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Abstract

Aim: Adherence to antihypertensive medication is essential for positive outcomes among patients
diagnosed with hypertension. Yet, up to 72% of individuals prescribed antihypertensives do not take
medication as prescribed. Understanding mechanisms of behavior change (MoBCs) for antihypertensive
adherence provides essential insight for how to change adherence behavior. This study examined the
association between 4 potential MoBCs and self-reported antihypertensive adherence.

Methods: This exploratory, cross-sectional study recruited 101 patients prescribed antihypertensive
medications to complete self-report questionnaires on adherence and potential mechanisms of
nonadherence. Antihypertensive adherence was assessed using the Hill-Bone Compliance to High Blood
Pressure Therapy Scale (HB-HBP). The 4 putative MoBCs for nonadherence included self-efficacy, self-
regulation, behavioral automaticity, and hypertension knowledge. Associations between self-reported
antihypertensive adherence and MoBCs were examined using independent samples t-tests and multivariate
median regression with covariate adjustment for participant characteristics.

Results: The sample had a mean age of 61.7 years (SD = 13.1 years), was 59.4% female (n = 60), 66.3%
White (n = 67), and 7.9% Hispanic (n = 8). Low adherence was reported by 16.8% of the study sample.
Participants who reported low adherence to antihypertensive medications had lower scores on the self-
efficacy questionnaire (p < 0.001) and hypertension knowledge (p = 0.045). Self-efficacy and hypertension
knowledge remained significantly associated with self-reported adherence in multivariate regression with
covariate adjustment.

Conclusions: The current study supports the hypothesis that self-efficacy for adherence and additionally
hypertension knowledge are the MoBCs most strongly associated with self-reported adherence behavior.
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Behavioral interventions to improve medication adherence should consider focusing on self-efficacy and
hypertension knowledge as potentially important target MoBCs. The authors recommend that future
research should consider tailored intervention approaches that target specific mechanisms of adherence
and specific self-reported reasons for nonadherence.
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Introduction

Roughly half of deaths in the United States can be attributed to individual health behaviors, such as low
physical activity, smoking, and diet [1, 2]. Of these deaths, nearly a quarter are attributable to hypertension
(HTN) or cardiovascular disease (CVD) [3-5]. One of the most important health behaviors for the treatment
of HTN and prevention of CVD is adherence to antihypertensive medications [6-8]. Antihypertensive
medications lower blood pressure, thereby decreasing the risk of CVD events [9-10]. Individuals who are
adherent to antihypertensive medications have a 38% reduction in the hazard of incident CVD [7], while
nonadherence (i.e., not taking medication as prescribed) is associated with a 48% increased hazard of all-
cause mortality [11]. Despite the importance of antihypertensive medications, between 35% and 72% of
individuals with HTN do not take their medication as prescribed [7, 12-15]. Nonadherence is associated
with increased rates of CVD, hospitalization, healthcare utilization, and healthcare costs [16-18]. Despite
many interventions aimed at improving adherence to antihypertensive medications, the persistence of
nonadherence remains a significant and growing public health issue [19]. Meta-analyses examining
interventions for antihypertensive medication adherence have found high levels of heterogeneous
treatment effects [20-22], suggesting that there is significant variability in how an intervention improves
adherence.

Understanding the mechanisms by which an intervention influences health behavior may help to better
understand the cause of heterogenous treatment effects [23, 24]. Studying mechanisms of behavior change
(MoBCs) provides powerful ways to identify how an intervention works, and not just whether it works.
Current recommendations suggest that individually tailored medication adherence intervention
approaches are more likely to be successful than ‘one size fits all’ approaches [19]. By identifying the
underlying cause of nonadherence to antihypertensive medication (i.e., the MoBC), it is possible to directly
act on the most important MoBC for an individual, thereby improving adherence behavior. However, in
order to best explore mechanisms, trials must directly test mechanistic pathways [25]. Despite the potential
importance of identifying and targeting mechanisms in interventions for medication adherence, only 3% of
NIH-funded trials examine potential MoBCs [26]. This shows a critical lack of mechanistic research for
behavioral interventions to improve medication adherence.

In this study, we aim to examine the associations between self-reported adherence to antihypertensive
medications and potential MoBCs for increasing adherence in a large healthcare system with over 5.5
million patient contacts annually [27]. The goal of this study is to confirm that these hypothesized MoBCs
are indeed associated with nonadherence. Further, we will use multivariate regression to examine the
association between each MoBC and adherence, adjusting for all other MoBCs as well as patient
characteristics. We will also examine self-reported reasons for nonadherence and explore how these are
associated with both medication adherence and potential MoBCs. In doing so, we hope to validate and
expand the existing research identifying the important mechanisms and correlates of adherence in this
exploratory, cross-sectional study.
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Materials and methods
Study design

This is an exploratory, cross-sectional survey designed to explore the associations between self-reported
adherence to antihypertensive medications and potential MoBCs for adherence (including self-efficacy, self-
regulation, behavioral automaticity, and HTN knowledge). This was a fully remote trial. Participant consent
and survey assessments were conducted using REDCap, an approved secure data collection tool [28, 29].
Participants were compensated $50 for participation. The protocol for this trial was approved by the
Northwell Health Institutional Review Board in November 2024.

Population

We recruited 101 participants who were prescribed antihypertensive medication. Inclusion criteria can be
found in Table 1. Patients were required to be diagnosed with HTN, have a current prescription for
antihypertensive medication, and have a recent outpatient contact between December 2023 and January
2025. We excluded non-English speaking individuals to improve the validity and reliability of all study
measures (some of which have not been validated in other languages).

Table 1. Inclusion/exclusion criteria.

Inclusion criteria Exclusion criteria

A participant must meet the following criteria to be included in the study: A person who meets the following criteria will

* Is aged = 18 years of age be excluded.

* Is prescribed antihypertensive medication * Does not speak English
» Diagnosed with HTN

* Have had 1 or more outpatient provider contacts between December 2023
and January 2025

HTN: hypertension.

Recruitment

With support from the Northwell Health Quantitative Intelligence team, we utilized the electronic health
record (EHR) to identify over 3,500 participants who were potentially eligible for the trial. These
participants were contacted directly using the contact information provided in the EHR, namely email and
phone number. Recruitment for the trial occurred between February and March of 2025. Potentially eligible
patients were randomly selected and contacted via a brief email explaining the nature of the study and
directing them to a REDCap survey with further information. The REDCap survey contained a more detailed
overview of study requirements, a copy of the consent form for review, and contact information for study
personnel.

Patients who indicated their interest in this REDCap survey were directed to a brief screening survey to
confirm their current HTN diagnosis, that they are currently prescribed a hypertensive medication, and that
they had contact with their provider between December 2023 and January 2025.

Individuals deemed ineligible for the study based on their responses to this survey were immediately
notified through the REDCap software. Eligible individuals were automatically directed to a digital consent
form to review and sign in REDCap.

Nonadherence

Adherence to antihypertensive medication was measured using the Hill-Bone Compliance to High Blood
Pressure Therapy Scale (HB-HBP) [30]. The HB-HBP is a 14-item survey measure scored on a 4-point Likert
scale rated from 4 “None of the time” to 1 “All of the time”. The HB-HBP contains a 9-item subscale used to
measure self-reported adherence to antihypertensive/high blood pressure medication. Questions asked
“How often do you decide NOT to take your high blood pressure medication?” and “How often do you forget
to get your prescriptions filled?” Scores were summed to generate a total score, with higher scores
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indicating better adherence. For the purposes of this analysis, individuals who scored below the lowest
quartile cut-off point on the HB-HBP medication adherence subscale were defined as being nonadherent.
The HB-HBP also contains two other scales related to high blood pressure therapy: 1) a 2-item scale
measuring adherence to medical appointments and 2) a 3-item scale measuring dietary intake of salty
foods. As these two other scales are associated with higher blood pressure levels and have shown good
reliability/validity with the medication adherence sub-scale on the HB-HBP [30], these additional scales
were also examined in exploratory analyses.

Potential mechanisms of nonadherence

We have identified 4 potential MoBCs for the current study: self-efficacy, treatment self-regulation,
behavioral automaticity, and HTN knowledge. Self-efficacy, defined as beliefs about one’s ability to
successfully perform a behavior, has been identified as a key MoBC for many behavior change theories [31],
and has been found to be integral to medication adherence [32-34], especially to antihypertensive
medications [35]. Low medication adherence self-efficacy, defined as a low level of belief in an individual’s
ability to consistently take medication as prescribed, is a potential modifiable reason for nonadherence.
Self-regulation, defined as the ability of an individual to regulate their own behavior, is also a key MoBC for
a variety of health outcomes [36], including medication adherence [37, 38]. Behavioral automaticity,
defined as the degree to which an individual engages in a behavior automatically and without thinking [39,
40], has also been found to be associated with adherence to antihypertensives [41]. Behavioral automaticity
is also more commonly known as “habit”, i.e., a behavior performed automatically. HTN knowledge is
defined as an individual’s awareness of the symptoms of HTN, the potential consequences of HTN, and how
HTN can be treated. Low levels of HTN knowledge about medications have previously been associated with
nonadherence to antihypertensive medications [21, 42-44].

Each MoBC is assessed using validated survey measures

It should also be noted that these MoBCs are operationalized in particular manners, which may capture
some aspects of the larger mechanistic theory and ignore others. For example, self-efficacy has multiple
facets and can be operationalized in a variety of ways [45, 46]. The same is true of all potential MoBCs. How
adherence and MoBCs will influence all potential interpretations of findings.

Self-efficacy

We measured self-efficacy using the Medication Adherence Self-Efficacy Scale Revised (MASES-R), a 13-
item measure of medication adherence self-efficacy, previously used in a variety of populations to measure
self-efficacy for adherence to antihypertensive medications [34, 47]. The MASES-R assesses individuals’
confidence in their ability to take their antihypertensive medication in a variety of situations, including
when they are busy at home or not experiencing any symptoms. The final question assesses confidence in
making medication-taking a part of the patient’s routine. Each item is scored from 1, “Not at all sure,” to 4,
“Extremely sure.” Participants’ scores across the 13 items were averaged into a total score, with lower
values (closer to 1) representing low self-efficacy, and higher values (closer to 4) representing high self-
efficacy.

Self-regulation

We assessed self-regulation using the Treatment Self-Regulation Questionnaire (TRSQ), a 15-item scale
[48]. The questionnaire assesses different sources of motivation for disease self-management, with each
potential reason scored on a 7-point Likert scale rated from “Not true at all” to “Completely true”. Each
potential motivator was sorted into one of three categories: amotivation (defined as the absence of
intention to act), controlled regulation (defined as internal or external pressure to engage in a behavior),
and autonomous regulation (defined as feelings of volitional choice for engaging in the behavior) [48, 49].
An average score out of 7 for each of the three categories was calculated for each participant, with low
scores corresponding to low levels of motivation in that category, and high scores corresponding to high
motivation in that category.
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Behavioral automaticity

We assessed behavioral automaticity, using the Self-Report Behavioral Automaticity Index (SRBAI) [40], a
4-item measure of the perceived automaticity of health behaviors, previously used for trials examining
medication adherence. Questions on the SRBAI ask whether taking hypertensive medication is done
automatically, done without consciously remembering, done without thinking, and started without
realizing. Each of the items is assessed on a 7-point Likert scale from “Strongly disagree” to “Strongly
agree”. Participants’ scores for each of the four questions were summed for a maximum of 28 points, with
low scores corresponding to low levels of automaticity and high scores corresponding to high levels of
automaticity.

HTN knowledge

We measured HTN knowledge, using a 10-item HTN knowledge scale [50], previously used in several trials
to increase medication adherence and lower blood pressure. The survey asks questions assessing
knowledge of what HTN is, ideal health behaviors for those diagnosed with HTN, and the medical
consequences of HTN in a brief survey accessible to those with limited literacy. Each question was scored
either one point for a correct answer or zero points for an incorrect answer, and each participant was then
given a total score out of a total of 10 points, with higher scores indicating greater levels of HTN knowledge.

Additional variables
Reasons for nonadherence

We also wanted to identify potential barriers to adherence to examine how these were associated with self-
report adherence and potential MoBCs. Reasons for nonadherence were assessed using the Medication
Adherence Reasons Scale Revised (MAR-revised) [51]. This 20-item scale first asks how many days out of
the past 7 days the participant was able to take their medication exactly as prescribed. The other questions
provide 19 different potential reasons for nonadherence and ask how many days out of the past 7 were
each reason a cause of nonadherence. Each question is rated on a scale from “0 days” to “7 days”.

Potential reasons for nonadherence were grouped into five established categories: nonadherence due
to beliefs and perceptions about their condition or medication, nonadherence due to side effects and
concerns regarding the medication, nonadherence due to practical and access barriers to taking medication,
forgetfulness or unintentional nonadherence, and intentional or contextual nonadherence. The average
number of days that each category was responsible for a participant’s nonadherence was calculated. The
categorical averages for participants in the high adherence group and the low adherence group were also
compared in order to test for the association between adherence level and different nonadherence reasons.

Participant characteristics

A standardized demographics survey was administered that collected information on participant age,
gender, race, ethnicity, primary language, and insurance status.

Statistical analysis

Analysis for the primary aim outcome: The primary aim for this study is to examine the associations
between medication adherence measured using the HB-HBP and four potential MoBCs: Self-efficacy,
treatment self-regulation, behavioral automaticity, and HTN knowledge. First, we compared scores on these
measures between individuals with low adherence and high adherence using independent samples t-tests.
Participant characteristics were also compared between low and high adherence groups using an
independent samples t-test for continuous variables and Pearson Chi-squared tests for categorical
variables. We then examined the association between MoBC scores and continuous HB-HBP adherence
scores using median regression analysis. A median regression model was utilized to provide a more robust
comparison due to the small sample size and potentially non-linear distribution of medication adherence.
We utilized participant characteristics as covariates in these regression analyses. Finally, we conducted a
multivariate median regression model with all MoBCs and covariates included to identify if any MoBCs are
associated with self-reported antihypertensive adherence, controlling for all other MoBCs.
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Analysis for the secondary outcomes

In addition, we compared scores on the MAR-revised between individuals with low adherence and high
adherence using independent samples t-tests. We examined scores on the 5 different subscales for the
MAR-revised: beliefs/perceptions, side effects, practical/access barriers, forgetfulness/unintentional
nonadherence, and intentional /contextual nonadherence.

Analysis for the exploratory outcome

We also conducted Pearson correlation analyses between continuous HB-HBP scale scores (including
medication adherence, appointment attendance, and sodium intake), MoBC measures, and MAR sub-scales.
This was an exploratory analysis examining associations for future study. All analyses were conducted with
Rversion 4.6.0 [52].

Results
Participant characteristics and medication adherence

The sample of 101 participants had a mean age of 61.7 years (SD = 13.1 years), was 59.4% female (n = 60),
66.3% White (n = 67), 7.9% Hispanic (n = 8), and 99.0% insured (n = 100). Full sample characteristics can
be found in Table 2. In the sample, there were 17 participants (16.8%) who self-reported low levels of
adherence, defined by scoring < 33 on the 9-item medication adherence scale of the HB-HBP (below the
lowest cut-point for the lowest quartile). This score corresponds to either reporting taking medication
“None of the time” on a single item or “Most of the time” on three items for the HB-HBP. Participants who
self-reported low levels of adherence were younger, more likely to be female, and less likely to identify as
White than those with high adherence (Table 2).

Table 2. Participant characteristics by self-reported adherence status.

Variable Total sample (N=101) High adherence (N=84) Low adherence (N=17) p-Value
Age: mean (SD) 61.7 (13.1) 63.2 (12.7) 55.1 (13.8) 0.034
Gender Male 40 (39.6%) 38 (45.2%) 2 (11.8%) 0.004

Female 60 (59.4%) 46 (54.8%) 14 (82.4%)

Other 1(1.0%) 0 (0.0%) 1(5.8%)
Hispanic 8 (7.9%) 8 (9.5%) 0 (0.0%) 0.405
Race White 67 (66.3%) 62 (73.8%) 5(29.4%) 0.001

Black 16 (15.8%) 10 (11.9%) 6 (35.2%)

American Indian 0 (0.0%) 0 (0.0%) 0 (0.0%)

Asian 13 (12.9%) 9 (10.7%) 4 (23.5%)

Pacific Islander 0 (0.0%) 0 (0.0%) 0 (0.0%)

More than 1 2 (1.9%) 1(1.2%) 1(5.8%)

Other 2 (1.9%) 2 (2.4%) 0 (0.0%)

Declined 1(0.9%) 0 (0.0%) 1(5.8%)
Spanish primary language 1(0.9%) 1(1.2%) 0 (0.0%) 0.999
Insured 100 (99.0%) 84 (100.0%) 16 (94.1%) 0.373
Potential MoBC measures
MASES 3.19 (0.40) 3.28 (0.28) 2.68 (0.53) <0.001
TSRQ autonomous 6.41 (1.20) 6.48 (1.20) 6.03 (1.17) 0.176
TSRQ controlled 3.50 (1.59) 3.42 (1.66) 3.91(1.18) 0.172
TSRQ amotivation 3.02 (1.60) 3.03 (1.60) 3.00 (1.64) 0.951
SRBAI 22.08 (6.56) 22.30 (6.74) 20.80 (5.48) 0.319
Hypertension knowledge 7.98 (1.06) 8.06 (1.09) 7.56 (0.81) 0.045
Barriers to adherence
Medication Adherence Reasons  6.64 (1.03) 6.87 (0.37) 5.44 (2.10) 0.016

p-Values generated using independent samples t-tests for continuous variables and Chi-squared tests for categorical variables;
MASES: Medication Adherence Self-Efficacy Scale; TSRQ: Treatment Self-Regulation Questionnaire; SRBAI: Self-Report
Behavioral Automaticity Index.
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Primary outcome analyses

Comparisons of MoBC by adherence groups showed that individuals who self-reported low levels of
adherence also reported lower scores on the MASES [mean (SD) = 2.68 (0.53)] relative to individuals with
high levels of adherence [mean (SD) = 3.28 (0.28); independent sample t-test p < 0.001; Table 2].
Individuals with self-reported low levels of adherence also had lower scores on HTN knowledge than [mean
(SD) = 7.56 (0.81)] relative to individuals with high levels of adherence [mean (SD) = 8.06 (1.09);
independent sample t-test p = 0.045; Table 2]. The distribution of MoBC scores by adherence group can be
found in Figure 1.
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Figure 1. Boxplot of MoBCs by adherence status. TSRQ: Treatment Self-Regulation Questionnaire; SRBAI: Self-Report
Behavioral Automaticity Index.

In regression analyses, self-efficacy was associated with continuous self-reported medication
adherence scores on the HB-HBP in the unadjusted model [coefficient (95% CI) = 5.20 (4.51 to 7.55)], the
covariate adjusted model [coefficient (95% CI) = 4.64 (3.43 to 7.49)], and the model adjusted for all other
MoBCs [coefficient (95% CI) = 4.84 (3.30 to 7.37); Table 3]. HTN knowledge was also associated with
continuous medication adherence in the unadjusted regression model [coefficient (95% CI) = 0.50 (0.22 to
1.51); Table 3] and remained significant in covariate-adjusted and multivariate models. This suggests that
self-efficacy and HTN knowledge are uniquely associated with self-reported adherence after adjustment for
covariates and other MoBCs. All other MoBCs were not significantly associated with continuous medication
adherence scores at any level of adjustment.

Table 3. Median regression models predicting self-reported adherence.

Mechanism Single predictor analyses Single predictor Multivariable predictor
without covariate analyses with covariate analyses withcovariate
adjustment adjustment adjustment
Coefficient (95% Cl) Coefficient (95% Cl) Coefficient (95% Cl)

Medication Adherence Self-Efficacy 5.20 (4.51 to 7.55) 4.64 (3.43t0 7.49) 4.84 (3.30t0 7.37)

Scale (MASES)

Treatment Self- Autonomous 0.50 (—0.18 to 0.96) 0.45 (-0.01t0 0.73) 0.00 (-0.05 to 0.02)

?Tesggg;'on Questionnaire o irolled  0.00 (0.00 to 0.00) 0.00 (0.00 to 0.03) 0.01 (=0.12 to 0.05)

Amotivation 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.06) —0.01 (-0.03 to 0.09)
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Table 3. Median regression models predicting self-reported adherence. (continued)

Mechanism Single predictor analyses Single predictor Multivariable predictor
without covariate analyses with covariate analyses withcovariate
adjustment adjustment adjustment
Coefficient (95% CI) Coefficient (95% Cl) Coefficient (95% Cl)

Self-Report Behavioral Automaticity 0.00 (0.00 to 0.13) 0.00 (0.00 to 0.07) —0.00 (-0.03 t0 0.01)

Index (SRBAI)

Hypertension knowledge 0.50 (0.22 to 1.51) 0.21 (0.04 to 0.45) 0.13 (0.01 to 0.21)

Participant characteristics in the single predictor and multiple predictor models included age at recruitment, gender, Hispanic
ethnicity, and race.

Secondary outcome analyses

Analysis of the associations between reasons for medication adherence and self-reported adherence was
not statistically significant for independent samples t-tests (Table 4). However, in bivariate correlation
analyses examining the association between continuous HB-HBP medication adherence scores and reasons
for medication adherence, adherence was associated with participant beliefs (r=-0.20, p = 0.04),
participant concerns about side effects (r=-0.31, p = 0.002), practical access barriers (r = -0.21, p = 0.04),
and unintentional adherence/forgetfulness (r = -0.36, p < 0.001; Table 5). Only intentional reasons for
nonadherence were not significantly associated with continuous HB-HBP scores. In addition, reasons for
medication adherence were associated with medication adherence self-efficacy. For example, concerns
about side effects were strongly negatively associated with self-efficacy (r = -0.48, p < 0.001; Table 5).

Table 4. Association between adherence and Medication Adherence Reasons (MAR) Scale.

Variable High adherence Low adherence p-Value
(N =84) (N=17)

MAR beliefs and perceptions; mean (SD) 0.33 (2.12) 1.06 (2.11) 0.219

MAR side effects and concerns; mean (SD) 0.75 (2.29) 2.69 (4.92) 0.142

MAR practical and access barriers; mean (SD) 0.70 (4.16) 2.81(7.03) 0.261

MAR forgetfulness/unintentional nonadherence; mean (SD) 0.67 (2.17) 2.81 (4.93) 0.106

MAR intentional/contextual nonadherence; mean (SD) 0.36 (1.62) 0.25 (1.00) 0.729

p-Values generated using independent samples t-tests.

Exploratory outcome analyses

In addition to these correlations, we found many significant associations between MoBC measures. For
example, self-efficacy was strongly associated with autonomous self-regulation (r= 0.39, p < 0.001;
Table 5). The full correlation matrix for all study measures can be found in Table 5. It should be noted that
due to multiple comparisons, any inferences drawn from these correlation analyses should be interpreted
cautiously.

Discussion

The findings in the current study support the idea that MoBCs are associated with adherence to
antihypertensive medications. More specifically, self-efficacy for medication adherence is the MoBC most
consistently associated with antihypertensive nonadherence in both univariate and multivariate analyses in
our cross-sectional, self-report study. In addition, HTN knowledge was also associated with
antihypertensive adherence in univariate regression analyses and in regressions with covariate adjustment.
This shows that HTN knowledge is also an important mechanism for adherence. However, despite previous
research suggesting that behavioral automaticity is a potentially important factor in medication adherence
[41], SRBAI scores were not associated with self-reported adherence in either univariate or multivariate
analyses. It should be noted that SRBAI scores were in the hypothesized direction and might have reached
statistical significance in a much larger sample size or with repeated assessment measures. Collectively,
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Table 5. Exploratory Pearson correlations between scales with 95% confidence intervals in parentheses.

Variable Hill-Bone  Hill- Hill-Bone MASES TSRQ TSRQ TSRQ SRBAI Hypertension MAR beliefs MAR side MAR MAR
medication Bone missed autonomous controlled amotivation knowledge and effects practical forgetful
adherence sodium appointments perceptions and and

concerns access
barriers

Hill-Bone sodium 0.32** (0.13 - - - - - - - - - - - -
to 0.48)

Hill-Bone missed 0.28** (0.09 0.03 - - - - - - - - - - -

appointments to 0.45) (-0.17

to 0.22)

MASES 0.72*** 0.38*** 0.41**(0.23 - - - - - - - - - -
(0.61 to (0.20 to to 0.56)

0.80) 0.53)

TSRQ autonomous 0.24* (0.05 0.12 0.17 (-0.03to 0.39*** - - - - - - - - -
to 0.41) (-0.08 0.35) (0.21to

to 0.31) 0.54)

TSRQ controlled —-0.02 -0.04 0.16(-0.04to 0.07 0.40*** (0.23 - - - - - - - -
(-0.21to (-0.23 0.34) (-0.12to to 0.56)

0.18) to 0.16) 0.27)

TSRQ amotivation 0.05(-0.14 -0.02 0.11(-0.09to 0.10 0.03 (-0.17  0.62*** - - - - - - -
to 0.25) (-0.23 0.30) (-0.10to to0 0.22) (0.48 to

to 0.16) 0.29) 0.72)

SRBAI 0.17 (-0.03 0.09 0.09 (-0.11to 0.19 0.28** (0.09 0.37*** 0.23* (0.03 - - - - - -

to 0.35) (-0.11  0.28) (-0.01to to 0.45) (0.19 to to 0.40)
to 0.28) 0.37) 0.53)
Hypertension knowledge 0.24* (0.05 0.16 0.06 (-0.13to 0.16 0.08 (-0.11 0.09 0.05 (-0.15 0.06 - - - - -
to 0.42) (-0.04 0.26) (-0.04 to t0 0.27) (-0.10to 10 0.24) (-0.14
to 0.34) 0.34) 0.28) to
0.25)
MAR beliefs and -0.20* -0.04 -0.06(-0.26 -0.21* -0.04(-0.23 0.16 0.17 (-0.03 0.01 0.10 (-0.09to - - -
perceptions (-0.38 to (-0.23 t00.13) (-0.39to t0 0.16) (-0.03to t00.35) (-0.18 0.29)
—-0.01) to 0.16) —-0.01) 0.35) to
0.21)

MAR side effects and -0.31** -0.05 -0.25*(-0.42 -0.48*** -0.07(-0.26 0.14 0.04 (-0.16 0.07  -0.02(-0.22 0.64*** - - -

concerns (-0.48 to (-0.25 to-0.05) (-0.62to t00.12) (-0.05t0 t00.23) (-0.13 t00.18) (0.51to
-0.12) to 0.14) -0.31) 0.33) to 0.74)

0.26)

MAR practical and access  -0.21* -0.02 0.01(-0.18to -0.25* -0.04 (-0.23 0.12 0.10 (-0.10 -0.05 0.02 (-0.17 to 0.88*** 0.67*** - -

barriers (-0.39 to (-0.22 0.21) (-0.42to t00.16) (-0.08t0 t00.29) (-0.25 0.22) (0.83 to (0.55to
—-0.01) to 0.17) —0.05) 0.31) to 0.92) 0.76)

0.14)
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Table 5. Exploratory Pearson correlations between scales with 95% confidence intervals in parentheses. (continued)

Variable Hill-Bone  Hill- Hill-Bone MASES TSRQ TSRQ TSRQ SRBAI Hypertension MAR beliefs MAR side MAR MAR
medication Bone missed autonomous controlled amotivation knowledge and effects practical forgetful
adherence sodium appointments perceptions and and

concerns access
barriers

MAR —-0.36*** -0.22* -0.09(-0.28 -0.30** -0.14 (-0.33 0.08 0.10 (-0.10 -0.12 0.00 (-0.19to 0.67*** 0.54*** 0.68*** -

forgetfulness/unintentional (-0.52 to (-0.40 to00.10) (-0.47 to to 0.05) (-0.12to t00.29) (-0.31 0.20) (0.54 to (0.38 to (0.56 to

nonadherence -0.18) to -0.11) 0.27) to 0.76) 0.66) 0.77)

-0.02) 0.08)

MAR intentional/contextual -0.06 0.03 0.09 (0.11to  -0.11 —-0.09 (-0.28 0.15 0.13 (-0.07 0.02 -0.03 (-0.22 0.76*** 0.46** 0.80***  0.61***

nonadherence (-0.26 to (-0.17 0.28) (-0.30to to0 0.11) (-0.04to 1t00.32) (-0.18 t00.17) (0.67 to (0.30 to (0.71to0  (0.48to
0.13) to 0.23) 0.09) 0.34) to 0.83) 0.60) 0.86) 0.72)

0.22)

*p < 0.05; **p < 0.01; ***p < 0.001; MASES: Medication Adherence Self-Efficacy Scale; TSRQ: Treatment Self-Regulation Questionnaire; SRBAI: Self-Report Behavioral Automaticity Index;
MAR: Medication Adherence Reasons. This table does not adjust for multiple comparisons and is purely exploratory. No inferences should be drawn from these findings.

these findings underscore the significant role of multiple distinct MoBCs, particularly self-efficacy and HTN knowledge, in understanding antihypertensive
medication adherence. However, it should be noted that all of the above findings are based on self-reported medication adherence, which is potentially subject to
biased reporting.

Luckily, future researchers can look to influence any potential target MoBCs using the extensive research showing the linkage between particular behavior
change techniques (BCTs) and MoBCs [46, 53-55]. We intend to utilize the current study to identify key MoBCs for action and then utilize existing literature to
design interventions targeted specifically for improving MoBCs.

Though scores on the MAR did not significantly differ between the groups with high and low adherence in independent samples t-tests, there were significant
associations between continuous HB-HBP scores and MAR in bivariate correlation analyses. In addition, self-reported reasons for adherence, such as forgetfulness
and barriers, were also associated with self-efficacy. This potentially shows how self-reported reasons for nonadherence may be associated with particular MoBCs,
highlighting a future intervention pathway that can be tailored to reasons for nonadherence.

It should also be noted that a systematic review for nonadherence to antihypertensive medications found larger associations between predictors and
adherence when adherence is assessed using objective measures rather than self-report [13]. It is possible that the “noise” and variability introduced by self-
report bias may increase confidence intervals and reduce the strength of these associations [13]. Therefore, though the current results only represent a small
snapshot of the antihypertensive adherence of a large healthcare system, future research may demonstrate stronger associations utilizing more objective
measures of adherence, such as pharmacy refill data or smart pill bottles [56, 57]. It is also possible that the associations between adherence to antihypertensives
and self-reported MoBCs may differ from the current findings if adherence were assessed more objectively. Low scores on self-efficacy and low self-reported
antihypertensive adherence may reflect a self-critical psychological stance rather than a mechanistic association with behavior. There exists a great deal of nuance
in how antihypertensive adherence is measured and operationalized. The authors acknowledge that depending on how adherence is determined and how a
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particular MoBC is measured, the strength of the associations between antihypertensive adherence and
MoBCs may vary greatly.

In addition to our primary findings, exploratory analyses examining bivariate correlations between our
study measures have the potential to provide useful estimates of effect size for future trials. Though the
number of comparisons used in these analyses makes it difficult to draw strong inferences about the
relationships between variables, we fully intend to utilize this information to calculate the sample sizes
required for future behavioral interventions to increase antihypertensive medication adherence.

Finally, it is interesting to note the characteristics of individuals in our sample who self-reported non-
adherence. Participants with self-reported non-adherence were more likely to be younger, female, and have
different racial characteristics. This aligns with previous research showing non-adherent individuals have a
younger age [58-60] and different racial characteristics [60]. Prior findings regarding self-reported sex and
gender are more mixed. Some previous studies found no association between sex and antihypertensive
adherence [61] or inconsistent findings based on the study population [62]. Prior work has highlighted that
the factors that influence adherence may vary by gender, with female individuals being more likely to have
low levels of antihypertensive adherence due to psychological factors [63, 64]. Additional research is
needed to identify how best to address the adherence concerns among men and women.

Strengths/limitations

The current study has several strengths. Firstly, we did not solely recruit individuals with problems
adhering to antihypertensive medications. Instead, we recruited all individuals prescribed antihypertensive
medication. This allows our study to examine MoBC levels in individuals with different self-reported
adherence. In addition, we were able to obtain a preliminary, exploratory estimate of the prevalence of
antihypertensive nonadherence within our health system, though this estimate may not reflect the full
population of our health system. Secondly, we examined multiple potential MoBCs simultaneously. As a
result, we can examine the association between each MoBC and adherence individually and in combination.

However, it should also be noted that this study has several limitations. Firstly, we collected data on a
relatively small sample of patients who were taking antihypertensive medication. The sample was a
majority female, predominantly white, and nearly all patients were insured. It is unlikely that these results
will be representative of the full population of patients treated with antihypertensive medication in our
health system. It should also be noted that we conducted a remote, digital survey trial. This would likely
create a bias towards participants with high levels of digital literacy. We also compensated participants for
completing the survey, which could also potentially introduce bias. Secondly, the current study has a cross-
sectional design, which precludes longitudinal analyses of the associations between antihypertensive
adherence and potential MoBCs. Further, cross-sectional findings prevent the determination of causality. If
MoBCs are truly important targets for interventions, then changes in MoBCs should be associated with
proportional changes in health behaviors. We cannot demonstrate these causal effects in this study. Though
we plan to utilize the findings from the current study to justify future longitudinal clinical trials, we did not
have the resources to run such a trial at this time. Finally, the current trial utilizes a self-report measure of
medication adherence, which could potentially be subject to bias. However, it should be noted that
medication adherence research often relies on self-report adherence measures [13]. It should also be noted
that only 17% of the sample were nonadherent to medications, suggesting most individuals participating
did not have high levels of nonadherence to antihypertensive medications. Further, non-adherence was
classified based on the lowest quartile of responses in this particular sample. Other samples will likely have
different cut-offs using the same approach. Therefore, the dichotomous analyses comparing low and high
adherence levels should be interpreted cautiously. It is also possible that shared method variance may
result from utilizing a self-report adherence measure in conjunction with self-reported MoBCs, though it is
uncertain how this might enhance or dilute the associations shown in the current study [65].

Explor Med. 2026;7:1001402 | https://doi.org/10.37349/emed.2026.1001402 Page 11



Conclusion

The findings of the current exploratory study reinforce previous literature showing that MoBCs are
associated with adherence to antihypertensive medications. Further, our study supports prior findings
showing that self-efficacy for adherence is strongly associated with self-reported adherence behavior. HTN
knowledge was also found to be associated with self-reported adherence. As a result, we believe that
interventions targeting self-efficacy for medication adherence and HTN knowledge are potentially useful
targets for MoBCs for behavioral interventions to improve antihypertensive adherence. However, we also
believe that adherence to antihypertensive medications is a complex behavior that is likely to be influenced
by multiple MoBCs simultaneously. We also recognize that the magnitude of the association between a
particular MoBC and antihypertensive adherence may differ based on each individual and the potential
causes of that individual’s behavior. Future research should examine the benefits of tailored interventions
targeting specific mechanisms of adherence and potentially utilize self-reported reasons for nonadherence
to guide and tailor the intervention approach.

Abbreviations

CVD: cardiovascular disease

EHR: electronic health record

HB-HBP: Hill-Bone Compliance to High Blood Pressure Therapy Scale
HTN: hypertension

MAR-revised: Medication Adherence Reasons Scale Revised
MASES-R: Medication Adherence Self-Efficacy Scale Revised

MoBCs: mechanisms of behavior change

SRBAI: Self-Report Behavioral Automaticity Index

Declarations
Author contributions

M]B, DL, and YKC: Conceptualization. M]JB: Writing—original draft. DL and DM: Data Curation, Investigation,
Project Administration. EH and YKC: Methodology. AMG: Supervision. M]B, DL, DM, EH, AMG, and YKC:
Writing—review & editing. All authors read and approved the submitted version.

Conflicts of interest

The authors declare no conflicts of interest.

Ethical approval

The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional
Review Board of Northwell Health (Protocol version 24-1048-MRB approved 11/20/2024).

Consent to participate

Informed consent was obtained from all subjects involved in the study.

Consent to publication

Informed consent to publication was obtained from relevant participants.

Availability of data and materials

Access to de-identified data and analysis code is available upon request to the corresponding author.

Explor Med. 2026;7:1001402 | https://doi.org/10.37349/emed.2026.1001402 Page 12



Funding

This work was supported by the Barbara Zucker Emerging Scientist award. This is an internal award to
Northwell Health. The funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Copyright
© The Author(s) 2026.

Publisher’s note

Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations
and maps. All opinions expressed in this article are the personal views of the author(s) and do not
represent the stance of the editorial team or the publisher.

References

1.  Schroeder SA. Shattuck Lecture. We can do better--improving the health of the American people. N
Engl ] Med. 2007;357:1221-8. [DOI] [PubMed]

2. Mokdad AH, Marks ]S, Stroup DF, Gerberding JL. Actual causes of death in the United States, 2000.
JAMA. 2004;291:1238-45. [DOI] [PubMed]

3. Moy E, Garcia MC, Bastian B, Rossen LM, Ingram DD, Faul M, et al. Leading Causes of Death in
Nonmetropolitan and Metropolitan Areas- United States, 1999-2014. MMWR Surveill Summ. 2017;66:
1-8. [DOI] [PubMed] [PMC]

4.  The Global Cardiovascular Risk Consortium. Global effect of modifiable risk factors on cardiovascular
disease and mortality. N Engl ] Med. 2023;389:1273-85. [DOI]

5.  Lindholt ]S, Sggaard R. Why and when to screen for cardiovascular disease in healthy individuals.
Heart. 2021;107:1010-7. [DOI] [PubMed]

6. Corrao G, Parodi A, Nicotra F, Zambon A, Merlino L, Cesana G, et al. Better compliance to

antihypertensive medications reduces cardiovascular risk. ] Hypertens. 2011;29:610-8. [DOI]
[PubMed]

7. Mazzaglia G, Ambrosioni E, Alacqua M, Filippi A, Sessa E, Immordino V, et al. Adherence to
antihypertensive medications and cardiovascular morbidity among newly diagnosed hypertensive
patients. Circulation. 2009;120:1598-605. [DOI] [PubMed]

8.  Yang Q, Chang A, Ritchey MD, Loustalot F. Antihypertensive Medication Adherence and Risk of
Cardiovascular Disease Among Older Adults: A Population-Based Cohort Study. ] Am Heart Assoc.
2017;6:e006056. [DOI] [PubMed] [PMC]

9. Digne-Malcolm H, Frise MC, Dorrington KL. How Do Antihypertensive Drugs Work? Insights from
Studies of the Renal Regulation of Arterial Blood Pressure. Front Physiol. 2016;7:320. [DOI] [PubMed]
[PMC]

10. LaurentS. Antihypertensive drugs. Pharmacol Res. 2017;124:116-25. [DOI] [PubMed]

11. Shin S, Song H, Oh SK, Choi KE, Kim H, Jang S. Effect of antihypertensive medication adherence on
hospitalization for cardiovascular disease and mortality in hypertensive patients. Hypertens Res.
2013;36:1000-5. [DOI] [PubMed]

12. Kronish IM, Woodward M, Sergie Z, Ogedegbe G, Falzon L, Mann DM. Meta-analysis: impact of drug
class on adherence to antihypertensives. Circulation. 2011;123:1611-21. [DOI] [PubMed] [PMC]

13. Abegaz TM, Shehab A, Gebreyohannes EA, Bhagavathula AS, Elnour AA. Nonadherence to
antihypertensive drugs: A systematic review and meta-analysis. Medicine (Baltimore). 2017;96:
e5641. [DOI] [PubMed] [PMC(C]

14. Peacock E, Krousel-Wood M. Adherence to Antihypertensive Therapy. Med Clin North Am. 2017;101:
229-45. [DOI] [PubMed] [PMC(]

Explor Med. 2026;7:1001402 | https://doi.org/10.37349/emed.2026.1001402 Page 13


https://dx.doi.org/10.1056/NEJMsa073350
http://www.ncbi.nlm.nih.gov/pubmed/17881753
https://dx.doi.org/10.1001/jama.291.10.1238
http://www.ncbi.nlm.nih.gov/pubmed/15010446
https://dx.doi.org/10.15585/mmwr.ss6601a1
http://www.ncbi.nlm.nih.gov/pubmed/28081058
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5829895
https://dx.doi.org/10.1056/NEJMoa2206916
https://dx.doi.org/10.1136/heartjnl-2019-316266
http://www.ncbi.nlm.nih.gov/pubmed/33483351
https://dx.doi.org/10.1097/HJH.0b013e328342ca97
http://www.ncbi.nlm.nih.gov/pubmed/21157368
https://dx.doi.org/10.1161/CIRCULATIONAHA.108.830299
http://www.ncbi.nlm.nih.gov/pubmed/19805653
https://dx.doi.org/10.1161/JAHA.117.006056
http://www.ncbi.nlm.nih.gov/pubmed/28647688
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5669200
https://dx.doi.org/10.3389/fphys.2016.00320
http://www.ncbi.nlm.nih.gov/pubmed/27524972
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4965470
https://dx.doi.org/10.1016/j.phrs.2017.07.026
http://www.ncbi.nlm.nih.gov/pubmed/28780421
https://dx.doi.org/10.1038/hr.2013.85
http://www.ncbi.nlm.nih.gov/pubmed/23966057
https://dx.doi.org/10.1161/CIRCULATIONAHA.110.983874
http://www.ncbi.nlm.nih.gov/pubmed/21464050
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3084582
https://dx.doi.org/10.1097/MD.0000000000005641
http://www.ncbi.nlm.nih.gov/pubmed/28121920
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5287944
https://dx.doi.org/10.1016/j.mcna.2016.08.005
http://www.ncbi.nlm.nih.gov/pubmed/27884232
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5156530

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Chowdhury R, Khan H, Heydon E, Shroufi A, Fahimi S, Moore C, et al. Adherence to cardiovascular

therapy: a meta-analysis of prevalence and clinical consequences. Eur Heart J. 2013;34:2940-8. [DOI]
[PubMed]

Elliott W]. Improving outcomes in hypertensive patients: focus on adherence and persistence with
antihypertensive therapy. ] Clin Hypertens (Greenwich). 2009;11:376-82. [DOI] [PubMed] [PMC(]
Rash JA, Lavoie KL, Feldman RD, Campbell TS. Adherence to antihypertensive medications: Current
status and future directions. Curr Cardiovasc Risk Rep. 2014;8:1-13. [DOI]

Choudhry NK, Kronish IM, Vongpatanasin W, Ferdinand KC, Pavlik VN, Egan BM, et al.; American
Heart Association Council on Hypertension; Council on Cardiovascular and Stroke Nursing, and
Council on Clinical Cardiology. Medication Adherence and Blood Pressure Control: A Scientific
Statement From the American Heart Association. Hypertension. 2022;79:e1-4. [DOI] [PubMed] [PMC]
Bosworth HB, Granger BB, Mendys P, Brindis R, Burkholder R, Czajkowski SM, et al. Medication
adherence: a call for action. Am Heart ]. 2011;162:412-24. [DOI] [PubMed] [PMC(]

Conn VS, Ruppar TM, Chase JA, Enriquez M, Cooper PS. Interventions to Improve Medication
Adherence in Hypertensive Patients: Systematic Review and Meta-analysis. Curr Hypertens Rep.
2015;17:94. [DOI] [PubMed] [PMC(]

Ampofo AG, Khan E, Ibitoye MB. Understanding the role of educational interventions on medication
adherence in hypertension: A systematic review and meta-analysis. Heart Lung. 2020;49:537-47.
[DOI] [PubMed]

Conn VS, Ruppar TM, Chase ]JD. Blood pressure outcomes of medication adherence interventions:
systematic review and meta-analysis. ] Behav Med. 2016;39:1065-75. [DOI] [PubMed] [PMC]

Kravitz RL, Duan N, Braslow ]. Evidence-based medicine, heterogeneity of treatment effects, and the
trouble with averages. Milbank Q. 2004;82:661-87. [DOI] [PubMed] [PMC(]

Bryan C], Tipton E, Yeager DS. Behavioural science is unlikely to change the world without a
heterogeneity revolution. Nat Hum Behav. 2021;5:980-9. [DOI] [PubMed] [PMC(C]

Bullock ]G, Green DP, Ha SE. Yes, but what's the mechanism? (don’t expect an easy answer). ] Pers Soc
Psychol. 2010;98:550-8. [DOI] [PubMed]

Edmondson D, Falzon L, Sundquist K], Julian J, Meli L, Sumner JA, et al. A systematic review of the
inclusion of mechanisms of action in NIH-funded intervention trials to improve medication adherence.
Behav Res Ther. 2018;101:12-9. [DOI] [PubMed] [PMC]

Beran N, Abdallah R, Giacomoni L. The population health journey: A change framework and lessons
learned in a large clinically integrated network. Manag Healthc. 2025;9:214-36. [DOI]

Harris PA, Taylor R, Thielke R, Payne ], Gonzalez N, Conde JG. Research electronic data capture
(REDCap)--a metadata-driven methodology and workflow process for providing translational
research informatics support. ] Biomed Inform. 2009;42:377-81. [DOI] [PubMed] [PMC(]

Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The REDCap consortium:
Building an international community of software platform partners. ] Biomed Inform. 2019;95:
103208. [DOI] [PubMed] [PMC]

Kim MT, Hill MN, Bone LR, Levine DM. Development and testing of the Hill-Bone Compliance to High
Blood Pressure Therapy Scale. Prog Cardiovasc Nurs. 2000;15:90-6. [DOI] [PubMed]

Michie S, Carey RN, Johnston M, Rothman A], de Bruin M, Kelly MP, et al. From Theory-Inspired to
Theory-Based Interventions: A Protocol for Developing and Testing a Methodology for Linking
Behaviour Change Techniques to Theoretical Mechanisms of Action. Ann Behav Med. 2018;52:
501-12. [DOI] [PubMed] [PMC(]

Nafradi L, Nakamoto K, Schulz PJ]. Is patient empowerment the key to promote adherence? A
systematic review of the relationship between self-efficacy, health locus of control and medication
adherence. PLoS One. 2017;12:e0186458. [DOI] [PubMed] [PMC(]

O’Leary A. Self-efficacy and health. Behav Res Ther. 1985;23:437-51. [DOI] [PubMed]

Explor Med. 2026;7:1001402 | https://doi.org/10.37349/emed.2026.1001402 Page 14


https://dx.doi.org/10.1093/eurheartj/eht295
http://www.ncbi.nlm.nih.gov/pubmed/23907142
https://dx.doi.org/10.1111/j.1751-7176.2009.00138.x
http://www.ncbi.nlm.nih.gov/pubmed/19583634
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8673138
https://dx.doi.org/10.1007/s12170-014-0415-4
https://dx.doi.org/10.1161/HYP.0000000000000203
http://www.ncbi.nlm.nih.gov/pubmed/34615363
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11485247
https://dx.doi.org/10.1016/j.ahj.2011.06.007
http://www.ncbi.nlm.nih.gov/pubmed/21884856
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3947508
https://dx.doi.org/10.1007/s11906-015-0606-5
http://www.ncbi.nlm.nih.gov/pubmed/26560139
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5662945
https://dx.doi.org/10.1016/j.hrtlng.2020.02.039
http://www.ncbi.nlm.nih.gov/pubmed/32127208
https://dx.doi.org/10.1007/s10865-016-9730-1
http://www.ncbi.nlm.nih.gov/pubmed/26969094
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5018410
https://dx.doi.org/10.1111/j.0887-378X.2004.00327.x
http://www.ncbi.nlm.nih.gov/pubmed/15595946
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2690188
https://dx.doi.org/10.1038/s41562-021-01143-3
http://www.ncbi.nlm.nih.gov/pubmed/34294901
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8928154
https://dx.doi.org/10.1037/a0018933
http://www.ncbi.nlm.nih.gov/pubmed/20307128
https://dx.doi.org/10.1016/j.brat.2017.10.001
http://www.ncbi.nlm.nih.gov/pubmed/29033097
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5800992
https://dx.doi.org/10.69554/MVOW6361
https://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2700030
https://dx.doi.org/10.1016/j.jbi.2019.103208
http://www.ncbi.nlm.nih.gov/pubmed/31078660
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7254481
https://dx.doi.org/10.1111/j.1751-7117.2000.tb00211.x
http://www.ncbi.nlm.nih.gov/pubmed/10951950
https://dx.doi.org/10.1007/s12160-016-9816-6
http://www.ncbi.nlm.nih.gov/pubmed/27401001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6367898
https://dx.doi.org/10.1371/journal.pone.0186458
http://www.ncbi.nlm.nih.gov/pubmed/29040335
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5645121
https://dx.doi.org/10.1016/0005-7967(85)90172-x
http://www.ncbi.nlm.nih.gov/pubmed/3896228

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Ogedegbe G, Mancuso CA, Allegrante JP, Charlson ME. Development and evaluation of a medication
adherence self-efficacy scale in hypertensive African-American patients. ] Clin Epidemiol. 2003;56:
520-9. [DOI] [PubMed]

Morrison VL, Holmes EA, Parveen S, Plumpton CO, Clyne W, De Geest S, et al. Predictors of self-
reported adherence to antihypertensive medicines: a multinational, cross-sectional survey. Value
Health. 2015;18:206-16. [DOI] [PubMed]

McClelland M, Geldhof ], Morrison F, Gestsdéttir S, Cameron C, Bowers E, et al. Self-regulation.
Handbook of life course health development. 2017. pp. 275-98. [DOI]

Liddelow C, Mullan B, Boyes M. Understanding the predictors of medication adherence: applying
temporal self-regulation theory. Psychol Health. 2021;36:529-48. [DOI] [PubMed]

Liddelow C, Mullan B, Boyes M, Ling M. Can temporal self-regulation theory and its constructs predict
medication adherence? A systematic review and meta-analysis. Health Psychol Rev. 2023;17:
578-613. [DOI] [PubMed]

de Bruijn GJ], Gardner B, van Osch L, Sniehotta FF. Predicting automaticity in exercise behaviour: the
role of perceived behavioural control, affect, intention, action planning, and behaviour. Int ] Behav
Med. 2014;21:767-74. [DOI] [PubMed]

Gardner B, Abraham C, Lally P, de Bruijn GJ. Towards parsimony in habit measurement: testing the
convergent and predictive validity of an automaticity subscale of the Self-Report Habit Index. Int ]
Behav Nutr Phys Act. 2012;9:102. [DOI] [PubMed] [PMC]

Badawy SM, Shah R, Beg U, Heneghan MB. Habit Strength, Medication Adherence, and Habit-Based
Mobile Health Interventions Across Chronic Medical Conditions: Systematic Review. ] Med Internet
Res. 2020;22:e17883. [DOI] [PubMed] [PMC]

Jankowska-Polaniska B, Uchmanowicz I, Dudek K, Mazur G. Relationship between patients’ knowledge
and medication adherence among patients with hypertension. Patient Prefer Adher. 2016;10:
2437-47. [DOI] [PubMed] [PMC(C]

Delavar F, Pashaeypoor S, Negarandeh R. The effects of self-management education tailored to health
literacy on medication adherence and blood pressure control among elderly people with primary
hypertension: A randomized controlled trial. Patient Educ Couns. 2020;103:336-42. [DOI] [PubMed]
Kini V, Ho PM. Interventions to Improve Medication Adherence: A Review. JAMA. 2018;320:2461-73.
[DOI] [PubMed]

van der Bijl J], Shortridge-Baggett LM. The theory and measurement of the self-efficacy construct. Sch
Inq Nurs Pract. 2001;15:189-207. [PubMed]

Carey RN, Connell LE, Johnston M, Rothman A], de Bruin M, Kelly MP, et al. Behavior Change
Techniques and Their Mechanisms of Action: A Synthesis of Links Described in Published Intervention
Literature. Ann Behav Med. 2019;53:693-707. [DOI] [PubMed] [PMC(]

Fernandez S, Chaplin W, Schoenthaler AM, Ogedegbe G. Revision and validation of the medication
adherence self-efficacy scale (MASES) in hypertensive African Americans. ] Behav Med. 2008;31:
453-62. [DOI] [PubMed] [PMC]

Levesque CS, Williams GC, Elliot D, Pickering MA, Bodenhamer B, Finley P]. Validating the theoretical
structure of the Treatment Self-Regulation Questionnaire (TSRQ) across three different health
behaviors. Health Educ Res. 2007;22:691-702. [DOI] [PubMed]

Chen ], Yang Y, Zhou ZY, Shan R, Luo JH, Liu JH, et al. The association between children’s motivation
type and emotional overeating. Eur ] Pediatr. 2025;184:266. [DOI] [PubMed]

Sanne S, Muntner P, Kawasaki L, Hyre A, DeSalvo KB. Hypertension knowledge among patients from
an urban clinic. Ethn Dis. 2008;18:42-7. [PubMed]

Unni EJ, Olson JL, Farris KB. Revision and validation of Medication Adherence Reasons Scale (MAR-
Scale). Curr Med Res Opin. 2014;30:211-21. [DOI] [PubMed]

R Core Team R. R: A language and environment for statistical computing. Version 4.6.0. 2026.

Explor Med. 2026;7:1001402 | https://doi.org/10.37349/emed.2026.1001402 Page 15


https://dx.doi.org/10.1016/s0895-4356(03)00053-2
http://www.ncbi.nlm.nih.gov/pubmed/12873646
https://dx.doi.org/10.1016/j.jval.2014.12.013
http://www.ncbi.nlm.nih.gov/pubmed/25773556
https://dx.doi.org/10.1007/978-3-319-47143-3_12
https://dx.doi.org/10.1080/08870446.2020.1788715
http://www.ncbi.nlm.nih.gov/pubmed/32643411
https://dx.doi.org/10.1080/17437199.2022.2127831
http://www.ncbi.nlm.nih.gov/pubmed/36154853
https://dx.doi.org/10.1007/s12529-013-9348-4
http://www.ncbi.nlm.nih.gov/pubmed/24052321
https://dx.doi.org/10.1186/1479-5868-9-102
http://www.ncbi.nlm.nih.gov/pubmed/22935297
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3552971
https://dx.doi.org/10.2196/17883
http://www.ncbi.nlm.nih.gov/pubmed/32343250
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7218590
https://dx.doi.org/10.2147/PPA.S117269
http://www.ncbi.nlm.nih.gov/pubmed/27994443
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5153315
https://dx.doi.org/10.1016/j.pec.2019.08.028
http://www.ncbi.nlm.nih.gov/pubmed/31451361
https://dx.doi.org/10.1001/jama.2018.19271
http://www.ncbi.nlm.nih.gov/pubmed/30561486
http://www.ncbi.nlm.nih.gov/pubmed/11871579
https://dx.doi.org/10.1093/abm/kay078
http://www.ncbi.nlm.nih.gov/pubmed/30304386
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6636886
https://dx.doi.org/10.1007/s10865-008-9170-7
http://www.ncbi.nlm.nih.gov/pubmed/18784996
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3763496
https://dx.doi.org/10.1093/her/cyl148
http://www.ncbi.nlm.nih.gov/pubmed/17138613
https://dx.doi.org/10.1007/s00431-025-06097-6
http://www.ncbi.nlm.nih.gov/pubmed/40126674
http://www.ncbi.nlm.nih.gov/pubmed/18447098
https://dx.doi.org/10.1185/03007995.2013.851075
http://www.ncbi.nlm.nih.gov/pubmed/24102296

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Michie S, Johnston M. Theories and techniques of behaviour change: Developing a cumulative science
of behaviour change. Health Psychol Rev. 2012;6:1-6. [DOI]

Michie S, Richardson M, Johnston M, Abraham C, Francis ], Hardeman W, et al. The behavior change
technique taxonomy (v1) of 93 hierarchically clustered techniques: building an international

consensus for the reporting of behavior change interventions. Ann Behav Med. 2013;46:81-95. [DOI]
[PubMed]

Michie S, Thomas J, Johnston M, Aonghusa PM, Shawe-Taylor ], Kelly MP, et al. The Human Behaviour-
Change Project: harnessing the power of artificial intelligence and machine learning for evidence
synthesis and interpretation. Implement Sci. 2017;12:121. [DOI] [PubMed] [PMC(]

Krousel-Wood M, Holt E, Joyce C, Ruiz R, Dornelles A, Webber LS, et al. Differences in cardiovascular
disease risk when antihypertensive medication adherence is assessed by pharmacy fill versus self-
report: the Cohort Study of Medication Adherence among Older Adults (CoSMO). ] Hypertens. 2015;
33:412-20. [DOI] [PubMed] [PMC]

Butler M], Romain AN, Augustin R, Robles P, Friel CP, Chandereng T, et al. The effect of a multi-
component behavior change technique intervention on medication adherence among individuals on
primary prevention statin therapy: a dose-finding protocol. Trials. 2023;24:523. [DOI] [PubMed]
[PMC]

Ren XS, Kazis LE, Lee A, Zhang H, Miller DR. Identifying patient and physician characteristics that

affect compliance with antihypertensive medications. ] Clin Pharm Ther. 2002;27:47-56. [DOI]
[PubMed]

Choi HY, Oh I], Lee JA, Lim ], Kim YS, Jeon TH, et al. Factors Affecting Adherence to Antihypertensive
Medication. Korean | Fam Med. 2018;39:325-32. [DOI] [PubMed] [PMC]

van der Laan DM, Elders PJM, Boons CCLM, Beckeringh ]], Nijpels G, Hugtenburg JG. Factors associated
with antihypertensive medication non-adherence: a systematic review. ] Hum Hypertens. 2017;31:
687-94. [DOI] [PubMed]

Biffi A, Rea F, lannaccone T, Filippelli A, Mancia G, Corrao G. Sex differences in the adherence of
antihypertensive drugs: a systematic review with meta-analyses. BM] Open. 2020;10:e036418. [DOI]
[PubMed] [PMC(]

Venditti V, Bleve E, Morano S, Filardi T. Gender-Related Factors in Medication Adherence for
Metabolic and Cardiovascular Health. Metabolites. 2023;13:1087. [DOI] [PubMed] [PMC]

Chen SL, Lee WL, Liang T, Liao IC. Factors associated with gender differences in medication
adherence: a longitudinal study. ] Adv Nurs. 2014;70:2031-40. [DOI] [PubMed]

Holt E, Joyce C, Dornelles A, Morisky D, Webber LS, Muntner P, et al. Sex differences in barriers to
antihypertensive medication adherence: findings from the cohort study of medication adherence
among older adults. ] Am Geriatr Soc. 2013;61:558-64. [DOI] [PubMed] [PMC(]

Bozionelos N, Simmering M]. Methodological threat or myth? Evaluating the current state of evidence
on common method variance in human resource management research. Hum Resour Manag J. 2022;
32:194-215. [DOI]

Explor Med. 2026;7:1001402 | https://doi.org/10.37349/emed.2026.1001402 Page 16


https://dx.doi.org/10.1080/17437199.2012.654964
https://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/pubmed/23512568
https://dx.doi.org/10.1186/s13012-017-0641-5
http://www.ncbi.nlm.nih.gov/pubmed/29047393
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5648456
https://dx.doi.org/10.1097/HJH.0000000000000382
http://www.ncbi.nlm.nih.gov/pubmed/25304468
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4514519
https://dx.doi.org/10.1186/s13063-023-07549-w
http://www.ncbi.nlm.nih.gov/pubmed/37573428
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10422706
https://dx.doi.org/10.1046/j.1365-2710.2002.00387.x
http://www.ncbi.nlm.nih.gov/pubmed/11846861
https://dx.doi.org/10.4082/kjfm.17.0041
http://www.ncbi.nlm.nih.gov/pubmed/30384549
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6250947
https://dx.doi.org/10.1038/jhh.2017.48
http://www.ncbi.nlm.nih.gov/pubmed/28660885
https://dx.doi.org/10.1136/bmjopen-2019-036418
http://www.ncbi.nlm.nih.gov/pubmed/32641331
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7348648
https://dx.doi.org/10.3390/metabo13101087
http://www.ncbi.nlm.nih.gov/pubmed/37887412
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10609002
https://dx.doi.org/10.1111/jan.12361
http://www.ncbi.nlm.nih.gov/pubmed/24506542
https://dx.doi.org/10.1111/jgs.12171
http://www.ncbi.nlm.nih.gov/pubmed/23528003
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3628283
https://dx.doi.org/10.1111/1748-8583.12398

	Abstract
	Keywords
	Introduction
	Materials and methods
	Study design
	Population
	Recruitment
	Nonadherence
	Potential mechanisms of nonadherence
	Each MoBC is assessed using validated survey measures
	Self-efficacy
	Self-regulation
	Behavioral automaticity
	HTN knowledge

	Additional variables
	Reasons for nonadherence
	Participant characteristics

	Statistical analysis
	Analysis for the secondary outcomes
	Analysis for the exploratory outcome


	Results
	Participant characteristics and medication adherence
	Primary outcome analyses
	Secondary outcome analyses
	Exploratory outcome analyses

	Discussion
	Strengths/limitations
	Conclusion

	Abbreviations
	Declarations
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

