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Purpose: Poor antidiabetic medication adherence remains a great barrier to effective diabetes self-management among aging adults.
This study investigates the mediation and moderation effects of self-efficacy on the relationship between medication beliefs and
adherence in elderly patients with type 2 diabetes.

Methods: This cross-sectional study evaluated a sample of 309 hospitalized elderly patients who completed the assessment of
medication beliefs, self-efficacy for medication uses and medication adherence in a tertiary hospital in Shanghai, China.
A bootstrapping sampling method and hierarchical moderator regression analysis were used to verify the hypothesis of mediation
and moderation effects of self-efficacy on the relationship between medication beliefs and adherence.

Results: Self-efficacy for medication use acted as a moderator (B=—0.063, =—2.215, p=0.028) and partial mediator (Cliya; effect=4.5—
16.63, p=0.001; Clpgireci=1.524-5.323, p=0.014; Clgjrec=2.151-11.817, p=0.001) on the relationship between general harm medication
beliefs and medication adherence. Participants with lower general harm medication beliefs may develop higher self-efficacy, which, in
turn, results in a higher level of medication adherence, and higher self-efficacy may attenuate the negative effect of high general harm
medication beliefs on medication adherence.

Conclusion: Self-efficacy for medication use not only mediated the relationship between general harm beliefs about medication and
medication adherence, but moderated it negatively. The findings of this study indicate an opportunity to improve the prognosis of
elderly Chinese patients with type 2 diabetes through improved medication adherence by strengthening factors such as self-efficacy for
appropriate medication use and general harm beliefs about medication.
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Introduction

Effective diabetes self-management (DSM) relies on patients’ essential care abilities, integrating adherence to complicated
pharmacotherapy, skillful integration of a healthy diet, regular exercise, and self-monitoring of blood glucose.! Medication
adherence is a critical factor in DSM that contributes to optimal glycemic control, and poor medication adherence is associated
with increased risks of hospitalization, mortality, and diabetic complications.Z*5 Nevertheless, medication adherence in
patients with diabetes appears to be suboptimal compared with patients with other chronic diseases.®® As such, nonadherence
to antidiabetic regimens remains a great barrier to achieving promising outcomes in patients with diabetes.

Medication self-efficacy, defined as patients’ beliefs in their ability to follow prescribed medication regimens to
achieve improved health outcomes, has been associated with patient-reported medication problems and adherence, and
considered as an essential component of diabetes education programs.”'® Studies indicated that self-efficacy is strongly
correlated with medication adherence and glycemic control.'' > As a social cognitive factor, medication self-efficacy
was proved to mediate but not to moderate the relationship between numeracy, literacy, and diabetes medication

adherence, and is an important mediator in the relationship between socio-demographic characteristics and medication
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adherence.'®!” Self-efficacy is also regarded as a type of perceived behavioral control, which impacts how an individual
performs behaviors based on their perception of the tasks.'®

Patients’ attitude and beliefs are regarded as social cognitive factors that influence their self-care behavior.'” In general,
patients’ beliefs about medication include the general harm belief (which concerns the potential of medication to harm, and
comprises representations of medication as harmful and the belief that people who take medicines should stop their treatment
every now and again) and the general overuse belief (the notion that medicines are overprescribed by doctors, who place too
much trust in them).?® Patients with more general harm and overuse medication beliefs have been proved to be less likely to
adhere to medications.?'** Stronger medication beliefs have been shown to be twice as likely to lead to high adherence
(OR=1.98, p=0.006) and are regarded as a more powerful predictor of reported adherence than clinical and sociodemographic
factors.”>*® However, despite the well-studied relationship between medication beliefs and adherence, little research has
covered the relationship between medication beliefs and self-efficacy, or interrogated the pathway connecting medication
beliefs, self-efficacy, and medication adherence. Testing indirect variable effects (ie, mediation) is important in studies, as
these models provide deep insights into a definitive and plausible causal mechanism for designing effective interventions,?’
while a moderating effect affects the direction and/or strength of the relationship between independent and dependent
variables.®® If medication self-efficacy mediates the relationship between medication beliefs and adherence, then this
relationship should become nonsignificant when self-efficacy is controlled. If medication self-efficacy moderates the relation-
ship between medication beliefs and adherence, then this relationship should be attenuated for patients with a poor level of
medication beliefs and strengthened for patients with a good level of medication beliefs.

Therefore, this study aimed to broaden our understanding of the impact of medication beliefs on medication
adherence by examining the potential mediator and/or moderator effect of medicationself-efficacy. The recognition of
such variables is important for the development of interventions that focus on improving patients’ self-care abilities in
medication management.

Patients and Methods

Participants
This cross-sectional study, using a face-to-face interview, was conducted at a tertiary hospital in Shanghai, China, from July to
December 2020. Participants were patients aged 65 years or older with type 2 diabetes who had been treated with antidiabetic
agents for at least 3 months and were admitted to the internal medical unit, including the endocrinology department,
nephrology department, respiratory department, gastrology department, neurology department, and cardiology department.
Exclusion criteria included the following: patients with type 1 diabetes and other specific types of diabetes, diabetic
ketoacidosis, or diabetic coma, and those who could not communicate by themselves or refused to accept the assessment.
Prior studies suggested that an adequate sample size for psychometric validations is 10 cases per parameter, and
a sample size of 200 is sufficient to perform a path analysis.*'*? Hence, at least 250 patients were recruited for this study
to account for loss of questionnaires or incompletely filled in or invalid questionnaires.

Outcome Measures

Medication Adherence

Medication adherence was evaluated using the Adherence to Refills and Medications Scale (ARMS).*® This study used the
Chinese edition of ARMS, with permission from Sunil Kripalani, the author of the original ARMS. The measurement has
been validated in elderly hospitalized Chinese patients, which indicated that the instrument has good internal consistency
(Cronbach’s 0=0.731-0.89) and high construct validity.>**> The ARMS is a four-point Likert scale with 12 items. It
contains eight items that assess adherence to taking medication correctly and four items that assess adherence to refilling
medications on schedule. The total score on the ARMS ranges from 12 (best) to 48 (worst).

Self-Efficacy for Medication Use

Several measurements are available in clinical practice for evaluating medication self-efficacy, such as the Medication
Understanding and Use Self-Efficacy Scale (MUSE),*® the Self-Efficacy for Appropriate Medication Use Scale
(SEAMS),"® and the Long-Term Medication Behavior Self-Efficacy Scale (LTMBSES).*’ Of these measurements,
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SEAMS was proposed as a tool to evaluate the medication self-efficacy owing to good evidence of its psychometric
properties.*® The scale has been translated and validated in Chinese, Portuguese, and Arabic versions.***' The Chinese
version of SEAMS has been proved to have good internal consistency (Cronbach’s 0=0.768—0.915) and validity in
evaluating medication self-efficacy in elderly hospitalized patients.**>’

This study used the Chinese version of SEAMS, with the permission of the scale’s originator, Jessica Risser. The
measurement is a three-point Likert scale of 13 items, which evaluate the two dimensions of medication self-efficacy:
self-efficacy for taking medications under difficult circumstances and self-efficacy for continuing to take medications
when circumstances surrounding medication-taking are uncertain.*® Patients are asked to indicate their level of con-
fidence with respect to taking medications correctly, and total scores range from 13 to 39, with higher scores indicating

greater self-efficacy for appropriate medication use.

Patients’ Beliefs About Medicines

The Beliefs about Medication Questionnaire (BMQ) is the most commonly used measurement for evaluating medication
beliefs, owing to its sound psychometric properties.”’** This study adopted the Chinese edition of the Beliefs about
Medicines Questionnaire — General (BMQ-G8) as a tool to assess patients’ beliefs on general medications.?® This
validated Chinese edition of the BMQ-GS8 was obtained from the originator of the scale, Professor Robert Horne. The
BMQ-GS8 has eight items on two subscales, namely General Overuse and General Harm, measured on a five-point Likert
scale, with strongly disagree to strongly agree as the response to each scale item. Higher scores on each subscale
represent stronger beliefs about the relevant beliefs about the medicine.

Data Collection

Scale scores and sociodemographic information, including age, gender, education level, health insurance, and the
monthly household income, were collected by two qualified clinical pharmacists. All participants were approached and
investigated within 24 hours after their admission to the hospital. Questionnaires were issued to the participants by
investigators and completed by the participants themselves. One clinical pharmacist distributed the questionnaire, in the
order of BMQ-GS8, SEAMS, and ARMS, and the other checked the completion of the questionnaire and collected all
three questionnaires on the spot. Participants were asked to answer the scales according to their actual medication habits
before admission. Assistance was given if participants had difficulties understanding the scale items or giving item
answers by themselves.

Ethics Approval and Consent to Participate

This study was conducted in accordance with the Declaration of Helsinki. Ethics approval was obtained from the ethics
committees of Huadong Hospital affiliated with Fudan University, China (2018k148). All of the participants gave their
written informed consent before taking part in the study. All methods were performed in accordance with the relevant
guidelines and regulations.

Statistical Methods

All statistical analyses were performed using AMOS 21.0 and SPSS Statistics 23.0, with an a priori level of 0.05 for
statistical significance. Numerical variables are presented as the mean + standard deviation, and categorical variables are
presented as proportions.

Although the most widely used method for testing hypotheses about intervening variable effects is the causal steps
approach by Baron and Kenny, MacKinnon and co-workers indicated that the approach is regarded as being among the
lowest in power.****** The Sobel test may be a new analytical approach to inference about intervening variable effects,
but it has a major flaw in that it requires the assumption that the sampling distribution of the indirect effect is normal.*>*®
Bootstrapping is more powerful than the Sobel test and the causal steps approach to testing intervening variable effects.”
Therefore, bootstrapping for testing the hypothesis about the mediating role of self-efficacy for medication use, and
a 95% percentile-based bootstrap confidence interval based on 2000 bootstrap samples, were adopted in this data
analysis, as suggested by Hayes.*” The conceptual framework used in this study was adapted from the framework by
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Bailey et al, which demonstrates the possible relationship among medication beliefs, self-efficacy for medication use, and
medication adherence.'’

The moderator effect of self-efficacy was tested using hierarchical moderator regression analysis. To reduce the
potential effects of multicollinearity, all variables were standardized. The technique of least squares was used, with the
main effects in step 1 (general harm beliefs, general overuse beliefs, self-efficacy for medication use) and the interaction
and moderators in step 2.

Results

Demographic Characteristics

The study inclusion criteria were met by 309 patients, and all of these patients completed the survey (Table 1). The
majority of participants were male (145/309, 46.9%), with a mean age of 73.8446.93 years. Over half (55.3%, 171/309)
of the participants had completed senior high school education or above. The mean time since diabetes was diagnosed
was 13.09+£9.31 years. On average, the participants took 2.03+0.88 antidiabetic medications, with a mean HbA . level of
8.09+1.69%. Almost two-thirds of the participants only took oral diabetes medicines (59.9%, 185/309) and 27.8% of the
participants (86/309) took both insulin and oral diabetes medicines.

Descriptive Statistics and Correlations Among Variables in the Study

Based on the ARMS, 79.6% (246/309) of the participants reported adequate medication adherence. On average,
participants had good self-reported medication adherence (mean=14.68; SD=3.09). Participants also reported moderate
self-reported medication general overuse beliefs (mean=2.39; SD=0.54) and general harm beliefs (mean=2.69; SD=0.45),
but inadequate self-efficacy for appropriate medication use (192/309, 62.1%). Patients who possessed higher medication
self-efficacy had better medication adherence, and lower general medication overuse beliefs and harm beliefs. The
participants with higher general medication overuse beliefs and harm beliefs showed lower medication self-efficacy and
medication adherence (Table 2).

Test of the Mediation Effect of Medication Self-Efficacy on the Relationship Between

General Overuse/General Harm and Medication Adherence

The total effect of general harm beliefs on medication adherence is significant, in that the effect is not zero with 95%
confidence (CI=4.5-16.63, p=0.001), while the general overuse beliefs is not significant (CI=—1.786-1.763, p=0.935)
(Table 3). The indirect and direct effects of general harm beliefs on medication adherence through self-efficacy for
medication use are also significant (Cliygirect=1.524-5.323, p=0.014; Clyjrec=2.151-11.817, p=0.001), while the general

Table | Participants’ Characteristics (n=309)

Variables N (%) MeanzSD
Age (years) 73.84+6.93
Gender

Female 145 (46.9%)

Male 164 (53.1%)
Education

Less than senior high school 138 (44.7%)

Senior high school or above 171 (55.3%)
Time since diabetes diagnosed (years) 13.0949.31
Number of antidiabetic medications before admission 2.03+0.88
Antidiabetic regimen before admission

Oral antidiabetic medicines only 185 (59.9%)

Insulin + oral antidiabetic medicines 86 (27.8%)

Insulin only 38 (12.3%)
HbA, 8.09+1.69%
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Table 2 Descriptive Statistics and Correlations Among Variables in the Study
Variables I. ARMS 2. General Overuse Beliefs 3. General Harm Beliefs 4. SEAMS
1. 1.000 0.223%* 0.292%* —0.71 I’#*
2. 1.000 0.189%* —0.160%*
3. 1.000 —0.245%*
4. 1.000
Mean 14.683 2.385 2.691 35.333
SD 3.090 0.540 0.453 4.733
Possible range 1248 1-5 1-5 13-39
Observed range 12-35 1.33-4 1.40-4.60 13-39
Note: **Correlation is significant at the 0.01 level (two-tailed).
Abbreviations: ARMS, Adherence to Refills and Medications Scale; SEAMS, Self-Efficacy for Appropriate Medication Use Scale; SD, standard
deviation.
Table 3 Mediation Effect of Self-Efficacy on the Relationship Between Medication Adherence and Beliefs
Variance Unstandardized Estimate Standard Error 95% ClI p-Value
Lower bound Upper bound
Total effect Overuse-ARMS 0.005 1.302 —1.786 1.763 0.935
Harm-ARMS 8413 4.305 4.5 16.63 0.001
Indirect Overuse-ARMS 0.011 0.569 -0.834 0.846 0919
Harm-ARMS 3.164 1.710 1.524 5323 0.014
Direct Overuse-ARMS —0.006 1.172 -1.33 1.423 0.977
Harm-ARMS 5.249 4.368 2.151 11.817 0.001

Note: 95% Cl : 95% percentile-based bootstrap confidence interval.

overuse belief is not (Cljpgirecc=0.834-0.846, p=0.919; Clgjec=—1.330-1.423, p=0.977). Because both direct and indirect
effects of general harm beliefs on medication adherence through self-efficacy for medication use are significant, the self-
efficacy for medication use plays a partial mediator role in this relationship. But the mediating role is not presented in the
relationship between general overuse beliefs and medication adherence. Figure 1 shows the mediation model of self-efficacy
for medication use on the relationship between medication beliefs and adherence. As a result, the fit indices indicated that the
mediating model fit the data well (y*/df=1.788, goodness of fit index [GFI]=0.965, comparative fit index [CFI]=0.946,
standardized root mean square residual [SRMR]=0.050, and root mean square error of approximation [RMSEA] =0.0517).*
Patients having high general harm beliefs may directly lead to less medication adherence; meanwhile, this can also result in

poorer self-efficacy for medication use, which has a negative impact on medication adherence.

HARM

SELF-EFFICACY

ADHERENCE

OVERUSE

Figure 1 Conceptual path diagram of mediation model of self-efficacy for medication use on the relationship between medication beliefs and adherence. Bootstrapping for
testing the hypothesis about the mediating role of self-efficacy for medication use, and a 95% percentile-based bootstrap confidence interval based on 2000 bootstrap
samples, were adopted in the data analysis.
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Table 4 Results of Hierarchical Moderation Regression Analyses

Model Unstandardized Coefficients | Standardized Coefficients | t Sig.
B Std Error Beta

| (Constant) 1.285E-15 0.037 0.000 | 10.000
General Overuse 0.100 0.037 0.100 2.659 0.008
General Harm 0.179 0.039 0.179 4.609 0.000
Self-efficacy —0.672 0.038 —0.672 | —17.468 0.000

2 (Constant) —-0.039 0.037 —10.062 0.289
General Overuse 0.087 0.037 0.087 2.337 0.020
General Harm 0.169 0.038 0.169 4.400 0.000
Self-efficacy —0.639 0.040 —0.639 | —15.841 0.000
Inter HNO 0.129 0.037 0.136 3.460 0.001
Mol —0.063 0.028 —0.089 -2.215 0.028
Mo2 0.028 0.038 0.028 0.728 0.467

Notes: Dependent variable: medication adherence; Inter HnO: interaction between general harm and overuse beliefs; Mol: moderation effect
of self-efficacy on the relationship between general harm beliefs and medication adherence; Mo2: moderation effect of self-efficacy on the
relationship between general overuse beliefs and medication adherence.

Test of the Moderation Effect of Self-Efficacy on the Relationship Between General

Overuse/General Harm and Medication Adherence

In the hierarchical moderator analysis, general harm beliefs (HB) (p=0.000), overuse beliefs (OU) (p=0.008), and self-
efficacy for medication use (SE) (p=0.000) are significantly associated with medication adherence (MA). The associa-
tions are shown to be robust when the full model is specified in step 2 to assess the moderation hypothesis. Specifically,
the main effects of HB and OU, as well as the hypothesized interaction term of HBXxOU and the moderators of HBXSE,
had significant associations with MA, while the moderators of OUXSE had no association with MA (Table 4).

The results indicate that SE serves as a (negative) moderator of the HB—MA relationship. The inclusion of the
moderator and interaction terms (HBxSE, OUxSE, and HBxOU) in step 2 explained significant variance beyond step 1
(AR*=0.025, p<0.01). The fully specified model (ie, including steps 1 and 2) results in R*=0.785 (p<0.01). Overall, the
moderation hypothesis was partially supported in the hierarchical regression analysis. Figure 2 shows the moderation
model of self-efficacy for medication use on the relationship between medication adherence and beliefs.

HARMO1 SELF-EFFICACY

HARMO02

'] HARMO3 @
1

HARMO4 1
HARMO5

@OO®O

\ |
INTERACTION —| ADHERENCE

(>
1
€9 OVERUSEO1
3
€)—®{0VERUSE02|t— @

1
€9 OVERUSE03

Figure 2 A conceptual model of general harm beliefs, general overuse beliefs, and medication adherence in patients’ medication self-management behavior. The moderation
effect of patients’ self-efficacy for appropriate medication use was tested using hierarchical moderator regression analysis. SELF- EFFICACY stands for patients’ self-efficacy
for appropriate medication use; HARM stands for general harm beliefs; OVERUSE stands for general overuse beliefs.
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Discussion

To our knowledge, this is the first study to illustrate the mediation and moderation effect of self-efficacy for medication use
on the relationship between medication beliefs and adherence in elderly patients with type 2 diabetes. This study showed
that a patient’s self-efficacy for medication use not only mediates the relationship of general harm beliefs with medication
adherence, but moderates them negatively. As previous studies focused on the relationship between specific medication
beliefs and medication adherence in China,** the current study demonstrates that the general harm beliefs of medication are
related to the self-efficacy for medication use, which, in turn, affects medication adherence. Moreover, self-efficacy for
medication use can negatively moderate the negative impact of general harm beliefs on medication adherence.

As reported in other literature, this study also indicated that general harm beliefs and overuse beliefs about medicines are
associated negatively with medication adherence.*” >' A number of studies have shown that medication adherence is
negatively associated with general harm beliefs, while a few studies identified the negative association with general overuse
beliefs.”*>* Horne et al and Armstrong and Swartzman indicated that cultural background influenced students’ views about the
intrinsic nature of allopathic medicines.’*> Students who identified themselves as Asian in origin were more likely than
students with a European origin to perceive medicines as intrinsically harmful, but not so regarding their views about whether
medicines are overused by doctors.>* Our study underpinned the hypothesis that the interaction between general harm beliefs
and overuse beliefs is negatively associated with medication adherence. Considering that general overuse beliefs are not
reported consistently significant with medication adherence, this may indicate that the direct effect of general overuse beliefs
on medication adherence may not be predominant in elderly patients. Nevertheless, the establishment of communication and
trust should also be an important consideration in healthcare interventions to enhance patients’ general overuse beliefs.

In addition to the relationship between general beliefs about medicines and medication adherence reported in recent studies,
the present study reveals the important role of self-efficacy for medication use in the process of diabetes self-management in
elderly patients. Self-efficacy refers to the belief or confidence in one’s capability to perform specific behaviors.'* As self-efficacy
beliefs operate together with goals, outcome expectations, perceived environmental impediments, and facilitators in the regulation
of human motivation, behavior, and well-being, the concept of self-efficacy has been widely used in medication practice and is
regarded as a critical component of diabetes care.'*'>>" This study indicated that in addition to the mediation effect of general
harm beliefs on medication adherence through self-efficacy for medication use, a moderation effect of self-efficacy for medication
use on the relationship between general harm beliefs and medication adherence can also be found. This result highlights the need
to identify a patient’s level of self-efficacy for medication use when pharmaceutical care is provided to elderly patients, and
a tailored intervention should be developed and performed accordingly to maximize the effect on medication adherence. On the
one hand, self-efficacy negatively moderates the relationship between general harm beliefs and medication adherence, and the
effect of self-efficacy on medication adherence depends on the level of medication beliefs. As the literature reported that patients
from Asian cultural backgrounds were significantly more likely to perceive medicines as being intrinsically harmful, it is
important that improving self-efficacy for medication use can attenuate the negative effect of general harm beliefs on medication
adherence, to a certain extent. On the other hand, self-efficacy for medication use partially mediates the relationship between
general harm beliefs and medication adherence. The improvement of self-efficacy for medication use can result in better
medication adherence, together with medication education targeting the medication beliefs of elderly patients. As
a consequence, self-efficacy for medication use should be regarded as an essential part of any intervention in elderly patients
with diabetes.

Limitations

This was a cross-sectional study measuring all variables from a single study visit, and several limitations should be noted in the
study. First, we conducted this study from a single tertiary hospital in Shanghai, China. The study findings could have been
more generalizable if we had adopted a varied population of diabetes patients and launched the study in more hospitals in
China. Future research should involve a more diverse patient population (eg, patients from minority democratic autonomous
regions in China and other ethnic populations) to determine whether our findings are applicable. Second, the participants
recruited in this study were from the inpatient department; future research should also be implemented among the community
residents, who are the basic core of society needing pharmaceutical care. Third, according to the methodological method used
in our study, the outcome here may be confined to the population of our research.
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Implications for Clinical Practice

The results from this study give a deep insight into the relationship among self-efficacy, medication adherence, and
beliefs in elderly patients with type 2 diabetes. Tests on the mediating effect showed that self-efficacy can partially
mediate the relationship between general harm beliefs and medication adherence, but the mediation effect is not shown
between general overuse beliefs and medication adherence. Similarly, the results of hierarchical moderation regression
also indicated that self-efficacy can only moderate the relationship between general harm beliefs and medication
adherence negatively. This demonstrates the value of self-efficacy for medication use in improving medication adherence
in elderly patients with poor medication beliefs, and the feasibility of implementing educational interventions on self-
efficacy, tailored to the needs of these elderly patients.

Conclusion

The current study demonstrated that the general harm beliefs about medication are related to self-efficacy for appropriate
medication use, which, in turn, affects medication adherence (mediation effect). Better self-efficacy for appropriate
medication use can also strengthen the medication adherence by attenuating the effects of higher general harm beliefs
about medication (moderation effect). The findings of this study indicate an opportunity to improve the prognosis of elderly
Chinese patients with type 2 diabetes (ie, HbA . or diabetic complications, etc) through improved medication adherence by
strengthening factors such as self-efficacy for appropriate medication use and general harm beliefs about medication.
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