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Background: Diabetes is the fifth leading cause of death in the United States (US), affecting approximately 27%, or
15.9 million adults 65 years of age and older. Diabetes is the most expensive chronic condition in the US and
accounts for the second largest avoidable healthcare cost. Adherence to long-term medication treatment plans is
crucial among patients with diabetes because it decreases risk of developing comorbid conditions and improves
quality of life. Greater exposure to adverse social determinants of health (SDOH) over an individual's lifespan can
result in worse health outcomes. Hence, it is important to obtain a better understanding of how social de-
terminants of health (SDOH) influence patients' behaviors and affect medication adherence among older adults
with diabetes.

Objectives: Identify and prioritize SDOH associated with medication adherence among a nationally representative
sample of older adults with diabetes. Secondary objectives were to characterize SDOH, estimate medication
adherence, and explain implications for health disparity populations among older adults in the US who have been
diagnosed with diabetes.

Methods: This study used a cross-sectional secondary data analysis to examine the National Health and Nutrition
Examination Survey database, identifying associations between SDOH and medication adherence among older
adults with diabetes in the US.

Results: A total of 1807 respondents' data were included in the analyses. Nearly three-quarters (73.9%) of patients
were considered adherent to their oral diabetes medications. Multivariable analysis revealed significant differ-
ences in medication adherence based on disability status (p = 0.016), household balanced meals (p = 0.033), and
interview language (p = 0.008).

Conclusions: Results revealed those with a disability, those who could not afford a balanced meal, and/or those
who spoke English were associated with a higher likelihood of being nonadherent to their diabetes medications
in comparison to individuals not in these groups. These findings can assist in developing SDOH-centered
medication adherence strategies for pharmacists to implement with older patients with diabetes.

1. Introduction high, at approximately 29.2%, or 15.9 million older adults.? Further,

diabetes is the most expensive chronic condition in the US®" accounting

Diabetes is a chronic health condition affecting how the body con-
verts food into energy, and it is the fifth leading cause of death in the
United States (US).! According to the American Diabetes Association
(ADA), the percentage of Americans aged 65 and older with diabetes is

for the second largest amount of avoidable healthcare costs.” Essentially,
$1 out of every $4 in US healthcare costs are spent on caring for patients
with diabetes.® Approximately, 61% of diabetes expenses are for adults
aged 65 or older, which is primarily paid by the Medicare program.°
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Health inequities related to diabetes and diabetes-related complica-
tions are well documented and have been associated with greater risk
and population prevalence for diabetes and poorer diabetes-related
outcomes.®” ™ Greater exposure to adverse social determinants of
health (SDOH) over an individual's lifespan results in worse health
outcomes.'? SDOH are defined as “the economic, environmental, polit-
ical, and social conditions in which people live and are responsible for a
major part of health inequality worldwide”.!! The American Diabetes
Association (ADA) 2023 Standards of Care recommend assessing SDOH
including food insecurity, housing insecurity/homelessness, financial
barriers, and social capital/social community support to inform treat-
ment decisions.'°

Despite the effects of diabetes medications on blood glucose levels,
a recent systematic review estimated that adherence rates to diabetes
medications are relatively unchanged since 2007; these rates range from
31 to 87% (for retrospective studies) and 53-98% (in prospective
studies), respectively.'® Hence, medication adherence continues to be a
major challenge for those with diabetes.'* The World Health Organi-
zation (WHO) created a conceptual framework which demonstrates
medication adherence is impacted by the interaction of five types of
barriers: patient-related, health care system-related, therapy-related,
condition related, and social and economic factors.'® There is evidence
of a significant association between SDOH and medication adherence'?;
however, there has been relatively few studies that have examined the
relationship between SDOH and medication adherence, especially for
older adults with diabetes.'®'®

Given that low adherence and uncontrolled diabetes remain clinical
challenges among older adults with diabetes, there is a critical need to
identify and prioritize the SDOH associated with older adults' adherence
to medications to better understand how pharmacists can assist in the
development of strategies to modify the relationships between these
factors for the prevention and management of diabetes.'”*

Thus, the objective of this study was to identify and prioritize SDOH
associated with medication adherence among a nationally representa-
tive sample of older adults with diabetes. Secondary objectives were to
characterize SDOH, estimate medication adherence, and explain impli-
cations for health disparity populations among older adults in the US
who have been diagnosed with diabetes.

2. Methods
2.1. Study design

This study was part of a larger project to identify the association
between SDOH and medication adherence among older adults with
chronic conditions (i.e., hypertension, high cholesterol and/or dia-
betes). The focus of this manuscript was medication adherence among
individuals in the US with diabetes. This study used a cross-sectional
secondary data analysis to examine the nationally representative Na-
tional Health and Nutrition Examination Survey (NHANES) database to
identify associations between SDOH and medication adherence among
older adults with diabetes in the US. Applicable data were downloaded
from the NHANES website for the five most recent biannual years of data
collection. The NHANES includes a series of cross-sectional nationally
representative health examination surveys and is designed to assess the
health and nutritional status of US adults and children.'® The datasets
were combined by the respondent's identification numbers using SAS
version 9.4 (SAS Institute, Inc., Cary, NC). The study population was
respondents aged 65 and older, whose healthcare providers told them
they had diabetes. IRB approval was not required for this study since the
research was performed on publicly available, deidentified secondary
data. The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement guidelines were consulted in the
reporting of this manuscript. >
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2.2. Conceptual framework

Adeoye-Olatunde et al.'s integrated conceptual framework on social
determinants of health and medication adherence was used to guide this
study (Fig. 1) and is further described elsewhere.?! It consists of two
complementary conceptual frameworks to identify SDOH and medica-
tion adherence-related variables from the NHANES database. First,
structural and intermediary determinants of medication adherence were
adapted from the WHO Commission on Social Determinants of Health
(CSDH) Framework.?? The CSDH framework was adapted by redefining
health system access as medication access and the health outcome of
interest as medication adherence. Second intermediary determinants
specific to medication access barriers were identified using the Phar-
macy Quality Alliance Medication Access Conceptual Framework.”?

2.3. Data sources, variables, and management

Specific NHANES data sources, variables, how data variables map-
ped to conceptual framework elements, and how data were managed are
described in detail in Appendix A. In summary, NHANES variables used
to operationalize and examine structural determinants included lower
social class, gender, race, ethnicity, highest level of education,
employment status, and household income to poverty ratio. The inter-
mediary determinants included household balanced meal status (mate-
rial circumstances), alcohol consumption and smoking status
(behaviors), age (biological factors), and marital status (psychosocial
factors). Medication access barriers (also intermediary determinants)
included health insurance status, language in which the NHANES
interview was conducted, usual place for healthcare status (provider
availability), disability status, and a proxy for health literacy based on
the Demographic Assessment for Health Literacy (DAHL).>*

2.4. Statistical analysis

All respondents, ages 65 and older, who were told by their healthcare
providers that they had diabetes were included in the analyses. The
outcome was a binary variable indicating whether a respondent was
adherent to their prescribed diabetes medication(s). Respondents
currently taking prescribed oral medication(s) were considered
adherent, while those who did not take prescribed medication(s) were
defined as nonadherent. Those who were not told they had diabetes
were not included in the sub-analysis. Logistic regression analyses were
performed for continuous predictors and Rao-Scott Chi-Square tests for
categorical ones. Predictors with p-values <0.20 in the univariate ana-
lyses were included in the multivariate analysis. A 5% significance level
was used for all tests.

3. Results

A total of 1807 respondents' data were included in the analyses.
Table 1 provides the demographic characteristics. Most respondents
were 75 years of age or older (41.8%), identified as male (53.8%), Non-
Hispanic White (40.2%), married (57.0%), completed at least a high
school education but did not graduate from college (46.7%), and not
employed (86.5%). Overall, nearly three-quarters of patients (73.9%)
were considered adherent to their diabetes medications. The mean
health literacy score was 66.3 (standard deviation (SD) =14.7), indi-
cating marginal to adequate health literacy,?* with a minimum score of
27.2 and a maximum score of 91.3 (Table 2). The mean household in-
come to poverty ratio was 1.9 (SD = 1.1), indicating an income at 190%
of the poverty level for their family,”® with a minimum of 0.0 and a
maximum of 5.0. The mean prescription medication count was 6.6 (SD
= 3.3) with a minimum of one and a maximum of 22 medications.

Table 3 provides the results of the univariate analysis with categor-
ical predictors. This analysis revealed significant differences in adher-
ence to medications based on one structural determinant: race (p =
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Fig. 1. Adeoye-Olatunde et al.'s integrated conceptual framework on social determinants of health and medication adherence.”!

0.015) and several intermediary determinants: age group (p = 0.001),
disability status (p < 0.001), household balanced meals (p = 0.001) and
interview language (p = 0.004). Table 4 provides univariate analysis
with continuous predictors, which revealed no statistically significant
differences in adherence. After controlling for all predictors included in
the model, multivariate analysis results provided in Table 5 revealed
significant differences in medication adherence based on disability sta-
tus (p = 0.016), household balanced meals (p = 0.033), and interview
language (p = 0.008). Accordingly, the likelihood of being adherent to
diabetes medication was about 56% higher for those individuals who did
not have a disability when compared to individuals who had a disability
(p = 0.016). The odds of being adherent to diabetes medication was
about 44% higher for those individuals who could afford balanced meals
when compared to those who could not afford balanced meals (p =
0.033). The odds of being adherent to diabetes medication was about
83% higher for those individuals who completed the NHANES survey
interview in Spanish when compared to those individuals who
completed the interview in English (p = 0.008).

4. Discussion

This is one of the first known studies to examine the association
between SDOH and medication adherence among adults 65 years and
older with diabetes in the US using NHANES data and an integrated
SDOH and medication adherence conceptual framework. Previous re-
searchers have investigated the causes of poor medication adherence
and identified groups of people at risk of discontinuing
treatment.®'>?%?” Our findings are consistent with this growing body of
literature that demonstrates SDOH negatively impacts health
outcomes.>!'*2%%” For example, Walker et al. also found that race (and
ethnicity) significantly and negatively affected medication adherence
and health outcomes for adults with diabetes while Patel et al. identified
cost-related nonadherence as a challenge for adults with diabetes.>?” In
the current study, being adherent to diabetes medication was higher for
those individuals who did not have a disability when compared to in-
dividuals who had a disability. These findings are consistent with those
of Zhang et al. whose results demonstrated that medication adherence
was worse for patients with disabilities compared to those without a
disability.”®

When examined individually, our findings indicate that structural
and intermediary determinants of health are associated with medication
adherence in older adults with diabetes. However, when examined
collectively, one modifiable intermediary determinant of health
remained significantly associated with medication adherence: ability to
afford household balanced meals. A recently published systematic re-
view and meta-analysis conducted by Wilder et al. supports our findings
as they also found food insecurity demonstrated a strong relationship
with medication adherence.'® Our multivariate analysis findings align
with other previously published literature regarding a significant asso-
ciation between medication adherence and household balanced meals as
well. For example, Sattler, Lee, and Bhargava found that 57% of food

insecure older adult Medicare beneficiaries were nonadherent to their
diabetes medications.>” Other published studies have also identified
associations  between medication nonadherence and food
insecurity.>*>? Additional research collating and evaluating what
Medicare is currently doing to address food insecurity is needed.

Brookhart et al. examined patient medication taking behaviors after
long periods of nonadherence and determined whether reinitiating
treatment was linked to potentially modifiable factors (i.e., physician
visits, lab testing) or other encounters with the healthcare system.’®
Their findings suggest that continuity of care combined with increased
follow-up and lab testing (i.e., HbAlc values) could promote long-term
adherence by shortening or eliminating lengthy gaps in medication use.
In addition, they recognized improving medication adherence is chal-
lenging and that multifaceted, patient-centered interventions are most
effective. Our study sought to elaborate on Brookhart's work by using a
comprehensive integrated conceptual framework to better understand
patterns of medication use among individuals with diabetes as well as
identify SDOH factors that impact adherence and could be addressed to
improve adherence rates.

Like Wilder et al., our study results provide further evidence of the
importance of conducting multidimensional SDOH assessments.>> These
assessments allow for better understanding of the multifaceted rela-
tionship between structural and intermediary determinants of health
and medication adherence.

For patients with chronic, long-term conditions such as diabetes,
their treatment plan may need to be reviewed and revised periodically,
based on patient specific factors. Their prescribers will make appro-
priate modifications to their treatment plans that incorporate more
effective interventions, as necessary, to achieve improved medication
adherence and health outcomes. However, the prescriber may not be the
first healthcare provider to become aware of their patients' challenges
with medication adherence. Community pharmacists are medication
experts and one of the most accessible health care professionals in the
US.>* In fact, pharmacists are the third largest group of healthcare
professionals across the globe.>> As such, they can identify potential
challenges with medication adherence by initiating conversations with
patients about adherence concerns and examining patient prescription
dispensing data.

Research has demonstrated that pharmacists have positive impacts
on medication adherence in diverse patient populations.>® Pharmacists
use various approaches to improve patient medication adherence
including face-to-face communication, over the phone, via telehealth
and/or the internet; they can also provide focused, individualized ses-
sions through medication therapy management (MTM).>” Baker,
Forkum, and McNeal found that in-person and video telehealth patient-
pharmacist interactions improved access and optimized pharmacists'
roles in diabetes management.38 Twigg, Motsko, Thomas, and David
found that community pharmacist-led educational interventions resul-
ted in improved Alc levels for older adults who were high-risk Medicare
beneficiaries with diabetes.>® Furthermore, findings from a systematic
analysis of pharmacy-led interventions to improve adherence among
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Table 1
Categorical characteristics for patients with diabetes.
Variable (N) Level N (%)
570
Age Group (N = 1807) 65-69 years (31.5%)
482
70-74 years (26.7%)
755
75+ years (41.8%)
Alcohol Consumption . 604
Category' (N = 1265) Never Drinks (47.7%)
. L 610
Light Drinking (48.2%)
Moderate Drinking 42 (3.3%)
Heavy Drinking 9 (0.7%)
Disability Status (N = 1806) No Disabilit 1127
&4 = y (62.4%)
P, 679
Has Disability (37.6%)
Education (N = 1800) < High School Graduate 675
- § (37.5%)
> High School Graduate, but not 840
College Graduate (46.7%)
285
College Graduate (15.8%)
Employment Status® (N = 1562
Not Empl
1806) ot Employed (86.5%)
244
Employed (13.5%)
Ethnicity” (N = 1742) Hispanic 416
- (V= P (23.9%)
. . 1326
Non-Hispanic (76.1%)
834
Gender (N = 1807) Female (46.2%)
973
Mal
ae (53.8%)
Household Balanced Meals (N 1399
— 1746) Could Afford (80.1%)
347
Could Not Afford (19.9%)
286
4 onr .
Insurance” (N = 1805) Medicaid (15.8%)
. 1285
Medicare (71.2%)
Other 178 (9.9%)
None 56 (3.1%)
. . 1580
Interview Language (N =1807)  English (87.4%)
. 227
Spanish (12.6%)
Lower Social Class® (N =1612)  Not Lower Social Class 902
- (56.0%)
. 710
Lower Social Class (44.0%)
Marital Status (N = 1807) Not Married 777
n (43.0%)
. 1030
Married (57.0%)
Race® (N = 1807) Non-Hispanic Black 450
= P (24.9%)
630
Other (34.9%)
. . . 727
Non-Hispanic White (40.2%)
Smoking Status (N = 943) Does Not Smoke 788
& = (83.6%)
155
Smokes (16.4%)
1 PL: for Health N
Usual Place for Healthcare ( Does Not Have Usual Place 33 (1.8%)
= 1807)
1774
Has Usual Place (98.2%)
Usual Place for Healthcare .. 420
Type (N = 1772) Clinic or Health Center (23.7%)
1218
D ffi HM
octor Office or (0} (68.7%)
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Table 1 (continued)

Variable (N) Level N (%)
Hospital Emergency Room 50 (2.8%)
Hospital Outpatient 58 (3.3%)
Other 26 (1.5%)
Diabetes Medication 471
Not Adh
Adherence (N = 1807) ot Adherent (26.19%)
1336
Adherent (73.9%)

Abbreviations: HMO - Health maintenance organization.

1 Alcohol consumption categories were calculated using responses for the
number of days alcoholic drinks were consumed annually, the number of drinks
consumed on those drinking days, and guidelines from previous literature.18

2 Not Employed included those reporting they were not working at a job or
business, looking for work, or retired. Employed included those who reported
working at a job or business.

3 Ethnicity categories were developed from NHANES Race/Hispanic origin
categories. “Hispanic” includes respondents identifying as Mexican American or
Other Hispanic. “Non-Hispanic” includes respondents identifying as Non-
Hispanic White, Non-Hispanic Black, and Non-Hispanic Asian. Respondents
identifying as Other Race - Including Multiracial were categorized as missing.

4 Respondents with Medicaid as at least one source of health insurance are
reflected in the “Medicaid” category, respondents with Medicare (but not
Medicaid) as at least one source of insurance are reflected in the “Medicare”
category, all other respondents without Medicaid or Medicare are reflected in
the “Other” category. Insurance types reflected in the “Other” category include
private insurance, Medi-Gap, military health care, state-sponsored health plans,
other government insurance, and single-service health plans.

5 Respondents with annual family incomes of $25,000 or less were classified
as lower social class.

6 The “Other” race category contains those respondents who did not identify
as Non-Hispanic Black or Non-Hispanic White. “Other” races include Mexican
American [242 (13.4%)], Other Hispanic [174 (9.6%)], Non-Hispanic Asian
[149 (8.3%)], and Other Races — Including Multiracial [65 (3.6%)].

Table 2
Continuous patient characteristics for diabetes subgroup.

Variable N Mean Min Q1 Median Q3 Max
(SD)
. 66.3
Health Literacy 1737 a4 27.2 544 687 77.3 913
Household Income 1.9
1 1. 1. 2. .
to Poverty Ratio 405 (1.1) 0 0 6 5 5.0
Prescription 6.6
Medication 1771 . 1 4 6 9 22
3.3)
Count

adults with diabetes supported the role of pharmacists in diabetes care to
enhance medication adherence.*’

Pharmacists can provide screening services to identify potential
medication adherence issues and to connect patients with appropriate
resources.’! Pharmacists can conduct screenings as part of their usual
patient care activities. Kiles et al. provides a helpful framework for
pharmacists to effectively engage patients in SDOH screenings in com-
munity pharmacies.*” Their framework suggests pharmacists should
receive training to integrate the themes of rationale, relationship, and
resources into their interactions with patients to facilitate screenings for
social risk factors. Screening of SDOH can provide insight into medica-
tion taking behaviors, lifestyle choices, management of diabetes, as well
as health service utilization. Accordingly, pharmacists are well-
positioned to assess the impact of SDOH such as food insecurity as
well as other SDOH on medication taking and provide applicable re-
sources based on individual needs.**

The current findings present a crucial opportunity to expand com-
munity pharmacy-based Medicare beneficiary medication adherence
programs to prioritize screenings and providing resources to patients for
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Table 3

Univariate analysis of diabetes medication adherence with categorical predictors.
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Medication Adherence

Adherent Not Adherent
Determinant Type Study Variable Level N Weighted Frequency N Weighted Frequency p-value
(%) (%) (%) (%)
226 b
Female 608 (72.9%) 3,351,292 (72.9%) 27.1%) 1,245,638 (27.1%) 0.139
Gender 5 45' °
.89 .49 .6%
Male 728 (74.8%) 3,791,979 (77.4%) (25.29%) 1,106,007 (22.6%)
129 .
0, 0/ 0 a
Black 321 (71.3%) 861,309 (70.3%) (28.7%) 364,383 (29.7%) 0.015
Race Other 488 (77.5%) 1,504,572 (80.2%) 142 371,838 (19.8%)
(22.5%)
200
i 0, 0, 0,
White 527 (72.5%) 4,777,391 (74.7%) (27.5%) 1,615,425 (25.3%)
1
Hispanic 311 (74.8%) 746,419 (75.0%) (2055 2%) 248,664 (25.0%) 0.865
Ethnicity Not 355' 0
1 2% 2 2 6% 2 14 (25.4%
Hispanic O 1 (73:2%) 6,028,392 (74.6%) (26.8%) ,054,914 (25.4%)
Structural Determinants <HS Grad 495 (73.3%) 1,778,442 (73.4%) (1286070/) 645,613 (26.6%) 0.260
. 0
. College
Education Grad 220 (77.2%) 1,569,503 (79.3%) 65 (22.8%) 409,567 (20.7%)
HS Grad 617 (73.5%) 3,783,470 (74.7%) 223 1,281,964 (25.3%)
(26.5%)
Not 1146 416
0, 0,
Employment Status Employed  (73.4%) 6,092,293 (74.9%) (26.6%) 2,041,206 (25.1%) 0.579
Employed 189 (77.5%) 1,049,999 (77.2%) 55 (22.5%) 310,439 (22.8%)
Not
Lower 231
0, 0, 0,
Social 671 (74.4%) 4,385,266 (75.9%) (25.6%) 1,395,648 (24.1%) 0.951
Lower Social Class Class
Lower 190
Social 520 (73.2%) 2,161,678 (75.7%) 694,272 (24.3%)
(26.8%)
Class
123 a
65-69 447 (78.4%) 2,422,016 (78.6%) 660,032 (21.4%) 0.001°
(21.6%)
Age Group 70-74 374 (77.6%) 2,053,504 (81.3%) 108 473,461 (18.7%)
(22.4%)
240
0, 0, 0,
75+ 515 (68.2%) 2,667,752 (68.7%) (31.8%) 1,218,153 (31.3%)
0 0
0, 0,
Heavy 9 (100.0%) 41,978 (100.0%) (0.0%) (0.0%) 0.312
Alcohol Light 467 (76.6%) 3,001,230 (76.7%) 4%) 900,941 (23.3%)
. ¢ 4%
Consumption Category Moderate 30 (71.4%) 199,296 (78.4%) 12 (28.6%) 54,872 (21.6%)
174
0, 0, 0,
Never 430 (71.2%) 2,079,279 (74.0%) (28.8%) 731,511 (26.0%)
No 241 .
. 886 (78.6%) 4,972,736 (79.0%) 1,323,670 (21.0%) <0.001°
L Disability (21.4%)
Disability Status Has 230
0, 0, 0,
Disability 449 (66.1%) 2,168,273 (67.8%) (33.9%) 1,027,975 (32.2%)
Could 1050 349
[+ 0, a
Household Afford (75.1%) 6,043,482 (77.1%) (24.9%) 1,797,963 (22.9%) 0.001
Intermediary Balanced Meals Could Not o o 108 o
Determinants Afford 239 (68.9%) 908,644 (67.6%) (31.1%) 436,178 (32.4%)
Medicaid 213 (74.5%) 748,111 (75.9%) 73 (25.5%) 236,914 (24.1%) 0.675
Medicare 945 (73.5%) 5,553,212 (74.8%) 340 1,873,676 (25.2%)
Insurance (26.5%)
None 44 (78.6%) 163,122 (84.9%) 12 (21.4%) 29,103 (15.1%)
Other 133 (74.7%) 676,908 (76.4%) 45 (25.3%) 209,445 (23.6%)
1148 432 .
English 12,271 8% 2,261 25.2% . a
Interview Language nglis (72.7%) 6,712,271 (74.8%) (27.3%) 261,663 (25.2%) 0.004
Spanish 188 (82.8%) 431,000 (82.7%) 39 (17.2%) 89,982 (17.3%)
Not . 552 (71.0%) 2,824,960 (74.5%) 225 968,188 (25.5%) 0.649
. Married (29.0%)
Marital Status 246
1 0, 0, 0,
Married 784 (76.1%) 4,318,311 (75.7%) (23.9%) 1,383,457 (24.3%)
Does Not 205
0% 2 .3% 1 23.7% .21
Smoking Status Smoke 583 (74.0%) 3,364,288 (76.3%) (26.0%) ,044,787 (23.7%) 0.219
Smokes 109 (70.3%) 476,941 (69.2%) 46 (29.7%) 212,200 (30.8%)
Does Not
Usual Place for Healthcare 3:‘;’:1 17 (51.5%) 85,263 (66.1%) 16 (48.5%) 43,748 (33.9%) 0.182°
Place

(continued on next page)
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Table 3 (continued)

Exploratory Research in Clinical and Social Pharmacy 12 (2023) 100371

Medication Adherence

Adherent Not Adherent
Determinant Type Study Variable Level N Weighted Frequency N Weighted Frequency p-value
(%) (%) (%) (%)
Has Usual 1319 455
4% 2 24.6%
Place (74.4%) 7,058,008 (75.4%) (25.6%) ,307,897 (24.6%)
Clinic/
Health 324 (77.1%) 1,378,083 (77.7%) 96 (22.9%) 396,304 (22.3%) 0.727
Center
Usual Place for Healthcare Doctor 313
0, 0, 0,
Type Office 905 (74.3%) 5,221,996 (75.0%) (25.7%) 1,740,137 (25.0%)
Hos ER 35 (70.0%) 147,410 (74.6%) 15 (30.0%) 50,280 (25.4%)
Hos OP 38 (65.5%) 212,058 (76.8%) 20 (34.5%) 64,156 (23.2%)
Other 16 (61.5%) 91,481 (64.0%) 10 (38.5%) 51,512 (36.0%)

Abbreviations: HS- High School; Grad- Graduate; Hos- Hospital; ER- Emergency room; OP- Outpatient.
@ Predictors were significant at the alpha = 0.05 level and were included in the multivariable analysis.

b predictors with p-values <0.20 were included in the multivariate analysis.

¢ To account for the Rao-Scott Chi-Square test's non-zero count assumption, an observation with diabetes medication adherence of “No” and Alcohol Consumption
Category of “Heavy” was added to the dataset. This observation was given a small weight of 0.5 to avoid influencing the overall results. This observation is not reflected

in the counts in the table above.

Table 4
Univariate analysis of diabetes medication adherence with continuous predictors.
Adherent Not Adherent
Determinant Type Variable N Mean N Mean (SD) Estimate 0Odds Ratio p-value
(SD)
Structural Determinant Household Income to Poverty Ratio 1040 1.9(1.1) 365 1.9(1.1) 0.024 1.024 0.741
Intermediary Determinant Medication Access Barrier 1279 66.6 (14.6) 458 65.3 (14.8) 0.010 1.010 0.060*
- Health Literacy
Not Applicable Prescription Medication Count 1332 6.6 (3.1) 439 6.8 (3.7) 0.024 1.024 0.284

Predictors with p-values <0.20 were included in the multivariate analysis.

Table 5
Multivariate analysis” of diabetes medication adherence.
Diabetes Multivariate analysis (N = 1678) Estimate Odds p-
Ratio value
Age Group 0.097
Age Group (70-74 vs. 65-69) 0.244 1.241 0.068
Age Group (75+ vs. 65-69) —0.273 0.740 0.065
DlS'c%bllle. Status (No Disability vs. Has 0.223 1.563 0.016"
Disability)
Gender (Male vs. Female) 0.072 1.155 0.409
Health Literacy 0.003 1.003 0.718
Household Balanced Meals (Could Afford vs. b
Could Not Afford) 0.181 1.435 0.033
Interview Language (Spanish vs. English) 0.303 1.832 0.008"
Race 0.722
Race (Black vs. White) —0.093 0.877 0.434
Race (Other vs. White) 0.055 1.016 0.622
Usual Place for Health Care® (Does Not Have _0.264 0.590 0.164

Usual Place vs. Has Usual Place)

Have Usual Place” level from the usual healthcare binary variable.

@ Predictors with p-values <0.20 in the univariate analyses were included in
the multivariate analysis.

b predictors were significant at the alpha = 0.05 level.

¢ Whether the respondent had any usual place for healthcare and the specific
usual place for healthcare type were combined into one predictor variable as all
responses for a usual place for healthcare type had a response of “Yes” for a usual
place for healthcare. The combined variable includes original responses for the
usual healthcare place type variable plus the “Does Not

SDOH and medication adherence issues.** *® Future research should
evaluate screening/resource program implementation outcomes and
determine whether these expansions reduce SDOH barriers and improve
medication adherence among older adults with diabetes.

4.1. Limitations

One limitation of the current study was variables such as medication
costs (to be examined as a medication access barrier) were not included
in the analyses because they were not available in the NHANES data-
base. Therefore, future studies should integrate other databases that
include these variables, such as the Medical Expenditure Panel Survey
(MEPS). Second, due to limitations with financial resources, the richness
of SDOH variable information collected in the NHANES database was
prioritized in this study. Future research without such limitations may
be able to fully examine the abundance of SDOH variables for a more
comprehensive understanding of how these factors impact patient be-
haviors and adherence. The current study findings are only relevant for
older adults with diabetes. There could be differences in SDOH associ-
ated with medication adherence in other patient populations with dia-
betes and with comorbid chronic medical and mental health conditions,
warranting additional research. This study used self-report data, which
can provide incorrect and/or erroneous information and has the po-
tential for socially desirable responses. Due to the nature of the sec-
ondary data analysis, it was not possible to determine which type of
diabetes (Type I or II) patients had been diagnosed. Additionally, the
way medication adherence was defined and measured for the NHANES
could have likely overestimated participants' actual adherence rates.
Respondents were not asked about how/how often they were taking
their prescribed oral medications. Future research should examine these
associations with more robust measures of adherence.

5. Conclusions
Several SDOH (e.g., disability status, access to household balanced

meals, and interview language) were associated with older adult pop-
ulations being nonadherent to their oral diabetes medications. The
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findings of this study can assist in the development of medication
adherence strategies for pharmacists to implement with older patients
with diabetes. Future research should build on the current results by
examining differences in SDOH associations with medication adherence
for patients with diabetes and comorbid medical and mental health
conditions.
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NHANES Section Data Files Study Variable Adapted WHO SPECIFIC NOTES
Name CDSH Framework DETERMINANT +/—
Elements MED ACCESS BARRIER
Study population: Age and number of prescription medications
Demographics DEMO _F.XPT, DEMO _G. Age Group N/A N/A
(DMQ) XPT, DEMO_H.XPT,
DEMO_IL.XPT, DEMO_J.
XPT
RXQ_RX F.xpt,
Prescription RXQ_RX_G.xpt, Prescription N/A N/A Included to characterize study population; not
Medications RXQ_RX_H.xpt, Medication considered a SDOH.
(RXQ) RXQ_RX Lxpt, Count
RXQ_RX_J.xpt
Sub-group analysis variables: Inclusion criteria and adherence outcome variables
DIQ_F.xpt,
DIQ_G.xpt, Rationale for adherence variables and interpretation:
Factors Associated With
Diabetes (DIQ) DIQ_H.xpt, Not Applicable N/A N/A Physician Recommendation of Home Blood Pressure
Monitoring and Blood
DIQ_IL.xpt, Pressure in the US Population https://academic.oup.co
m/ajh/advance-
DIQ_J.xpt article/doi/https://doi.org/10.1093/ajh/hpaa093/
5857774
DIQ_F.xpt,
Diabetes (DIQ) DIQ_G.xpt, DIQ_H.xpt, Diabetes Medication Diabetes Rationale for adherence variables and interpretation:
DIQ_IL.xpt, Medication Adherence Factors Associated With
Adherence Physician Recommendation of Home Blood Pressure
Monitoring and Blood Pressure in the US Population
https://academic.oup.com/ajh/advance-
DIQ_J.xpt article/doi/https://doi.org/10.1093/ajh/hpaa093/
5857774
Covariates: SDOH (structural and intermediate determinants) to be used for analyses
Demographics DEMO_F.XPT, DEMO_G. Gender Structural Gender
(DMQ) XPT, DEMO_H.XPT, Determinant
DEMO _I.XPT,
DEMO_J.XPT
DEMO _F.XPT,
DEMO_G.XPT, Health disparity populations: National Institute on
Minority Health and Health
Demographics DEMO_H.XPT, Race Structural Race/Ethnicity Disparities: Health Disparity Populations. Accessed 25
(DMQ) Determinant March, 2021.
DEMO_LXPT, https://www.nimhd.nih.gov/about/overview/
DEMO_J.XPT
DEMO _F.XPT,
DEMO_G.XPT, Health disparity populations: National Institute on
Minority Health and Health
Demographics DEMO _H.XPT, Ethnicity Structural Race/Ethnicity Disparities: Health Disparity Populations. Accessed 25
(DMQ) Determinant March, 2021.
DEMO_LXPT, https://www.nimhd.nih.gov/about/overview/
DEMO_J.XPT
Demographics DEMO _F.XPT, DEMO _G. Education Structural Education
(DMQ) XPT, DEMO_H.XPT, Determinant
DEMO_ILXPT,
DEMO_J.XPT
Source: WHO CSDH Framework.
Demographics DEMO F.XPT, DEMO_G.  Household Structural Income Interpretation: In general, a ratio <1 means that the
(DMQ) XPT, DEMO_H.XPT, Income to Determinant family income was less than the poverty level. When the

DEMO_IL.XPT, DEMO_J.
XPT

Poverty Ratio

ratio equals 1, the family income and poverty level were
the same, and when the ratio is >1, the family income
was higher than the poverty level.

(continued on next page)
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(continued)
NHANES Section Data Files Study Variable Adapted WHO SPECIFIC NOTES
Name CDSH Framework DETERMINANT +/—
Elements MED ACCESS BARRIER
For example, families with income below 50% of poverty
indicates their income was half the poverty level. These
were the poorest of the poor.
Occupation (0CQ_J) DEMO _F.XPT, Employment Structural Occupation Source: WHO CSDH Framework and Sociology - 8.3 Social
DEMO_G.XPT, Status Determinant Class in the United States: DOI: 10.24926/8668.2401
DEMO_H.XPT, DEMO I
XPT, DEMO_J.XPT
Demographics (DMQ)  DEMO_F.XPT, Age Group Intermediary Biological Factors Rationale for age categories: Paranjpe R, Johnson ML,
DEMO _G.XPT, Determinant Essien EJ, et al. Group- Based Trajectory Modeling to Identify
DEMO_H.XPT, DEMO 1. Patterns of Adherence and Its Predictors Among Older Adults
XPT, DEMO_J.XPT on Angiotensin-Converting Enzyme Inhibitors (ACEIs)/
Angiotensin Receptor Blockers (ARBs). Patient Prefer
Adherence.
2020;14:1935-1947. doi:https://doi.org/10.2147 /ppa.
S$270809
Demographics (DMQ) DEMO _F.XPT, Marital Status Intermediary Psychosocial Source: WHO CSDH Framework
DEMO_G.XPT, Determinant
DEMO_H.XPT, DEMO_I.
XPT,
DEMO_J.XPT
Alcohol use (ALQ) ALQ_F.xpt, ALQ_G.xpt, Alcohol Intermediary Behaviors REFS: DOI:https://doi.org/10.1016/j.jand.2017.09.030.
ALQ_H.xpt, ALQ IL.xpt, Consumption Determinant United States Department of Agriculture and United
ALQ_J.xpt Category States Department of Health and Human Services.
Dietary Guidelines for Americans2015-2020. 8th.
Washington, DC: U.S. Government Printing Office; Dec,
2015.
Disability (DLQ) PFQ_F.xpt, PFQ_G.xpt, Disability Status Intermediary Mediation Access - REF: DOL:https://doi.org/10.1016/j.dhjo.2014.08.007 For
DLQ_H.xpt, DLQ_Lxpt, Determinant Disability Status this study, a broad definition of physical disability was used.
DLQ_J.xpt Specifically, we adopted the ICF definition of activity
limitation or disability, operationalizing physical disability as
self-reported physical limitations or limitations in activities of
daily living (ADLs), including difficulty with standing,
walking, climbing stairs, bending, reaching, and grasping.
Individuals with physical disabilities have 85% (p < 0.000)
higher odds of having unmet prescription medication needs.
Smoking - Cigarette SMQ_F.XPT, SMQ_G. Smoking Status Intermediary Behaviors Source: WHO CSDH Framework
Use (SMQ) XPT, SMQ_H.XPT, Determinant
SMQ_LXPT,
SMQ_J.XT
Hospital Utilization &  HUQ_F.XPT, HUQ_G. Usual Place for Intermediary Medication Access PQA framework Provider Availability: Includes adequate
Access to Care XPT, HUQ_H.XPT, Healthcare Determinant - Provider medical infrastructure, facilities, and competent workforce to
(HUQ) HUQ_LXPT, HUQ_J. Availability provide healthcare and medication after a need is identified.
XPT
Hospital Utilization &  HUQ_F.XPT, HUQ_G. Usual Place for Intermediary Medication Access PQA framework Provider Availability: Includes adequate
Access to Care XPT, HUQ_H.XPT, Healthcare Type Determinant - Provider medical infrastructure, facilities, and competent workforce to
(HUQ) HUQ_LXPT, Availability provide healthcare and medication after a need is identified.
HUQ_J.XPT
Demographics (DMQ)  DEMO_F.XPT, Lower Social Class  Structural Social Class Source: WHO CSDH Framework and Sociology - 8.3 Social
DEMO _G.XPT, Determinant Class in the United States: DOI: 10.24926/8668.2401
DEMO_H.XPT, DEMO_I.
XPT, DEMO_J.XPT
Health Insurance HIQ_F.XPT, HIQ_G.XPT, Insurance Intermediary Medication Access - All of these health insurance variables will be used to assess
(HIQ) HIQ_H.XPT, HIQ_L.XPT, Determinant Insurance insurance. According to PQA med access framework, insurance
HIQ_J.XPT should be viewed by type vs. yes/no insurance.
Demographics DEMO_J.xpt Interview Intermediary Medication Access - Source: PQA framework
(DMQ) Language Determinant Language
Food Security FSQ_F.XPT, FSQ_G.XPT, Household Intermediary Material https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3662286/
(FSQ) FSQ_H.XPT, FSQ_L.XPT, Balanced Meals Determinant Circumstances
FSQ_J.XPT
Demographics DEMO_F.XPT, DEMO_G. Health Literacy Intermediary Medication Access - REF: The Demographic Assessment for Health Literacy (DAHL):
(DMQ) XPT, DEMO_H.XPT, Determinant Health Literacy A New Tool for Estimating Associations between Health
DEMO_L.XPT, DEMO_J.XPT Literacy and Outcomes in National Surveys. DOI: https://doi.
org/10.1007/s11606-008- 0699-5
References 3. American Diabetes Association. Economic costs of diabetes in the US in 2017.

Diabetes Care. 2018;41:917-928.

4.. Statistical brief #545: expenditures for commonly treated conditions among older
adults: estimates from the Medical Expenditure Panel Survey [article online], 2019.
Available from https://meps.ahrq.gov/data files/publications/st545/stat545.sht
ml. Accessed October 7, 2023.

5. Morello CM, Hirsch JD. Strategies for addressing the cost of nonadherence in
diabetes. Am J Manag Care. 2017;23(suppl 13):5247-S252.
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www.ncoa.org/article/the-top-10-most-common-chronic-conditions-in-older-adul
ts. Accessed October 7, 2023.

2.. Statistics about diabetes [article online], 2022. Available from https://diabetes.
org/about-us/statistics/about-diabetes. Accessed October 7, 2023.


https://doi.org/10.24926/8668.2401
https://doi.org/10.2147/ppa.S270809
https://doi.org/10.2147/ppa.S270809
https://doi.org/10.1016/j.jand.2017.09.030
https://doi.org/10.1016/j.dhjo.2014.08.007
https://doi.org/10.24926/8668.2401
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3662286/
https://doi.org/10.1007/s11606-008
https://doi.org/10.1007/s11606-008
https://www.ncoa.org/article/the-top-10-most-common-chronic-conditions-in-older-adults
https://www.ncoa.org/article/the-top-10-most-common-chronic-conditions-in-older-adults
https://www.ncoa.org/article/the-top-10-most-common-chronic-conditions-in-older-adults
https://diabetes.org/about-us/statistics/about-diabetes
https://diabetes.org/about-us/statistics/about-diabetes
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0010
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0010
https://meps.ahrq.gov/data_files/publications/st545/stat545.shtml
https://meps.ahrq.gov/data_files/publications/st545/stat545.shtml
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0015
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0015

M.L. Blakely et al.

10.

11..

12.

13.

14.

15.

16.

17.

18.

19..

20.

21.

22..

23..

24,

25..

26.

27.

. Petersen M. Economic costs of diabetes in the U.S. in 2017. Diabetes Care. 2018;41:

917-928. https://doi.org/10.2337/dci18-0007.

. Borschuk AP, Everhart RS. Health disparities among youth with type 1 diabetes: a

systematic review of the current literature. Fam Syst Health. 2015;33:297-313.

. Walker RJ, Strom Williams J, Egede LE. Influence of race, ethnicity and social

determinants of health on diabetes outcomes. Am J Med Sci. 2016;351:366-373.

. Patel MR, Piette JD, Resnicow K, Kowalski-Dobson T, Heisler M. Social determinants

of health, cost-related nonadherence, and cost-reducing behaviors among adults
with diabetes: Findings from the national health interview survey. Med Care. 2016;
54:796-803.

El Sayed NA, Aleppo G, Aroda VR, et al. Improving care and promoting health in
populations: Standards of care in diabetes — 2023. Diabetes Care. 2023;46(suppl 1):
$10-S18. https://doi.org/10.2337/dc23-S001.

Closing the gap in a generation: health equity through action on the social
determinants of health [article online], 2008. Available from https://www.who.
int/publications/i/item/WHO-IER-CSDH-08.1. Accessed October 7, 2023.
Kocurek B. Promoting medication adherence in older adults ... and the rest of us.
Diabet Spect. 2009;22(2):80-84. https://doi.org/10.2337/diaspect.22.2.80.
Accessed November 7, 2023.

Wilder ME, Kulie P, Jensen C, et al. The impact of social determinants of health on
medication adherence: a systematic review and meta-analysis. J Gen Intern Med.
2021;36:1359-1370. https://doi.org/10.1007/s11606-020-06447-0.

Capoccia K, Odegard PS, Letassy N. Medication adherence with diabetes medication:
a systematic review of the literature. Diabet Edu. 2016;42(1):34-71. https://doi.org/
10.1177/0145721715619038.

Sabate E. Adherence to long-term therapies: evidence for action. World Health Org.
2003:1-211.

Choi YJ, Smaldone AM. Factors associated with medication engagement among
older adults with diabetes: Systematic review and meta-analysis. Diabet Edu. 2018;
44(1):15-30. https://doi.org/10.1177/0145721717747880.

Hill JO, Galloway JM, Goley A, et al. Scientific statement: Socioecological
determinants of prediabetes and type 2 diabetes. Diabetes Care. 2013;36:2430-2439.
Hill-Briggs F, Adler NE, Berkowitz SA, et al. Social determinants of health and
diabetes: a scientific review. Diabetes Care. 2020;44:258-279.

2022 National Health and Nutrition Examination Survey (NHANES) [article
online], 2022. Available from https://health.gov/healthypeople/object
ives-and-data/data-sources-and-methods/data-sources/national-health-and-nutrit
ion-examination-survey-nhanes. Accessed October 7, 2023.

von Elm E, Altman DG, Egger M, et al. The strengthening the reporting of
observational studies in epidemiology (STROBE) statement: guidelines for reporting
observational studies. PLoS Med. 2007;4(10), e296. https://doi.org/10.1371/
journal.pmed.0040296.

Adeoye-Olatunde OA, Hastings TJ, Blakely ML, Boyd L, Aina AB, Sherbeny F. Older
adults’ adherence to chronic medications varies by social determinants of health: A
cross-sectional analysis of national health and nutrition examination survey data.
Res Soc Adm Pharm. 2023. Under review.

A conceptual framework for action on the social determinants of health [article
online], 2010. Available from https://www.who.int/publications/i/item/9789
241500852. Accessed October 7, 2023.

Access to care: Development of a medication access framework for quality
measurement [article online], 2019. Available from https://www.pqaalliance.org/
assets/Research/PQA-Access-to-Care-Report.pdf. Accessed October 7, 2023.
Hanchate AD, Ash AS, Gazmararian JA, Wolf MS, Paasche-Orlow MK. The
demographic assessment for health literacy (DAHL): a new tool for estimating
associations between health literacy and outcomes in national surveys. J Gen Intern
Med. 2008;23:1561-1566. https://doi.org/10.1007/s11606-008-0699-5.

US Census Bureau Poverty Glossary, [article online], 2022. Available from https
://WWWw.census.gov/topics/income-poverty/poverty/about/glossary.html.
Accessed October 7, 2023.

Brookhart MA, Patrick AR, Schneeweiss S, et al. Physician follow-up and provider
continuity are associated with long-term medication adherence: a study of the
dynamics of statin use. Arch Intern Med. 2007;167:847-852.

Patel MR, Piette JD, Resnicow K, Kowalski-Dobson T, Heisler M. Social determinants
of health, cost-related nonadherence, and cost-reducing behaviors among adults

28.

29.

30.

31.

32.

33.

34.

35.

36.

37..

38.

39.

40.

41.

42.

43.

44,

45.

46.

Exploratory Research in Clinical and Social Pharmacy 12 (2023) 100371

with diabetes: Findings from the National Health Interview Survey. Med Care. 2016
Aug;54(8):796-803. https://doi.org/10.1097/MLR.0000000000000565.

Zhang Y, Baik SH, Chang CH, Kaplan CM, Lave JR. Disability, race/ethnicity, and
medication adherence among Medicare myocardial infarction survivors. Am Heart J.
2012;164(3):425-433. https://doi.org/10.1016/j.ahj.2012.05.021.

Sattler ELP, Lee JS, Bhargava V. Food insecurity and medication adherence in low-
income older Medicare beneficiaries with type 2 diabetes. J Nutr Gerontol Geriatr.
2014;33:401-417. https://doi.org/10.1080/21551197.2014.959680.

Palar K, Napoles T, Hufstedler LL, et al. Comprehensive and medically appropriate
food support is associated with improved HIV and diabetes health. J Urban Health.
2017;94:87-99. https://doi.org/10.1007/511524-016-0129-7.

Basu S, Berkowitz S, Seligman H. The monthly cycle of hypoglycemia: an
observational claims-based study of emergency room visits, hospital admissions, and
costs in a commercially insured population. Med Care. 2017;55:639. https://www.
proquest.com/scholarly-journals/monthly-cycle-hypoglycemia-observational-cl
aims/docview/1929038819/se-2.

Silverman J, Krieger J, Kiefer M, Hebert P, Robinson J, Nelson K. The relationship
between food insecurity and depression, diabetes distress and medication adherence
among low-income patients with poorly-controlled diabetes. J Gen Intern Med. 2015;
30:1476-1480. https://doi.org/10.1007/s11606-015-3351-1.

Wilder ME, Zheng Z, Zeger SL, et al. Relationship between social determinants of
health and antihypertensive medication adherence in a Medicaid cohort. Circ
Cardiovasc Qual Outcomes. 2022 Feb;15(2), e008150.

Hess K, Bach A, Won K, Seed SM. Community pharmacists’ roles during the COVID-
19 pandemic. J Pharm Pract. 2022;35(3):469-476. https://doi.org/10.1177/
0897190020980626.

Brewster S, Holt R, Portlock J, Price H. The role of community pharmacists and their
position in the delivery of diabetes care: an update for medical professionals.
Postgrad Med J. 2020;96:473-479.

Brown MT, Bussell JK. Medication adherence: WHO cares? Mayo Clin Proc. 2011
Apr;86(4):304-314. https://doi.org/10.4065/mcp.2010.0575.

Tinker A. How to Improve Patient Outcomes for Chronic Diseases and
Comorbidities. [(accessed on 9 November 2023)]; Available online: http://www.
healthcatalyst.com/wpcontent/uploads/2014/04/How-to-Improve-Patient-Outco
mes.pdf.

Baker JW, Forkum W, McNeal J. Utilizing clinical video telehealth to improve access
and optimize pharmacists’ role in diabetes management. J Am Pharm Assoc. 2019;
59:563-S66. https://doi.org/10.1016/j.japh.2019.01.004.

Twigg G, Motsko J, Thomas J, David T. Pharmacist-managed diabetes center
interventions ensure quality and safety in elderly patients. Consult Pharm. 2017;32:
299-310. https://doi.org/10.4140/TCP.n.2017.299.

Presley B, Groot W, Pavlova M. Pharmacy-led interventions to improve medication
adherence among adults with diabetes: a systematic review and meta-analysis. Res
Soc Adm Pharm. 2019;15:1057-1067.

Alzubaidi H, McNamara K, Saidawi W, Hasan S, Krass I. Pharmacists’ experiences
and views on providing screening services: an international comparison. Res Soc
Adm Pharm. 2020;16:1558-1568. https://doi.org/10.1016/j.sapharm.2020.07.019.
Kiles TM, Cernasev A, Leibold C, Hohmeier K. Patient perspectives of discussing
social determinants of health with community pharmacists. J Am Pharm Assoc. 2022
May 1;62(3):826-833.

Evans EI, Mattison M, Parsons K, Capoccia K. Pharmacists’ role in sssessing: Food
and health care insecurities. ADCES Pract. 2023;11(2):34-40. https://doi.org/
10.1177/2633559X221147926.

Kiles TM, Chen C, Leibold C, Cardosi L, Hill H, Hohmeier KC. Pharmacy personnel
comfort and confidence in screening for social needs: a pilot study. J Am Pharm
Assoc. 2023 Jul-Aug;63(4S):S83-887. https://doi.org/10.1016/].japh.2023.02.003.
Foster AA, Daly CJ, Logan T, et al. Addressing social determinants of health in
community pharmacy: innovative opportunities and practice models. J Am Pharm
Assoc. 2021;61(5):e48-e54. https://doi.org/10.1016/j.japh.2021.04.022.

Kiles TM, Peroulas D, Borja-Hart N. Defining the role of pharmacists in addressing
the social determinants of health. Res Soc Adm Pharm. 2022;18(9):3699-3703.
https://doi.org/10.1016/j.sapharm.2022.01.005.


https://doi.org/10.2337/dci18-0007
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0025
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0025
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0030
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0030
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0035
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0035
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0035
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0035
https://doi.org/10.2337/dc23-S001
https://www.who.int/publications/i/item/WHO-IER-CSDH-08.1
https://www.who.int/publications/i/item/WHO-IER-CSDH-08.1
https://doi.org/10.2337/diaspect.22.2.80
https://doi.org/10.1007/s11606-020-06447-0
https://doi.org/10.1177/0145721715619038
https://doi.org/10.1177/0145721715619038
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0060
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0060
https://doi.org/10.1177/0145721717747880
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0070
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0070
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0075
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0075
https://health.gov/healthypeople/objectives-and-data/data-sources-and-methods/data-sources/national-health-and-nutrition-examination-survey-nhanes
https://health.gov/healthypeople/objectives-and-data/data-sources-and-methods/data-sources/national-health-and-nutrition-examination-survey-nhanes
https://health.gov/healthypeople/objectives-and-data/data-sources-and-methods/data-sources/national-health-and-nutrition-examination-survey-nhanes
https://doi.org/10.1371/journal.pmed.0040296
https://doi.org/10.1371/journal.pmed.0040296
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0085
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0085
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0085
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0085
https://www.who.int/publications/i/item/9789241500852
https://www.who.int/publications/i/item/9789241500852
https://www.pqaalliance.org/assets/Research/PQA-Access-to-Care-Report.pdf
https://www.pqaalliance.org/assets/Research/PQA-Access-to-Care-Report.pdf
https://doi.org/10.1007/s11606-008-0699-5
https://www.census.gov/topics/income-poverty/poverty/about/glossary.html
https://www.census.gov/topics/income-poverty/poverty/about/glossary.html
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0095
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0095
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0095
https://doi.org/10.1097/MLR.0000000000000565
https://doi.org/10.1016/j.ahj.2012.05.021
https://doi.org/10.1080/21551197.2014.959680
https://doi.org/10.1007/s11524-016-0129-7
https://www.proquest.com/scholarly-journals/monthly-cycle-hypoglycemia-observational-claims/docview/1929038819/se-2
https://www.proquest.com/scholarly-journals/monthly-cycle-hypoglycemia-observational-claims/docview/1929038819/se-2
https://www.proquest.com/scholarly-journals/monthly-cycle-hypoglycemia-observational-claims/docview/1929038819/se-2
https://doi.org/10.1007/s11606-015-3351-1
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0130
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0130
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0130
https://doi.org/10.1177/0897190020980626
https://doi.org/10.1177/0897190020980626
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0140
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0140
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0140
https://doi.org/10.4065/mcp.2010.0575
http://www.healthcatalyst.com/wpcontent/uploads/2014/04/How-to-Improve-Patient-Outcomes.pdf
http://www.healthcatalyst.com/wpcontent/uploads/2014/04/How-to-Improve-Patient-Outcomes.pdf
http://www.healthcatalyst.com/wpcontent/uploads/2014/04/How-to-Improve-Patient-Outcomes.pdf
https://doi.org/10.1016/j.japh.2019.01.004
https://doi.org/10.4140/TCP.n.2017.299
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0160
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0160
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0160
https://doi.org/10.1016/j.sapharm.2020.07.019
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0170
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0170
http://refhub.elsevier.com/S2667-2766(23)00152-X/rf0170
https://doi.org/10.1177/2633559X221147926
https://doi.org/10.1177/2633559X221147926
https://doi.org/10.1016/j.japh.2023.02.003
https://doi.org/10.1016/j.japh.2021.04.022
https://doi.org/10.1016/j.sapharm.2022.01.005

	Exploratory analysis of medication adherence and social determinants of health among older adults with diabetes
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Conceptual framework
	2.3 Data sources, variables, and management
	2.4 Statistical analysis

	3 Results
	4 Discussion
	4.1 Limitations

	5 Conclusions
	Funding
	Declaration of Competing Interest
	Appendix A Appendix
	References


