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Background: Patients with type 2 diabetes have poor medication adherence. Medication literacy is one of the influencing factors of
medication adherence among patients with type 2 diabetes. However, the mechanism by which medication literacy affects medication
adherence among patients with type 2 diabetes is unclear. The aim of this study was to verify the mediating role of self-efficacy in the
relationship between medication literacy and medication adherence.

Methods: A total of 402 patients with type 2 diabetes were enrolled in this study. The Chinese versions of the Medication Literacy
Scale, the Self-Efficacy for Appropriate Medication Use Scale and the Morisky Medication Adherence Scale-8 were used in the
survey. Pearson correlation analysis was used to find correlations among medication literacy, self-efficacy and medication adherence.
The PROCESS macro (Version 4.1) with Model 4 for SPSS was used to verify the mediating role of self-efficacy.

Results: Twenty-four percent of the participants had poor medication adherence. Self-efficacy and medication literacy (r=0.499, p <
0.01) and medication adherence (r=0.499, p < 0.01) were significantly and positively correlated. Self-efficacy partially mediated the
relationship between medication knowledge and medication adherence among patients with type 2 diabetes, accounting for 36.7% of
the total effect.

Conclusion: Self-efficacy had a partial mediating effect on the relationship between medication literacy and medication adherence
among patients with type 2 diabetes. Self-efficacy should be improved through effective measures to increase patients’ confidence in
adherence to antihyperglycemic drugs.
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Introduction
Diabetes mellitus is a major health burden worldwide and its prevalence is increasing. There were an estimated
536.6 million people with diabetes worldwide in 2021 and this is expected to increase to 783.2 million by 2045.'
Patients with type 2 diabetes account for 90% of all patients with diabetes.” In addition, global health expenditure related
to diabetes was estimated at US $966 billion in 2021 and is projected to increase to US $1045 billion by 2045.!
Therefore, the prevention and control of type 2 diabetes is an urgent problem to be solved in current health care.
Glycemic control plays a crucial role in reducing the cost of diabetes treatment and preventing complications.’
Lifestyle modification is an important measure to control blood glucose. Measures include moderate exercise, a healthy
diet, blood glucose monitoring, and adherence to medication. Medication adherence is an important way to achieve
glycemic control, which requires patients to take medication as planned for a long time. However, medication
nonadherence is very common among patients with diabetes.
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Patients with type 2 diabetes have poor medication adherence. Medication adherence refers to the extent to which
patients take their medications correctly and as prescribed by their physicians.* Poor adherence to oral antihyperglycemic
drugs is common.” Due to the long duration and complexity of medication, patients with type 2 diabetes frequently forget
to take their medications and have difficulty adhering to them. Pooled rates of nonadherence to antidiabetic medications
were 43.4% in low - and middle-income countries.® In North Africa, the combined proportion of nonadherence among
patients with type 2 diabetes was 38%.’ Education level, social security coverage, treatment education, drug cost,
socioeconomic level, duration of disease, unbalanced diabetic diet, female sex, family support and age are related factors
to adherence.” Poor medication adherence can lead to many adverse outcomes. Poor medication adherence is associated
with higher HbA l¢ levels and lower quality of life,*° as well as with adverse outcomes such as morbidity, mortality, and
increased health care costs.'® Therefore, it is urgent to identify the factors influencing medication adherence and develop
effective interventions.

Medication literacy may be an influencing factor of medication adherence among patients with type 2 diabetes.
Medication literacy is defined as

The degree to which individuals can access, understand, communicate, calculate and process patient-specific information about
medications to make informed medication and health decisions in order to use their medications safely and effectively,
regardless of how the content is provided. (e.g. written, oral, and visual)'"

The latest research has added “digital information” to the definition of medication literacy, which enriches the connota-
tion of medication literacy.'> Among patients with hypertension and coronary heart disease, medication literacy is an
influencing factor of medication adherence.'*'* In addition, a study noted that limited health literacy is one of the
common barriers to treatment adherence among patients with type 2 diabetes.'” Illness perception is also significantly
associated with medication adherence among patients with type 2 diabetes.'® However, broad health literacy and similar
illness perception are not substitutes for medication literacy. Medication literacy, as a comprehensive concept of patients’
medication ability, may be related to medication adherence among patients with type 2 diabetes, but the specific
mechanism is still unclear, which needs further research.

Medication self-efficacy may mediate the relationship between medication literacy and medication adherence. Self-
efficacy refers to patients’ beliefs about their ability to follow a prescribed medication regimen to improve health
outcomes and is considered an important component of diabetes education programs.'” A previous study showed that
self-efficacy directly affects medication adherence among patients with type 2 diabetes.'® Having a greater sense of self-
efficacy is necessary for better medication adherence.'” In addition, medication self-efficacy is found to mediate the
relationship between health literacy and medication adherence among patients with type 2 diabetes.?’ Patients with
higher health literacy may develop higher levels of medication self-efficacy, which in turn may lead to higher levels of
diabetes medication adherence and lower HbAlc levels.?® Self-efficacy is also found to mediate and moderate the
relationship between medication beliefs and adherence among patients with type 2 diabetes.?' Participants with lower
general harm medication beliefs are likely to have higher self-efficacy and higher levels of medication adherence.?' In
addition, Fisher proposed the Information-Motivation-Behavioral Skills (IMB) model in 1996, which states that behavior
is influenced by information, motivation, and behavioral skills, with self-efficacy playing an important role as an
important factor in behavioral skills.>* For this study, medication literacy could directly influence medication adherence
behaviors among patients with type 2 diabetes or indirectly by increasing self-efficacy. Considering that medication
literacy is the specific manifestation of health literacy in the field of medication, self-efficacy may be an important
mediating factor in the relationship between medication literacy and medication adherence among patients with type 2
diabetes.

Few studies have investigated the role of self-efficacy in mediating medication literacy and medication adherence
among patients with type 2 diabetes. Exploring the role of self-efficacy in the relationship between medication literacy
and medication adherence is helpful to understand the specific influencing mechanism of medication literacy and to
develop effective interventions to improve medication adherence of patients with type 2 diabetes. Therefore, this study
aimed to explore the mediating effect of self-efficacy between medication literacy and medication adherence among
patients with type 2 diabetes.
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Methods

Study Design

This cross-sectional study was conducted from October 2022 to January 2023 in four general hospitals and four
community healthcare centers in Hunan Province, China.

Participants

Outpatients with type 2 diabetes diagnosed by endocrinologists according to the Guideline for the Prevention and
Treatment of Type 2 Diabetes Mellitus in China (2020 edition)*® were recruited by purposive sampling method. The
above guidelines for the diagnosis of diabetes are typical diabetes symptoms with random blood glucose > 11.1 mmol/L,
or fasting blood glucose > 7.0 mmol/L, or 2-h oral glucose tolerance test (2-h OGTT) blood glucose > 7.0 mmol/L, or
glycated hemoglobin (HbA1C) > 6.5%. The purposive sampling method was used to perform a survey study with
a smaller sample with certain characteristics, including a small number of subjects selected from the majority of potential
subjects according to specific conditions. In this study, sampling was based on the characteristics of patients with type 2
diabetes who received outpatient services. The inclusion criteria were as follow: (1) age 18 years or older; (2) diagnosis
of type 2 diabetes by an endocrinologist; (3) basic verbal communication skills; and (4) understanding of the study
purpose and process and consent to participate in this study. The exclusion criteria were as follow: (1) other serious
diseases, such as cancer, and acute myocardial infarction; and (2) a diagnosed of psychiatric disorders that affect the
patient’s ability to communicate and respond according to the International Classification of Diseases guidelines and the
current use of medication, such as those for schizophrenia, and bipolar disorder. Written informed consent was obtained
from all participants.

Procedures

Five master’s students who were trained in the questionnaire were employed as researchers to collect data in this study.
Eligible patients were invited to participate in this study. Patients were provided with information about the content and
purpose of this study, and informed of the survey procedure and the principle of anonymity. Participants completed the
questionnaire independently after signing the informed consent form. Illiterate participants were informed verbatim of the
questionnaire by the researcher and their answers were recorded. All questionnaires were retrieved immediately after
completion by the participants, and were checked for missing information by the researcher. If missing information was
present, participants were asked to complete it.

Materials

Sociodemographic Data and Clinical Characteristics

A self-designed questionnaire was used to collect the sociodemographic and clinical characteristics of the participants,
including age, gender, body mass index (BMI), education level, marital status, annual income, residence area, medical
insurance, employment status, smoking, drinking, exercise, disease duration, therapy method, number of antihypergly-
cemic drugs taken, HbAlc and family history.

The Chinese Version of the Medication Literacy Scale

The Medication Literacy Assessment in English and Spanish (MedLitRxSE) was developed by Sauceda, a professor at
the University of Texas, and his team.?* The scale is specifically used to assess the medication literacy of patients, and
has good reliability and validity. It is the best assessment tool for medication literacy at present.”> The scale consists of
four scenarios: injectable medication for diabetes, medication for children, antibiotic use, and over-The-counter and
supplementary prescriptions. Case 1 includes the following five questions: According to this prescription list, how many
times every day does your friend need to inject this medication? Please look at this prescription and syringe and tell me
how many units of arginine biosynthetic human insulin injection your friend should take in the morning with this syringe
and indicate the scale on the syringe. If your friend has run out of the medication, which doctor should he contact to write
a new prescription for the medication based on the above prescription? Using the medication instructions, into which
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parts of the body can your friend inject insulin? According to the above medication instructions, what is the angle of
subcutaneous insulin injection? The scale includes 14 items, and correct responses are scored with 1 point and incorrect
responses with 0 point. The total score is calculated by adding the scores of each item, which ranges from 0 to 14.
A score of > 10 is considered adequate medication literacy, a score of 4 to 10 is considered moderate, and a score of < 4
is considered inadequate. In 2016, MedLitRxSE was translated into Chinese by Zheng et al.?® The test-retest reliability of
the Chinese version of the Medication Literacy Assessment Scale is 0.885, the split-half reliability is 0.840, and the
correlation coefficient between each item of the scale and the total score of the scale is 0.427-0.587.%°

Chinese Version of the Morisky Medication Adherence Scale-8 (C-MMAS-8)

The Morisky Medication Adherence Scale-8 (MMAS-8) was developed by Morisky and his research team.?” The scale
has been used to assess the level of medication adherence of patients, while being concise, practical and cost-effective.
The scale has eight items, with yes and no answers to the first seven items and a 5-point Likert scale for the final
question. The first seven items relate to patients’ medication adherence behaviors: Do you sometimes forget to take your
medication? Have you reduced or stopped taking your medication without telling your doctor? Do you forget to take your
medication with you when you go out for long periods of time? Did you take your medication yesterday? Have you
stopped taking your medication? Do you find it difficult to adhere to your treatment plan? The total score of the scale
ranges from 0 to 8, with higher scores indicating greater medication adherence. A score of 8 represents high adherence,
a score of < 6 is considered low adherence, and a score of > 6 and < 8 is considered moderate adherence. The Chinese
version of the Morisky Medication Adherence Scale-8 was translated by Yan and the reliability and validity were tested
in patients with myocardial infarction.”® The Cronbach’s a of the C-MMAS-8 is 0.77, and the pretest and posttest
correlation coefficient is 0.88.%% The scale has been widely used in the measurement of medication adherence for various
types of patients, such as those with hypertension, elderly individuals with multimorbidity and those with type 2
diabetes.'*?%*° Each item of the MMAS-8 used in this study had only language differences from the original English
version.

The Self-Efficacy for Appropriate Medication Use Scale (SEAMS)

The Self-efficacy for Appropriate Medication Use Scale was developed by Risser and his research team.’' The SEAMS
can be used to measure the self-efficacy of rational medication taking among patients with various chronic diseases, and
it is suitable for testing the confidence of adherence to medication. The Cronbach’s o coefficient of the scale is 0.89.%'
The scale includes 13 items and asks subjects to report their confidence in adhering to reasonable and correct medication
under 13 circumstances. It assesses 2 dimensions of medication self-efficacy, self-efficacy to take medication in difficult
situations (eg, when your doctor changes your medication, when you find that the medication you bought again differs
from your previous medication in the way you take it, when you need to take several different types of medication
each day) and self-efficacy to continue taking medication when the medication environment is uncertain (eg, when you
are out of town, when you are busy one day, when no one reminds you). A 3-point Likert scale was used to score the
scale, with a score of 1 indicating no confidence, 2 indicating little confidence, and 3 indicating a great deal of
confidence. The total score of the scale is the sum of the scores of each item, with higher scores indicating better
medication self-efficacy. The SEAMS was translated into Chinese by Dong et al in 2015.? The Chinese version of the
SEAMS has good internal consistency (Cronbach’s o= 0.826-0.915) and validity.*>

The pretest was conducted before the formal survey. Twelve participants were able to complete the questionnaire
within 15 minutes and indicated that they were able to understand its content. Therefore, the research instrument used in
this study was comprehensible and applicable to the study participants.

Ethical Considerations

This study complied with the Declaration of Helsinki and was approved by the Research Ethics Committee of the Third
Xiangya Hospital, Central South University (Project number: 22241). All participants signed an informed consent form
and agreed to participate in this study. All participants had the right to decline to participate in this study and opt out at
any time.
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Statistical Analysis

SPSS (version 26.0, Chicago, IL, United States) software was used to analyze all the data. Means and standard deviations were
used to describe all continuous variables that had a normal distribution, and numbers or percentages were used to describe
categorical variables. Two independent sample #-tests or ANOVA were used to compare the scores of medication literacy, self-
efficacy, and medication adherence among patients with type 2 diabetes with different demographic and clinical character-
istics. Pearson correlation analysis was used to determine the correlation between medication literacy, self-efficacy, and
medication adherence. The mediation analysis framework described by Baron and Kenny guided the analysis plan.*
According to this approach, a mediation effect existed if (1) the independent variable (medication literacy) significantly
predicted the mediating variable (self-efficacy) (Figure 1, Path a), (2) the mediating variable (self-efficacy) significantly
predicted the dependent variable (medication adherence) (Figure 1, Path b), and (3) the independent variable (medication
literacy) significantly predicted the dependent variable (medication adherence) (Figure 1, Path c). Path ¢’ represents the direct
influence of the independent variable on the dependent variable after controlling for the mediating variable (Figure 1, Path c’).
If the direct effect was not significant, the effect of the mediating variable was a full mediating effect. If the direct effect was
significant, the effect of the mediating variable was a partial mediating effect. a*b was used to calculate the mediation effect
value, and a*b/c was used to represent the ratio of the mediation effect to the total effect. PROCESS macro (Version 4.1) with
Model 4 for SPSS was used to test for mediation effects using 5000 bootstrap samples. Mediation effects were considered to be
significant if the 95% bootstrap confidence interval did not include zero. In addition, sociodemographic and clinical
characteristics were included in the model as control variables. p <0.05 was considered statistically significant.

Results

Participants Characteristics

There were 404 participants in this study, 402 completed the survey, and 2 individuals were excluded because they were
under the age of 18 or missing information, so the valid response rate of the questionnaire was 99.51%. Table 1 presents
the sociodemographic and clinical characteristics. The proportion of male participants was 61.9%, 90.0% were married,
most participants did not smoke (59.0%) and did not drink alcohol (78.9%), and the vast majority of patients (83.1%) had
poor HbAlc control.

Medication Literacy, Self-Efficacy, and Medication Adherence Scores of the Participants
Table 2 presents the medication literacy, self-efficacy and medication adherence of the participants. The scores for
medication literacy of patients of different genders, ages, education levels, marital statuses, residences, employment,

Self efficacy

Medication ¢ (Without mediation) Medication

literacy J 'L adherence

¢ (With mediation)

Figure | The theoretical framework of this study. (a) Effect of medication literacy on self-efficacy; (b) Effect of self-efficacy on medication adherence; (c) Effect of medication
literacy on medication adherence (Without mediation); (c’) Effect of medication literacy on medication adherence (With mediation).
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Table | Participants Characteristics (n=402)
Factors Items %
Gender Male 249 61.9
Female 153 38.1
Age 1840 49 12.2
41-50 60 14.9
51-60 131 32,6
61-70 108 26.9
>70 54 134
BMI <185 I 2.7
18.5-24.9 246 61.2
25.0-29.9 121 30.1
30.0-34.9 22 5.5
235.0 2 0.5
Education level Primary or below 92 22.9
Junior middle school 97 24.1
Senior high school or secondary 94 234
specialized school
Junior college 48 1.9
Bachelor degree or above 71 17.7
Marital status Unmarried 15 37
Married 362 90.0
Divorced 4 1.0
Widowed 21 5.2
Residence area Urban 290 72.1
Rural 112 27.9
Employment status Employed 140 348
Part-time job 25 6.2
Unemployed 108 26.9
Retired 129 32.1
Medical insurance Not insured 5 1.2
New rural cooperative medical insurance 132 328
Basic medical insurance system for urban 265 65.9
residents
Annual income <10,000/year 23 5.7
10,000-29,999/year 110 27.4
30,000-49,999/year 157 39.1
50,000-99,999/year 90 22.4
2100,000/year 22 5.5
Smoking Never smoker 237 59.0
Current smoker 108 26.9
Former smoker 57 14.2
Alcohol consumption Abstinent 317 789
Moderate drinking* 77 19.2
Heavy drinking 8 2.0
Exercise No exercise 63 15.7
Exercise occasionally 100 249
Exercise regularly 239 59.5
(Continued)
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Table | (Continued).

Factors Items N %
Disease duration <| year 69 17.2
1-5 years 86 214
5.1-10 years 86 21.4
10.1-15 years 74 18.4
15.1-20 years 59 14.7
220.1 years 28 7.0
Therapy method Antihyperglycemic drugs + insulin 146 36.3
Antihyperglycemic drugs 169 42.0
Insulin 64 15.9
Without therapy 23 57
Number of antihyperglycemic | 0 87 21.6
drugs | 104 259
2 155 38.6
3 47 1.7
4 9 2.2
HbAIlc <7.0 68 16.9
>7.0 334 83.1
Family history of diabetes No 214 53.2
Yes 188 46.8

Notes: *Moderate drinking: Defined as < 100 mL of white wine or a large half glass of red wine or 2 bottles of beer
per day for men or < 50 mL of white wine or a small half glass of red wine or | bottle of beer per day for women.

medical insurance, economic statuses, and smoking and drinking statuses were significantly different. Differences in age,
employment, and exercise may have led to significant variation in medication adherence. Participants scored 9.44+3.28
on medication literacy, 33.81£2.65 on self-efficacy, and 6.49+1.28 on medication adherence (Table 3). Among the
participants, 20 (5.0%) had insufficient medication literacy, 203 (50.5%) had moderate medication literacy, and 179
(44.5%) had adequate medication literacy. There were 97 (24.1%) participants with poor medication adherence, 216
(53.7%) with moderate medication adherence, and 89 (22.1%) with high medication adherence.

Correlations Among Medication Literacy, Self-Efficacy, and Medication Adherence
Medication literacy scores were positively correlated with self-efficacy scores (r=0.499, p < 0.001), medication literacy
scores were positively correlated with medication adherence scores (r=0.227, p < 0.001), and self-efficacy scores were
positively correlated with medication adherence scores (r=0.392, p < 0.001) (Table 3).

The Mediating Effect of Self-Efficacy on Medication Literacy and Medication Adherence
The mediating role of self-efficacy in medication literacy and medication adherence is presented in Figure 2. The results
showed that medication literacy significantly positively predicted self-efficacy (f=0.330, p < 0.001) and medication
adherence (f=0.107, p < 0.001). Self-efficacy significantly positively predicted medication adherence (B= 0.188,
p < 0.001). Medication literacy had a significant positive effect on medication adherence (f= 0.169, p < 0.001) after
controlling for sociodemographic and clinical data. The mediating effect value was 0.062, and the mediating effect
accounted for 36.7% of the total effect (Table 4). The regression coefficients of each path were significant, so self-
efficacy had a partial mediating effect on the relationship between medication literacy and medication adherence.
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Table 2 Medication Literacy, Self-Efficacy, and Medication Adherence Scores of the Participants (n=402)

Factors Items Medication | tif p Self-Efficacy | t/f Medication | t/f p
Literacy Adherence
Gender Male 10.18+2.69 5.569 | <0.001 34.08+2.46 2.683 0.008 6.51£1.22 | 0.440 | 0.660
Female 8.24+3.77 33.36+2.88 6.46%1.39
Age 18—40 12.00+1.80 | 13.828 | <0.00I 34.10+2.73 0.423 0.792 6.34£1.40 | 2.498 | 0.042
41-50 10.45+2.53 33.70+2.40 6.42+1.06
51-60 9.15+£3.08 33.78+2.46 6.49+1.18
61-70 8.50+3.68 33.64+3.03 6.36%1.51
>70 8.59+3.29 34.07+2.52 6.98+1.06
BMI <185 8.73+34I 0.193 0.942 33.00+2.79 1.394 0.235 6.57+1.34 | 1.080 | 0.366
18.5-24.9 9.49+3.17 33.99+2.31 6.57%1.25
25.0-29.9 9.3743.58 33.42+3.32 6.32%1.37
30.0-34.9 9.68+3.00 34.32+1.64 6.45%1.12
235.0 9.00%1.41 34.00+2.83 7.50+0.71
Education level Primary or below 5.71£2.99 | 97.544 | <0.001 31.98+3.03 | 24.092 <0.001 6.22+1.45 | 2.098 | 0.080
Junior middle school 9.03+2.30 33.63+1.71 6.70£1.20
Senior high school or secondary specialized school 10.31+2.34 34.06+2.02 6.62+1.26
Junior college 11.71x1.73 34.77+2.44 6.55+0.88
Bachelor degree or above 12.15+1.71 35.44+2.64 6.36%1.38
Marital status Unmarried 10.80+2.18 9.080 | <0.001 34.93+1.53 1.092 0.353 6.08+1.24 | 0.978 | 0.403
Married 9.58+3.19 33.78+2.71 6.53%£1.28
Divorced 9.50+4.65 33.00+3.65 5.94+1.42
Widowed 6.05+3.50 33.57+1.96 6.31£1.44
Residence area Urban 10.21+2.95 8.169 | <0.001 34.19+2.45 4810 <0.001 6.51%1.24 | 0441 | 0.660
Rural 7.45%3.27 32.81+2.90 6.45%1.39
Employment status Employed 11.21+2.45 | 67.788 | <0.001 3431+2.43 | 18218 <0.001 6.38£1.23 | 4.778 | 0.003
Part-time job 8.12+2.88 33.16x1.75 6.26x1.31
Unemployed 6.55+3.09 32.39+2.99 6.29+1.50
Retired 10.20+2.50 34.58+2.21 6.84+1.07
Medical insurance Not insured 8.40+4.62 | 50.285 | <0.001 32.60+3.44 | 21.946 <0.001 6.50£1.08 | 3.006 | 0.051
New rural cooperative medical insurance 7.36+3.34 32.65+2.87 6.27+1.47
Basic medical insurance system for urban residents 10.49+2.68 34.41+2.31 6.60%1.18
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Annual income <10,000/year 8.52+3.48 | 16.830 | <0.001 32.52+2.92 | 14.197 <0.001 6.62%1.16 | 1.239 | 0.294
10,000-29,999/year 7.83%3.62 32.76%3.17 6.30%1.39
30,000-49,999/year 9.51+3.01 33.79+1.98 6.48+1.28
50,000-99,999/year 11.01£2.34 35.11+£2.32 6.70%1.24
2100,000/year 11.55£2.13 35.18+2.06 6.52+1.03

Smoking Never smoker 9.04+3.54 | 4.885 0.008 33.70+2.86 0.963 0.383 6.54+1.31 | 1.426 | 0.241
Current smoker 10.19+2.53 34.11£2.12 6.32£1.15
Former smoker 9.68+3.17 33.70+2.67 6.63+1.41

Alcohol consumption Abstinent 9.19£3.38 | 4.669 0.010 33.73+2.78 3.096 0.046 6.54+1.28 | 2.086 | 0.125
Moderate drinking 10.45+2.72 34.30+1.95 6.40%1.31
Heavy drinking 9.50+2.27 32.13+2.23 5.66%1.15

Exercise No exercise 8.59+3.42 2.547 0.080 32.79+3.69 7.748 <0.001 6.49+1.34 | 3.171 | 0.043
Exercise occasionally 9.62+3.48 33.55+2.58 6.22+1.41
Exercise regularly 9.59+3.14 34.18+2.25 6.61%1.20

Disease duration <| year 10.16%3.31 1.544 0.175 33.96+2.66 1.158 0.329 6.62+1.12 | 0.465 | 0.802
1-5 years 9.66+2.98 33.80+2.28 6.37£1.52
5.1-10 years 9.00£3.59 33.48+3.30 6.41£1.37
10.1-15 years 8.99+3.45 34.05+2.43 6.57%1.23
15.1-20 years 9.71£3.03 34.19+2.16 6.50%1.14
220.1 years 8.961+2.94 33.04+2.90 6.59+1.06

Therapy method Antihyperglycemic drugs + insulin 9.81+£3.23 2.182 0.090 33.77+3.02 1.429 0.234 6.40%1.25 | 0.983 | 0.401
Antihyperglycemic drugs 8.95+3.45 33.79+2.44 6.51%1.38
Insulin 9.81+2.69 33.56+2.30 6.71£1.03
Without therapy 9.65+3.59 34.87+2.44 6.37+1.38

Number of antihyperglycemic drugs | 0 9.77%2.93 0.630 0.642 33.91%2.39 0.254 0.907 6.62%1.14 | 0.414 | 0.799
| 9.45+3.48 33.59+2.66 6.51+1.34
2 9.18+3.23 33.86+2.34 6.40%1.30
3 9.49+3.79 33.94+3.99 6.50+1.44
4 10.33+2.18 33.89%1.17 6.44%1.01

HbAIc <7.0 9.3243.48 | —0.322 0.748 33.78+2.34 | —0.099 0.921 6.63£1.20 | 0.937 | 0.349
27.0 9.46+3.24 33.81%2.71 6.46+1.30

Family history of diabetes No 9.15£3.46 | —1.918 0.056 33.84+2.54 | 0.226 0.822 6.58+1.27 | 1.518 | 0.130
Yes 9.77+3.03 33.78+2.78 6.39£1.29
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Table 3 Descriptive Statistics and Correlations of Medication Literacy, Self-Efficacy, and
Medication Adherence (n=402)

Mean £ SD Medication Self-Efficacy Medication
Literacy Adherence
Medication literacy 9.44+3.28 |
Self-efficacy 33.81+2.65 0.499%* |
Medication adherence 6.49+1.28 0.227%* 0.392%* |

Note: **p < 0.01.

Discussion

Medication adherence plays an important role in improving health outcomes among patients with type 2 diabetes. Studies
show that the improvement in medication adherence contributes to the reduction in HbAlc levels.*** In addition, good
medication adherence can reduce the risk of all-cause mortality and hospitalization among patients with type 2
diabetes.’® However, the prevalence of medication nonadherence is high among patients with type 2 diabetes. The
pooled rate of low adherence among patients with type 2 diabetes in Malaysia is 34.2%.’” Therefore, improving
medication adherence is very important for patients with type 2 diabetes, and improving strategies to improve medication
adherence is an important issue for nursing staff.

The percentage of participants with poor medication adherence was 24.1%. Participants in our study had slightly
better medication adherence than the rest of the world.®*” However, only 22.1% of the participants had high medication
adherence. Therefore, the medication adherence of patients with type 2 diabetes urgently needs to be improved. In
addition, this study found significant differences in medication adherence among participants by age, employment, and
exercise. Previous studies have shown that patient demographics are the influencing factors of medication adherence
among patients with type 2 diabetes.”® In a study from Bangladesh, nonadherence was higher among participants who
were older, experienced household poverty, smoked cigarettes, and had poor glycemic control.’® Age, marital status,
occupation, comorbidities and duration of disease were significantly associated with medication adherence among
patients with type 2 diabetes in eastern Saudi Arabia.*’ Therefore, patients with the characteristics of old age,

unemployment and lack of exercise should be regarded as the key population to improve medication adherence.

Self efficacy

a b

p=0.330, t=6.824, p<0.001 B=0.188, t=7.196, p<0.001

B=0.169, t=6.416, p<0.001
W (Without mediation) ( VI
'L adherence

Medication literaC}J

C I
$=0.107, t=4.081, p<0.001
(With mediation)

Figure 2 The mediating effect of self-efficacy on the relationship between medication literacy and medication adherence. (a) Effect of medication literacy on self-efficacy;
(b) Effect of self-efficacy on medication adherence; (c) Effect of medication literacy on medication adherence (Without mediation); (c’) Effect of medication literacy on
medication adherence (With mediation).
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Table 4 Summary of the Mediating Effects of Self-Efficacy

Variables/Effects B SE t P 95% CI
Medication literacy - Self-efficacy 0.330 0.048 6.824 <0.001 | (0.235, 0.425)
Self-efficacy - Medication adherence 0.188 0.026 7.196 <0.001 | (0.137, 0.240)
Medication literacy -Medication adherence 0.169 0.026 6416 <0.001 | (0.117,0.221)
Effects

Direct effect 0.107 0.026 4.081 <0.001 | (0.056, 0.159)
Indirect effect 0.062 0.017 (0.032, 0.100)
Total effect 0.169 0.026 6.416 <0.001 | (0.117,0.221)

The mean medication literacy score of the participants was 9.44+3.28, which is at the top of the medium medication
literacy level, and 95.0% of the participants had a moderate or adequate medication literacy level. Most of the
participants had good medication literacy. Compared with the medication literacy of patients with coronary heart disease
(4.96+4.68) and patients with small cell lung cancer (6.54+2.78),*'** the medication literacy of patients with type 2
diabetes was better than both. The possible reason is that patients with type 2 diabetes are more familiar with injectable
medication for diabetes, and the scenario of injectable medication for diabetes is present in the medication literacy
assessment scale. Of course, the medication competencies learned by participants during long-term medication use
should also not be overlooked. We also found significant differences in medication literacy scores among participants
according to gender, age, education level, marital status, residence area, employment, medical insurance, financial status,
and smoking and drinking status. Similar findings are seen in studies of medication literacy among patients with
hypertension and acute coronary syndrome.***** Therefore, patients with characteristics such as female sex, old age,
low education level, and poor economic status are more likely to have insufficient medication literacy. Medical staff
should pay attention to patients with the above characteristics.

There was a significant positive correlation between medication literacy and medication adherence among patients
with type 2 diabetes. Higher medication literacy was associated with better medication adherence. Medication literacy
was also positively correlated with medication adherence among patients with hypertension.'* In addition, self-efficacy
was found to be one of the influencing factors of medication adherence. Previous studies similarly showed a significant

> and health literacy moderated the relationship between

positive relationship between self-efficacy and adherence,”
illness perception and adherence among patients with type 2 diabetes.*> Thus, participants with higher self-efficacy are
more likely to adhere to their antihyperglycemic drugs. A possible reason for this is that patients with higher self-efficacy
have more confidence in their medication adherence.

Self-efficacy plays a partial mediating role in the relationship between medication literacy and medication adherence.
Medication literacy, as a comprehensive reflection of patients’ medication ability, may affect patients’ medication
behavior in many aspects such as knowledge, attitude, skills and behavior. This study also confirmed that medication
literacy is one of the predictors of medication adherence among patients with type 2 diabetes. Among patients with
hypertension, medication literacy and annual income explain 15.8% of the variance in medication adherence.'® In
addition, the self-efficacy of hypertension patients plays a partial mediating role in the relationship between medication
literacy and medication adherence, and the mediating effect accounts for 28.7%.* This study found that the mediating
effect of self-efficacy in medication literacy and medication adherence of patients with type 2 diabetes accounted for
36.7%. In addition, a study found that self-efficacy plays a partial mediating role between health literacy and diabetes
medication adherence.”® A study demonstrated that self-efficacy also plays a partial mediating role between health beliefs
and HbAlc levels among elderly patients with type 2 diabetes.*” Self-efficacy plays a key mediating role in the process
of medication literacy affecting medication adherence. A possible explanation is that participants with poor medication
literacy feel less confident in medication adherence and are more likely to show low self-efficacy. Thus, participants with
poor medication literacy may develop self-doubt with low self-efficacy and a sense of powerlessness about adherence to
their medication. Therefore, self-efficacy is an important mediator of medication adherence among patients with type 2
diabetes and its role should be harnessed to improve medication adherence among these patients worldwide.
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Information, motivation, and behavioral skills in the IMB model are important factors to promote behavior change.
Information is a prerequisite for behavior change and implementation, motivation is the patient’s attitude toward health
behavior based on his or her own perceptions, behavioral skills are objective skills that the patient has mastered to
effectively implement behavior change in this area, and all three components contribute to behavior change when
adequately present.*® In this study, medication literacy affected medication adherence both directly and indirectly through
the mediating role of self-efficacy. This result confirms that the IMB theory can be used to explain the pathway of
medication literacy on medication adherence among patients with type 2 diabetes, and the IMB model has been proven to
predict medication adherence behavior among patients with type 2 diabetes.*” One study assessed barriers to medication
adherence among patients with type 2 diabetes based on the IMB model,”® and other studies have been conducted on
telephone counseling interventions based on the IMB model that significantly improved self-efficacy and self-
management among patients with type 2 diabetes.’’ Therefore, it is reasonable for the IMB model to be used to explain
medication adherence among patients with type 2 diabetes, and the results of this study provide a research breakthrough
for improving medication adherence among these patients.

Self-efficacy can be used to mediate medication literacy and medication adherence among patients with type 2 diabetes.
A randomized controlled trial demonstrated that education based on health literacy constructs significantly improved self-
efficacy among people with type 2 diabetes.’> Another randomized controlled trial showed that an intervention based on the
health action process approach significantly improved medication adherence among patients with type 2 diabetes by
improving self-efficacy.> Therefore, improving medication literacy while increasing self-efficacy among patients with type
2 diabetes can improve their medication adherence. Previous studies have noted that greater self-efficacy is necessary for
better medication adherence.'® In addition, low self-efficacy can increase the risk of hospitalization.>* Improving self-efficacy
among patients with type 2 diabetes has a positive direct impact on both self-care and quality of life.>® Therefore, measures to
improve self-efficacy among patients with type 2 diabetes should be adopted. Previous studies demonstrated that peer support
and mobile apps for diabetes management can help people with type 2 diabetes improve their self-efficacy.”®>” Improved
medication adherence through self-efficacy contributes to greater reductions in Hbalc levels, lower microvascular and/or
macrovascular outcomes, hospitalization rates and lower total healthcare expenditures.®

This study has some limitations. First, self-report instruments were used to measure medication adherence, which
may have led to an overestimation of adherence. Future studies could use objective data as an indicator of medication
adherence. Second, this was a cross-sectional study using a purposive sampling method, which did not allow us to infer
causal relationships among medication literacy, self-efficacy and medication adherence. Finally, this study was conducted
in only one region, which limits the generalizability of the findings. Future multicenter studies are warranted.

Conclusion

Medication adherence is poor among patients with type 2 diabetes, and medication literacy and self-efficacy are factors
influencing medication adherence. Moreover, self-efficacy has a partial mediating effect on the relationship between
medication literacy and medication adherence among patients with type 2 diabetes, accounting for 36.7% of the total
effect. In the process of improving patients’ medication literacy and medication adherence, self-efficacy should also be
improved through effective measures to increase patients’ confidence in adhering to the use of antihyperglycemic drugs.
Therefore, healthcare professionals should begin to improve medication literacy and self-efficacy among patients with
type 2 diabetes as a way to improve medication adherence.
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