complexity of the overall medication
regimen, dose regimen with antihypertensives, patient’s body mass index, beliefs regarding the disease, and
acceptance of illness.

Discussion
The purpose of this study was to summarize the evidence regarding the predictors of adherence to
antihypertensive therapies in studies published in the last five years, describe the limitations of the existing
research, and highlight important areas to address in the future. It involved a systematic review where the
predictors of adherence were identified, extracted, and categorized into five domains. The overall quality
assessment of the 45 included studies revealed small concerns, with the majority of the articles exhibiting a
moderate to strong methodological quality, and statistically significant association with adherence,
statistically significant association with non-adherence, or non-significant association, which are
summarized in Table 2.

Determinants of adherence
Number of studies associated with

adherence

Number of studies associated with non-

adherence

Number of studies with nonsignificant

association

Socioeconomic

Gender 2 [31,52] 10 [21,36,38,40,43,44,47,49,51,60] 11 [22,23,27,35,40,45,48,55,56,64,65]

Age 10 [23,31,38,43,44,47-49,55,60] 3 [21,34,64] 8 [22,24,35,45,51,52,56,65]

Racial/ethnic minority status 1 [39] 1 [65] 3 [23,31,35]

Education level 1 [52]  6 [23,24,31,48,51,57]

Marital status 1 [23] 2 [28,35] 3 [23,24,35]

Employment 2 [51,52] 1 [23] 3 [47,48,56]

Financial status 2 [27,56] 5 [35,36,45,47,57] 3 [23,48,55]

Social support/aid  3 [22,23,48] 1 [57]

Living in metropolitan vs.

rural areas
1 [27] 1 [51] 1 [52]

Country income level  1 [45] 1 [45]

Healthcare

system/team

Healthcare provider visits 3 [34,48,57] 2 [32,58] 1 [33]

Specialized healthcare use 2 [37,49] 1 [44] 2 [23,24]

Satisfaction with

communication
1 [26]   

Patient-provider relationship 2 [26,33] 1 [54]  

Health insurance 1 [60] 1 [60] 1 [44]

Access to healthcare 1 [27]  1 [35]

eHealth/mHealth 5 [25,46,61,63,65]   

Comorbidities 3 [27,39,49] 4 [21,27,49,57] 6 [24,45,48,51,52,56]

Having diabetes 3 [34,47,49] 3 [54,58,60] 5 [22,24,55,57,64]

Having depression/vital

events
 2 [60,62]  
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Condition-related

History of CVD 3 [27,39,44] 2 [22,60] 3 [24,55,64]

Cognitive impairment  2 [27,58]  

Duration of HBP 2 [23,51] 1 [24] 4 [35,45,52,56]

Frailty and disability  2 [39,60]  

Drug/alcohol abuse  4 [22,24,47,57] 4 [23,24,55,64]

Previous hospitalization 1 [39] 3 [39,44,49]  

Therapy-related

Side effects  3 [24,58,65] 2 [51,59]

Medication regimen 3 [29,55,59] 6 [21,24,49,58,60,64] 3 [35,43,49]

Dose regimen 8 [29,34,41,42,44,49,53,59] 5 [35,36,38,41,43] 3 [41,51,56]

Type of drug 6 [24,41,45,49,55,60] 6 [24,38,43,47,49,60]  

Drug appearance  2 [21,35]  

Treatment satisfaction  1 [24]  

Patient-related

Body mass index   4 [22,45,55,64]

Beliefs  1 [58] 1 [30]

Health literacy 2 [50,56] 1 [40]  

Acceptance of illness   2 [30,52]

Self-efficacy  1 [28]  

Implicit and explicit attitudes 1 [28] 2 [28,36]  

TABLE 2: Determinants of adherence to antihypertensive therapy

The role of the patient-provider relationship has been shown to promote adherence to antihypertensive
therapy, with the main contributor to this relationship being the quality of the explanations provided
regarding the therapy, with a patient-centered speech that addresses psychological concerns, while
promoting empowerment and involvement in the decision-making process. These findings are in line with
previous review articles, which illustrated the increasing importance of understanding the patient’s
perspective to promote adherence and how the quality of communication (showing concern and providing
information) appears to have more influence than the absolute quantity of time spent with the clinical
interview [66,67]. Practitioners should investigate adherence in a blame-free environment, offer
individualized solutions, and promote patients' role in making decisions about their therapy plans.

Advances in electronic and digital health technology (eHealth and mHealth) could serve as supportive tools
to improve adherence. In this review, two mobile phone apps were analyzed and showed positive effects on
adherence to therapy using alerts to remind patients to take their medications, using measuring tools of
adherence and blood pressure control (both wireless connected to the phone or introduced through self-
reported systems), and elaborating reports about individuals that allow clinicians to study their behavior
towards medication [25,46]. An RCT investigating the impact of text messaging containing educative
information also showed improvement in adherence [61]. Loureiro et al. conducted a systematic review on
the impact of the use of mobile phone technologies and reported positive results and better effectiveness in
promoting adherence, although with moderate quality and some inconsistent findings [68]. A review article
found a tendency of increased medication adherence levels and better blood pressure control while using
mobile phone interventions (such as text messages providing drug intake/blood pressure monitoring
reminders or smartphone applications with associated alerts according to the patient’s records on their
adherence behavior) [69].

A systematic review published in the European Heart Journal reported similar results [70]. Monthly
telephone encounters with patients engaged in a motivational coaching program seemed to increase
medication adherence over time and demonstrated effective drop changes in systolic and diastolic BP,
proving that telemedicine strategies, which have become a more common practice during the COVID-19
outbreak, can be useful [65]. For older adults and/or those not familiar with modern technologies, the use of
electronic multicompartment medication devices with reminder systems might improve adherence and
blood pressure control [63]. However, according to a systematic review, several studies suffer from
methodological limitations, such as a study included in this review [71]. All these technological
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interventions showed a promising non-pharmacological strategy to consider as an adjunct to enhance
adherence to antihypertensive medication and to follow-up adherence trajectories, but further
investigations are required.

Psychological disorders such as depression, experiencing depressive symptoms or stressful life events (vital
events) were predictors of low adherence, which is in line with other literature reviews and meta-analyses
[72-74]; however, this association was not always consistent as some studies reported no link to adherence
[67,75]. There was also a direct association with poor self-efficacy and low medication adherence, also
confirmed in previous studies [73,76]. Furthermore, depression might lead to low adherence through the
mechanism of low self-efficacy, as has been previously described [77,78]. Cognitive impairment was also
associated with low adherence, even in patients without dementia [27]. Similarly, Luz et al. conducted a
systematic review that confirmed the association between cognitive impairment and low adherence, but the
mechanisms underlying it were still not clear [79].

Measures that promote the early detection of patients with possible diagnostic of depression, cognitive
impairment and individuals with higher frailty and/or presenting with disabilities, will enable physicians to
adjust care to adapt to the different constraints/conditions and optimize medication management to achieve
a good blood pressure control. For example, one trial found that integrated management of hypertension
and depression in patients with both conditions led to better outcomes in medication adherence [80]. Other
factors negatively associated with adherence to antihypertensive therapy included being frail and having a
history of serious fall injuries, with similar results found in another review [81].

History of previous hospitalization was not clearly demonstrated as a determinant of adherence, since two
studies showed a significant association with low adherence [44,49]; however, another study showed that
not having a history of hospitalization was linked to low adherence [39]. According to an integrative review
of the literature, hospitalization was a predictor of higher medication adherence [81]. One possible
explanation for higher adherence in patients with a history of hospitalization might be linked to the
influence of stopping and reinitiating medication, observed previously in the use of statins, but this factor
should be confirmed for antihypertensive medication [82].

Persistent low antihypertensive adherence can be partly explained by explicit (conscious or deliberative)
behaviors, as well as by implicit attitudes underlying a subconscious or automatic response that influences
medication-taking behavior, which might be expressed through forgetfulness [28,36]. Indeed, a study
included in this review found significant data where implicit and explicit attitudes accounted for an
additional variation in pharmacy refill adherence, but only explicit attitudes explained the difference in self-
reported questionnaires [28]. These findings were consistent with prior data observed in patients with other
chronic diseases [83,84]. Therefore, implicit attitudes toward medications may explain adherence variation
that could not be explained when using self-reported questionnaires, which reinforced the importance of
using both objective and subjective measures when investigating patients’ medication adherence. Adults
with high health literacy related to both medication and hypertension knowledge not only improved
medication adherence and systolic and diastolic BP levels but also had higher engagement in non-
pharmacological therapy, such as regular physical activity, weight reduction diet, and dietary salt restriction.
Similar results were found in three of the reviews [73,81,85].

The drug class of the medication prescribed was shown to be linked to strengthening patient adherence.
ARBs, ACE-I, and CCB classes in monotherapy had a positive correlation with adherence. Moreover, low
adherence was common in patients who were prescribed BB and diuretics, and the side effects of these drugs
may explain this since they had been previously considered a major factor behind poor adherence [86]. The
use of BB not only affected medication adherence but also non-pharmacological treatment (i.e., physical
activity), because of the dizziness due to the hypotensive effect induced by this drug. On the other hand,
diuretics can cause urinary frequency and erectile dysfunction, which might not be tolerated by patients. A
meta-analysis by Kronish et al. has reported higher adherence to ACE-Is and ARBs, followed by CCBs, with
the lowest adherence reported in patients under diuretics and β-blockers [87]. ACE-Is are widely prescribed
in Western countries, being used as a primary treatment for hypertension [88,89]. When treatment was
convenient to the patient, side effects were removed, and effectiveness was achieved, patient satisfaction
was attained, and that satisfaction worked as a predictor of good adherence. Barbosa et al. found that
treatment satisfaction was associated with higher levels of compliance and improved persistence with the
proposed therapy [90]. Other studies have also mentioned the association between adherence and
satisfaction with treatment [81,91].

Changing the appearance/name of bioequivalent drugs or having difficulty in reading the information in the
respective packaging seemed to negatively affect patients’ adherence, which aligns with other studies
[92,93]. Patients would probably benefit from prescriptions based on the active principle of the drugs and
better regulation of the packaging. The name and appearance should be the same among bioequivalent drug
classes. This challenge has been previously mentioned and concrete solutions presented [94]. Even though
hypertension is a very common condition and adherence to therapy has been widely studied over the past
years, findings from several of the included studies demonstrated some discrepancy, with a lot of possible
determinants having an inconsistent association and lack of significance, despite having been previously
mentioned by other reviews as having a statistically significant association with adherence to
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pharmacological and non-pharmacological therapy; this brings to fore something that is well known:
antihypertensive therapy adherence behavior is multifactorial, with a complex interaction associated with
different factors such as like socioeconomic, healthcare system/team-related, condition-related, therapy-
related, and patient-related [95,96].

Since the absence of substantial evidence does not necessarily mean the absence of effectiveness, it is wise
to highlight some other predictors that may negatively influence adherence but have not been explored and
come across as relevant in other reviews. These include social support and financial aid (i.e., co-payment of
healthcare access/medicines), marital status, racial/ethnic minorities, previous history of cardiovascular
diseases, complexity of the prescribed regimen, and acceptance of illness (since hypertension frequently
presents as an asymptomatic condition). Given the multifactorial nature of medication adherence, we can
easily understand that no unique intervention is usually effective in isolation and efforts should be made to
apply interventions at multiple levels [97]. Additionally, these interventions should be tailored at an
individual level, ensuring patient-centered care, through active involvement of patients, their families, and
healthcare providers.

Study Limitations

This systematic review has a few limitations. Primarily, it included studies that used different measurement
instruments and methodologies, with different cut-off points to label patients’ behavior as adherent or non-
adherent. Furthermore, there was a potential risk of overestimation and recall bias since a considerable
number of studies used self-reported measures. Additionally, due to the considerable heterogeneity among
the included studies (especially as a consequence of having different tools to measure adherence), the
diverse populations being studied (age, gender, country, socioeconomic and cultural setting) and the
duration of the follow-up period among different studies, it is difficult to conduct a meta-analysis, which is
considered to provide the highest level of evidence and could lead to more significant conclusions.

Another limitation was that a large proportion of the included studies used a cross-sectional design, which
constrained the establishment of causal relationships and, eventually, the generalization of the findings to
the targeted populations. Several other limitations in this study are those inherent to systematic reviews in
general. In this review, we included only those studies found via well-known electronic databases, excluding
gray literature, books, and other dissertations/studies that could be obtained manually. Reporting bias and
publication bias may be present given that positive findings have a higher chance of being published, while
studies with no statistically significant findings are not likely to be published in peer-reviewed journals.
Hence, our findings must be interpreted within the context of our study limitations. Future research should
strive to establish acceptable parameters to measure adherence and define a gold standard method,
preferably involving a combination of both direct and indirect measures of adherence. Studies should also
employ longitudinal designs, with longer follow-up periods that enable investigators to assess long-term
adherence behaviors and trajectories over time.

Conclusions
Adherence to both pharmacological and non-pharmacological therapy plays an important role in the control
of BP in patients with hypertension, and ensuring it represents a key challenge in public health. The barriers
to adherence are multiple, complex, and often interconnected between socioeconomic, patient, therapy,
condition, and healthcare system levels. Hence, healthcare teams should endeavor to study patients’ non-
adherence motives, using the most suitable tools to devise adherence interventions and tailor them
to individual patient needs. Based on our findings, poor adherence is linked to factors such as an
unsatisfactory patient-practitioner relationship and communication, a history of depression or occurrence
of vital events, cognitive impairment, low health literacy and self-efficacy, presence of frailty and/or
disabilities, or a history of previous hospitalization. Moreover, the antihypertensive agent chosen, with its
possible side effects, and changes in medication appearance might also influence treatment satisfaction and,
ultimately, explain low adherence patterns.

In this systematic review, besides traditional determinants of adherence, implicit attitudes towards
medication emerged as a novel determinant that should be taken into account when determining future
interventions to achieve better outcomes in patients’ therapy adherence. Furthermore, integrating new
technological approaches with hybrid systems, combining eHealth and mHealth, has the potential to aid in
better follow-up and improve therapy adherence, while empowering patients to deal with the condition. We
strongly recommend conducting additional research with sturdier evidence and involving newer
technologies.

Appendices
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Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 % yes/risk

Avataneo et al. [22] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ Low

Barbosa et al. [23] ✓ ✓ ✕ ✕ ✕ ✕ ✓ ✓ Moderate

Berhe et al. [24] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ Low

Craig et al. [28] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ Low

Durand et al. [30] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ Low

Fang et al. [31] ✓ ✓ ✕ ✕ ✓ ✓ ✕ ✓ Moderate

Fernandez et al. [32] ✕ ✕ ✓ ✓ ✕ ✕ ✓ ✕ High

Gewehr et al. [35] ✓ ✓ ✓ ✓ ✕ ✕ ✓ ✓ Low

Gniwa et al. [36] ✓ ✓ ✓ ✕ ✕ ✕ ✓ ✓ Moderate

Heizomi et al. [40] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ Low

Ishida et al. [41] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ Low

Macquart de Terline et al. [45] ✕ ✕ ✓ ✓ ✓ ✕ ✓ ✓ Moderate

Nascimento et al. [47] ✓ ✓ ? ✕ ✕ ✕ ? ✓ Moderate

Nashilongo et al. [48] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ Low

Paczkowska et al. [50] ✓ ✓ ✕ ✓ ✓ ✕ ✓ ✓ Low

Pan et al. [51] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ Low

Pluta et al. [52] ✓ ✓ ✓ ✓ ✕ ✕ ✓ ✓ Low

Shi et al. [56] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ Low

Shimels et al. [57] ✓ ✓ ✓ ✓ ✕ ✕ ✕ ✓ Moderate

Vázquez Machado et al. [62] ✕ ✕ ✓ ✓ ✕ ✕ ✓ ✓ Moderate

Wakai et al. [64] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ Low

TABLE 3: Joanna Briggs Institute (JBI) critical appraisal checklist for analytical cross-sectional
study
Q1) Were the criteria for inclusion in the sample clearly defined? Q2) Were the study subjects and the setting described in detail? Q.3) Was the exposure
measured in a valid and reliable way? Q.4) Were objective and standard criteria used for measuring the condition? Q.5) Were confounding factors
identified? Q.6) Were strategies to deal with confounding factors stated? Q.7) Were the outcomes measured in a valid and reliable way? Q.8) Was
appropriate statistical analysis used? 

“✓” indicates yes; “✕” indicates no; “?” indicates unclear. Criteria: high quality (>70% of “yes” scores), moderate quality (50-69%), and low quality (<50%)
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Study Confounding
Selection

bias

Classification of

intervention

Intended

intervention

Missing

data

Measures of

outcome

Reported

results
Overall

Arancón-Monge et

al. [21]
Low Low Low Low Moderate Moderate Low Moderate

Chang et al. [26] Low Low Low Low Low Moderate Low Moderate

Cho et al. [27] Low Moderate Low Low Low Low Low Moderate

Del Pinto et al. [29] Low Moderate Low Low Low Low Low Moderate

Fortuna et al. [33] Low Low Low Low Low Low Low Low

Gao et al. [34] Low Low Low Low Low Low Low Low

Gupta et al. [37] Moderate Moderate Low Low Low Moderate Low Moderate

Gupta et al. [38] Moderate Moderate Moderate Low Low Low Low Moderate

Hargrove et al. [39] Low Low Low Low Low Low Low Low

Kim et al. [42] Low Low Low Low Low Moderate Low Moderate

Kulkarni et al. [43] Low Low Low Low Low Low Low Low

Lauffenburger et

al. [44]
Moderate Moderate Low Low Low Moderate Low Moderate

Nishimura et al. [49] Low Low Low Low Low Low Low Low

Rea et al. [53] Low Low Low Low Moderate Low Low Moderate

Schoenthaler et

al. [54]
Moderate Moderate Low Low Low Low Low Moderate

Shani et al. [55] Moderate Low Low Low Low Low Low Moderate

Singh et al. [58] Low Low Low Low Low Low Low Low

Tajeu et al. [60] Low Low Low Low Low Low Low Low

Vieira et al. [63] Moderate Moderate Low Low Low Low Low Moderate

Wu et al. [65] Low Low Low Low Low Low Low Low

TABLE 4: Risk Of Bias in Non-randomized Studies - of Interventions (ROBINS-I) assessment tool

Study
Randomization
process

Deviations from the
intended interventions

Missing
outcome data

Measurement of
the outcome

Selection of the
reported result

Overall

Chandler et
al. [25]

Low Low Low Some concerns Low
Some
concerns

Morawski et
al. [46]

Low Low Low Low Low Low

Sung et
al. [59]

Low Low Low Low Low Low

Varleta et
al. [61]

Low Low Low Low Low Low

TABLE 5: Revised Cochrane risk-of-bias tool for randomized trials (RoB 2) assessment tool

Additional Information
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