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Introduction: The exact pathway linking health literacy, self-efficacy, medication adherence,
and glycemic control for type 2 diabetes remains unclear. Understanding the relationship between
patient factors, medication adherence, and lower glycated hemoglobin (HbAlc) may help
patients better manage their disease. This study examined the association of health literacy and
medication self-efficacy with self-reported diabetes medication adherence, and the association
of health literacy, medication self-efficacy, and self-reported diabetes medication adherence
with HbA lc of patients with type 2 diabetes.

Methods: This cross-sectional study utilized a face-to-face questionnaire at two family medicine
clinics in a Midwestern state among 174 patients; subjects enrolled were at least 20 years old
with diagnosed type 2 diabetes, prescribed at least one oral diabetes medicine, and understood
English. Questionnaires were administered to assess the participants’: health literacy, using the
Newest Vital Sign six-item questionnaire (NVS); self-efficacy for medication use, using the
13-item Self-Efficacy for Appropriate Medication Use Scale; and self-report medication adher-
ence, using the eight-item Morisky Medication Adherence Scale. HbA1c values were obtained
from participants’ electronic medical records. Multiple linear regressions were used to explore
the association of health literacy and medication self-efficacy with both medication adherence
and HbA Ic¢ level after controlling for all other covariates.

Results: Self-reported health status (3=0.17, p=0.015) and medication self-efficacy ( =0.53,
p < 0.001) were positively associated with diabetes medication adherence. Health literacy
was neither associated with diabetes medication adherence (f =—0.04, p = 0.586) nor HbAlc
(B=-0.06, p=0.542). Lower diabetes medication adherence (f =—-0.26, p = 0.008) and higher
number of prescribed medications ( = 0.28, p = 0.009) were correlated with higher HbA lc.
Conclusion: Health literacy, as measured by the NVS, does not correlate with medication
adherence or glycemic control among patients with type 2 diabetes. Interventions to improve
patients’ self-efficacy of medication use may improve diabetes medication adherence.
Keywords: diabetes, health literacy, medication adherence, medication self-efficacy

Introduction
Diabetes is the seventh leading cause of death in the United States and affects at least
29.1 million people.'? In the United States, patients with diabetes have health care
expenditures 2.3 times higher than expenditures for individuals in the same popula-
tion who do not have diabetes.® Although much effort has been made to prevent and
improve diabetes, the cost of diabetes care has steadily risen over the past 10 years.!
The effective management of type 2 diabetes mellitus (T2DM) integrates a mul-
tifaceted effort involving lifestyle modification and pharmacotherapy interventions;
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however, an important factor that contributes to achieving
good glycemic control is treatment with antidiabetic medi-
cations and strict medication adherence.** Previous studies
focusing on diabetes management have shown that suboptimal
medication adherence is associated with poor glycemic
control and increased risk of hospitalization and mortality.
Non-adherence continues to be a barrier to achieving opti-
mum health outcomes in patients with T2DM.” Moreover,
previous research has shown that patients with T2DM have
one of the lowest medication adherence rates, at 31%.%

Patients with diabetes require adequate self-care skills,
such as weight control, stress management, optimal exercise,
and medication use, to manage their disease.’ These skills rely
on the patient’s abilities (eg, health literacy and self-efficacy)
to obtain, process, comprehend, and follow diabetes-specific
information.” Previous reports in the literature show that
health literacy and self-efficacy determine how well patients
can manage medication regimens and tailor their health
behaviors in the self-management of chronic diseases.'® '
Patients with diabetes and limited health literacy are likely
to report less knowledge about diabetes and worse glycemic
control.'*' Furthermore, increased patient confidence in
their ability to take their diabetes medications is associated
with improved medication adherence and better glycemic
control, as measured with glycated hemoglobin (HbAlc¢).'
As a result, a patient’s health literacy and self-efficacy are
important in successfully executing the complex recommen-
dations related to diabetes self-care including blood glucose
monitoring, interpretation of laboratory data, modification of
dietary intake, and administration of medication.'?

Despite the reported associations between health literacy
and medication adherence as well as self-efficacy and medi-
cation adherence, the exact pathway linking health literacy,
self-efficacy, medication adherence, and glycemic control
remains unclear.!“'*162° Prior research has investigated
the relationship of two or three of these four variables for
diabetes management: health literacy, self-efficacy, medica-
tion adherence, and glycemic control. To our knowledge, no
study has examined the relationship between all four of these
variables for patients with diabetes. In addition, findings from
prior diabetes studies with regard to the relationships among
health literacy, self-efficacy, and health outcomes have been
inconsistent.'*16:1?

Until now, the major strategy to improve medication
adherence and glycemic control in patients with diabetes
has focused on developing readable diabetes educational
materials and/or providing education about diabetes for
knowledge enhancement. However, changes in self-care
behaviors and health outcomes often do not follow knowledge

change.''?' Understanding the relationship between patient
factors, medication adherence, and glycemic control may
enhance the development of effective adherence interven-
tions for patients with diabetes.'”*> Moreover, this may
help health care providers provide patients with appropriate
tailored interventions to enhance their health literacy, self-
management skills, and diabetes health outcomes.

This study aimed to examine 1) the association of health
literacy and medication self-efficacy with self-reported
diabetes medication adherence, and 2) the association
of health literacy, medication self-efficacy, self-reported
diabetes medication adherence with HbAlc among patients
with T2DM. The conceptual framework of this study is
shown in the Figure S1.

Methods

Study design

This cross-sectional study using a questionnaire that was
administered face-to-face was conducted at two family
medicine clinics in a Midwestern state from March to August
2016. The Health Sciences Institutional Review Board at
the University of Wisconsin—Madison approved the study
procedures (2015-1284). All participants provided written
informed consents in this study.

Data source

A list of potential patients was gathered from the two family
medical clinics. Using an electronic medical record database,
patients who met the inclusion criteria for age, T2DM, and
being currently prescribed one or more oral diabetes treat-
ment medications were identified.

Sample and procedure
A convenience sample of patients was recruited. Study
participants were eligible if they were 20 years or older,
diagnosed with T2DM, presently prescribed at least one daily
oral diabetes medicine, and able to understand English.
Office staff approached eligible individuals on the patient
list with a scheduled appointment and, if interested, they were
referred to a researcher. Potential participants were provided
the study information sheet; informed consent was obtained,
and a face-to-face survey was administered in a private
space. Participants were compensated US $25 cash for their
participation after the completion of the survey.

Measurements

Demographic and other characteristics
Sociodemographic information included age, gender, race,
highest education level, health insurance, and annual
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household income. Clinical characteristics included the
self-reported health status, number of medications used,
number of chronic illnesses, frequency of daily diabetes
medication use, duration of diabetes diagnosis, and whether
the participant used insulin for diabetes control. Age, the
number of medications used, the number of chronic illnesses,
the frequency of daily diabetes medication use, and duration
since diabetes was diagnosed were measured as continuous
variables. Gender and household income were measured as
dichotomous variables. Race, highest education level, and
self-reported health status were measured as polytomous
categorical variables.

Health literacy

Health literacy was measured using the six-item Newest
Vital Sign (NVS), which tested the respondent’s literacy,
comprehension, application/function, evaluation, and
numeracy skills.??* This validated measure has been used
previously in studies among patients with T2DM.>?” The
NVS was administered face-to-face because the original
NVS was only validated and tested using this method.?*?*?
In the NVS, an interviewer asks six questions related to
information contained in a nutritional label from an ice
cream container.”® The total score of the NVS ranges from
0 to 6, with higher scores indicating better health literacy.?
Scores of less than 2 represent a high likelihood (=50%)
of limited (inadequate) literacy, 2—3 indicates the possibil-
ity of limited (marginal) literacy, and more than 3 suggests
adequate literacy.?

Medication self-efficacy

Medication self-efficacy was assessed using the 13-item Self-
Efficacy for Appropriate Medication Use Scale (SEAMS).?
The SEAMS is a reliable and valid self-report instrument
that measures medication self-efficacy in chronic disease
management and is appropriate for use in patients across a
range of literacy skills.” Patients are asked to indicate their
level of confidence about taking medications correctly under
a number of different circumstances. Each item is evalu-
ated using a 3-point Likert-type scale (1 = not confident,
2 = somewhat confident, and 3 = very confident).?’ The total
score of SEAMS ranges from 13 to 39, with a higher score
indicating the respondent has more confidence in adhering
to their prescribed medication schedule.”

Medication adherence
Medication adherence was evaluated using the eight-item
Morisky Medication Adherence Scale (MMAS-8).3032

This self-report measure is reported to have acceptable
internal consistency and has demonstrated construct validity
in diabetes.?%333* Each item measures a specific medication-
taking behavior, and the aggregate score indicates one’s
inclination to adhere to his/her prescribed medication.!’3! The
total score of the MMAS-8 ranges from 0 to 8, with a higher
score indicating better medication adherence.***' Medication
adherence is grouped into three levels: MMAS-8 scores of
less than 6, 6 to less than 8, and 8 reflecting low, medium,
and high medication adherence, respectively.®

Diabetes control

HbA1c was abstracted from electronic medical records using
the most recent value for each participant within the previous
6 months. Lower HbAlc values represent better glycemic
control, with values of 7.0% or lower recommended for
patients with diabetes.*

Analysis

Frequency distributions and descriptive statistics were used to
summarize the characteristics of the study sample. Bivariate
correlations using Spearman’s rho for ordinal and continuous
variables examined univariate relationships between depen-
dent and independent variables. Multiple linear regressions
were used to explore the association of health literacy and
medication self-efficacy with two dependent variables —
medication adherence and HbA 1c level — while adjusting for
other covariates. All of the covariates relevant to outcome
variables were chosen based on literature review, including
demographics, diabetes- and health-related factors, health
literacy, and medication self-efficacy.'* Medication adher-
ence was regressed on both health literacy and medication
self-efficacy to investigate the association of these three
main variables after controlling all other covariates. Then,
HbA 1c was regressed on 1) health literacy and medication
self-efficacy (Model 1), and 2) health literacy, medication
self-efficacy, and medication adherence (Model 2) to examine
the association of the four main variables after adjusting all
other covariates. The value of R-squared (R?) coefficient was
used to determine how closely the real data points approxi-
mated to the fitted regression line.

The polytomous independent variables were categorized
into dichotomous variables to minimize the risk of losing
statistical power. Race was categorized as white and non-
white, and the highest education level was divided into two
groups by using attainment of a high school diploma as the
cutoff point. In addition, health status was divided into two
groups: participants with self-report of poor or fair condi-
tion, and participants with self-report of good, very good,
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or excellent condition. All statistical analyses were conducted
using SPSS version 23, with the statistical significance level
at a two-sided p < 0.05.

Results

A total of 199 patients were approached, and 174 (87.4%)
participants enrolled and completed the survey. Of the
25 patients who did not participate in the study, four (16%)
were in poor physical condition on the day of the survey,
four (16%) attributed their non-response to time con-
straints, two (8%) stated inconvenience with completing
the surveys, two (8%) believed that the study would have no
benefit because their diabetes was under good control, and
13 (52%) declined the survey without giving specific reasons.
The average completion time was 10 minutes. In this study,
100 of 174 (57.5%) participants were female. Mean age
was 58.7 (SD: 12.8 years, range 26-92 years). The majority
were non-Hispanic white (n= 118, 67.8%), with 43 (24.7%)
African American. Most of the participants (n= 108, 62.1%)
had completed at least a college degree. Participants averaged
3.9 + 1.8 chronic illnesses and took 7.8 £ 3.9 prescription
medications. Only 64 (36.8%) participants took both insulin
and oral antidiabetic agents, whereas 110 (63.2%) partici-
pants only took oral antidiabetic agents. The mean duration
of time since diabetes diagnosis was 9.6 + 7.1 years, with
a mean HbAlc of 7.7% (60.7 mmol/mol, SD: 1.6%). The
average duration between the day of the latest HbA 1 ¢ testing
and the day that the participant completed the survey was
43.3 £ 84.6 days (Table 1).

Evaluation of health literacy, medication
self-efficacy, and diabetes medication

adherence

The NVS, SEAMS, and MMAS-8 yielded high reliability
coefficients with Cronbach’s alpha values of 0.80, 0.93, and
0.69, respectively. The average NVS score was 3.7 £2.0. One
hundred and four (59.8%) participants had adequate health
literacy; 31 (17.8%) and 39 (22.4%) participants had marginal
and inadequate health literacy, respectively (Table 1). The
mean total score of the SEAMS was 33.2 £ 6.0, and the mean
MMAS-8 score was 5.9 = 1.9. The numbers of participants
with low, medium, and high medication adherence were
71 (40.8%), 61 (35.1%), and 42 (24.1%), respectively
(Table 1). Most of the participants had adequate health
literacy levels and high medication self-efficacy; however,
less than one-fourth of the participants were adherent to their
diabetes medication regimens.

Table | Descriptive statistics of the study participants (n = 174)

Variables n (%) Mean
(SD)
Age (years) 58.7 (12.8)
Gender
Female 100 (57.5)
Male 74 (42.5)
Race
White 118 (67.8)
Black 43 (24.7)
Hispanic 8 (4.6)
Asian 4(2.3)
American Indian 1 (0.6)
Education
Completed eighth grade or less 4(2.3)
Some high school 15 (8.6)
High school graduate or GED 47 (27.0)
Some college or technical school 67 (38.5)
College graduate 24 (13.8)
Graduate degree 17 (9.8)
Having health insurance 174 (100.0)
Annual household income
Less than US $20,000 74 (42.5)
Equal or more than US $20,000 100 (57.5)
Number of medications 7.8 (3.9)
Number of illnesses 3.9 (1.8)
Frequency of medication use
Once daily 17 (9.8)
Twice daily 81 (46.6)
Three times daily 56 (32.2)
Four times daily 20 (11.5)
Insulin use
Yes 64 (36.8)
No 110 (63.2)
Self-rated health status
Poor 12 (6.9)
Fair 61 (35.1)
Good 79 (45.4)
Very good 21 (12.1)
Excellent 1 (0.6)
Duration of diabetes diagnosed (years) 9.6 (7.1)
HbAlc level (%) 7.7 (1.6)
=7% (53.0 mmol/mol) 77 (44.3)
>7% (53.0 mmol/mol) 96 (55.2)
Missing 1 (0.6)
Health literacy 3.7 (20)
Inadequate (score = 0-1) 31 (17.8)
Marginal (score = 2-3) 39 (224)
Adequate (score = 4-6) 104 (59.8)
Medication self-efficacy (score = 13-39) 33.2 (6.0)
Self-reported diabetes medication adherence® 5.9 (1.9)
Low (score <6) 71 (40.8)
Medium (score 6 to <8) 61 (35.1)
High (score 8) 42 (24.1)

Notes: “The mean HbAlc value of 7.7% is equal to 60.7 mmol/mol. ®Use of the
©MMAS is protected by US Copyright laws. Permission for use is required. A license
agreement is available from: Donald E Morisky, MMAS Research LLC 14725 NE 20th
St. Bellevue WA 98007 or from dmorisky@gmail.com.

Abbreviations: GED, general equivalency development (or general equivalency
diploma); SD, standard deviation.
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Bivariate correlations of diabetes
medication adherence, HbA | c, and other

covariates

Bivariate correlations indicated significant associations
between diabetes medication adherence and some participant
factors including age, gender, race, annual household income,
health status, medication self-efficacy, and HbAlc (Table 2).
Being male (,=0.15, p < 0.05) or older (v, =0.28, p < 0.001)
was associated with better diabetes medication adher-
ence. Moreover, participants with higher annual household
income (r =0.24, p < 0.01) or better health status (r = 0.29,
p <0.001) were likely to be more adherent to their diabetes
medications. Notably, participants with higher medication
self-efficacy (» =0.63, p < 0.001) were more likely to report
better diabetes medication adherence. However, non-white
participants (r, = =0.24, p < 0.01) were less likely to be
adherent to their diabetes medication regimen.

Race, insulin use, and medication self-efficacy showed
significant relationship with HbAlc (Table 2). Non-white
participants (», = 0.15, p < 0.05) had significantly higher
HbAlc levels. Furthermore, participants with higher HbAlc
were more likely to receive insulin for T2DM treatment
(r,=0.39, p < 0.001). However, participants who reported
higher diabetes medication adherence (r,=—0.24, p < 0.01)
were more likely to have lower HbAlc level. Health literacy
did not have a significant association with either diabetes
medication adherence (r = 0.12, p > 0.05) or HbAlc
(r.=-0.06, p > 0.05; Table 2).

Association between health literacy,
medication self-efficacy, diabetes

medication adherence, and HbAlc

Health status (B = 0.17, p = 0.015) and medication self-
efficacy (B = 0.53, p < 0.001) were positively associated
with diabetes medication adherence after controlling for
the covariates (R?> = 42.7%, p < 0.001; Table 3). However,
health literacy (B = —0.04, p = 0.586) was not associated
with diabetes medication adherence (Table 3). Of all predic-
tors, medication self-efficacy was the strongest predictor of
diabetes medication adherence.

After controlling for the other variables, diabetes medi-
cation adherence (B = —0.26, p = 0.008) had a significant
inverse association with HbAlc; however, the number of
medications used ( = 0.28, p = 0.009) had a significant
positive association with HbAlc (R*> = 15.7%, p < 0.01;
Model 2 in Table 4). Specifically, for every one-point
increase in medication adherence measured by the MMAS-8,

Table 2 Spearman rho correlations of diabetes medication adherence, HbAlc, and other covariates

Income NM NI HS YDM FM Insulin use HL SE MA HbAIc

Education

Race

Gender

Age
1.00
0.

Variables

Age

1.00
—-0.04

0.03

04

Gender
Race

1.00

_(.37k
0.02

1.00

—-0.02

Education

1.00
—0.14
—0.08
0.3 [#¥*
0.03

0.37%%*
0.02

_0.30k
—0.11

0.22%*
—0.04
—-0.03
0.21%*
0.14

0.24%*
0.15%
0.23%*

Income

NM

1.00

1.00

0.26%*
-0.03

1.00
0.11

1.00
0.28%**
0.28%**
0.04
0.03

1.00
-0.06
—0.20*
—0.17*

0.12

~0.35%5%
0.13
0.46%5%
0.23%
0.02

1.00

0.76%+*
—0.38%x
0.227%*
0.5 |k
0.36%%*
0.

-0.12
—-0.12

-0.02
0.2
-0.03
-0.10
-0.05
0.445

0.05

—0.13
-0.12
-0.14
-0.07
4

0.0

0.03
0.12

0.19*
0.25%*
0.12
—0.04
—0.02

Insulin use

YDM
FM
HL

NI
HS

1.00
0.13

—-0.10
—-0.05
—-0.05
0.3k

02

0.4

—0.34%
—0.24%
0.15%

-0.02
0.20%*
0.15%

1.00

1.00
0.63#%*
—-0.08

0.12

0.14

—-0.02
0.04

0.22%*
0,29k
-0.09

—-0.04
0.05

—-0.05
—-0.02
0.10

0.28%#*
0.24%*
-0.08

0.03

0.27%%%
0.28%+*
—-0.14

E
MA

1.00

—0.24%*

—-0.06

—-0.01

—-0.00

—-0.01

0.11

HbAIc

Note: *p < 0.05, #p < 0.01, #p < 0.001.

Abbreviations: NM, the number of prescription medicines; NI, the number of ilinesses; HS, health status; YDM, the years of diabetes; FM, the frequency of the daily medicines; HL, health literacy; SE, medication self-efficacy; MA, diabetes

medication adherence.
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Table 3 Multiple linear regression: diabetes medication adherence
regressed on demographics, diabetes- and health-related factors,
health literacy, and medication self-efficacy (n = 174)

Dependent variable: diabetes medication adherence

Independent variables B SE B p-value
Demographic factors
Age 0.01 0.01 0.04 0.581
Male 0.04 024 0.0l 0.858
Non-white? —0.28 029 -0.07 0.330
Highest education degree 0.06 0.27 0.0l 0.837
more than high school level®
Annual household income* 0.23 0.28 0.06 0.422
Diabetes- and health-related factors
Number of medications -0.02 0.04 -0.04 0.678
Number of illnesses 0.14 0.09 0.14 0.123
Health status® 0.65 0.26 0.17 0.015
Duration of diagnosed —0.01 0.02 -0.03 0.66l
diabetes (years)
Health literacy —-0.04 0.07 -0.04 0.586
Medication self-efficacy 0.17 0.02 0.53 <0.001
F 10.95%**
R? 42.7%

Notes: ***p < 0.001. *Compared with white patients. "Compared with those with
highest education degree less than some college or technical school. ‘Measured at
the annual household income of US $20,000. ‘Compared with poor or fair health
status reported. The values in bold font show statistical significance (p < 0.05).
Abbreviations: B, unstandardized coefficient; SE, standard error; B, standardized
coefficient.

on average, the HbAlc decreased by 0.23%. Further, as a
participant’s HbAlc increased by 0.12%, one additional
medication would be prescribed for diabetes control. Health
literacy (B =—0.06, p = 0.542) and medication self-efficacy

(B =0.05, p = 0.566) were not associated with the HbAlc
level (Model 2 in Table 4).

Discussion

To our knowledge, this is the first study to examine the
association of health literacy and medication self-efficacy
with both medication adherence and glycemic control. Our
initial finding showed that health status and medication
self-efficacy were significantly associated with diabetes
medication adherence, whereas health literacy was not
associated with diabetes medication adherence after con-
trolling for other demographics as well as diabetes- and
health-related factors.

Our findings are consistent with prior research suggesting
medication self-efficacy is a strong predictor of medication
adherence, and that enhancing medication self-efficacy may be
the basis for interventions to improve patients’ self-care skills
in the management of chronic disease.?**¢ Greater medication
self-efficacy is associated with better diabetes medication
adherence, which is related to lower HbAlc levels. A com-
prehensive intervention focusing on medication self-efficacy
components may be a more effective strategy to improve
diabetes control than an isolated approach that simply fosters
medication adherence by knowing patients’ common barriers
to taking medication.!” At the clinic, health care providers
could use existing measures (eg, SEAMS) in 3—5 minutes to
evaluate patients’ self-efficacy for medication use and identify

Table 4 Multiple linear regression: HbA | c regressed on demographics, diabetes- and health-related factors, health literacy, medication

self-efficacy, and diabetes medication adherence (n = 174)

Dependent variable: HbAlc Model | Model 2
Independent variables B SE p-value B SE B p-value
Demographic factors
Age —-0.02 0.0l —0.17 0.061 —0.02 0.01 —0.16 0.074
Male 0.41 0.26 0.12 0.118 0.42 0.28 0.13 0.105
Non-white? 0.28 0.32 0.08 0.379 0.22 0.31 0.06 0.486
Highest education degree more than —0.42 0.29 -0.12 0.154 —0.41 0.29 -0.12 0.156
high school level®
Annual household income* 0.26 0.31 0.08 0.403 0.31 0.30 0.09 0.309
Diabetes- and health-related factors
Number of medications 0.12 0.05 0.29 0.009 0.12 0.05 0.28 0.009
Number of illnesses -0.12 0.10 -0.14 0.226 —-0.09 0.10 -0.10 0.365
Health status® —-0.02 0.29 0.0l 0.953 0.13 0.29 0.04 0.653
Duration of diabetes diagnosed (years) 0.0l 0.02 0.04 0.590 0.01 0.02 0.04 0.644
Health literacy —0.04 0.08 —-0.05 0.621 —0.05 0.08 —0.06 0.542
Medication self-efficacy —-0.02 0.02 —-0.08 0.305 0.02 0.03 0.05 0.566
Diabetes medication adherence -0.23 0.09 -0.26 0.008
F 2.00* 2.5
R? 12.0% 15.7%

Notes: Model | did not include diabetes medication adherence in the regression, but Model 2 included diabetes medication adherence as a covariate in the regression.
*p < 0.05, ¥p < 0.01. *Compared with white patients. "Compared with those with highest education degree less than college or technical school. “Measured at the annual

household income of US $20,000. !Compared with poor or fair self-reported health status. The values in bold font show statistical significance (p < 0.05).
Abbreviations: B, unstandardized coefficient; SE, standard error; 3, standardized coefficient.

798 submit your manuscript

Dove

Patient Preference and Adherence 2018:12


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Enhancing medication adherence and diabetes control

their barriers to taking medication. To improve medication
self-efficacy in a more effective manner, health care provid-
ers may offer non-didactic group education to prompt patient
interaction and help patients overcome barriers to nonadher-
ence.’” Messaging interventions (eg, short text messages,
telephone calls, or web-based feedback) help reduce diabetes
distress and improve patient confidence in medication use.*
Based on the individual need of each patient, a customized
video intervention may help improve patients’ medication
self-efficacy and reduce problems with medication use.* As
aresult, improved medication adherence and better glycemic
control may be achieved among patients with diabetes.

Corresponding to some previous diabetes studies,
our results show no association between health literacy
and diabetes medication adherence.'®* However, Osborn
et al contradict these findings as they reported higher
health literacy was significantly associated with better
diabetes medication adherence, although they used differ-
ent measures for both health literacy (the Rapid Estimate
of Adult Literacy in Medicine) and medication adherence
(subscale of the Summary of Diabetes Self-Care Activities).?
It may be that health literacy, as measured by the NVS, is
not directly associated with medication adherence, but exerts
its impact on medication adherence through its influence on
health knowledge, medication beliefs, illness perceptions, or
self-efficacy.** Medication adherence involves a complex
set of actions that may be mediated or moderated by a wide
range of patients’ factors and confounders that mask any
direct associations.!® Some other unobserved determinants
may mediate or moderate the relationship between health
literacy and medication adherence; therefore, future research
should explore such relationships.*

The results of this study revealed that the number of
medications used and diabetes medication adherence were
significantly associated with HbAlc level of patients on
multiple linear regressions. It is well documented that T2DM
generally worsens gradually over time and becomes more
difficult to treat.**5 Qur participants had been managing
their diabetes for an average of 9.6 years; therefore, it was
not surprising that years of diabetes diagnosis correlated
with the number of medications, the frequency of medi-
cations, and insulin use. As current diabetes medications
become less effective over time, additional treatments are
necessary, and the increased complexity of the medications
prescribed makes adherence more difficult. This results in
an inverse relationship between treatment complexity and
glycemic control, and an increase in non-adherence.* Better
adherence to diabetes medication was associated with better
glycemic control as for every one-point (12.5%) increase in

MMAS-8, there was a corresponding HbAlc decrease of
0.23% (p = 0.008), which is consistent with reports from
previous studies on diabetes.**4¢

Health literacy did not predict HbAlc, consistent with
several previous studies.”!*121342 However, health literacy
may act as a distant contributor influencing glycemic control
via other mediators, such as correct medication use and access
to medical care.'*?* Health literacy has a variety of attributes
and required skills; therefore, health literacy measurement
tools that only assess a few of these attributes and skills may
not show an association.?*

Self-efficacy was reported as an important predictor
of glycemic control in previous studies.”’** However, our
study showed no significant association between medica-
tion self-efficacy and HbAlc level. One of the reasons
for this discrepancy may result from different measures
of self-efficacy assessment. The previous studies assessed
self-efficacy using multidimensional diabetes questionnaires
such as the Perceived Competence for Diabetes Scale and
the Diabetes Empowerment Scale-Short Form.***° These
diabetes scales captured several aspects of diabetes self-
management, including diet control, exercise adoption,
blood glucose monitoring, medication taking, foot care,
and smoking cessation.*** However, no investigator could
identify which specific behavior of diabetes self-management
was most affected by self-efficacy. Instead of using these
multidimensional measures, we evaluated self-efficacy of
patients using SEAMS, which focuses on medication use
only; therefore, this narrow measurement of self-efficacy
may explain the lack of association in our results.

This study has several limitations. This cross-sectional
study measured all variables from a single study visit; there-
fore, we were unable to ascertain the persistence of medication
adherence and glycemic control over time. The generalizabil-
ity of these study findings beyond this patient population is
unknown because our sample is not representative of all of the
patients with T2DM in other care settings. Moreover, diabetes
medication adherence was assessed on the basis of a self-report
measure rather than by using objective measures of adherence,
and it may be overestimated or non-reflective of actual medica-
tion use due to recall biases and social desirability.*

The findings from this study indicate a substantial oppor-
tunity for improving diabetes control, based on lower HbAlc,
through improved diabetes medication adherence. Medication
self-efficacy appears to be the strongest identified factor that
influences medication use adherence. To date, enhancing
diabetes-related knowledge by developing readable self-care
materials has been the most frequent intervention in general
practice. However, behavioral change does not always follow
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knowledge change. Based on the findings from this study,
interventions to change medication self-efficacy of patients
with T2DM is recommended in order to improve medica-
tion adherence.
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Figure S| Conceptual framework of the association of health literacy, medication self-efficacy, diabetes medication adherence, HbAlc, and the covariates based on the
literature review.
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