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Interventions targeting traditional barriers to antihypertensive med-
ication adherence have been developed and evaluated, with evi-
dence of modest improvements in adherence. Translation of these
interventions into population-level improvements in adherence and
clinical outcomes among older adults remains suboptimal. From
the Cohort Study of Medication Adherence among Older adults
(CoSMO), we evaluated traditional barriers to antihypertensive med-
ication adherence among older adults with established hypertension
(N = 1,544; mean age = 76.2 years, 59.5% women, 27.9% Black, 24.1%
and 38.9% low adherence by proportion of days covered (i.e., PDC
<0.80) and the 4-item Krousel-Wood Medication Adherence Scale (i.e.,
K-Wood-MAS-4 >1), respectively), finding that they explained 6.4%
and 14.8% of variance in pharmacy refill and self-reported adherence,
respectively. Persistent low adherence rates, coupled with low explan-
atory power of traditional barriers, suggest that other factors warrant
attention. Prior research has investigated explicit attitudes toward
medications as a driver of adherence; the roles of implicit attitudes
and time preferences (e.g., immediate vs. delayed gratification) as

The US population >65 years is projected to increase from 56
million in 2020 to 86 million in 2050, with parallel increases
expected in the prevalence of hypertension,! the key modifi-
able risk factor for cardiovascular disease, the leading cause
of death and major contributor to disability in older adults.?
Antihypertensive medications control hypertension and re-
duce cardiovascular disease risk®-%; however, clinical benefit
is dependent on patient adherence to prescribed therapy.
The odds of good health outcomes are nearly 3 times higher
for adherent vs. nonadherent patients.” Low medication ad-
herence is prevalent in the elderly,*® accounting for up to
10% of hospitalizations,'®!! and is estimated to cost the US
healthcare system between $100 and $300 billion or more
annually.!>!®* Importance of antihypertensive medication
adherence and blood pressure (BP) control to build patient
resilience in preventing adverse effects of other diseases is

mechanisms underlying adherence behavior are emerging. Similarly,
while associations of individual-level social determinants of health
(SDOH) and medication adherence are well reported, there is growing
evidence about structural SDOH and specific pathways of effect.
Building on published conceptual models and recent evidence, we
propose an expanded conceptual framework that incorporates im-
plicit attitudes, time preferences, and structural SDOH, as emerging
determinants that may explain additional variation in objectively
and subjectively measured adherence. This model provides guid-
ance for design, implementation, and assessment of interventions
targeting sustained improvement in implementation medication ad-
herence and clinical outcomes among older women and men with
hypertension.
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further highlighted by higher mortality in older adults with
hypertension who were infected with COVID-19."
Accordingly, improving medication adherence has
been identified as a priority by the Lancet Commission on
Hypertension'® and the World Health Organization'® with the
latter citing inadequate medication adherence as the single most
important modifiable aspect of management of chronic diseases
such as hypertension.'® Modest changes in adherence can lead to
clinically significant reductions in BP”!® In turn, relatively small
reductions in BP are associated with improvements in mortality.!**
Because of the major health benefits of good adherence,
cognitive and behavioral interventions targeting various
patient, healthcare system, and disease-specific barriers
to adherence have been developed and tested.?! While
the positive impact of interventions focusing on changing
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Figure 1. Adherence behavior cascade. Abbreviations: DOT, di-
rectly observed therapy; MEMS, Medication Event Monitoring System.
(Adapted from ref. %)

behavior rather than those focusing on increasing know-
ledge has been appreciated since 1985,21"% according to a
2014 Cochrane review of interventions to enhance medica-
tion adherence, the most effective interventions are complex
and, even so, are not associated with large improvements
in health outcomes.?* Furthermore, the translation of these
interventions into population-level improvements in ad-
herence and health outcomes among older adults in clinical
practice remains suboptimal.?*2°

Given that low adherence and uncontrolled BP remain
clinical and public health challenges among older adults with
established hypertension, there is a need to integrate novel
determinants of medication-taking behavior into existing
conceptual frameworks and capture and specity associations
with subjective and objective adherence measures, which
assess medication-taking behavior across the adherence
cascade (Figure 1). Therefore, we propose an expanded con-
ceptual framework that incorporates emerging risk factors,
including patient implicit attitudes toward medications, time
preferences, and structural social determinants of health
(SDOH), with their relationship to objective and subjective
measures of medication adherence. This updated framework
may provide guidance for design, implementation, and as-
sessment of medication adherence interventions to improve
implementation adherence?® and advance the field of adher-
ence research by elucidating pathways for the sustained im-
provement in medication adherence and clinical outcomes
among older women and men with hypertension.

TRADITIONAL BARRIERS TO MEDICATION ADHERENCE

Low adherence to antihypertensive drugs has been con-
ceptually linked to social, patient, healthcare system, and
disease and treatment barriers, which include, but are not
limited to:

Social barriers: caring for dependents,” and inadequate
social support or coping.?8-31

Patient barriers: demographics (e.g., race, age, and
sex),?73%3% behavioral (e.g., depression®3*%> and self-
efficacy?!), stress,?*** comorbidities,*® health status,*!
lack of knowledge about hypertension,*® beliefs about
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hypertension,® forgetfulness,®*® poor quality of

life,'®3 and lack of motivation for self-care.’”

Healthcare system barriers: poor healthcare system
perceptions,'® poor patient-provider communica-
tion,**! and trust.*®

Disease and treatment barriers: asymptomatic nature
and chronic duration of hypertension,® complexity
and cost of drugs,*"*** complementary and alterna-
tive medicine use,*** sexual dysfunction,*? and side
effects and inconvenience of medications.3®31:44-46

Barriers that have been reported in recent and other rele-
vant reviews and meta-analyses are listed in Table 1. While
the associations between these barriers and medication-
taking behavior are well recognized, few datasets include
the breadth and depth of variables to analyze the combined
effect of these social, patient, healthcare system, and di-
sease and treatment factors on objective and subjective ad-
herence measures among older adults. One such dataset,
the Cohort Study of Medication Adherence among Older
adults (CoSMO), includes data from each of these barrier
domains as well as both objective and self-report adherence
measures.’

The CoSMO—proportion of variance in adherence
explained by traditional risk factors

Study population and timeline

We conducted a secondary analysis of data from CoSMO,
a prospective cohort study of medication adherence among
older adults with hypertension, which investigated factors
associated with antihypertensive medication adherence
(CoSMO study design and baseline characteristics published
previously).’ In brief, 2,194 patients who were 65 years of
age and older, from a large managed care organization, and
taking antihypertensive medication were recruited and
enrolled between August 2006 and September 2007. Data
were collected from telephone surveys administered 3 times
at yearly intervals, medical records, pharmacy claims, and
administrative databases from the managed care organi-
zation. CoSMO was approved by the Institutional Review
Board and the privacy board of the managed care orga-
nization. This analysis used data from the first follow-up
survey when the self-report adherence items were collected.
Overall, 2,003 participants completed the first follow-up
survey. Of these participants, 227 did not have complete
self-report adherence data, an additional 164 did not have
complete pharmacy refill data available from the adminis-
trative databases and an additional 68 had missing data for
one of the predictors and were excluded from the analysis,
yielding a sample of 1,544 for this analysis.

Study measures
Outcome: antihypertensive medication adherence

Antihypertensive medication adherence was measured
via self-report using the 4-item Krousel-Wood Medication
Adherence Scale (K-Wood-MAS-4) and using objective
pharmacy refill data from the pharmacy claims database
of the managed care organization. The K-Wood-MAS-4
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Table 1.

Factors associated with worse or better adherence: summary of evidence from recent reviews and meta-analyses

Worse adherence

Better adherence

Social factors

- Perceived stress®'2

* PTSD symptoms?°30

« Lower practical support?®

« Lower levels of social support?®

« Life chaos (i.e., chaotic lifestyle and environment)?°

Patient factors

« Poorer language or planning/organization skills®°
» Emotional dyscontrol®°

« Perceived helplessness or illness worries3®

» Memory deficits®

 Depression?%2

» Type D or distressed personality?°°

- Negative affectivity?®

Healthcare system factors

« Inadequate interaction and communication between patient and
provider'®

» Perceived discrimination from health system due to race, ethnicity,
education, or income*

» Limited access to care'®

Disease and treatment factors

« Beliefs in barriers (e.g., bad taste, harmful effects)'

 Medication side effects®'2

+ High cost of medications®'-2

« Mistrust of or concerns about medication (over)use3°46

» Concern beliefs (concerns about a range of potential adverse
consequences)?9.30.80.81

Higher subjective norms®'-4

Perceived good relationship with spouses?’
Perceived strong family support?’
Increased support from the next of kin3®
Higher levels of care received at home?3°

Higher self-efficacy®'-

Higher internal locus of control®’

Perceived good general health3031

Stronger beliefs about HTN severity3!?

Knowledge (i.e., understanding purpose, how to refill and side
effects of medications)3°

Perceived symptoms of HTN*6

Perceived good relationship with health providers?®’
Greater communication (i.e., receiving medication instructions)°

Beliefs about anti-HTN medication effectiveness3'®
Perceived medication necessity?%-31.8081

Perceived medication safety3'

Greater perceived benefit of medications®®

Abbreviations: HTN, hypertension; PTSD, post-traumatic stress disorder.
alnconsistent evidence (some studies showed associations with worse adherence, others indicated no relationship).
bInconsistent evidence (some studies showed associations with better adherence, others indicated no relationship).

°Type D personality includes negative affectivity and social inhibition.

dSubjective norms refer to beliefs that taking medications is important because significant others believe it is important.

predicts pharmacy refill adherence in older adults taking
antihypertensive medications,”® with moderate discrimina-
tion (C statistic of 0.704) and sensitivity and specificity of
67.4% and 67.8%, respectively. A higher K-Wood-MAS-4
score indicates worse adherence. Low adherence assessed
with a K-Wood-MAS-4 score >1 has been associated with
uncontrolled BP (adjusted odds ratio = 1.29, 95% confi-
dence interval (CI) 1.01, 1.65), incident cardiovascular di-
sease (adjusted hazard ratio = 2.29, 95% CI 1.61, 3.26),% and
decline in mental health-related quality of life (adjusted odds
ratio = 1.32, 95% CI 1.08, 1.62).%!

Using all antihypertensive medication prescriptions filled
in the year prior to survey administration, prescription-
based proportion of days covered (PDC) was calculated as
the number of days with medication available to take di-
vided by the number of days between the first and last phar-
macy refills in the time period.*” PDC was calculated for
each antihypertensive medication class separately and then
averaged across classes to generate an overall mean PDC
(range 0-1) for antihypertensive medications; a higher mean
PDC indicates better adherence.®>

Predictors: social, patient, healthcare system, hyperten-
sion disease, and treatment factors’

Social factors included low social support,® low hy-
pertension knowledge,* low coping,®® and exposure to

stressful life events.> Patient factors included self-reported
individual SDOH (e.g., age, sex, race, marital status, and
education), health behaviors (e.g., smoking history, al-
cohol consumption, home BP monitoring, healthy lifestyle
modifications for BP control such as weight control, salt re-
duction, and fruit and vegetable consumption),”” depressive
symptoms,® the Charlson Comorbidity Index,* the health-
related quality of life®® Physical Component Summary score,
duration of hypertension, and body mass index based on
self-reported height and weight. Healthcare system factors
included number of visits to a healthcare provider in the
year prior to survey administration as well as low healthcare
satisfaction, overall and with respect to communication.5!
Disease and treatment factors included number of classes
of antihypertensive medications filled in the year prior to
survey as well as complementary and alternative medicine
use®? for managing hypertension, reduction in medications
due to cost, and reduction in medications due to self-
reported side effects.

Statistical analysis

Sample characteristics, including basic demographics
and antihypertensive medication adherence outcomes, were
described using proportions or means with SDs. Separate
multivariable linear regression models were used to esti-
mate coefficients and 95% CI for K-Wood-MAS-4 and PDC
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adherence measures. All social, patient, healthcare system,
and hypertensive disease and treatment factors were in-
cluded in the models. Adjusted R-squared values were
used to describe the proportion of variance explained by
the traditional barriers included in fully adjusted models.
All analyses were performed using Stata v14.2 (StataCorp,
College Station, TX).

Results

Participant characteristics and multivariable regression
results are reported in Table 2. The sample was 59.5% fe-
male, 27.9% Black, with mean age 76.2 years (SD 5.5) and
24.1% and 38.9% low adherence by pharmacy refill (ie.,
PDC <0.80) and self-report (i.e., K-Wood-MAS-4 >1), re-
spectively. Mean PDC was 0.87 (SD 0.15; range 0.13-1) and
mean K-Wood-MAS-4 score was 0.48 (SD 0.68; range 0-4).

Blacks, those with Charlson Comorbidity Index >2,
those who indicated they had reduced medications due to
cost and side effects, and those reporting 6 or more visits
to a healthcare provider in the last year had, on average,
lower PDC (worse adherence) than Whites, those with
Charlson Comorbidity Index <2, those who did not reduce
medications due to cost or side effects, and those reporting
fewer than 6 visits to a healthcare provider in the last year,
respectively. The social, patient, healthcare system, and di-
sease and treatment factors included in the model explained
6.4% of the variance in PDC adherence.

Being female, being Black, having depressive symptoms,
having low physical health-related quality of life, having
low knowledge about hypertension, reporting a reduction
in medications due to cost or side effects, and reporting
low satisfaction with healthcare was associated with worse
K-Wood-MAS-4 adherence. Having low coping skills was
associated with better K-Wood-MAS-4 adherence. The so-
cial, patient, healthcare system, and disease and treatment
factors included in the model explained 14.8% of the vari-
ance in K-Wood-MAS-4 adherence.

The relatively low proportion of variance in both objective
(6.4% for PDC) and subjective (14.8% for K-Wood-MAS-4)
adherence explained by traditional risk factors in this sample
of older adults may provide insight into why adherence
interventions to date that have addressed these traditional
risk factors have resulted in only modest improvements in
adherence behavior. Persistent low adherence rates coupled
with the low explanatory power of traditional barriers sug-
gest other factors may be at play, including people’s implicit
attitudes toward medications, time preferences, and struc-
tural SDOH (Table 3).

EMERGING DETERMINANTS OF MEDICATION ADHERENCE
Implicit attitudes toward medications

Explicit and implicit attitudes about health behaviors are
distinct concepts (Table 3). Explicit attitudes guide health
behavior that is more conscious or planned and are typi-
cally captured using self-report surveys assessing patients’
explicit, conscious, and rational beliefs and attitudes to-
ward disease and its treatment.”*7® On the other hand, im-
plicit attitudes guide health behaviors that people do not
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consciously monitor and are best measured using reaction
time tasks which assess the absolute strength of evaluative
associations.””””® Prior medication adherence research has
investigated explicit attitudes toward medications as a driver
of adherence behavior®?*88l; more recent studies have
explored the potential role of implicit attitudes. 34636582

Explicit attitudes have been most commonly measured
using the Beliefs about Medicines Questionnaire®® to de-
termine Necessity and Concern beliefs (i.e., positive and neg-
ative attitudes, respectively) toward medication.®® Concern
beliefs, including concerns about a range of potential ad-
verse consequences, harm or other negative effects of taking
medicines are consistently associated with worse adher-
ence?30:8081 while necessity beliefs, reflecting perceptions
about the personal need for treatment/medications, are
typically associated with better adherence.?**808! Further,
positive explicit attitudes (measured using the Beliefs about
Medicines Questionnaire Necessity—Concerns differential
and defined as stronger beliefs in the necessity of medica-
tion relative to concerns) are associated with better adher-
ence.?! Interestingly, while the relationship between explicit
attitudes toward medications and adherence behavior has
been well established,®® most studies have solely identified
associations between explicit attitudes and subjective, self-
reported adherence measures although evidence suggests
that necessity beliefs, in particular, are also associated with
objectively measured adherence behavior.%

Implicit attitudes may be captured using tools that
measure underlying automatic evaluations,”” such as the
Single Category Implicit Association Test (SC-IAT).”® The
SC-IAT is typically administered via computer and requires
participants to sort pictures representing the attitude ob-
ject (“taking my pills”) and words representing “Good” and
“Bad” evaluations into categories. An SC-IAT difference
score (d-score), based on response times to the assigned
sorting tasks, is calculated to indicate which evaluation (i.e.,
“Good” vs. “Bad”) has the stronger automatic association
with the attitude object (i.e., “taking my pills”). Although the
role of implicit attitudes in shaping health behavior has been
appreciated for some time,”*885 the relationship between
implicit attitudes and antihypertensive medication adher-
ence has garnered attention more recently.®?

Individuals have both explicit and implicit attitudes to-
ward medications; yet, these attitudes are not necessarily
in sync. Recent evidence shows that discordance between
explicit and implicit attitudes about taking chronic disease
medications is linked to poor adherence.5*%% In studies
assessing medication adherence in people with rheumatoid
arthritis and chronic psychiatric disorders, implicit and ex-
plicit attitudes were uncorrelated (r = 0.08, P = 0.59% and
r=0.003, P = 0.98,% respectively), and marginal associations
between explicit, but not implicit, attitudes and self-reported
adherence were reported (r = 0.28, P = 0.07% and f = 0.25,
P = 0.05,% respectively), consistent with the idea that self-
reported adherence behavior may not be associated with
implicit attitudes. More recently, Herrera identified im-
plicit (“anti-adherence”) and explicit (“pro-adherence”)
motivations underlying adherence behavior in a sample
of adults with hypertension, and suggested that implicit
(“anti-adherence”) attitudes may be working counter to
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Table 2. Multivariable linear regression models predicting medication adherence based on traditional factors (CoSMO study: n = 1,544)

4-ltem Krousel-Wood Medication

Proportion of days covered

Adherence Scale score

% (n) B (95% CI) B (95% Cl)
Patient
Age 275 56.0 (864) 0.009 (-0.007, 0.025) -0.017 (-0.086, 0.051)
Female 59.5 (918) -0.007 (-0.024, 0.010) 0.086* (0.011, 0.160)
Black 27.9 (431) -0.048*** (-0.066, —0.030) 0.124** (0.047, 0.202)
High school education or higher 80.8 (1,247) 0.007 (-0.013, 0.027) -0.012 (-0.098, 0.074)
Married 55.4 (855) 0.001 (-0.015, 0.017) 0.054 (-0.016, 0.124)
Depressive symptoms 12.4 (192) -0.000 (-0.024, 0.023) 0.247*** (0.144, 0.350)
2+ lifestyle modifications 80.8 (1,247) 0.008 (-0.011, 0.027) -0.062 (-0.146, 0.022)
2+ alcoholic drinks per week 23.7 (366) -0.004 (-0.022, 0.015) -0.030 (-0.110, 0.050)
Home BP monitoring at least once/month 56.5 (872) -0.013 (-0.029, 0.002) 0.019 (-0.046, 0.085)
Charlson Comorbidity Index 22 56.5 (873) -0.020* (-0.036, —0.004) 0.026 (-0.043, 0.094)
Low Physical Component Summary 35.1 (542) -0.004 (-0.021, 0.012) 0.329*** (0.257, 0.400)
High body mass index 75.7 (1,168) -0.001 (-0.019, 0.016) 0.037 (-0.040, 0.114)
Hypertension duration 210 years 63.3 (978) 0.011 (-0.004, 0.027) -0.019 (-0.086, 0.048)
Ever smoked 49.9 (771) -0.008 (-0.024, 0.007) 0.021 (-0.046, 0.088)
Social
Low social support 34.6 (534) -0.004 (-0.019, 0.012) 0.047 (-0.022, 0.116)
Low coping 48.0 (741) 0.004 (-0.010, 0.019) -0.065* (-0.130, 0.000)
Low hypertension knowledge 29.3 (453) -0.003 (-0.020, 0.014) 0.142*** (0.068, 0.216)
Life events
Moderate (vs. high) 27.2 (420) -0.007 (-0.044, 0.030) -0.053 (-0.214, 0.108)
Low (vs. high) 68.2 (1,053) -0.015 (-0.051, 0.021) -0.08 (-0.237, 0.076)
Disease and treatment
3+ classes of antihypertensive medications 46.5 (718) 0.010 (-0.006, 0.025) 0.027 (-0.04, 0.094)
Reduced medication due to cost 2.3 (36) -0.131*** (-0.180, —0.082) 0.244* (0.030, 0.457)
Complementary and alternative medicine use  20.2 (312) -0.004 (-0.022, 0.015) 0.031 (-0.049, 0.112)
Reduced medication due to side effects 4.1 (63) -0.075*** (-0.112, —0.038) 0.385*** (0.225, 0.546)
Healthcare system
6+ visits to healthcare provider in last year 29.1 (449) -0.025** (-0.042, —-0.008) 0.049 (-0.025, 0.123)
Low satisfaction with healthcare 3.6 (56) -0.037 (-0.078, 0.005) 0.282** (0.102, 0.463)
Low satisfaction with communication 7.9 (122) 0.005 (-0.024, 0.034) 0.104 (-0.023, 0.231)

R? —

0.0641

0.1482

Abbreviations: BP, blood pressure; Cl, confidence interval; CoSMO, Cohort Study of Medication Adherence among Older Adults.

*P < 0.05.
**P <0.01.
***P < 0.001.

the participants’ expressed explicit (“pro-adherence”)
attitudes.®? Published theoretical frameworks, originating
from psychotherapy research,¥”# further support the notion
that nonadherence or “resistance to change” behavior can be
viewed as an expression of conflict between explicit “pro-”
and implicit “anti-” adherence motivations.

In keeping with the hypothesis that automatic beha-
vior (guided by implicit beliefs) and reflective behavior

(guided by explicit beliefs) are differentially associated

with nonadherence behaviors, Kleppe et al. found that
negative (i.e., affective) associations likely influence ad-
herence via avoidance tendencies while positive (ie.,
cognitive) associations likely influence adherence via
intentions, noting that the processes through which beha-
vior is influenced might be different for positive and neg-
ative associations.”® Researchers have also demonstrated
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significant improvements among stroke survivors in ob-
jectively measured adherence (using a Medication Events
Monitoring System (MEMS) measure) and self-reported
Medication Adherence Report Scale (MARS) total adher-
ence change scores in the intervention group compared with
the control group, following an intervention designed to ad-
dress both automatic and reflective aspects of adherent beha-
vior.*® These results provide further evidence for the utility of
addressing both reflective (explicit) and automatic (implicit)
aspects of behavior to increase medication adherence.*’

Building on this research, we recently reported on the
associations of implicit determinants of self-reported and
objectively measured medication adherence in older insured
adults with hypertension.’” We captured complete phar-
macy refill data on 85 community-dwelling older commer-
cially insured adults (44.7% women; 20.0% Black) and found
that more positive implicit attitudes and more positive ex-
plicit attitudes were associated with reduced odds of objec-
tive low PDC adherence (adjusted odds ratio = 0.12, 95%
CI 0.02, 0.80; P = 0.029 and adjusted odds ratio = 0.87, 95%
CI 0.78, 0.98; P = 0.022, respectively). Further, more posi-
tive explicit attitudes toward antihypertensive medications
were associated with lower (better) self-reported adherence
scores (B = —0.04, 95% CI —0.07, 0.00; P = 0.026) on the
K-Wood-MAS-4.%% Tmplicit attitudes were not associated
with K-Wood-MAS-4 adherence (B = -0.05, 95% CI -0.57,
0.47; P = 0.843). Explicit and implicit attitude scores were
uncorrelated (r = 0.07; P = 0.533), signaling that these ad-
herence measures provide different data about adherence
in older adults. Of note, in fully adjusted hierarchical lo-
gistic regression models (including traditional risk factors),
we found that the addition of implicit and explicit attitudes
significantly increased the proportion of variance explained
in PDC adherence to 35.9%. For K-Wood-MAS-4, only the
addition of the explicit attitudes significantly increased the
proportion of variance explained to 24.4%. These results
support prior research regarding the role of subconscious
processes underlying medication nonadherence in older
adults, the benefits of objective and self-report adherence
tools in understanding adherence behavior, and the poten-
tial for targeting patient implicit and explicit attitudes to-
ward medications to improve adherence.®’

Time preferences

Given the asymptomatic nature of hypertension, the di-
sease itself is not particularly relevant in the daily lives of most
people (Table 3).% Therefore, the taking of daily medications
to manage the disease to prevent a future adverse event may
be an indicator of the patient’s time preferences (e.g., imme-
diate or delayed gratification). Time preferences have been
conceptualized as a potential motivator of medication adher-
ence, influencing how individuals’ past experiences inform
present decision-making and future goal setting.”® With hy-
pertension, the “benefits” of controlled BP are primarily as-
sociated with future lower probability of heart attack, stroke,
and kidney disease. However, the immediate “risks” such
as side effects of medications (e.g., fatigue, sexual dysfunc-
tion, and frequent urination),*** costs and inconvenience
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of taking medications,® stigma associated with the diag-

nosis and the treatment,* or subconscious concern that
taking medications daily will increase stress and interfere
with other priorities,® can act as barriers to adherence. Some
studies assessing medication adherence in chronic diseases
(e.g., heart failure®'; hypertension and diabetes®’) have found
that time preferences are significantly associated with real-
world health behavior. More recent work on how people
value rewards as a function of time (i.e., how they make
intertemporal choice) examined behaviors specific to hy-
pertension control: more present-oriented individuals (i.e.,
immediate gratification/“high discounting” individuals)
were less likely to check their BP regularly, less likely to alter
their diet to help control their hypertension, and less likely
to follow their physician’s advice.”! Chapman et al. reported
that responses to monetary time preference scenario were not
significantly correlated with adherence measures assessed via
self-report, pill count, or BP in a sample of 195 older adults
with hypertension (mean age 79.2 years).”> However, in a
younger sample (mean age 62.9 years; 91% with self-reported
hypertension), Sansbury et al. reported a direct effect of fu-
ture time perspective on medication adherence: an increase
by a single unit in future time perspective (0-5 scale) was as-
sociated with a 0.32 SD increase in adherence to medication
(P < 0.05).° Although further work is needed in larger and
more diverse samples to understand the specific role of time
preferences in health behaviors among older adults with hy-
pertension, the emerging evidence linking time preferences
and adherence behavior signals an important opportunity
for innovative interventions. Because the benefits of treating
hypertension are focused on the future, interventions and
monitoring strategies that use time perspective to tailor
counseling interventions designed to overturn nonadherent
behaviors should be developed and evaluated in clinical trials.

SDOH—structural

Given that adherence to antihypertensive medications
is a complex health behavior and may be affected not only
by the individual but also in the context of his/her commu-
nity, attention has turned to determinants of health that go
beyond the individual-level SDOH to include community-
level structural SDOH that can predispose people, in-
cluding older women and men, to ill health and unhealthy
behaviors (Table 3).5%7093-9> SDOH have been defined as the
“conditions in the places where people live, learn, work and
play that affect a wide array of health and quality of life risks
and outcomes” (https://www.cdc.gov/socialdeterminants/
index.htm, Accessed 20 October 2020).

Several of the individual SDOH are captured by traditional
barriers such as age, sex, race, educational attainment, insur-
ance status, social support, and income level and have been
linked to adherence behavior. Importantly, however, these
individual SDOH encompass far more than demographic
characteristics, further reflecting those wider structures and
forces that give rise to and reinforce social hierarchies and
divisions, and shape the opportunities, social position, and
lived experiences of individuals.”> Race and sex differences
in adherence have been identified, with higher rates of low
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medication adherence among Blacks vs. Whites and mixed ev-
idence of differences across sex.>**3* However, data on efficacy
and sustainability of interventions by sex and race are limited,
making interpretation of findings challenging and limiting
assessments of generalizability.®® Sex and race differences in
social, patient, healthcare system, and disease and treatment
barriers to medication adherence, among older hypertensive
adults, have also been identified, heightening the call for tai-
lored interventions that address person-specific barriers to
medication adherence among older adults.*>**% Although
the potential importance of addressing SDOH to improve
medication adherence and address health disparities has been
recognized,” there is limited research studying the specific
approaches in which SDOH pathways interact to affect adher-
ence, particularly among older adults.®” In a cross-sectional
study assessing the impact of individual SDOH on prescrip-
tion refill requests by Medicare patients using a conversational
artificial intelligence text messaging solution, Brar Prayaga
et al. found that Spanish vs. English speakers and older vs.
younger patients had significantly lower refill request rates.*
Although less is currently known about structural SDOH,
opportunities exist to investigate the role of structural SDOH
and medication adherence with expanded access to data,
identification of appropriate methodological frameworks,
and elucidation of the associations between structural
SDOH and objective vs. subjective adherence meas-
ures. In a study investigating the role of structural SDOH
on antihypertensive medication adherence, Donneyong
et al. reported an average low antihypertensive medication
nonadherence rate (PDC <80%) of 25% (SD of 18.8%) in
3,000 US counties; the rate of low adherence was directly

associated with poverty/food insecurity (B = 0.31, P < 0.001)
and weak social supports (f = 0.27, P < 0.001) and inversely
associated with healthy built environment (p = -0.10,
P =10.02).% Of note, these 3 constructs reportedly explained
30% of the variance in county-level antihypertensive med-
ication adherence (R?> = 0.30). Further work is needed re-
garding the relationship between individual and structural
SDOH and medication adherence (objective and subjective
measures), and the strategies to improve both.

Conceptual model

Building on prior published conceptual frameworks’>8
and recent evidence, we propose an expanded conceptual
framework of factors influencing medication implementa-
tion adherence and subsequent BP control, clinical outcomes,
and healthcare utilization among older adults with hyper-
tension (Figure 2). The updated model incorporates implicit
(i.e., subconscious)” and explicit (i.e., conscious)®® attitudes
toward antihypertensive medications, in addition to time
preferences, and structural SDOH as emerging determinants
that influence and may explain additional variation in,
medication-taking behavior. The importance of both ob-
jective adherence measures (reflecting incidental adherence
behavior) and subjective adherence measures (reflecting
deliberative adherence behavior) that capture medication-
taking across the adherence cascade (Figure 1) is highlighted.
It is also noted that several factors contributing to poor ad-
herence to prescribed medications may lead to increased use
of complementary and alternative medicine, which may fur-
ther contribute to low medication adherence.

~
Patient diagnosed with v
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Figure 2. Conceptual model of implementation adherence. Abbreviations: CVD, cardiovascular disease; HC, healthcare; PDC, proportion of days cov-
ered; QOL, quality of life. (Adapted from refs. 72,)
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PERSPECTIVES AND FUTURE DIRECTIONS

The expanded conceptual model presented here provides
a framework for addressing low adherence in older adults
with hypertension that goes beyond the traditional risk
factors. This framework can guide design, implementa-
tion, and assessment of innovative interventions targeting
improvement in medication adherence that include
emerging determinants that explain additional variation in
medication-taking behavior. A focus on behavior change in
older adults has the potential to “move the needle” toward
healthy aging, especially given the evidence that older people
can be strongly motivated to change behavior, and can even
be more successful than their younger counterparts in
making changes permanent.””?® Further research is needed
to validate tools and ensure access to data to evaluate these
novel determinants and their impact on objective and sub-
jective adherence measures in diverse women and men. To
advance the field, planning and assessment of adherence
interventions should include rigorous experimental designs,
sufficient sample sizes to explore sex and race differences,
objective and subjective measures of adherence and clinical
outcomes, use of established theoretical frameworks, deter-
mination of mechanisms underlying behavior change, and
structured interventions that allow for sufficient follow-up
and are reproducible in clinical and research settings.” Such
efforts will provide much needed information on efficacy
and effectiveness of adherence interventions and lead to sus-
tained improvement in medication adherence and clinical
outcomes for older women and men with hypertension.
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