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Background: Studies have reported that medication literacy had a positive effect on medication adherence in patients with hypertension. However, little is known about the mechanism underlying this relationship in patients with hypertension.
Objective: The purpose of this study was to investigate the mediating effect of self-efficacy between medication literacy and medication adherence.
Methods: A total of 790 patients with hypertension were investigated using the Chinese Medication Literacy Scale for Hypertensive Patients (C-MLSHP), the Morisky Medication Adherence Scale-8 (MMAS-8) and the Medication Adherence Self-efficacy Scale-Revision (MASES-R). Hierarchical regression and the bootstrap approach were used to analyze the mediating effect of self-efficacy on the relationship between medication literacy and medication adherence.
Results: A total of 60.9% of hypertensive patients were low adherent to their antihypertensive drug regimens. Self‐efficacy had a significant positive correlation with medication literacy (r= 0.408, p < 0.001) and medication adherence (r = 0.591, p < 0.001). Self-efficacy accounts for 28.7% of the total mediating effect on the relationship between medication literacy and adherence to antihypertensive regimens for hypertensive patients.
Conclusion: More than half of the hypertensive patients in the study were low adherent to antihypertensive regimens. Self-efficacy had a partial significant mediating effect on the relationship between medication literacy and medication adherence. Therefore, it was suggested that hypertensive patients’ medication adherence might be improved and driven by increasing self-efficacy. Targeted interventions to improve patients’ self-efficacy should be developed and implemented. In addition, health care providers should also be aware of the importance of medication literacy assessment and promotion in patients with hypertension.
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INTRODUCTION
Hypertension has caused great damage to human health and consumed a large amount of medical resources worldwide, it is a leading problem in global public health management and promotion (Irazola et al., 2016). Poor blood pressure control can eventually lead to various complications and comorbidities, such as heart diseases, stroke and kidney failure, as well as increasing premature mortality and disability, which has contributed to high costs in dealing with these medical outcomes (World Health Organization, 2013). Strict early control of blood pressure has been shown to be beneficial in extending life expectancy in hypertensive patients (Vaduganathan et al., 2020). According to the latest data released by the “Report on Disease of Cardiovascular in China 2019”, 330 million people in China have been suffering from cardiovascular diseases, among which 245 million patients have been diagnosed with hypertension (Hu et al., 2020).
Lifestyle change and antihypertensive medication are considered the most prevalent and agreed-upon guidelines for the effective management of hypertension (Weber et al., 2014). Adherence is recognized as a key factor in the effectiveness of antihypertensive medication treatment. However, patients’ poor adherence to antihypertensive regimens is a prevalent problem that has limited the efficacy of antihypertensive drugs and leads to suboptimal blood pressure control (Abegaz et al., 2017; Hamdidouche et al., 2017). A review analyzed 24 studies and found that approximately 31% of cases of resistant hypertension may be attributed to poor adherence to the medication regimens (Hamdidouche et al., 2017). Another meta-analysis of 28 studies showed that among 12,603 hypertensive patients, 45.2% were nonadherent to antihypertensive medication, and 83.7% of patients with nonadherence were found to have uncontrolled blood pressure (Abegaz et al., 2017). In addition, nonadherence to antihypertensive drugs in patients with hypertension was significantly associated with a higher risk of stroke, coronary heart disease, and chronic heart failure (Shin et al., 2013; Lee et al., 2017; Jinkwon et al., 2018). Therefore, nonadherence to medication regimens continues to be a prevalent barrier to achieving optimal blood pressure and health outcomes in patients with hypertension.
For hypertensive patients in low- and middle- income countries, the rates of non-adherence to hypertensives regimen were up to from 45.2 to 66.7% (Abegaz et al., 2017; Nielsen et al., 2017; Rampamba et al., 2018). Only 6.2% of hypertensive patients had high adherence to their medication regimens in Saudi Arabia (Fatani et al., 2019). High rates of poor adherence to medication regimens for Chinese hypertensive patients were also found in several studies (63.6–78.7%) (Hou et al., 2016; Pan et al., 2017; Shi et al., 2019). In addition, different kinds of associated factors of poor or non-adherence have also been confirmed in lots of recent studies. For example, socio-demographic factors including gender, age, education level, occupational status, or even race; (Abegaz et al., 2017; Lee et al., 2017; Fatani et al., 2019) socio-economic status including annual income and medical insurance; (Boima et al., 2015; Nielsen et al., 2017) clinical characteristics for patients including family disease history, number of prescribed drugs, comorbidity, and duration of hypertension (Choi et al., 2018; Uchmanowicz et al., 2019). Most importantly, psychosocial factors also exert significant influence on medication adherence, including depressed emotion, perceived severity of disease, self-rated health, perceived symptoms, and self-efficacy (Al-Noumani et al., 2018; Asgari et al., 2019).
Previous studies have shown that hypertension patients with higher health literacy also have higher adherence to medication(Mcnaughton et al., 2014; Lor et al., 2019) People with low levels of health literacy were more likely to misinterpret information on drug labels and less likely to participate in drug decision-making and actively communicate drug information with doctors (Aboumatar et al., 2013; AbuAlreesh and Alburikan, 2019). In addition, medication literacy is health literacy in the context of medication use (Ngoh, 2009; Peiravian et al., 2014). The definition of medication literacy is the degree to which individuals can obtain, comprehend, communicate, calculate, and process patient-specific information about their medication to make informed medication and health decisions in order to safely and effectively use their medications regardless of the mode by which the content is delivered (e.g., written, oral, and visual) (Pouliot et al., 2018). Four core elements of medication literacy include knowledge, attitude, skill and behavior. Each domain is essential and critical for processing medication information and correct medication use (Zheng et al., 2017; Shi et al., 2019) In the process of disease self-management, medication literacy, to a certain extent, determines how well patients can manage their medication regimens correctly and tailor their medication behaviors. Medication literacy can be used as a significant predictor of correct medication use (Zheng et al., 2015). In the study of Shi et al. (Shi et al., 2019) medication literacy was found to be a positive independent predictor of medication adherence for hypertensive patients. However, the specific mechanism mediating the relationship between hypertensive patients’ medication literacy and their adherence to medication regimens remains unclear and needs to be further studied.
Self-efficacy refers to the individual's confidence to make use of his or her own ability to achieve a certain goal, which can determine the individual's choices, persistence and effort toward the task. It also affects the individual's way of thinking and feeling in the process of executing the task (Bandura et al., 1999). Previous studies have shown that self-efficacy was one of the determinants of medication adherence in patients with chronic diseases (Daniali et al., 2017; Huang et al., 2018). Patients with high levels of self-efficacy had greater confidence that they would be willing to take antihypertensive drugs as prescribed on different occasions (Schoenthaler et al., 2016; Yang et al., 2016). In other words, individuals with higher self-efficacy level have significantly increased chances of adhering to medication regimens (Elder et al., 2012; Warren-Findlow et al., 2012; Alhalaiqa et al., 2013). Moreover, self-efficacy can not only directly affect patients’ adherence to medication but also mediates the relationship between medication adherence and a variety of psychosocial factors, such as health literacy, depression, and weight discrimination (Richardson et al., 2014; Son and Won, 2017; Huang et al., 2018; Huang et al., 2018). Considering that medication literacy is health literacy in the context of medication use, we can reasonably assume that self-efficacy may be an important mediating factor between medication literacy and medication adherence.
To our knowledge, there have been few studies exploring the role of self-efficacy in mediating medication literacy and medication adherence in patients with hypertension. Knowledge about the specific role of self-efficacy in the relationship between medication literacy and medication adherence may help to develop effective interventions to promote hypertensive patients’ adherence to their medication regimens and improve health outcomes. Thus, the purpose of this study was to investigate the mediating effect of self-efficacy on the relationship between medication literacy and medication adherence.
METHODS
Study Design
This was a cross-sectional study and was conducted at five general hospitals and three community healthcare services in a southern province of China from March 2018 to August 2018. Purposive sampling method was used in this study. One questionnaire with three scales were administered to hypertensive patients in the outpatient department face to face. For completing three different evaluating scales along with the characteristic information questionnaires, it took about 20 min for each patient. All the patients who participated in the study signed the informed consent in person.
Participants and Procedures
Patients were included if they 1) were aged 18 years or older; 2) had been diagnosed with hypertension by a cardiologist; 3) had been on antihypertensive treatment for at least 2 weeks; 4) speak Chinese and communicated well with others; and 5) understood the purpose and process of the study and agreed to participate. Patients were excluded if they 1) had other serious diseases, such as cancer, acute myocardial infarction, cerebral hemorrhage or chronic renal failure; 2) had secondary hypertension, such as elevated blood pressure caused by chronic renal dysfunction diseases; or 3) were diagnosed as psychological or mental impairment according to International Classification of Diseases (ICD) guideline, or were on the psychotherapy treatment. Eligible hypertensive patients were invited to participate in the study. They were provided with information on the purpose and content of the study, the investigation procedures, and the principle of anonymity of this study. The questionnaires were completed after the patient signed the informed consent form. For illiterate patients, we communicated with both them and their family members, if they agree to participate in the study, then they were instructed by one of their family members to sign the informed consent forms. In the present study, 5 master’s degree students were trained to distribute and collect the questionnaires. For the illiterate participants, the researchers read the questions verbatim and recorded their answers. All questionnaires were immediately collected onsite upon completion, and collected questionnaires were checked for any missing information to ensure data integrity.
Data Collection Tools
Sociodemographic and Clinical Characteristics
The following information about patients’ sociodemographic and clinical characteristics was collected using a self‐made questionnaire: age, gender, education level, annual income, duration of hypertension, number of antihypertensive drugs prescribed, and number of times antihypertensive drugs taken daily.
Chinese Medication Literacy Scale for Hypertensive Patients
C-MLSHP is a self-administered medication literacy measure for hypertensive patients, and it was developed by our research team (Zhong et al., 2020). This scale included 37 items on four domains of knowledge, attitude, skill, and behavior. The knowledge domain has 9 items, the attitude domain includes 8 items, the skill domain has 7 items, and the behavior domain involves 13 items. The total score for this scale ranges from 0 to 37, and higher scores indicate higher medication literacy levels. Specifically, in the knowledge and skill domains, answering right for each item scores 1, and a wrong answer for each item scores 0. Each item in the attitude and behavior domains has a 5-point Likert response, and scores of 1.0, 0.75, 0.5, 0.25, and 0 are assigned to the respective answers. In addition, 5 items in the attitude domain and 1 item in the behavior domain are scored in a reverse way.
For the C-MLSHP, 637 Chinese hypertensive patients were included for reliability and validity test. The calculated Cronbach’s α coefficient for the overall scale was 0.849, and for each domain, the Cronbach’s α coefficients ranged from 0.744 to 0.783. For the whole scale, the calculated split-half reliability was 0.893, and for each domain, it ranged from 0.793 to 0.872. The calculated test-retest reliability of the whole scale was 0.968. For each domain, the test-retest reliability coefficients ranged from 0.880 to 0.959. Therefore, good reliability of C-MLSHP was confirmed. Good content validity and acceptable construct validity of the whole scale was also confirmed. It showed a good content validity index above 0.8 for each item of this scale and for the overall scale (0.968).
Morisky Medication Adherence Scale-8
The MMAS-8 was originally developed by Morisky and his research team (Morisky et al., 2008). It is a concise, pragmatic and cost-effective self-administered measure, mainly used to evaluate medication adherence level. The scale includes 8 items and is confirmed to have good reliability and validity in patients with hypertension. The Cronbach’s alpha coefficient of this scale was 0.83. In this scale, yes and no are the answer options for seven items, and the last question is answered on a 5-point Likert scale. The total score on this scale ranges from 0∼8. Higher scores represent better adherence to hypertensive drugs. Morisky’s suggested cut-off point of 6 was applied: MMAS score <6 (low adherence), score =8 (high adherence), and score ≥ 6 and <8 (medium adherence). The Chinese version of the MMAS-8 (C-MMAS-8) was translated by Yan, and it was first applied in Chinese myocardial infarction patients (Yan et al., 2014). Good reliability and validity (Cronbach’s α = 0.77, pretest–posttest correlation coefficient 0.88) were identified in Chinese myocardial infarction patients (Yan et al., 2014). Every item of the Chinese version of MMAS-8 that was used in the present study has nothing different from the original English version except from the language difference.
Medication Adherence Self-Efficacy Scale-Revision
MASES-R is a self-administered scale with a single domain including 13 items. It was originally adapted for hypertensive African Americans by Professor Ogedegbe and his group at New York University School of Medicine (Fernandez et al., 2008). It aims to measure medication adherence self-efficacy for hypertensive patients. All the items in this scale cover a variety of circumstances hypertensive patients may encounter during the process of their everyday medication administration. Each item has a 4-point Likert response scale (0 = not sure at all, 1 = a little sure, 3 = pretty sure, 4 = fully sure). The total score for this scale is calculated as the average score of all the items, ranging from 1 to 4. A higher score indicates higher medication adherence self-efficacy. We were authorized by Professor Ogedegbe to translate the MASES-R into Chinese version and test its reliability and validity in 445 Chinese hypertensive patients. Acceptable reliability and validity were identified. Specifically, the correlation coefficients between each item and the total scale ranged from 0.660 to 0.919, and the correlations for each item ranged from 0.514–0.872. As for the validity of this scale, the I-CVI for each item was 0.83–1.00, and the S-CVI for the whole scale was 0.961. For exploratory factor analysis, the KMO value was 0.920, and Bartlett's spherical test chi-square value was 6405.74 (p < 0.001). The factor loading coefficient ranged from 0.640 to 0.916, and the cumulative variance contribution rate of the overall scale was 68.72%. The Cronbach's α coefficient of the scale was 0.960, and the Spearman-Brown split-half reliability was 0.927.
Data Analysis
All data were analyzed using SPSS 24.0 (IBM Corp., Armonk, NY, USA). All continuous variables with normal distribution were described in means and standard deviation (mean ± SD), and the categorical variables were summarized by numbers or percentages. The scores of medication literacy, self-efficacy, and medication adherence among hypertensive patients with different sociodemographic and clinical characteristics were compared using the independent-sample t test or analysis of variance. Pearson correlation analysis was used to determine the correlation among medication literacy, self-efficacy, and medication adherence. The mediating analytic framework described by Baron and Kenny (Baron and Kenny, 1986) guided the analysis plan. The capital letters X, M, and Y were used to represent medication literacy, self-efficacy, and medication adherence, respectively. Variable M was considered a mediator if 1) X significantly predicted Y directly (Path c in Figures 1, 2) X significantly predicted M (Path a in Figure 1), or 3) M significantly predicted Y after controlling for X (Path b Figure 1) (Huang et al., 2018). Path c' meant the direct effect of X on Y after controlling for M (Path c' in Figure 1). If the regression correlation coefficient of path c' was not significant, then this mediating effect of M was complete mediation. If the regression correlation coefficient of path c' was significant, then this mediating effect of M was partial mediation. The mediation effect value was calculated as a*b, and the ratio of the mediating effect with the total effect was a*b/c. The mediation effect value was tested by a bootstrap approach to verify the existence of a mediation effect (a is the regression correlation coefficient of path a; b is the regression correlation coefficient of path b; c or c' is the regression correlation coefficient of path c or path c') (Preacher and Hayes, 2004). A two-sided test was performed at a 0.05 significance level.
[image: Figure 1]FIGURE 1 | Theoretical framework of this study.
[image: Figure 2]FIGURE 2 | Mediating role of self‐efficacy on the relationships between. medication literacy and medication adherence.
RESULTS
Scores of Medication Literacy, Self‐Efficacy, and Medication Adherence in Hypertensive Patients
In total, 850 hypertensive patients were surveyed in this study, and 790 surveys were completed, yielding a response rate of 92.94%. Demographic and clinical characteristics, medication literacy, self‐efficacy, and medication adherence scores of the studied participants are presented in Table 1. Participants with different education levels, annual income and different number of antihypertensive drugs prescribed had significantly different scores of medication literacy, adherence to medication and self-efficacy. Age difference in patients could lead to varying medication adherence level in a significant level. Different duration of hypertension for participants had significantly different medication literacy level. In addition, seventy-two (9.1%) of the hypertensive patients had high medication adherence, 237 (30.0%) had moderate medication adherence, and 481 (60.9%) had low medication adherence. The average scores for medication literacy, self‐efficacy, and medication adherence were 23.83 ± 4.99, 3.04 ± 0.54, and 4.95 ± 2.16, respectively.
TABLE 1 | Scores on medication literacy, self-efficacy and medication adherence of hypertensive patients of different characteristics (N = 790).
[image: Table 1]Correlations Between Medication Literacy, self‐efficacy, and Medication Adherence
The scores for the total medication literacy scale and for each dimension were positively correlated with the score for the self‐efficacy scale at a significant level (r = 0.408, p < 0.001). The scores for the total medication literacy scale and for each dimension were also positively correlated with the score for the scale of medication adherence (r = 0.585, p < 0.001). In addition, the score for the self‐efficacy scale was significantly positively correlated with the score for medication adherence (r = 0.591, p < 0.001) (Table 2).
TABLE 2 | Correlation between hypertensive patients’ medication literacy,self-efficacy and medication adherence.
[image: Table 2]Analysis of the Mediating Role of Self-Efficacy Between Medication Literacy and Medication Adherence
Figure 2 indicates the mediating role of self‐efficacy in the relationship between medication literacy and medication adherence. The results showed that after controlling for sociodemographic and clinical variables, a significant total effect of medication literacy on medication adherence was identified (Path c: c = 0.223, t = 17.396, p < 0.001). In path a, medication literacy had a positive impact on self-efficacy (Path a:a = 0.517, t = 10.753, p < 0.001). In addition, both medication literacy and self-efficacy had a positive impact on medication adherence (Path c': c' = 0.160, t = 13.073, p < 0.001; b = 0.123, t = 14.514, p < 0.001). The mediation effect value was calculated as 0.517*0.123, that is, 0.064, and the ratio of the mediating effect over the total effect was 28.7% (0.064/0.223 = 0.287). A summary of the mediating effects of self-efficacy between medication literacy and medication adherence is shown in Table 3.
TABLE 3 | Summary of the mediating effects of self-efficacy between medication literacy and medication adherence.
[image: Table 3]In addition, the mediating effect test was conducted by the bootstrap method with 1000 samples. The results showed that the 95% confidence interval of the mediating effect value of self-efficacy did not include zero (95% CI: 0.051∼0.079, Z = 8.678, p < 0.001), indicating that self-efficacy had a significant mediating effect on the relationship between medication literacy and medication adherence.
The regression correlation coefficients of Path a, Path b, Path c and Path c' were all significant. Therefore, self-efficacy had a partial mediating effect on the relationship between medication literacy and medication adherence. Medication literacy predicted hypertensive patients’ adherence to medication partially through self-efficacy.
DISCUSSION
In this study, 60.9% of participating hypertensive patients were low adherent to their medication regimens. This result was consistent with findings in other studies worldwide (Warren-Findlow et al., 2012; Son and Won, 2017). Therefore, the majority of hypertensive patients in China and other countries have poor adherence to their medication regimens. That could be a major problem for hypertensive patients to reach an optimal blood pressure control. In addition, nonadherence to antihypertensive drugs could eventually accelerate the development of hypertension-related complications, increasing the hospital readmission rate and increasing the consumption of medical resources (Dragomir et al., 2010). Besides, education level, annual income, number of antihypertensive drugs prescribed and number of times antihypertensive drugs taken daily were identified as influencing factors of medication adherence in this study. Similar influencing factors of medication adherence for hypertensive patients have also been identified in previous studies (Al-Ruthia et al., 2017; Rampamba et al., 2018). The total score for the medication literacy scale was 23.83 ± 4.99 in our study. Several studies have also identified an insufficient medication literacy level using the same research tools as we did (Ma et al., 2019; Shi et al., 2019). Obviously, compared with the full score of 37, the medication literacy level for Chinese hypertensive patients need to be further improved. Inappropriate medication use was identified to be significantly associated with low medication literacy level (Chun-Hsien et al., 2017).
In addition, the results in the present study showed that education level, annual income, duration of hypertension, and number of antihypertensive drugs prescribed for hypertensive patients could also affect their medication literacy level. These findings were consistent with those in prior study (Ma et al., 2019). In previous study, occupational status and the type of medical insurance for hypertensive patients could also affect their medication literacy level (Ma et al., 2019). In the present study, patients with higher education level and annual income tended to have higher medication literacy and medication adherence levels. we speculate that patients with higher education and income might have more access to medication knowledge and have better understanding of antihypertensive drugs, which will be important basic abilities for patients to form positive attitudes and adherent behaviors to taking medication. Therefore, patients who are less educated and earned less should be targeted for medication literacy and medication adherence improvement. We also found that those who had longer duration of hypertension or had a smaller number of antihypertensive drugs prescribed were more likely to have higher medication literacy level. It indicated that health counsellors should focus on hypertensive patients who are with shorter duration since they were diagnosed and those who are prescribed with a more complexed medication regimen.
Furthermore, medication literacy was found to be positively correlated with medication adherence for hypertensive patients in the present study. The results of hierarchical regression analysis also showed that medication literacy was an independent predictor of medication adherence after controlling for sociodemographic and clinical information. This was consistent with the study of Shi et al. (Shi et al., 2019). The reason might be that patients with higher medication literacy are more likely to make medication decisions correctly according to acquired information. In contrast, inadequate medication literacy could result in misunderstanding of medication-related information or negative attitudes to taking antihypertensive drugs, leading to poor adherence to taking antihypertensive drugs.
Self-efficacy was found to be positively correlated with medication adherence for hypertensive patients. In addition, self-efficacy was also confirmed an independent predictor of medication adherence in the present study. This result was consistent with several previous studies (Bane and Mcelnay, 2010; Breaux-Shropshire et al., 2012; Francois, 2015) Individuals with a higher level of self-efficacy are more likely to be adherent to antihypertensive regimens. Possible reason might be that hypertensive patients who have insufficient self-efficacy negatively reckon they have no ability to persistent in lifetime medication taking.
After controlling for patient demographic and clinical characteristics, self-efficacy was found to be a partial mediator on the relationship between medication literacy and medication adherence in the present study. Medication literacy includes knowledge, attitude, behavior and skills to use specific medication for patients (Zhong et al., 2020). In the study of Shi et al. (Shi et al., 2019), knowledge, attitude, behavior and skills as well as the overall score of medication literacy were found to be significantly correlated with medication adherence, though, only attitude and behavior were confirmed as significant predictors of medication adherence. Moreover, identified significant predictors of attitude, behavior and annual income can only explain 15.8% of the variation in patients’ adherence level. However, in the present study, we found that medication literacy had a significant total effect on medication adherence after other variables including demographic and clinical characteristics were controlled. Therefore, medication literacy was verified as an independent predicator for medication adherence in hypertensive patients. Consequently, self-efficacy exerted a significant effect on partially mediating the association between medication literacy and medication adherence, and the mediating effect value was 28.7%. This result was consistent with a previous study, in which the mediating effect of self-efficacy on the association between health literacy and medication adherence among patients with diabetes was tested and confirmed (Huang et al., 2018). Despite optimal medication literacy including knowledge, attitude, behavior and skills in the process of antihypertensives administration was extremely important for patients to have a better adherence in taking antihypertensive drugs, self-efficacy also played a critical mediating role in promoting patients’ medication adherence. Possible explanation for this interaction is that optimal medication literacy could be basic essentials for hypertensive patients to process and administer antihypertensives in a correct and effective way, but higher self-efficacy even convinces themselves to believe that they have abilities to persist in taking antihypertensives in their lifetime. Basic essentials of optimal medication literacy level involve adequate hypertension related knowledge, positive attitudes to hypertension and treatment strategies, skills like numeracy and calculating, and correct behaviors in processing medication (Shi et al., 2019). In previous studies, self-efficacy has also been identified as an important mediating factor on the relationship among weight discrimination and depression with medication adherence (Richardson et al., 2014; Son and Won, 2017). Therefore, self-efficacy is a vital mediating predictor of medication adherence. It is imperative that self-efficacy should be targeted to address the medication adherence gap worldwide.
According to the results of this study, we can put forward some suggestions from two aspects to improve hypertensive patients’ adherence to their medication regimens. First, effective interventions to improve patients' medication literacy should be designed and implemented. In addition, hypertensive patients with suboptimal medication literacy should be tested using evaluation tools in the beginning. Besides, health education materials should be designed as simple and easy to understand as possible. Second, for hypertensive patients with low medication literacy, self-efficacy should also be focused on in order to promote their medication adherence. Some social cognitive and behavioral therapies in psychological treatment can be incorporated to improve self-efficacy for hypertension patients. For example, Sukwatjanee (Arissara, 2014) has effectively improved the perceived self-efficacy level of hypertension patients on a healthy diet by implementing a motivational project including health education, focus group discussion, diet supervision, mailed reminders and telephone consultation. Specifically, the knowledge gained through experience sharing, the understanding and self-confidence enhanced by group discussion, and the social support and authorization obtained by participating in incentive plans all played a significant role in the improvement of patients' self-efficacy.
STUDY LIMITATIONS
There are some limitations to this study. First, self-reported tools were used to measure medication adherence in the present study. Adherence results obtained from objective measures such as automated pill counters or biochemical indicators might be more convincing. Second, although the C-MLSHP and MASES-R are validated and reliable scales to measure medication literacy and self-efficacy, they both lack cut-off points to classify specific levels. Finally, all variables in this cross-sectional study were collected in a questionnaire survey, so we were unable to determine the continuous changes in medication literacy, self-efficacy and medication adherence. Continuous-follow-up investigations should be carried out on patients with hypertension.
CONCLUSION
Our study demonstrates that self-efficacy has a partial significant mediating effect on the relationship between medication literacy and medication adherence. Considering the prevalence of poor adherence to antihypertensive regimens among patients with hypertension, targeted interventions to improve patients’ self-efficacy could increase the confidence of hypertensive patients to adhere to their medication regimens. In addition, health care providers should be aware of the importance of medication literacy assessment and promotion in patients with hypertension.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by the Ethics Committee of the Third Xiangya Hospital of Central South University (No. 2016-S050). The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
ZZ was in charge of this whole project and designed and instructed the research; ZS made contributions to data analysis and drafted the manuscript; SS contributed to collecting data; SD instructed the data collection and data analysis.
FUNDING
The program was supported by the National Natural Science Foundation of China (Project number: 71603290) and the Natural Science Foundation of Hunan Province, China (2018JJ2597).
ACKNOWLEDGMENTS
The authors would like to acknowledge all patients who participated in the study for their support of the study.
REFERENCES
 Abegaz, T., Shehab, A., Gebreyohannes, E., Bhagavathula, A., and Elnour, A. (2017). Nonadherence to antihypertensive drugs a systematic review and meta-analysis. Medicine 96 (4), e5641. doi:10.1097/MD.0000000000005641
 Aboumatar, H. J., Carson, K. A., Beach, M. C., Roter, D. L., and Cooper, L. A. (2013). The impact of health literacy on desire for participation in healthcare, medical visit communication, and patient reported outcomes among patients with hypertension. J. Gen. Intern. Med. 28 (11), 1469–1476. doi:10.1007/s11606-013-2466-5
 AbuAlreesh, A., and Alburikan, K. A. (2019). Health literacy among patients with poor understanding of prescription drug label instructions in Saudi Arabia. Saudi Pharm J 27 (6), 900–905. doi:10.1016/j.jsps.2019.06.003
 Al-Noumani, H., Wu, J. R., Barksdale, D., Knafl, G., AlKhasawneh, E., Sherwood, G., et al. (2018). Health beliefs and medication adherence in omanis with hypertension. J. Cardiovasc. Nurs. 33 (6), 518–526. doi:10.1097/JCN.0000000000000511
 Al-Ruthia, Y. S., Hong, S. H., Graff, C., Kocak, M., Solomon, D., and Nolly, R. (2017). Examining the relationship between antihypertensive medication satisfaction and adherence in older patients. Res. Soc. Adm. Pharm. 13 (3), 602–613. doi:10.1016/j.sapharm.2016.06.013
 Alhalaiqa, F., Deane, K. H., and Gray, R. (2013). Hypertensive patients' experience with adherence therapy for enhancing medication compliance: a qualitative exploration. J. Clin. Nurs. 22 (13–14), 2039–2052. doi:10.1111/j.1365-270210.1111/j.1365-2702.2012.04321.x
 Arissara, S. (2014). Mechanisms of motivational program to increase perceived self-efficacy of healthy eating among Thai elderly with hypertension and hyperlipidemia. J. Behav. Science 9 (2), 45–52. doi:10.14456/ijbs.2014.4
 Asgari, M. R., Bouraghi, H., Mohammadpour, A., Haghighat, M., and Ghadiri, R. (2019). The role of psychosocial determinants in predicting adherence to treatment in patient with hypertension. Interv. Med. Appl. Sci. 11 (1), 8–16. doi:10.1556/1646.10.2018.43
 Bandura, A., Freeman, W. H., and Lightsey, R. (1999). Self-efficacy: the exercise of control. J. Cognit. Psychother. 13 (2), 158–166. doi:10.1046/j.1440-172X.2003.00419.x
 Bane, C., and Mcelnay, J. C. (2010). Determinants of medication adherence in hypertensive patients: an application of self-efficacy and the theory of planned behaviour. Inter. J. Pharm. Practice 14, 197–204. doi:10.1211/ijpp.14.3.0006
 Baron, R. M., and Kenny, D. A. (1986). The moderator-mediator variable distinction in social psychological research: conceptual, strategic, and statistical considerations. J. Pers. Soc. Psychol. 51, 1173–1182. doi:10.1037//0022-3514.51.6.1173
 Boima, V., Ademola, A. D., Odusola, A. O., Agyekum, F., Nwafor, C. E., Cole, H., et al. (2015). Factors associated with medication nonadherence among hypertensives in Ghana and Nigeria. Int. J. Hypertens. 2015, e205716. doi:10.1155/2015/205716
 Breaux-Shropshire, T. L., Brown, K. C., Pryor, E. R., and Maples, E. H. (2012). Prevalence of blood pressure self-monitoring, medication adherence, self-efficacy, stage of change, and blood pressure control among municipal workers with hypertension. Workplace Health Saf. 60 (7), 303–311. doi:10.1177/216507991206000606
 Choi, H. Y., Oh, I. J., Lee, J. A., Lim, J., Kim, Y. S., Jeon, T. H., et al. (2018). Factors affecting adherence to antihypertensive medication. Korean J. Fam. Med. 39 (6), 325–332. doi:10.4082/kjfm.17.0041
 Chun-Hsien, L., Fong-Ching, C., Sheng-Der, H., Hsueh-Yun, C., Li-Jung, H., and Ming-Kung, Y. (2017). Inappropriate self-medication among adolescents and its association with lower medication literacy and substance use. PloS One 12 (12), e0189199. doi:10.1371/journal.pone.0189199
 Daniali, S. S., Darani, F. M., Eslami, A. A., and Mazaheri, M. (2017). Relationship between self-efficacy and physical activity, medication adherence in chronic disease patients. Adv. Biomed. Res. 29 (6), e63. doi:10.4103/2277-917510.4103/2277-9175.190997
 Dragomir, A., Cté, R., Roy, L., Blais, L., Lalondee, L., Bérard, A., Perreault, S., et al. (2010). Impact of adherence to antihypertensive agents on clinical outcomes and hospitalization costs. Med. Care 48 (5), 418–425. doi:10.1097/MLR.0b013e3181d567bd
 Elder, K., Ramamonjiarivelo, Z., Wiltshire, J., Piper, C., Horn, W., Gilbert, K. L., et al. (2012). Trust, medication adherence, and hypertension control in southern african American men. Am. J. Publ. Health 102 (12), 2242–2245. doi:10.2105/AJPH.2012.300777
 Fatani, F. N., Alsobaei, R. M., Alobodi, N. S., Alshehri, Z. H., Alrajih, H. A., Fallatah, A. A., et al. (2019)Poor compliance to anti-hypertensive drugsamong patients in Saudi Arabia. Indo. Am. J. Pharm. Sci. 6 (2), 3752–3758. doi:10.5281/zenodo.2563232
 Fernandez, S., Chaplin, W., Schoenthaler, A. M., and Ogedegbe, G. (2008). Revision and validation of the medication adherence self-efficacy scale (MASES) in hypertensive African Americans. J. Behav. Med. 31 (6), 453–462. doi:10.1007/s10865-008-9170-7
 Francois, C. (2015). Hypertension knowledge, medication adherence, and self-efficacy skills among african American males in New York city. Bronx, NY: Monroe College.
 Hamdidouche, I., Jullien, V., Boutouyrie, P., Billaud, E., Azizi, M., and Laurent, S. (2017). Drug adherence in hypertension: from methodological issues to cardiovascular outcomes. J. Clin. Hypertens. 35 (6), 1133–1144. doi:10.1097/HJH.0000000000001299
 Hou, Y. Y., Zhang, D. D., Gu, J., Xue, F., Sun, Y. J., Wu, Q., et al. (2016). The association between self-perceptions of aging and antihypertensive medication adherence in older Chinese adults. Aging Clin. Exp. Res. 28 (6), 1113–1120. doi:10.1007/s40520-015-0516-z
 Hu, S. S., Gao, R. L., Liu, L. S., Zhu, M. L., and Wang, W. (2020). Report on disease of cardiovascular in China 2019. Chin. Circ. J. 35 (9), 833–854. doi:10.3969/j.issn.1000-3614.2020.09.001
 Huang, Y. M., Shiyanbola, O. O., and Chan, H.-Y. (2018). A path model linking health literacy, medication self-efficacy, medication adherence, and glycemic control. Patient Educ. Couns. 101 (11), 1906–1913. doi:10.1016/j.pec.2018.06.010
 Huang, Y. M., Shiyanbola, O. O., and Smith, P. D. (2018). Association of health literacy and medication self-efficacy with medication adherence and diabetes control. Patient Prefer. Adherence 10 (12), 793–802. doi:10.2147/PPA
 Irazola, V. E., Gutierrez, L., and Bloomfield, G. (2016). Hypertension prevalence, awareness, treatment, and control in selected LMIC communities: results from the NHLBI/UHG network of centers of excellence for chronic diseases. Glob. heart 11 (1), 47–59. doi:10.1016/j.gheart.2015.12.008
 Jinkwon, K. D. B. C., Sun, L. H., and Won, H. S. (2018). Effect of adherence to antihypertensive medication on the long-term outcome after hemorrhagic stroke in korea. Hypertension 72 (2), 391–398. doi:10.1161/HYPERTENSIONAHA.118.11139
 Lee, H. J., Jang, S. I., and Park, E. C. (2017). Effect of adherence to antihypertensive medication on stroke incidence in patients with hypertension: a population-based retrospective cohort study. Bmj. Open 7 (6), e014486. doi:10.1136/bmjopen-2016-014486
 Lor, M., Koleck, T. A., Bakken, S., Yoon, S., and Navarra, A. M. D. (2019). Association between health literacy and medication adherence among hispanics with hypertension. J. Racial Ethn Health Disparities 6 (3), 517–524. doi:10.1007/s40615-018-00550-z
 Ma, G., Luo, A., Shen, Z., Duan, Y., Shi, S., and Zhong, Z. (2019). The status of medication literacy and associated factors of hypertensive patients in China: a cross-sectional study. Intern. Emerg. Med. 15, 409–419. doi:10.1007/s11739-019-02187-0
 Mcnaughton, C. D., Jacobson, T. A., and Kripalani, S. (2014). Low literacy is associated with uncontrolled blood pressure in primary care patients with hypertension and heart disease. Patient Educ. Couns. 96 (2), 165–170. doi:10.1016/j.pec.2014.05.007
 Morisky, D. E., Ang, A., Krousel‐Wood, M., and Ward, H. J. (2008). Predictive validity of a medication adherence measure in an outpatient setting. J. Clin. Hypertens. 10 (5), 348–354. doi:10.1111/j.1751-7176.2008.07572.x
 Ngoh, L. N. (2009). Health literacy: a barrier to pharmacist-patient communication and medication adherence. J. Am. Pharm. 49 (5), 132–146. doi:10.1331/JAPhA.2009.07075
 Nielsen, J. Ø., Shrestha, A. D., Neupane, D., and Kallestrup, P. (2017). Non-adherence to anti-hypertensive medication in low- and middle-income countries: a systematic review and meta-analysis of 92443 subjects. J. Hum. Hypertens. 31 (1), 14–21. doi:10.1038/jhh.2016.31
 Pan, J. J., Lei, T., Hu, B., and Li, Q. (2017). Post-discharge evaluation of medication adherence and knowledge of hypertension among hypertensive stroke patients in northwestern China. Patient Prefer. Adherence 11, 1915–1922. doi:10.2147/PPA.S147605
 Peiravian, F., Rasekh, H. R., Hashemi, H. J., Mohammadi, N., and Fardi, K. (2014). Drug literacy in Iran: the experience of using “the single item health literacy screening (SILS) tool”. Iran. J. Pharm. Res. 13 (Suppl), 217–224. 
 Pouliot, A., Vaillancourt, R., Stacey, D., and Suter, P. (2018). Defining and identifying concepts of medication literacy: an international perspective. Res. Soc. Adm. Pharm. 4 (9), 797–804. doi:10.1016/j.sapharm.2017.11.005
 Preacher, K. J., and Hayes, A. F. (2004). SPSS and SAS procedures for estimating indirect effects in simple mediation models. Behav. Res. Methods Instrum. Comput. 36 (4), 717–731. doi:10.3758/bf03206553
 Rampamba, E. M., Meyer, J. C., Godman, B., Kurdi, A., and Helberg, E. (2018). Evaluation of antihypertensive adherence and its determinants at primary healthcare facilities in rural South Africa. J. Comp. Eff. Res. 7 (7), 661–672. doi:10.2217/cer-2018-0004
 Richardson, M. P., Waring, M. E., Wang, M. L., Nobel, L., and Allison, J. J. (2014). Weight-based discrimination and medication adherence among low-income African Americans with hypertension: how much of the association is mediated by self-efficacy?. Ethn. Dis. 24 (2), 162–168. 
 Schoenthaler, A. M., Butler, M., Chaplin, W., Tobin, J., and Ogedegbe, G. (2016). Predictors of changes in medication adherence in blacks with hypertension: moving beyond cross-sectional data. Ann. Behav. Med. 50 (5), 642–652. doi:10.1007/s12160-016-9791-y
 Shi, S. J., Shen, Z. Y., Duan, Y. L., Ding, S. Q., and Zhong, Z. Q. (2019). Association between medication literacy and medication adherence among patients with hypertension. Front. Pharmacol. 19 (10), e822. doi:10.3389/fphar.2019.00822
 Shin, S., Song, H., Oh, S-K., Choi, K. E., Kim, H., and Jang, S. (2013). Effect of antihypertensive medication adherence on hospitalization for cardiovascular disease and mortality in hypertensive patients. Hypertens. Res. 36 (11), 1000–1005. doi:10.1038/hr.2013.85
 Son, Y. J., and Won, M. H. (2017). Depression and medication adherence among older Korean patients with hypertension: mediating role of self-efficacy. Int. J. Nurs. Pract. 23, e12525. doi:10.1111/ijn.12525
 Uchmanowicz, B., Jankowska, E. A., Uchmanowicz, I., and Morisky, D. E. (2019). Self-reported medication adherence measured with morisky medication adherence scales and its determinants in hypertensive patients aged ≥60 years: a systematic review and meta-analysis. Front. Pharmacol. 10, e168. doi:10.3389/fphar.2019.00168
 Vaduganathan, M., Claggett, B. L., Juraschek, S. P., and Solomon, S. D. (2020). Assessment of long-term benefit of intensive blood pressure control on residual life span: secondary analysis of the systolic blood pressure intervention trial (SPRINT). JAMA Cardiol 5 (5), 576–581. doi:10.1001/jamacardio.2019.6192
 Warren-Findlow, J., Seymour, R. B., and Huber, L. R. B. (2012). The association between self-efficacy and hypertension self-care activities among african American adults. J. Community Health 37 (1), 15–24. doi:10.1007/s10900-011-9410-6
 Weber, M. A., Schiffrin, E. L., White, W. B., Mann, S., and Harrap, S. B. (2014). Clinical practice guidelines for the management of hypertension in the community a statement by the American Society of Hypertension and the International Society of hypertension. J. Hypertens. 16 (1), 14–16. doi:10.1111/jch.12237
 World Health Organization (2013). A global brief on hypertension. Available at: http://apps.who.int/iris/bitstream/10665/79059/1/WHO_DCO_WHD_2013.2_eng.pdf (Accessed April 20, 2020).
 Yan, J., You, L. M., Yang, Q. H., Liu, B. L., Jin, S. J., Zhou, J. J., et al. (2014). Translation and validation of a Chinese version of the 8-item Morisky medication adherence scale in myocardial infarction patients. J. Eval. Clin. Pract. 20 (4), 311–317. doi:10.1111/jep.12125
 Yang, S., He, C., Zhang, X., Su, K., Wu, S. Y., Sun, X. Y., Li, Y. D., et al. (2016). Determinants of antihypertensive adherence among patients in Beijing: application of the health belief model. Patient Edu. Couns. 99 (11), 1894–1900. doi:10.1016/j.pec.2016.06.014
 Zheng, F., Ding, S. Q., Luo, A. J., Zhong, Z. Q., Duan, Y. L., and Shen, Z. Y. (2017). Medication literacy status of outpatients in ambulatory care settings in Changsha, China. J. Int. Med. Res. 45 (1), 303–309. doi:10.1177/0300060516676726
 Zheng, F., Ding, S. Q., and Zhong, Z. Q. (2015). Investigation on status of discharged patients’ medication literacy after coronary artery stent implantation. Chin. Nurs. Res. 29 (14), 1732–1734. doi:10.3969/j.issn.1009-6493
 Zhong, Z., Shi, S., Duan, Y., Shen, Z., Zheng, F., Ding, S., et al. (2020). The development and psychometric assessment of medication literacy scale for hypertensive patients. Front. Pharmacol. 30 (11), e490. doi:10.3389/fphar.2020.00490
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2020 Shen, Shi, Ding and Zhong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-11-569092-t003.jpg
Effect

Total effect(c)
Indirect effect(a)
Indirect effect(b)
Direct effect (c')

Note:

Independent variables

X Z X %

Dependent variables

¥
M
i
Y

0.223
0517
0.123

0.16

SE

0.013
0.048
0.008
0.012

t

17.396
10.758
14514
13.073

< 0.001: B, unstandardized coefficient: SE, standard error: X, medication literacy: M, self-efficacy: Y. medication adherence.

p value

0.000**
0.000**
0.000"*
0.000"*

95%Cl

0.198-0.248
0.422-0.611
0.107-0.140
0.136-0.184





OPS/images/fphar-11-569092-t001.jpg
Factors Items N Medication Self- Medication

literacy efficacy adherence
Age 18-44 40 22904584 2924059 482+ 243
- 45-59 30 2856474 300052 465 + 247
- 260 421 24133509 308055 519+ 209
F value - - 1.916 2890 5004
p value - - 0.148 0056 0003
Gender Male 427 0641014 303 +058 485225
- Female 363 064:013 305+ 056 506+ 204
F value - - 0037 0186 1.885
p value - - 0.847 0666 0170
Education level Primary or below 233 0.59 + 0.12 291 +0.52 413+ 207
- Junior middle school 218 065:0.14 301058 485+ 231
- Senior high school or secondaryspeciaized 208 066+ 0.12 311048 540+ 198

school

- Junior college 93 069:0.13 317054 569+ 1.79
- Bachelor degree or above 43 0743014 319+ 062 613+ 1.7
F value - - 18.301 6933 18.206
p value - - 0000 0000 0000
Annual income <10,000/year % 061:013 288+ 0.60 4.06 £ 262
- 10,000-29,999/year 163 063:015 294+ 055 433200
- 30,000-49,999/year 241 062:0.12 306054 500+ 191
- 50,000-99,999/year 198 0.66+012 310 +0.45 532200
- 2100,000/year 9  072:014 318 + 057 579216
F value - - 11.370 5563 13.416
p value - - 0000 0000 0000
Duration of hypertension <3 years 105 062:0.15 298+ 054 479254
- 3-4.9 years 118 061+014 302 +058 464210
- 5-9.9 years 288 065:0.13 3.06 048 499 £ 201
- =10 years 279 066014 3.04 £ 060 500247
F value - - 5.001 0544 1.419
p value - - 0.002* 0652 0236
Nurmber of antihypertensive drugs prescribed  One 629 065:0.13 306+ 052 501 £206
- 2-3 kinds 134 065:0.14 295 063 483+ 245
- 4 or more 27 058:0.13 282+ 037 401£274
F value - - 3.440 4586 3.068
p value - - 0.033* 0010* 0.047*
Nurmber of times antihypertensive drugs taken ~ Once 632 064:0.13 307 £ 052 492211
dally
- 2-3 times 138 065:0.15 2911062 528+ 239
= 4 or more 20 060:0.12 287 + 031 370+ 144
F value - - 1.432 5.967 5.143
p value - - 0240 0,003 0.006"

Note: 'p < 0.05; *p < 0.01; **'p < 0.001. The level of acherence was measured through the eight-tem Morisky Medication Adherence Scale (VIMAS-8). Use of the MMAS is protected by
US copyright laws. Permission for use is required. A licensing agreement s available from: Donald E. Morisky, Scb, Scl, MSPH. Use of the OMMAS is protected by US copyright and
registered trademark laws. Permission for use is required. A licensing agreement s available from: Donald E. Morisky, 294 Lindura Court, Las Vegas, NV 89138-4632; dmorisky@gmai.
com. The scale’s questions are avaable in the originally publiched article.





OPS/images/fphar-11-569092-t002.jpg
Variables Knowledge literacy Attitude literacy Skill literacy Behavior literacy Medication literacy Self-efficacy Medication adherence

Knowledge literacy 1 - - - - - -
Attitude literacy 0.377* 1 - - - - -
Skill literacy 0.412* 0.316* 1 = - = -
Behavior literacy 035" 0349 0235 1 - - -
Medication literacy 0.768" 0.643* 0.705™ 0.701* 1 = =
Self-efficacy 0.204" 0334 0264 0285 0.408" 1 -
Medication adherence 0422+ 0493 0.205" 0478" 0585 0591 1

Note: **p < 0.01,





OPS/xhtml/nav.xhtml
Contents

		Cover

		Mediating Effect of Self-Efficacy on the Relationship Between Medication Literacy and Medication Adherence Among Patients With Hypertension		Introduction

		Methods		Study Design

		Participants and Procedures

		Data Collection Tools

		Data Analysis





		Results		Scores of Medication Literacy, Self‐Efficacy, and Medication Adherence in Hypertensive Patients

		Correlations Between Medication Literacy, self‐efficacy, and Medication Adherence

		Analysis of the Mediating Role of Self-Efficacy Between Medication Literacy and Medication Adherence





		Discussion

		Study Limitations

		Conclusion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Funding

		Acknowledgments

		References









OPS/images/cover.jpg
? frontiers
in Pharmacology

Mediating Effect of Self-Efficacy on
the Relationship Between Medication
Literacy and Medication Adherence
Among Patients With Hypertension





OPS/images/fphar-11-569092-g001.gif
terecy00.

‘Settoficacy(M)

Paih  (Winout medaton)

panb

Pat ¢ (With medietion)






OPS/images/fphar-11-569092-g002.gif
Seltaficacy)
Pana Pany

0517 pe0c0y 50123, pe001

Pain  Witout mesiaton)

odeaton 0223, poom Moscaton
oracy) Frr———" aherencett)

0,160, p0.001.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Materials





