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BACKGROUND: Medication adherence (MA) is critical to
successful chronic disease management. It is not clear
how social determinants of health (SDH) impact MA. We
conducted a systematic review and meta-analysis to sum-
marize the evidence on the relationship between SDH and
MA.

METHODS: We conducted a systematic review of the lit-
erature using a Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) format. A literature
search was performed using three databases: PubMed,
Scopus, and Cochrane Clinical Trials Register in Decem-
ber of 2018. Included studies were completed in the USA,
included adults aged 18 years and older, measured at
least one social determinant of health, and medication
adherence was the primary outcome measure. Data from
included full texts were independently extracted using a
standardized data extraction form. We then conducted a
meta-analysis and pooled the odds ratios from the includ-
ed studies for each social determinant as well as for all
SDH factors collectively.

RESULTS: A total of 3137 unduplicated abstracts were
identified from our database searches. A total of 173 were
selected for full text review after evaluating the abstract. A
total of 29 articles were included for this systematic re-
view. Economic-related SDH factors and MA were mostly
commonly examined. The meta-analysis revealed a signif-
icant relationship between food insecurity (aOR = 0.56;
95% CI10.42-0.7), housing instability (aOR = 0.64; 95% CI
0.44-0.93), and social determinants overall (aOR = 0.75;
95% CI 0.65-0.88) and medication adherence.
DISCUSSION: Food insecurity and housing instability
most consistently impacted medication adherence. Al-
though included studies were heterogenous and varied
widely in SDH and MA measurements, adverse social
determinants overall were significantly associated with
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lower MA. The relationship between SDH and MA war-
rants more attention and research by health care pro-
viders and policymakers.
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INTRODUCTION

As the prevalence of chronic conditions continues to increase
in developed countries including the United States (US), ad-
herence to long-term therapies is critical. One out of every two
adults in the US have a chronic condition and 26% have two or
more conditions." Chronic conditions are the main cause of
poor health, disability, and death and account for the majority
of health care costs. Many medications exist to manage chron-
ic illnesses; however, their effectiveness is substantially re-
duced because half of all patients do not take their medica-
tion(s) as prescribed.! Addressing and closing the medication
adherence gap would significantly improve the ability of
biomedical advances to reduce the burden and costs associated
with chronic illness.

The World Health Organization posits that medication ad-
herence is influenced by patient, health care team/health sys-
tem, therapy, disease condition, and socioeconomic-related
factors.” The majority of research to date has focused on
patient-related factors associated with nonadherence such as
forgetting doses, lifestyle barriers, and inadequate self-
management skills.® Less attention has been paid to the other
factors, particularly socioeconomic-related barriers or social
determinants of health (SDH), with the exception of health
insurance coverage. There is strong evidence of the negative
consequences of the lack of health insurance coverage on
medication adherence.*®

Understanding the influence of SDH on medication adher-
ence is important. Adverse social and living circumstances not
only contribute to a higher prevalence of chronic disease, but
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these same factors influence people’s abilities to manage their
health problems. It is plausible that one of the underlying
mechanisms by which adverse social determinants impact
health care use and health is through medication adherence.
When people are struggling with housing instability, food
insecurity, and/or unemployment, they likely do not have the
necessary emotional and material resources to devote adequate
attention to their health and treatment regimen.

The purpose of this systematic review is to examine the
evidence of SDH factors, other than health insurance cover-
age, on MA. Although there are published systematic reviews
in the literature on this topic, they have all focused on the
relationship between SDH and MA for one disease condition
such as HIV/AIDS, and usually evaluated the influence of
only one SDH factor.”'? For example, Singer et al. conducted
a systematic review of studies that examined the relationship
between food insecurity and adherence to antiretroviral thera-
py."? The aim of this systematic review and meta-analysis is to
summarize the evidence of the relationship between social
determinants of health and medication adherence for a wide
variety of SDH factors and chronic disease conditions since
there is no evidence to suggest that social determinants signif-
icantly impact medication adherence in one disease process
over another.

METHODS

Search Methods. We followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
(PRISMA) format '* and registered our systematic re-
view protocol with PROSPERO, an international data-
base of prospectively registered systematic reviews in
health and social care.'*'* The objective of our search
strategy was to identify all studies that examined the
influence of one or more social determinant of health on
medication adherence. To identify SDH factors, we used
the Healthy People 2020 (HP2020) SDH model which
includes five dimensions: (1) economic stability; (2)
education; (3) social and community context; (4) health
and health care; and (5) neighborhood and the built
environment.'> The lead author worked with an infor-
mation specialist, a co-author of this paper, to identify
the relevant MeSH terms and keywords for each of the
five SDH dimensions and subdomains as well as our
main outcome, MA. Once the search terms were identi-
fied, we developed our search strategy and then
searched PubMed, Scopus, and Cochrane Clinical Trials
Register in December of 2018 for potentially eligible
studies. A full description of the search terms and strat-
egy we employed is shown in Table 1. We did not
perform a supplementary resource hand-search.

Study Selection. We used the following inclusion criteria to
determine study eligibility: (a) the study was conducted in the
United States; (b) the study participants were adults aged 18
years and older; (c) the study measured at least one SDH as
determined by HP2020; (d) the study evaluated MA as the
primary outcome measure; (€) the study was published within
the past 25 years in a peer-reviewed journal as the results of
original research; and (f) the study was written in English. As
previously mentioned, studies were excluded if they focused
solely on the relationship between health insurance coverage
and MA or cost-related MA. We limited included studies to
the United States as there are large differences in social sup-
port programs and per capita spending on social services
which affects the health outcomes of other developed
nations.®

We imported all references into RefWorks, and the lead
author deleted duplicates. The lead author divided the refer-
ences among three reviewers who conducted an initial screen
to determine study eligibility based on a review of each
study’s title and abstract. Prior to completing the initial screen,
the lead author trained the other two reviewers on the study
eligibility criteria and conducted a reliability assessment to
determine whether there was good agreement among the three
reviewers regarding whether a study met the eligibility criteria.

To assess the interrater reliability of study eligibility, we
selected a random sample of 50 abstracts and each of the three
reviewers independently read the title and abstract and deter-
mined study eligibility. The overall agreement between the
three reviewers was 90% and the kappa statistics were 0.85
and 0.90. There were five cases of disagreement, these cases
were discussed, and then, each reviewer proceeded to inde-
pendently screen one-third of the total abstracts for study
eligibility. The three reviewers discussed any questions related
to study inclusion or exclusion with each other and the senior
author as needed. The three reviewers either flagged an ab-
stract for full text review or documented the reason(s) for
exclusion.

Data Extraction. Due to the large number of abstracts
identified for full text review, we asked three additional
reviewers to participate in the full text review. The first
author trained all reviewers on study eligibility criteria and
data extraction. Six reviewers read and evaluated one-sixth of
the included full texts to determine whether the studies met the
eligibility criteria and, if not, detailed the reasons for exclu-
sion. For those articles that met the eligibility criteria, the
reviewers used a standardized data form developed by the
study team to independently extract the following data ele-
ments from each article: name of first author, year of publica-
tion, journal title, location, social determinant(s) of health
examined, medication adherence measures, study population
including disease/illness, how the study cohort was selected,
sample size, purpose of the study, main results and statistical
significance if applicable.
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Table 1 Search Terms and Abstracts Identified for Further Screening

Search topic

Search terms

Economic Stability

Education

Social and community
context

Health and health care

Neighborhood and built
environment

Medication adherence

United States

Employment

Food insecurity

Housing instability

Poverty

Income

Early childhood education and
development

Enrollment in higher education

High school graduation
Language and literacy
Civic participation
Discrimination

Incarceration
Social cohesion

Access to health care
Access to primary care
Health literacy

Health

Access to foods that support
healthy eating patterns
Crime and violence
Environmental conditions

Quality of housing
Built environment

(medication OR prescription OR prescribe) AND (adherence OR compliance OR
obedience OR consent) AND

United States AND

“Employment”’[Mesh] OR

“Food Supply”’[Mesh] OR “Food Insecurity” OR

(“Housing”’[Mesh] OR “Public Housing”[Mesh] OR “Homeless Persons”[Mesh]) OR
“Poverty”’[Mesh] OR

Income [Mesh] OR

“Child, Preschool”[Mesh] AND (“Learning”[Mesh] OR “Education”[Mesh] OR
“Educational Status”[Mesh] OR “Child Development”[Mesh] OR “Developmental
Disabilities”[Mesh]) OR

(“Students”[Mesh] OR “Universities”[Mesh] OR “Education, Graduate”[Mesh] OR
“Higher Education”[All]) OR

(“Schools”[Mesh] OR “High School”[All]) OR

(“Language”[Mesh] OR “Literacy”’[Mesh]) OR

“Community Participation”[Mesh] OR

(“Health Status Disparities”[Mesh] OR “Healthcare Disparities”[Mesh] OR “Minority
Health”[Mesh] OR “‘Social Discrimination”[Mesh] OR “Vulnerable
Populations”’[Mesh]) OR

(“Prisoners”’[Mesh] OR “Prisons”’[Mesh]) OR

(“Socioeconomic Factors”[Mesh] OR “Social environment”[Mesh OR “Social
Support”’[Mesh] OR “Social Control, Formal”’[Mesh] OR “Social
Responsibility”[Mesh] OR “Social justice”[Mesh]) OR

(“Health Services Accessibility”[Mesh] OR “Medically underserved area”[Mesh])
OR

(“Primary Health Care”[Mesh] OR “Health Services Accessibility”’[Mesh] OR
“Health Services Needs and Demands”’[Mesh]) OR

(“Primary Health Care”[Mesh] OR “Health Services Accessibility”[Mesh] OR
“Health Services Needs and Demands”’[Mesh]) OR

“Social Determinants of Health”[Mesh] OR

(“Food Assistance”[Mesh] OR “Food Supply”’[Mesh] OR “Fast Foods”[Mesh] OR
“Diet, Food, and Nutrition”[Mesh] OR “Nutrition Policy”’[Mesh]) OR
(“Crime”[Mesh] OR “Crime victims”[Mesh] OR “Violence”[Mesh] OR “Exposure to
violence”[Mesh] OR “Domestic violence”[Mesh] OR “Physical abuse”[Mesh]) OR
“Residence Characteristics”’[Mesh]

(“Housing”’[Mesh] OR “Public Housing”[Mesh] OR “Quality of Life”’[Mesh])
Environment Design [Mesh]

For all studies that met the inclusion criteria, the senior

information provided in the published data to calculate an

author independently reviewed the results of each full text
review to confirm eligibility, study methodological details,
and main results. If there was any disagreement between the
reviewer and the senior author regarding study eligibility,
methodological details, or study results, the discrepancies
were discussed with the lead author who served as the final
arbitrator.

Data Synthesis and Analysis. To estimate the influence of
SDH on medication adherence, we conducted a meta-analysis
and pooled the odds ratios from the included studies for each
SDH factor as well as overall. Some studies did not control for
covariates and only reported the unadjusted odds ratio so we
separately estimated a pooled adjusted and pooled unadjusted
odds ratio (and respective 95% confidence interval) for each
SDH factor and overall. When needed, we inverted the odds
ratio so that when we pooled the results we consistently
estimated the adverse effect of a SDH factor on medication
adherence. We were not able to include all of the studies in the
meta-analysis because some studies measured medication ad-
herence as a continuous outcome and there was not enough

odds ratio (see Table 2).

We assessed the heterogeneity of the studies using
Cochran’s Q (x2 test) and P test statistics and we estimated
both the unadjusted and adjusted pooled odds ratios using
random effects models (R studio version 1.3.959: R package:
metafor) because of the methodological differences among the
studies.

RESULTS

Our literature review search yielded 3137 potential studies
(see Fig. 1). After we removed the duplicates, we reviewed
the title and abstract of 2583 citations and identified 173
articles for potential inclusion. After full text review, 29 of
the 173 were included in this systematic review. The most
common reasons for exclusion when both screening the ab-
stracts and reading the full text articles were that the study did
not include an SDH factor and/or the primary outcome was not
medication adherence.
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Table 2 Characteristics of Included Studies
First Participants Study Medication Social Covariates Main outcome Included
author, design adherence determinant/ in pooled
name measure s measured analysis?
Bandia 1043 low- Cross- Morisky Education, Insurance status, High school diploma Not
2017 income His- sectional medication employment sex, marriage was associated with included
panic adults survey adherence status, age hypertension adherence ~ aPR = 1.51;
with hyperten- scale (self- among older Hispanics 1.06-2.14
sion in NYC report) compared to < 8th vs aPR =
grade education but not  1.06;
among younger 0.66-1.69
Hispanics
Baueré 1336 adults Prospective ~ New Health Demographics Low income associated ~ Not
2013! with diabetes cohort study  antidepressant literacy, including age, sex with more days with a included
and a new prescription income and gender, new prescription Income: (3
antidepressant medication English medication gap than =0.05;
prescription in gap (claims- proficiency, family ~ higher income, literacy ~ 0.00, 0.09)
Northern, CA based) size, education limitations associated Literacy: (3
with more days without = 0.06, p <
medications available 0.01)
over the entire year
Billimek, 3401 diabetic Cross- Delay in filling ~ Food Demographics, Food insecurity Included
2012" patients sectional prescription insecurity income, education,  associated with delay in
receiving state survey  within past insurance, filling prescription
medical care, year (self- psychological
California report) distress, health
status
Bolkan, 611 veterans in  Secondary 3 questions Social support ~ Family Emotional and tangible  Included
2013%° primary care analysis, about taking involvement support were not
who screened RCT medication as associated with
positive for prescribed, medication
depression missing dose, nonadherence among
across the US stopped taking veterans receiving
(self-report) primary care
Fan, 2016>' 208 patients Cross- Morisky Health Age, gender, race, Health literacy was Included
from primary sectional medication literacy, insurance, associated with
care clinic with  survey adherence income, medication unintentional adherence
type 2 diabetes scale (self- education regimen but not associated with
in St. Louis, report) complexity, and overall adherence or
MO depression intentional
nonadherence
Gerlach, 458 older Secondary Single Social support ~ Age, education, Among those with Included
2017% adults (> 60) analysis of question about marital status, inadequate social
with 2 how illness burden, support, antidepressant
depression prospective consistently cognitive function,  medication adherence
given new cohort subject took treatment site, was lower among older
antidepressant studies medication in veteran status blacks but not older
prescription by past week whites
a physician in
Michigan
Johnson, 275 pharmacy ~ Cross- Morisky Social Age, sex There was a significant ~ Not
20107 patients in sectional medication support, interaction effect included (3
Atlanta, GA survey adherence health literacy between health literacy = 0.086;
scale (self- and social support on 0.018-0.
report) medication adherence 154).
Kalichman, 188 HIV+ Prospective Percent of pills  Food Social stress, AIDS  Poorer ART adherence Included
2010%* adults taking cohort taken of those  insecurity and  stigma, depression,  significantly related to
ART with low dispensed in housing drug use nearly every indicator
health literacy, 30 days (self- instability of food insecurity
Atlanta, GA report) summary
measure
Kalichman, 344 HIV+ Prospective ~ Percent of pills  Food Depression, Food insecurity was Included
2014% adults taking cohort taken of those  insecurity, alcohol use, drug protective against poor
ART, Atlanta, dispensed education, use adherence (i.e., < 80%
GA within 2-3- income, adherent)
month period employment,
(self-report) housing,
social support
Kripalani, 1967 patients Secondary Adherence to Health Health 4-point change in health  Not
2015° hospitalized analysis- Refills and literacy, competence, literacy—increase in included
with acute Prospective ~ Medications numeracy, depression the mean MA score Health
coronary cohort study  Scale (self- income, 2-point change in literacy: (3
syndromes or report) education, numeracy—increase in -~ = 0.18;
heart failure in social support the mean MA 0.02,
Nashville and Income not associated 0.342)

Franklin, TN

with MA

(continued on next page)
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Table 2. (continued)
First Participants Study Medication Social Covariates Main outcome Included
author, design adherence determinant/ in pooled
name measure s measured analysis?
Education—significant Numeracy:
nonlinear association (6=0.28;
with MA 0.10, 0.46)
Social Income: (8
support—significant = 0.06, —
nonlinear relationship 0.12, 0.24)
with MA Education:
p <0.05
Social
support: p
< 0.05
Markowitz, 119 adults with ~ Secondary Percent of Violence: Age, years of Child sexual abuse Not
201177 HIV receiving  analysis- adherence in child sexual education, gender, prior to 13 years old or  included
substance use RCT past 7 days abuse and race between ages of 13 and < 13: 3=—
treatment in (electronic pill 16 was not associated 0.13; p
Boston, MA cap system) with HIV medication value =
adherence 0.25
13-16: 3 =
-0.11;p
value =
0.26
Muir, 2012%® 127 patients RCT Days without Health literacy ~ Comorbid Days without Not
being treated medication disability, self- medication did not included
for glaucoma (claims-based) reported disease differ significantly Invention
at a veteran’s knowledge, and between literacy group (x =
medical center satisfaction with intervention group and 63) vs
in Durham, care control group those control (x =
NC who did not among 65), (p =
veterans with glaucoma  0.71)
Nwokeji, 166 uninsured ~ RCT Proportion of Education Alcohol diagnosis,  Participants with higher =~ Not
2012%° working adults days covered drug diagnosis education had a higher  included (3
with major within 1 year proportion of days = 0.05;
depression in (claims-based) covered by an 0.02-0.08)
demonstration antidepressant
program, prescription compared
Texas to those in a lower
education strata
Parada, 302 Latino Secondary Morisky Education Age, sex, insurance  Education was not Included
2012%° adults with analysis, medication status, drug associated with
diabetes in RCT adherence complexity, health medication adherence
Southern CA scale (self- status, patient- among Latinos with
report) provider relation- type 2 diabetes
ship
Quinnf 98 young Secondary Percent of the ~ Community Psychological Exposure to high levels  Included
2016° black men with  analysis- time they took  violence distress, drug use, of community violence
HIV and have RCT medication as condomless was associated with
sex with men prescribed intercourse significantly lower odds
in Chicago, IL (self-report) of medication
adherence among black
men with HIV who
have sex with men
Sattler. 243 Part D Prospective  Proportion of Food and Food insecurity was not ~ Not
2014° Medicare cohort study  days covered housing associated with lower included
beneficiaries (claims-based)  insecurity adherence to oral (data from
with type 2 hypoglycemic regression
diabetes in medications model not
Georgia reported)
Shallcross, 55 patients Cross- Morisky Social support ~ Age, sex, income, Social support was a Not
2015% with epilepsy sectional medication seizure frequency, significant predictor of  included (3
in NYC survey adherence number of antiepileptic medication = .618; —
scale (self- medications, time adherence 254, —
report) since diagnosis, 211)
and antidepressant
medication usage
Silverman, 287 low- Secondary Morisky Food Age, gender, Food insecurity was Included
2015* income adults analysis- medication insecurity race/ethnicity, associated with low
with poorly RCT adherence language, medication adherence
controlled dia- scale (self- education, marital among low-income
betes in Wash- report) status, BMI , adults with poorly con-
ington insulin use, trolled diabetes
depression,

diabetes distress

(continued on next page)
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Table 2. (continued)
First Participants Study Medication Social Covariates Main outcome Included
author, design adherence determinant/ in pooled
name measure s measured analysis?
Soto, 2013% 303 adult men Cross- Rate ability to Crime-related Disclosure to Crime-related trauma, Not
with HIV who  sectional take all trauma, family, general physical trauma, and included
have sex with survey medications as  physical health, treatment sexual trauma were not  Crime--
men in prescribed trauma, sexual  concerns, HIV correlated with HIV related
Chicago, IL within 30 days  trauma, social  stigma MA. Social support was  trauma (r =
(self-report) support not correlated with HIV. - 0.11, p >
MA 0.05),
physical
trauma (r =
-0.11,p>
0.05),
Sexual
trauma (r =
-0.01,p>
0.05)
Social
support: (r
=0.02,p >
0.05)
Surratt, 503 HIV- Cross- Self-report Food and Depression, Food and housing Included
2015%° positive indi- sectional housing anxiety, traumatic insecure patients more
viduals in insecurity stress, and likely to report ARV
high-poverty substance nonadherence
areas in Miami dependence
Thames, 181 adults with  Prospective ~ Percent of Social Age, race, Reading ability/literacy ~ Not
201277 HIV and drug cohort study  adherence in support, Depression, drug was not associated with  included
abuse in Los past 6 months  reading use, provider HIV medication adher-  African
Angeles, CA (electronic pill  ability/literacy ~ satisfaction ence among African Americans
cap system) Americans or Cauca- (p =0.56)
sians Caucasians
(p=21)
Trimble, 272 women Cross- Morisky Intimate Age, race, ‘Women who Not
2013 with HIV sectional medication partner education, experienced intimate included (x
receiving care survey adherence violence employment, living  partner violence in past = 5.49) vs
at public clinic scale (self- with partner 12 months had lower (x =6.57)
in Southern report) HIV MA scores on (p <0.001)
Texas average than women
who did not
Vissman, 66 Latino Cross- 2 questions Employment, Perceived Employment was not Included
2013%° patients with sectional about taking social support  behavioral control,  associated with HIV
HIV in Wake survey HIV education medication adherence.
Forest, NC medications Social support was not
within past 30 associated with HIV
days (self- MA
report)
Voisin, 92 young Secondary Percentage of Social support  Self-efficacy, social ~ Social support was not  Included
2016% black men who  analysis- the time they stigma, family associated with HIV
have sex with RCT took acceptance, MA among young
men and are medication as marijuana use, black men who have
HIV positive prescribed alcohol use HIV and have sex with
in Chicago, IL (self-report) other men
Weiser, 188 HIV+ Cohort Self-report Food and Substance abuse Food and housing Included
2013% adults taking housing insecurity increased
ART and insecurity odds of nonadherence,
scoring below inadequate viral
90% correct on suppression, and low
TOFHLA CD4 counts
Weltyé 143 adults with ~ Cross- Several Transportation ~ N/a Not driving a car was Included
2010" epilepsy who sectional questions on associated with
were members  survey transportation reporting difficulty
of Epilepsy. limiting MA picking up prescriptions
com website (self-report) for adults with epilepsy
(United States)
Wisnivesky, 87 elderly Prospective ~ Medication Language/ Sociodemographic Hispanic patients with Not
2012% Hispanic cohort study  Adherence literacy characteristics, limited English included
patients with Reporting asthma history, proficiency were less (odds ratio
asthma in Scale (MARS) comorbid likely than non- only
NYC and (self-report) conditions, Hispanic patients to be  reported
Chicago depression, health adherent to asthma adherence
literacy medications by race)
Zulli%, 406 adults who Morisky Financial Life chaos, Financial status, Included
2013™ had medication status, demographics, employment, education,

(continued on next page)
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Table 2. (continued)

First Participants Study Medication Social Covariates Main outcome Included
author, design adherence determinant/ in pooled
name measure s measured analysis?

hypertension Secondary adherence employment, including sex, race,  and health literacy were

and myocardial  analysis- scale (self- education, marital status not associated with

infarction < 3 RCT report) health literacy medication

years nonadherence
Zulli%é 23 patients Prospective ~ Morisky Health literacy N/a Health literacy Not
2014 with cohort study  medication intervention improved included

cardiovascular adherence self-reported medica- p=0.73

risk factor scale (self- tion adherence but not

receiving report) and medication possession

primary care at medication ratio

veteran’s possession ra-

medical center tio (claims-

in Durham, based)

NC

The 29 studies consisted of 10 cross-sectional surveys, eight
prospective cohort designs, one randomized controlled trial
(RCT), and the secondary analysis of data from eight RCTs
and two prospective cohort studies (see Table 2). All but one
study focused on a disease-specific population; the most com-
mon chronic conditions were HIV (n =9), diabetes (n = 6), and
cardiovascular disease (n = 4). Sample sizes ranged from 23 to
3401. Eleven of the 29 studies were based on less than 200
participants. More than half (n = 16) of the studies were
restricted to subjects with a specific characteristic such as
Hispanic ethnicity (n = 3), veteran (n = 3), male (n = 3), or
low income (n = 3).

Identification

o

=
(=
©
9]
—
[5)

n

Eligibility

Included

Of the 29 included studies, 12 studies examined an eco-
nomic stability-related SDH factor, 10 studies included an
education-related SDH, 10 studies included a social and com-
munity context-related SDH, eight studies consisted of SDH
related to health and health care, and four studies examined
SDH related to the neighborhood and the built environment.
More than half of the included studies (n = 16) only evaluated
one SDH. Table 2 summarizes each of the studies included in
the systematic review and their outcome.

Figures 2 and 3 display the pooled adjusted and unadjust-
ed odds ratio for each SDH subdomain and overall. In both
pooled analyses, food insecurity and housing instability

Figure 1 PRISMA flow diagram.
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Author(s) and Year N Estimate [95% CI]

Unemployment :

Kalichman, 2010a 208 —-a—— 1.10[0.32, 3.76]

Vissman, 2013 63 0.30[0.08, 1.11]

Zullig, 2013 388 1.17[0.75, 1.82]
]

RE Model (Q = 3.74, df = 2, p = 0.15; I? = 45.31%)

Food Insecurity

Billimek, 2012 3401
Kalichman 2010a 208
Silverman, 2015 287
Weiser, 2013 284

RE Model (Q = 4.04, df = 3, p = 0.26; I = 30.75%)

Housing Instability
Kalichman, 2010a 208
Weiser, 2013 284

RE Model (Q = 0.03, df = 1, p = 0.87; I = 0.00%)

Poverty
Kalichman, 2010a 208
Zullig, 2013 388

RE Model (Q = 0.24, df = 1, p = 0.63; I = 0.00%)

Less Education

Kalichman, 2010a 208
Parada, 2012 284
Zullig, 2013 388

RE Model (Q = 2.42, df = 2, p = 0.30; I = 0.01%)

Low Social Support

Bolkan, 2013 394
Kalichman, 2010a 208
Vissman, 2013 63
Voisin, 2016 62

RE Model (Q = 5.16, df = 3, p = 0.16; I = 41.78%)

Low Health Literacy
Fan, 2016 193
Zullig, 2013 388

RE Model (Q = 1.39, df = 1, p = 0.24; |? = 28.24%)
Food/Housing insecurity
Kalichman, 2010b 188

Crime and Violence Exposure
Quinn, 2016 92

Limited Transportation
Welty, 2010 143

0.86[0.41,1.79

0.47 [0.27, 0.81]
0.30 [0.11, 0.85]
0.51[0.30, 0.87]
0.68 [0.55, 0.85]

]

0.56[0.42, 0.75

0.60 [0.24, 1.47]
0.65 [0.44, 0.97]

0.64 [0.44, 0.93]

0.90 [0.31, 2.65]
0.67 [0.41, 1.10]

0.71 [0.45, 1.10]

1.11[0.85, 1.46
1.56 [0.83, 2.92
0.75[0.38, 1.48

1.11[0.88, 1.40

0.80 [0.61, 1.05]
0.71[0.41, 1.22]
1.03[0.98, 1.08]
0.98 [0.84, 1.14]

]

0.97 [0.87, 1.08
0.53 [0.29, 0.98]
1.05 [0.40, 2.73]
0.67 [0.36, 1.28]

0.72 [0.59, 0.88]

0.36[0.13, 0.98]

}iIWE-:,EI,}Foi[oﬂoﬂth

0.24 [0.10, 0.60]

RE Model for All Studies (Q = 75.5, df = 22, p = 0.00; 12= 74.3%) Q 0.75[0.65, 0.88]
Test for Subgroup Differences: Qy = 33.81, df =9, p = 0.00 :

[ N B
005 025 1 4

Adjusted Odds Ratio

Figure 2 Pooled adjusted odds ratios.

demonstrated a consistent and statistically significant asso-
ciation with medication adherence (Figs. 2 and 3). Food
insecurity demonstrated the most significant impact, with a
pooled aOR of 0.56 (95% CI1 0.42—0.7) and an OR of 0.58
(95% CI 0.43-0.78). Housing instability was also

significantly associated with MA in our pooled analysis
with an aOR of 0.64 (95% CI 0.44—0.93). Unemployment,
poverty, and inadequate social support were not associated
with MA. Lower health literacy and education were signif-
icantly associated with adherence in the pooled unadjusted
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Author(s) and Year N Odds Ratio [95% CI]
Unemployment
Bandi,2017 1038 1.44[1.10, 1.89]
Kalichman, 2010b 188 1.15[0.84, 1.58]
Vissman, 2013 66 0.26 [0.08, 0.86]

RE Model (Q = 8.03, df = 2, p = 0.02; 12 = 91.56%)

Food Insecurity
Billimek, 2012
Sattler, 2014
Silverman, 2015
Weiser, 2013

3401
243
287
284

0.90 [0.39, 2.08]

0.43[0.34, 0.55]
0.95[0.56, 1.62]
0.52[0.33, 0.84]
0.62[0.50, 0.78]

RE Model (Q = 9.14, df = 3, p = 0.03; 12 = 68.13%)

Poverty

Fan, 2016 187
Kalichman, 2010b 188
Sattler, 2014 243
Weiser, 2013 284
Zullig, 2013 406

RE Model (Q = 6.79, df = 4, p = 0.15; |* = 41.79%)

Less Education

Bandi,2017 1021
Sattler, 2014 243
Weiser, 2013 284
Zullig, 2013 406

RE Model (Q = 4.09, df = 3, p = 0.25; 12 = 5.01%)

Low Health Literacy
Fan, 2016 208
Zullig, 2013 406

RE Model (Q = 0.00, df = 1, p = 0.96; 12 = 0.00%)

Low Social Support
Gerlach, 2017 452

Food/Housing insecurity

Surratt, 2015 503
Housing Instability
Weiser, 2013 284

0.58[0.43, 0.78]

1.09 [0.54, 2.19]
0.99 [0.64, 1.53]
1.30[0.77, 2.22]
0.83[0.59, 1.17]
0.55 [0.34, 0.88]

0.89[0.67, 1.17]

0.75[0.57, 1.01]
1.07 [0.63, 1.83]
0.95 [0.66, 1.37]
0.53 [0.29, 0.95]

0.81[0.66, 1.00]
0.60 [0.34, 1.06]
0.61[0.36, 1.04]

0.61[0.41, 0.89]

0.92 [0.62, 1.37]

0.61[0.43, 0.88]

0.57 [0.38, 0.86]

RE Model for All Studies (Q = 76.4, df = 20, p = 0.00; 1? = 70.0%)

0.76 [0.65, 0.90]

..

Test for Subgroup Differences: Qy = 15.06, df =7, p = 0.04

:
0.05 025 1 4

Unadjusted Odds Ratio

Figure 3 Pooled unadjusted odds ratios.

analysis only. When we pooled the SDH factors across all of
the domains, we found that adverse SDH were significantly
associated with MA in both the pooled adjusted (aOR =
0.75; 95% CI 0.65—0.88) and unadjusted (OR = 0.76; 95%
CI 0.65-0.90) meta-analyses.

DISCUSSION

This systematic review of the evidence of the influence of
social determinants of health on medication adherence re-
vealed relatively few studies on this topic. Medication adher-
ence was most commonly studied in the HP2020 economic
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stability domain. Some subdomains of SDH have received no
attention in the literature such as the impact of incarceration or
the quality of housing on MA. When we estimated the rela-
tionship between SDH and medication adherence overall, we
found that adverse social determinants were associated with
lower adherence. For specific SDH factors, only food insecu-
rity and housing instability were correlated with poor medica-
tion adherence. For all other specific social determinants, the
evidence was inconsistent or there was only one study that
evaluated the specific determinant.

Food insecurity was associated with poorer medication ad-
herence in this study based on study samples that included
patients with diabetes or HIV. These findings are consistent
with two systematic review studies that evaluated the influence
of food insecurity on adherence.”"'> There are multiple reasons
why food insecurity negatively impacts medication
nonadherence. Lack of food increases hunger and results in
people prioritizing basic survival needs over other competing
issues such as medication adherence.*® Food insecurity is also
associated with decreased self-efficacy which can adversely
affect mental health and adherence. ¢ Finally, patients can
experience more side effects when their medications are not
taken with food and/or their nutritional status is compromised.”

Housing instability was also associated with poorer medi-
cation adherence. Three studies examined housing instability
primarily and two other studies examined a combination of
housing instability and food insecurity. Similar to food inse-
curity, when people are unstably housed, they are not meeting
their basic needs. When basic needs compete with health
problems, people may prioritize getting their basic needs met
over their health, thus explaining why housing instability is
associated with lower medication adherence.

Despite the heterogeneity of included studies in terms of
study design, measurement of SDH and medication adher-
ence, and statistical analyses, the overall pooled results re-
vealed a significant association between SDH and medication
adherence. These findings suggest that this relationship war-
rants more attention and research by health care providers and
policymakers. The vast majority of interventions aimed at
improving medication adherence focus on patient education,
medication regimen management, and more frequent monitor-
ing including reminders.*”** If we want to improve medica-
tion adherence, we must appreciate the broader context in
which our patients live and design interventions and policies
that also address adverse social determinants that make it hard
for people to adhere.*’

Structural determinants of health inequities, such as em-
ployment, income, and education, were not significantly asso-
ciated with medication adherence. Structural determinants
impact one’s socioeconomic position in society which influ-
ences intermediary determinants of health that directly influ-
ence health outcomes. Intermediary determinants of health
include material circumstances, psychosocial circumstances,
behavioral and/or biological factors, and the health system.
The structural determinants of health inequities impact health

outcomes indirectly through the intermediary determinants.
When both structural and intermediary determinants of health
are included simultaneously in statistical models, it likely
results in over adjustment. Models that include both structural
and intermediary SDH factors should conduct mediation anal-
ysis to determine the extent to which the influence of structural
determinants is explained by intermediary determinants. It is
possible that poverty, education, and employment were not
significantly associated with MA because of the presence of
other intermediary SDH factors in the analyses.’* >

There was significant variation in how the SDH factor and
MA were measured in included studies, which also likely
influenced study results. For example, even though the major-
ity of studies that measured poverty included a measure of
income, several studies measured personal income, several
measured household income, and one study measured house-
hold income adjusted for family size. Among the 10 studies
that examined the relationship between social support and
MA, only two used the same social support scale.”**® Fur-
thermore, not all of the social support scales measured the
same dimensions of social support. Some studies chose social
support scales that measured emotional and instrumental so-
cial support,”®**2%3? some selected measures of general social
support, 2>2*33% and others selected measures of social sup-
port specific to medication adherence. *7*°

Similarly, the studies measured MA using a variety of
methods and this could also have contributed to the
inconsistency of result findings across the studies. The
most common method of adherence was self-report (n =
24); relatively few studies used an objective MA mea-
sure such as prescription claims or electronic pill cap
monitoring. Of the 24 studies that used a self-reported
adherence measure, only 11 used a validated scale such
as the Morisky Medication Adherence Scale. There was
also significant variation in the time frame used to
measure medication adherence. Across the 29 studies,
the MA time frame ranged between 1 week and 1 year.
Additionally, MA was often measured as a continuous
variable, and later dichotomized using a threshold value
that ranged between 70 and 90%. A small number of
the studies treated MA as a continuous variable in
regression analyses.

Many of the studies had methodological limitations that
likely compromised study findings and therefore resulted in
inconsistent findings across the SDH domains. One-third of
the studies included in this review were cross-sectional studies
that measured SDH and MA at one point in time, even though
both can vary over time. Some of the studies had inadequate
power to find a significant difference either because of a small
sample size *>274% or because their study sample did not
include sufficient variation in a SDH factor,*-?!30-3%:35.37.44
Less than half of the studies evaluated the influence of two or
more SDH factors on MA. In addition, relatively few studies
accounted for other types of factors that may influence MA
beside demographic characteristics such as age, sex, and race.
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Rarely did studies take into account the complexity of the
medication regimen, the severity of the disease or presence of
comorbidities, or the quality of the patient-provider relationship.

The results of this systematic review and meta-
analysis must be interpreted in the context of the fol-
lowing limitations. First, this search was restricted to
papers written in English and studies conducted in the
US which limits the generalizability of the findings of
this systematic review. As stated previously, significant
differences in health care systems and social spending
per capita by other developed nations limit the ability to
make comparisons. Second, we excluded health insur-
ance coverage because there is already ample evidence
of its negative impact on MA. Third, we did not eval-
uate the relationship between SDH and medication ad-
herence by medical condition; it is possible that the
relationship varies by medical condition. Finally, we
relied on the HP2020 as our SDH framework. Currently,
there is no universal SDH model that has been widely
adopted. If we had selected a different framework, it
would have resulted in a different set of SDH factors
included in the review. For example, the Institute of
Medicine SDH model®> considers stress and mental
health as SDH factors; HP2020 does not.

In conclusion, despite the importance of medication
adherence in achieving good health outcomes, particu-
larly for people with chronic illnesses, this systematic
review identified relatively few studies that have exam-
ined the relationship between social determinants of
health and medication adherence. The overall results
demonstrated that social adversities are associated with
lower adherence. A similar result was also revealed for
food insecurity and housing instability. Wide variation
in how SDH factors and MA were measured as well as
methodological limitations of the studies likely contrib-
uted to inconsistent results across the other SDH domains.
This systematic review and meta-analysis underscores the
critical need for more rigorous research in this area.
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