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Abstract

Objectives: Nonadherence to medications has been documented, but the combined effect of
social risk factors on medication nonadherence has not been investigated.

Methods: We conducted a cross-sectional analysis of data from the Coronary Artery Risk
Development in Young Adults (CARDIA) study, a population-based prospective cohort. The
sample (N = 1506) included subjects who at Year 20 (2005-06) were taking prescription
medications and completed a 4-item Medication Adherence Scale. Social risk factors were
education of high school or less, annual household income <$25,000, high financial strain, high
chronic stress, low social support, and high social strain.

Results: In a fully adjusted logistic regression model, income <$25,000 (OR = 2.37 [95% ClI
1.12-4.98], p < .05) and high chronic stress (OR = 2.07 [95% CI 1.09-3.94], p < .05) were
significantly associated with medication nonadherence. Individuals with =3 social risk factors had
>3 times higher odds of nonadherence than counterparts with no social risk factors (OR = 3.26
[95% CI 1.72-6.19], p < .001).

Conclusion: Low income and chronic stress are associated with medication nonadherence, and
the odds of nonadherence increase with the accumulation of social risk factors. Findings may be
used to develop risk prediction tools to identify individuals who can benefit from adherence-
promoting interventions.
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Nonadherence to medication has been documented in many chronic health conditions,
including pulmonary diseases, hypertension, cardiovascular diseases, arthritis and rheumatic
diseases, diabetes, gastrointestinal disorders, HIV, and cancer,1~® with about 60% of patients
failing to take their medications as prescribed.® Nonadherence reduces the therapeutic
effects of medication therapy and can lead to drug resistance and reactions, diminished
quality of life, and increased morbidity and mortality.”~2 Medica tion nonadherence also
contributes to higher utilization of health services and increased medical costs, adding a
burden to both patients and the healthcare system.10-13

Medication nonadherence often has been viewed as an individual choice, 14 but this choice
cannot be fully understood without taking into account the social context in which it occurs.
15,16 Because medication adherence is an interaction between an individual and his or her
physical and social environments, the question of nonadherence is essentially a question
about the intersection of agency and structure. One theory that explains the dialectic
relationship between agency and structure is the health lifestyle theory.1” It posits that health
behaviors are shaped by social structures (social class, age, gender, race/ethnicity,
collectivities such as religion and ideology, and living conditions) that dictate which
behavioral choices are both available and appropriate in one’s social environment. The
health choices of individuals (agency) are either constrained or expanded by the available
life chances (structure). Although individuals make choices, they choose from a limited
menu of available options and according to what is acceptable in their social environment.

The premise of the health lifestyle theory is substantiated by the limited success of
adherence-promoting strategies focused on personal intent and motivation.18-20 |n the
absence of interventional breakthroughs in current adherence research, it is only appropriate
to consider the contextual factors that affect a person’s willingness and ability to follow
medical advice.?1-22 For example, a number of studies report a relationship between
socioeconomic factors and adherence in chronic disease. Although the evidence of a direct
association of income23-28 and educational achievement2%:30 with medication adherence is
mixed, cost burden is a widely recognized barrier,31-43 and financial strain has been
associated with medication non-adherence among patients with various chronic health
conditions.*44> Conversely, having social support*:47 and being married*® have been
associated with higher medication adherence. Various dimensions of stress, including
chronic stress burden, also have been noted as obstacles to medication adherence, although
few studies have focused specifically on this association.4%-52 The simultaneous, combined
effect of various social risk factors on medication adherence has not been investigated.

Applying the health lifestyle theory, we conceptualized medication adherence as a health
behavior practiced in a social context (Figure 1). Drawing on previous adherence research
and using data from the population-based Coronary Artery Risk Development in Young
Adults (CARDIA) cohort study, we tested 2 hypotheses: (1) lower education, lower income,
higher financial strain, higher chronic stress, less social support, and higher social strain are
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positively associated with medication nonadherence; and (2) adults with higher number of
these social risk factors are more likely to be nonadherent to their prescribed medications.

Study Design and Population

Measures

We performed a cross-sectional analysis of Coronary Artery Risk Development in Young
Adults (CARDIA) data collected at the Year 20 (2005-06) exam. The CARDIA study has
been described in detail elsewhere.53 In brief, CARDIA is a multi-center, population-based
study of young African-American and white adults recruited between June 1985 and May
1986. The cohort has been followed to examine the development of clinical and sub-clinical
cardiovascular disease and their risk factors. Recruitment was from 4 urban communities,
with participants solicited by random digit dialing in Birmingham (Alabama), Chicago
(Iinois), and Minneapolis (Minnesota), with supplemental door-to-door recruitment in
Minneapolis ar eas that had low telephone subscription rates. In Oakland (California),
participants were selected at random from membership files of the Kaiser Permanente
Medical Care Program, which had broad market penetration at the time. Participants with
any health condition were eligible to participate, provided their condition would not
preclude participation in the study examination itself (eg, being unable to walk on treadmill).
The study was approved by each site’s institutional review board, and all subjects signed an
informed consent at each examination.

The stratified sampling strategy used at baseline (Year 0) resulted in a cohort of 5115
participants approximately balanced on race (52% African-American, 48% white), sex (55%
female), age (45% 18-24 years old, 55% 25-30 years old), and education (high school or
less, more than high school). At the Year 20 CARDIA exam (2005-06), the 3547 returning
participants also were queried regarding medication use and adherence. Of 1711 persons
reporting medication use, 1506 had no missing data on any variable in this analysis. There
were no statistically significant differences between participants included in the analysis (N
= 1506) and those excluded due to missing data (N = 195, 11.5%).

Medication adherence was assessed with a validated 4-item scale, the MMAS-4.54
Participants were asked : (1) Do you ever forget to take your medicine? (2) Are you careless
at times about taking your medicine? (3) When you feel better do you sometimes stop taking
your medicine?and (4) Sometimes If you feel worse when you take the medicine, do you
stop taking it? Each item had a Yes/No response option, with 1 point assigned to each “Yes”
response and O points to each “No” response. A summed score of >1 indicated
nonadherence, 0 score indicated adherence.

Assessed social factors included educational attainment (high school or less/some college/
college degree), annual income (<$25,000/$25,000-$49,999/$50,000-$74,999/>$75,000),
financial strain, chronic stress burden, social support, and social strain.

Financial strain combined responses to 2 questions: How hard is it for you (and your family)
to pay for the very basics like food and heating?and How hard is it for you (and your
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family) to pay for medical care?— each with response options 1 = Very hard, 2 = Hard, 3 =
Somewhat hard; 4 = Not very hard. Although there is no common metric for financial strain,
the above questions, which are incorporated into several large population-based cohort
studies, have been used in previous research.4®

Chronic stress burden was assessed with the 8-item Chronic Burden Scale,> which has also
been used in prior studies.>®-58 It measures ongoing stress related to health, work, financial,
and relationship problems by asking if participants have experienced any of these strains for
longer than 6 months: (1) Serious ongoing health problem, with separate response options
for Yourself; (2) Your partner, (3) Your parents,; (4) Your children, (5) Others close to you;,
(6) Ongoing difficulties with your job or ability to work; (T) Ongoing financial strain, and
(8) Ongoing difficulties in a relationship with someone close to you. Response options were
0 = No, 1 = Yes, but not very stressful, 2 = Yes, moderately stressful, 3 = Yes, very stressful;
scores were obtained by summing all 8 items (range 0-24). Scores were categorized into
quartiles according to their distribution as has been done previously.5

Social support and social strain from family and friends were assessed with 4 support and 4
strain items on a 4-point Likert scale that have been deployed previously.89-61 For social
support, respondents were asked: (1) How much family members or friends care about you?
(2) Understand the way you feel? (3) How much you can rely on them?and (4) How much
you can open up to them? For social strain, they were asked: (1) How often family members
or friends make too many demands on you?(2) Criticize you? (3) Let you down when you
are counting on them?and (4) Get on your nerves? Response categories for all items were 1
= Not at all, 2 = A little, 3 = Some, 4 = A lot. Social support and strain scores were obtained
by summing the respective support and strain items (range 4-16). Due to the nonlinear
distribution of scores, we collapsed them into quartiles as has been done in prior work.51

Social risk factors were defined as low education (high school or less), low income (<
$25,000 annually), high financial strain (answering Very hard, Hard, or Somewhat hard to
both financial strain questions), high chronic stress (highest quartile of the Chronic Burden
Scale), low social support (lowest quartile of social support score), and high social strain
(highest quartile of social strain score).

Covariates, defined a prioribased on review of the adherence literature, included
demographic characteristics (age, race, sex) and 2 known confounders of medication
nonadherence: marital status and depressive symptoms assessed by the 20-item Center for
Epidemiologic Studies Depression Scale,52 with a score =16 indicating depressive
symptoms. Analyses additionally controlled for geographic location (Birmingham, Chicago,
Minnesota, Oakland) to account for potential regional differences, as well as for self-
reported history of heart disease, cancer, diabetes, kidney disease, and lung disease assessed
by the question: Has a doctor or nurse ever said that you have [...]. Heart disease included
heart attack, angina, rheumatic heart disease, mitral valve pro-lapse, and other heart
conditions specified by the participant. Cancer included lung, breast, cervical, blood, testes,
bone, melanoma, skin, brain, stomach, color, uterine, prostate, and others. Diabetes self-
report excluded gestational diabetes. Kidney disease included urine infections from kidney,
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kidney stones, nephritis, glomerulonephritis, kidney failure, dialysis, and kidney transplant.
Lung disease included asthma, emphysema, and chronic obstructive pulmonary disease.

Data Analysis

RESULTS

We calculated participant characteristics by level of medication adherence and compared
them using chi-square tests. Next, we used multiple logistic regression models to calculate
the odds ratios for medication nonadherence associated with each social risk factor. Model 1
included adjustment for age, sex, race, and center. Model 2 additionally adjusted for marital
status, depressive symptoms, and a history of heart disease, cancer, diabetes, lung disease,
and kidney disease. The number of social risk factors (0, 1-2, =3) by level of medication
adherence was calculated, and the statistical significance of the differences was determined
with a chi-square test. The association between the number of social risk factors and level of
medication adherence was estimated using multiple logistic regression with the same 2
levels of adjustment as described above. Only persons without missing values on all
variables were included in the analyses. There were no statistically significant differences
between those with missing data (N = 195, 11.5%) and without missing data (N = 1506) on
demographic characteristics, social risk factor measures, and covariates. Analyses were
conducted using SAS version 9.4 (SAS Institute, Cary, NC).

Study participants (N = 1506), mean * SD age 45.6 + 3.6 years, were predominantly female
(69.0%), white (55.4%), and married (64.2%) (Table 1). Approximately one-fourth (22.9%)
had high school education or less, and 15.5% had annual income less than $25,000.
Medication nonadherence was reported by 106 (7.5%) participants. Those individuals were
more likely to be African American, unmarried, have depressive symptoms, and a history of
diabetes, but less likely to have a history of cancer (Table 1). In terms of social risk factors,
compared to participants reporting adherence, those reporting nonadherence had lower
education (p < .05), lower income (p < .001), greater financial strain (p <.05), higher
chronic stress (p < .001), lower social support (p < .001), and higher social strain (p <.05)
(Figure 2).

In multiple logistic regression, after adjusting for age, sex, race, and center location (Table 2,
Model 1), participants with any annual income less than $75,000 and higher chronic stress
were more likely to be nonadherent than their counterparts with annual income =$75,000
and low chronic stress. After additionally adjusting for marital status, depressive symptoms,
and a history of heart disease, cancer, lung disease, diabetes, and kidney disease (Table 2,
Model 2), the odds of nonadherence remained statistically significant for participants with
annual income <$25,000 (OR = 2.37 [95% CI 1.12-4.98], p < .05) and high chronic stress
(OR =2.07 [95% CI 1.09-3.94], p < .05) compared to those with annual income =$75,000
and low chronic stress.

Concentration of social risk factors was associated with nonadherence in a gradient pattern
(Figure 3). After adjusting for age, sex, race, and center location, participants with >3 social
risk factors had higher odds of medication nonadherence (OR = 4.16 [95% CI 2.35-7.37], p
<.001) compared to counterparts without social risk factors (Table 3, Model 1). Further
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adjustment for marital status, depressive symptoms, and history of heart disease, cancer,
lung disease, diabetes, and Kidney disease attenuated the relationship but it remained
statistically significant (OR = 3.26 [95% CI 1.72-6.19], p < .001) (Table 3, Model 2).

DISCUSSION

The negative consequences of medication nonadherence are well described; the reasons for
this behavior are less clear. Informed by the health lifestyle theory and using the most recent
data from a population-based national cohort, in this study we identified social risk factors
for medication nonadherence. In fully adjusted models, nonadherence was associated with
having annual income less than $25,000 and reporting high chronic stress. Additionally,
individuals with 3—-6 social risk factors had 3.3 times higher odds of nonadherence than their
counterparts without social risk factors. These findings provide a rationale for targeted
interventions aiming to improve medication adherence by mitigating stress exposure.

Few studies have attempted to develop risk stratification tools for medication adherence
based on clustering of social and clinical characteristics,53 and even fewer have been
successful. For example, a study of antihypertensive medications reported that although
certain sociodemographic characteristics and clinical diagnoses were statistically associated
with refills of antihypertensive medications, a combination of these factors was not
sufficiently accurate to predict adherence.4 Our data show that concentration of social risk
factors may be explored as a promising marker of nonadherence. Because medication
adherence is not a stable patient characteristic but a dynamic process, efforts would be more
fruitful with repeated assessments of adherence, to account for time-varying patterns and
identify appropriate time points for targeted interventions.85:66

Our finding that individuals with lower incomes are more likely to be nonadherent to
medications reflects results from other studies.8” The association is especially apparent in
the lowest income category. Previous evidence suggests that unmet basic needs, typically
exacerbated by low income, such as food insecurity, housing insecurity, and access to
transportation, are also associated with medication nonadherence.58-71 Our data did not
support an association between high financial strain and nonadherence. Because financial
strain can occur at all income levels, our results suggest that nonadherence due to financial
factors is observed primarily at the lowest end of the income scale.

The highest levels of chronic stress were significantly associated with medication
nonadherence in our study. Previous research into chronic stress and medication
nonadherence has produced inconsistent results. For example, whereas research into stress
and nonadherence in HIV yielded no statistically significant relationship,’? several studies
have reported that chronic stress is a predictor for medication nonadherence in diabetes.”3:74
In our study, both low income and high chronic stress were associated with medication
nonadherence. Therefore, it is important for medical providers to consider the social context
when addressing issues related to nonadherence. Connecting patients with resources to help
alleviate chronic life stressors may improve adherence rates.
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One should note that African-American race, which was not conceptualized as a social risk
factor, emerged as a statistically significant correlate of nonadherence in univariate analyses,
confirming previously reported racial disparities in medication adherence.’>~’8 Compared
with Caucasians, African Americans are more likely to be nonadherent to statins, %80 beta
blockers,81 and pre-exposure prophylaxis drugs to prevent HIV infection,82 among others.
One also should note that racial differences in medication adherence have persisted after
adjustment for socioeconomic and health factors. Even among those with close-to-full drug
coverage, minorities were 40% less likely to adhere to prescribed treatments compared to
Whites, indicating that policies relying on cost reduction alone are unlikely to eliminate
racial differences.83 Strategies to address racial/ethnic and gender gaps in medication
adherence that take into account social factors beyond cost are needed.

Finally, the proportion of participants reporting nonadherence was only 7.5%. Considering
that medication nonadherence typically ranges between 25%* and 50%,848% there likely is a
sizeable underestimation of nonadherence in the CARDIA cohort. Self-reported adherence
measures the perception of one’s adherence rather than actual adherence.8® Adherence self-
reports reflect one’s perceived sense of control, self-esteem, self-efficacy, and knowledge
about the prescribed treatment.87-89 It is possible that the demographics of the CARDIA
cohort, which was younger and included approximately half of participants with college
education and income higher than $75,000, have contributed to the unusually high self-
reported adherence.

Our findings expand the literature on the impact of social context beyond its well-
documented importance for individual health and well-being, to highlight its role for health-
related behaviors such as medication nonadherence. The theoretical premise that medication
nonadherence is situated within economic, social, cultural, and family contexts which exert
powerful influences on the adherence behavior has profound implications for adherence-
promoting interventions. As agency never gets free of structure, meaningful and sustained
changes of medication adherence are unlikely by targeting the individual without regard for
the circumstances that constrain him or her. Furthermore, decontextualizing medication
adherence not only obscures its socioeconomic origin, but also can deteriorate into blaming
the victims of socioeconomic inequality for their health-related choices.

Study findings support the notion that efforts to improve medication adherence need to be
focused upstream, on expanding access to resources and reducing ongoing stressors. In
clinical settings, such an approach may include screening for social adversities, linking
patients to resources to address unmet needs, and developing risk stratification tools to aid in
this process. However, results also draw attention to the critical role of economic, social, and
healthcare policies for creating an environment that is conducive to following medical
recommendations.

The use of a self-reported adherence scale limits our ability to verify the accuracy of the
reported adherence levels. The MMAS-4 is a validated and widely-used scale, but self-
reports are known to overestimate adherence.? Although we dichotomized the scale in the
most conservative way, the low proportion of participants reporting nonadherence (7.5%)
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highlights the unreliable nature of self-reports. Chronic diseases are self-reported as well,
and CARDIA did not collect data on disease severity or drug tolerability. We were limited
further by our inability to include health insurance status as a covariate due to the high
number of missing values. Finally, the cross-sectional study design prevents us from making
causal inferences about the reported associations.

Low income and chronic stress are social risk factors for medication nonadherence.
Accumulation of social risks is associated with increased medication nonadherence. These
findings can be used for the development of risk prediction tools to identify patients who
would benefit from targeted interventions. Assessing exposure to social risks and addressing
these concerns with the patient may improve medication adherence for the most vulnerable
individuals.
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Medication Nonadherence by A) Education; B) Income; C) Financial Strain; D) Chronic
Stress; E) Social Support; F) Social Strain
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Table 3
Odds Ratios for Medication Nonadherence by Number of Social Risk Factors (N = 1506): CARDIA, 2005-06

OR [95% CI]
Number of social risk factors

Model 12 Model Zb
None 1 (ref)
1-2 1.73(0.99 - 3.71) 1.65 (0.94 - 2.88)
3-6 416 (2.35-7.37)77 3.26 (1.72-6.19)

Aok

p <.001, 2-tailed tests

Note.
a, ..
Adjusted for age, sex, race, and center

Adjusted for age, sex, race, center, marital status, depressive symptoms, and history of heart disease, cancer, lung disease, diabetes, and kidney
disease
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