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Abstract 

Problem and Purpose:  Coronary heart disease (CHD) is the second leading 

cause of death in China.  The treatment of CHD typically involves long-term 

pharmaceutical therapy.  For patients with CHD, cardio-protective medications can 

prevent the enlargement of harmful clots, cardiovascular symptoms, and poor 

therapeutic outcomes such as uncontrolled high blood pressure, hyperlipidemia, 

arrhythmia, heart failure, and sudden cardiac death.  However, in China, poor 

adherence to cardio-protective medications has been cited as a public health concern.  

This poor adherence to cardio-protective medications has been linked to increases in 

healthcare costs due to poor therapeutic outcomes typically requiring major medical 

interventions, such as coronary angioplasty and coronary artery bypass grafting.  

In China, local primary healthcare clinics are often not the first choice for 

treatment.  Instead, patients with serious illnesses such as CHD prefer to utilize 

hospitals.  Consequently, many of the 100 million people diagnosed with CHD in China 

receive prescriptions and medication-related knowledge in hospitals only without a 

primary care clinician to monitor their treatment.  Under this healthcare utilization 

model, patients are often not provided with proper treatment maintenance and 

knowledge regarding their medication-taking behaviors.  This lack of follow-up care 
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decreases patients’ awareness of the importance of taking medications the way they 

were prescribed. 

Mobile health, known as mHealth, is the use of portable electronic devices with 

software applications to provide healthcare services and manage patient information.  

China has 1.3 billion mobile phone users, and 97% of Chinese netizens access the 

Internet by using a mobile phone.  These conditions in China are ideal for implementing 

an mHealth intervention to improve health and practice.  The purpose of this study is to 

develop an mHealth intervention to improve medication adherence among patients with 

CHD. 

Methods:  First, a pilot study with two phases was conducted in the Cardiology 

Department of West China Hospital, located in Chengdu, China.  Phase I was conducted 

to inform the development of an mHealth intervention by integrating two mobile 

applications.  The content of reminders and educational materials, the frequency and 

timing of the intervention were developed in this phase.  Based on Phase I, the mHealth 

intervention was refined and an exploratory randomized controlled trial was conducted 

in Phase II to evaluate the feasibility and acceptability of using mHealth as a tool to 

assist CHD patients to take their cardio-protective medications.  The cohorts of 

participants in the two phases were mutually exclusive.  Next, a larger scale study with 

196 participants was conducted to assess if the mHealth intervention could improve 
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medication adherence and relevant health outcomes (systolic blood pressure, diastolic 

blood pressure, and heart rate) among patients with CHD in comparison to a control 

group that receives general educational materials over a period of 60 days.  

Results:  In the larger scale study, we recruited 230 participants and randomized 

116 to the experimental group and 114 to the control group.  Of the 230 participants, 34 

participants did not provide their baseline data, thus they did not receive the allocated 

intervention; we collected baseline data from 196 participants.  Of the 196 participants, 

six participants dropped out of the study and nine were lost during the follow-up 

period.  Finally, 181 participants completed the study, 97 in the experimental group, 84 

in the control group.  The majority of the participants were married (92.4%), male 

(80.1%), Han Chinese (93.9%), and living in urban China (82.1%).  Participants’ average 

age was 61 years old, and half were retired (53.9%).  Three out of five participants 

(61.7%) were prescribed at least five medications.  The total medication non-adherence 

score decreased at 60 days and 90 days in both groups when compared to baseline.  At 

60 days, the mean of the decrease in medication non-adherence score in the 

experimental group (M = −1.21, SD = 2.59, N = 103) was greater than the decrease in the 

control group (M = −0.42, SD = 2.63, N = 93), meaning that the medication adherence 

improved more in the experimental group.  Likewise, at 90 days, the mean of the 

decrease in medication non-adherence score in the experimental group (M = −1.58, 
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SD = 2.49, N = 103) was greater than the decrease in the control group (M = −0.08, 

SD = 3.15, N = 93).  This difference between the two groups was statistically significant at 

both 60 days (t = 2.04, df = 179, P = 0.04) and 90 days (t = 3.48, df = 155, P < 0.01).   

Heart rate decreased at 60 days and 90 days in both groups compared to 

baseline, but the mean of the decrease was not statistically significant between the two 

groups at either 60 days (t = -0.28, df = 148, p = 0.78) or 90 days (t = 0.32, df = 145, p = 0.75).  

Systolic blood pressure and diastolic blood pressure decreased in the experimental 

group, but increased in the control group.  The mean of the decrease in diastolic blood 

pressure was statistically significant at both 60 days (t = 2.07, df = 160, p = 0.04) and 90 

days (t = 2.21, df = 164, p = 0.03).  The mean of the decrease in systolic blood pressure was 

statistically significant at 90 days (t = 3.12, df = 165, p < 0.01), but not significant at 60 days 

(t = 1.92, df = 161, p = 0.06).  In addition to comparing the mean of the decreases in health 

outcomes, we also compared the proportional rates of normal systolic blood pressure, 

diastolic blood pressure, and heart rate between the experimental group and the control 

group.  The proportional rates of normal systolic and diastolic blood pressures in both 

groups increased at 60 days and 90 days compared to baseline, but the difference 

between the two groups at both times was not statistically significant.  The proportional 

rate of normal heart rate in both groups decreased at both times, but the difference 

between the two groups at both times was not statistically significant. 
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Conclusion:  In this dissertation, a mobile-phone based mHealth intervention 

was developed for patients with CHD through integrating two mobile applications to 

improve medication adherence.  The intervention delivered medication-taking 

reminders and educational materials using two mobile applications.  The results showed 

that the mHealth intervention can increase medication adherence, and potentially lower 

blood pressure among patients with CHD.  These findings can serve as a reference for 

future research to increase medication adherence and lower blood pressure.   
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1. Introduction 

Coronary heart disease (CHD) is the world’s leading cause of death (World 

Health Organization, 2017), accounting for over one third of all deaths in individuals 

over age 35 (Wilson & Douglas, 2017).  In developed countries, CHD is a major cause of 

death and disability (Gaziano et al., 2010; Wilson & Douglas, 2017).  For example, in the 

United States, CHD is the leading cause of death and is a burden that contributes to high 

healthcare costs.  Combined with stroke, it costs America nearly one billion dollars a day 

in medical costs (CDC Foundation, 2017).  In low- and middle-income countries 

(LMICs), CHD is also one of the largest contributors to disease burden and is 

responsible for an ever-increasing number of deaths.  Four out of five global deaths 

caused by CHD occurred in LMICs (Bowry et al., 2015).  The burden of CHD is 

anticipated to increase in these countries (Gaziano et al., 2010).  By the year 2030, CHD is 

projected to cause more than nine million deaths yearly (World Health Organization, 

2004).  

 China is the world’s largest LMICs (China Daily, 2018; The World Bank, 2018). 

In China, CHD is the second leading cause of death (World Health Organization, 2015; 

Zhang et al., 2008), accountable for over 1.5 million deaths per year (World Health 

Organization, 2015).  CHD is a major contributor to the burden of disease in China (Le et 

al., 2015) and the mortality rate of CHD is increasing (Chen et al., 2017).  In addition, 
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CHD is an enormous economic burden on Chinese society in terms of health care costs 

and loss of productivity (Chen et al., 2017).  A key treatment modality for CHD and 

prevention of cardiovascular events is the administration of cardio-protective 

medications (National Institutes of Health, 2016; Sabaté, 2003).  Cardio-protective 

medications, including antiplatelet drugs, beta-blockers, calcium channel blockers, 

statins, and angiotensin-converting enzyme inhibitors can reduce the mortality rate of 

CHD (Hamm et al., 2011; Ho, Bryson & Rumsfeld, 2009; Jin et al., 2014; Menzin et al., 

2008; Zhang et al., 2015).  However, in China, poor adherence to cardio-protective 

medications is a public health issue (Bi et al., 2009; Jiang et al., 2012).  

1.1 Background 

CHD is a heart and blood vessel disease related to atherosclerosis, in which 

plaque builds up in the walls of the coronary arteries, narrowing the arteries and 

making it difficult for blood to flow through (American Heart Association, 2017).  For 

patients with CHD, cardio-protective medications can prevent the enlargement of 

harmful clots (American Heart Association, 2015), cardiovascular symptoms, and poor 

therapeutic outcomes such as uncontrolled high blood pressure, hyperlipidemia, 

arrhythmia, heart failure (Zhang et al., 2015), and sudden cardiac death (S. Zhang, 2009).  

These medications, which include antiplatelet drugs, beta-blockers, calcium channel 

blockers, statins, and angiotensin-converting enzyme inhibitors can reduce the risk of 
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mortality due to CHD (Hamm et al., 2011; Ho, Chris, & Rumsfeld, 2009; Zhang et al., 

2015).  However, poor adherence to cardio-protective medications among CHD patients 

is a global public health issue (Kolandaivelu et al., 2014), and is particularly so in China 

(Bi et al., 2009; Jiang et al., 2012). 

In China, local primary healthcare clinics are often not the first choice for people 

to seek medical treatment.  For serious illnesses such as CHD, patients prefer to utilize 

large hospitals rather than local primary healthcare clinics; this is because the vast 

majority of highly qualified healthcare providers in China reside in large urban hospitals 

(Xie et al., 2017; Wang, Xu, & Xu, 2007).  Under this healthcare utilization model, many 

CHD patients in China receive prescriptions and medication-related knowledge without 

a primary care clinician to monitor their medication-taking behaviors.  Consequently, 

after being discharged from the hospital, patients with CHD often do not receive proper 

follow-up care or information regarding medication-taking behaviors (Zhao, Zhao, 

Wang, Du, & Qin, 2015a).  This lack of follow-up care decreases patients’ awareness of 

the importance of taking medications as prescribed (Ni et al., 2018).  Also, to seek 

medication-related knowledge, patients often need to travel back to hospitals that are 

located far away from their homes.  This geographic barrier increases costs and causes 

inconvenience for patients.  To reach quality medical care, many rural residents have to 

take a bus for hours to go to urban areas (Ni, Wu, Samples, & Shaw, 2014).  This need to 
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travel to an urban area to find qualified healthcare providers limits rural CHD patients’ 

access to quality medical care and may impact their health outcomes across their 

lifespans (Ni, Wu, Samples, & Shaw, 2014). 

To improve medication adherence among patients with CHD in China, it is 

important to understand factors contributing to poor medication adherence and 

understand what interventions have been effective in improving medication adherence.  

However, the current literature offers no systematic review of medication adherence 

among Chinese patients with CHD.  Therefore, in this dissertation, I first conducted a 

systematic review of the literature on medication adherence among Chinese patients 

with CHD (Chapter 2) and found that (1) CHD patients’ lack of medication-related 

knowledge is a key barrier to their medication adherence, and (2) medication-taking 

reminders and educational materials were two important elements of interventions that 

improved medication adherence.   

Mobile health, known as mHealth, is defined as the use of portable electronic 

devices with software applications to provide healthcare services and manage patient 

information (Boulos, Brewer, Karimkhani, Buller, & Dellavalle, 2014; Ventola, 2014; Vital 

Wave Consulting, 2009).  Research has shown that mHealth can be used to increase 

access to care and care delivery for patients (Shaw et al., 2015).  In this dissertation, I 

proposed a solution to the present issue of poor adherence to cardio-protective 
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medications among CHD patients by using mHealth to deliver medication-taking 

reminders and educational materials.  China has 1.3 billion mobile phone users (He, 

2016), and 97% of its netizens use mobile phones to access the Internet (China Internet 

Network Information Center, 2018).  These conditions are ideal for implementing an 

mHealth intervention to improve health and practice.  However, the use of mHealth to 

improve medication adherence among Chinese patients with CHD is in its infancy.  An 

mHealth-based medication reminder program may serve as an important way to 

improve medication adherence in China.  The purpose of this study is to develop an 

mHealth intervention to improve medication adherence among patients with CHD. 

1.2 Conceptual Framework 

The Medication Adherence Model (see Figure 1) was designed to provide the 

conceptual framework for this mHealth intervention.  This model conceptualizes the 

relationship between medication-taking behavior and psychological factors among 

Chinese patients with CHD.  It proposes that a patient’s medication-taking behavior is 

influenced by (1) the patient’s perception of the threat posed by CHD, (2) the patient’s 

perception of the benefits of taking medications, (3) the patient’s perception of the 

barriers to taking medications; (4) the patient’s knowledge about his/her medication(s) 

including the name, function, dosage, and frequency; and (5) cues to taking medication.  

The major concepts in the Medication Adherence Model are medication knowledge, 
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perceived barriers, perceived threat of CHD, perceived benefits, cues to taking 

medication, medication adherence, and health outcomes.  This model provides a way to 

explore and predict how patients with CHD will behave in relation to their health and 

medication. 

Perceived barriers refers to the patient’s assessment of the obstacles to taking 

medication.  These obstacles include medications’ adverse effects, internalized stigma 

and stigma from others, patients’ cultural beliefs, schedule, transportation, medication 

costs, insurance, comorbidities, economic status, and cognitive impairments (Bi et al, 

2009; Jiang et al., 2012).  Health outcome refers to the impact of medication adherence on 

patients’ health.  In this dissertation we are operationalizing health outcome as patient’s 

systolic blood pressure, diastolic blood pressure, and heart rate. 

The model was built by adapting and combining the Health Belief Model (Janz & 

Becker, 1984) and Individual and Family Self-Management Theory (Ryan & Sawin, 2009).  

The concepts “perceived threat”, “perceived benefits”, “perceived barriers”, and “cues 

to taking medication” are adapted from the Health Belief Model.  The Health Belief 

Model is a popular model applied in nursing, especially when focusing on patient 

compliance and preventive health care practice (Janz & Becker, 1984).  It proposes that a 

person’s health-related behavior depends on their perception of several critical areas: (1) 

the severity of illness, (2) the person’s susceptibility to that illness, (3) the benefit of 
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taking a preventive action, (4) the barriers to taking that action, (5) self-efficacy of 

performing a behavior, and (6) cues to action (Janz & Becker, 1984).  However, the 

Health Belief Model does not fully explain adherence behaviors to cardio-protective 

medications among patients with CHD in China, because it does not include the lack of 

medication-related knowledge as a barrier to medication adherence (Ding et al., 2013; Jin 

et al., 2014; Zhao et al., 2015).  Studies support that lack of medication-related 

knowledge—such as the name, function, dosage, and frequency—is a major reason for 

poor medication adherence among Chinese patients with CHD (Jiang et al., 2012; Zhao 

et al., 2015; Zhuang et al., 2016).  Patients who receive their healthcare from a hospital 

rather than a primary care clinician often do not receive information regarding 

medication after they are discharged from the hospital.  In order to integrate lack of 

drug-related knowledge as a barrier to medication adherence, the concept “medication 

knowledge” from the Individual and Family Self-Management Theory (IFSMT, Ryan & 

Sawin, 2009) was added into the Medication Adherence Model.  Taking medication is a 

process of self-management.  According to IFSMT, knowledge and belief are important 

factors influencing the process of self-management of chronic illnesses.  In the 

Medication Adherence Model (Figure 1), medication knowledge is defined as patients’ 

knowledge of the name, function, dosage, and frequency of the medications they are 

taking (Zhao et al., 2015).   
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Many factors can influence medication adherence.  After a systematic review of 

medication adherence among patients with CHD in China, I found that constructs like 

knowledge, costs, side effects, and memory loss are frequently mentioned in the 

literature.  Based on the systematic review and the Health Belief Model, I concluded that  

(1) increasing patients’ knowledge of medications’ name, dosage, frequency, and 

function will improve their medication adherence; (2) increasing patients’ perception of 

the benefits of taking medications will increase their medication adherence, (3) 

increasing patients’ perception of the threat of CHD will increase their medication 

adherence, (4) reducing patients’ perception of the barriers to taking medications will 

increase their medication adherence.  Based on this conclusion, I created the following 

Medication Adherence Model (Figure 1). 
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Figure 1: Medication Adherence Model 

 

This model shows that a CHD patient’s medication-taking behavior depends on 

four critical factors: (1) the patient’s perception of the benefits of taking medications 

versus the barriers; (2) the patient’s knowledge of the name, function, dosage, and 

frequency of the medications they are taking; (3) the patient’s perception of the threat of 

CHD; and (4) cues to taking medications.  The intervention of sending educational 

materials can influence factors (1), (2), and (3).  The intervention of sending medication-

taking reminders can influence factors (2), (3) and (4).  Improving medication-taking 
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behaviors can improve health outcomes, such as systolic blood pressure and diastolic 

blood pressure. 

1.3 Dissertation Questions, Aims, Hypotheses 

Based on the conceptual framework, the overarching purpose of this dissertation 

was to create an mHealth intervention to improve medication adherence among patients 

with CHD.  The first aim of this dissertation was to review the literature on medication 

adherence among Chinese patients with CHD to discover factors relevant to poor 

adherence and interventions that improved adherence (Chapter 2).  The second aim was 

to develop medication-taking reminders and educational materials that are deliverable 

via mobile applications and can improve medication adherence among patients with 

CHD (Chapter 3).  The third aim was to develop an mHealth intervention by integrating 

two mobile applications to send the developed medication-taking reminders and 

educational materials (Chapter 3).   

The fourth aim was to assess the feasibility and acceptability of the developed 

mHealth intervention (Chapter 3).  To address this aim, the research question was asked 

“What is the feasibility and acceptability of conducting a clinical trial with an mHealth 

intervention that involves the delivery of reminders and educational materials via two 

mobile applications over a period of 30 days in a sample of patients with CHD?”  A pilot 

study was conducted in West China Hospital, located in Chengdu, China.  Specifically, 
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the following questions were asked: “Is it feasible to recruit CHD patients from West 

China Hospital?”, “Will the participants read the medication-taking reminders daily 

over a period of 30 days?”, “Is this mHealth intervention acceptable among 

participants?”, and “Are there any technical barriers to the implementation of the 

mHealth intervention?”   

The fifth aim was to assess if the mobile-phone based mHealth intervention  

could improve medication adherence and relevant health outcomes (systolic blood 

pressure, diastolic blood pressure, and heart rate) among patients with CHD in 

comparison to a control group that received general educational materials over a period 

of 60 days (Chapter 4).  It was hypothesized that at the end of the intervention, 

participants in the experimental group, compared to those in the control group, would 

have higher medication adherence, lower blood pressure, and heart rate.       

The dissertation is organized as follows—Chapter 2 provides a systematic review 

of the literature on medication adherence among Chinese patients with CHD.  This 

review found that (1) patients’ lack of knowledge was a key barrier to medication 

adherence, and (2) reminders and educational materials were the two core components 

of interventions that improved medication adherence.  On the submission date of this 

dissertation, this chapter is under review in Heart Asia.  
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Chapter 3 presents a pilot study with two phases to addresse the second, third, 

and fourth aims of the dissertation.  Both phases included an exploratory randomized 

controlled trial (RCT; N = 49 in Phase 1, and N = 50 in Phase 2) and qualitative interviews 

(n = 4 in Phase 1, and n = 10 in Phase 2).  Phase 1 informed the development of the 

mHealth intervention by integrating two mobile applications.  It lasted for three months 

(from June 16, 2016 to September 19, 2016) and was completed to allow for refinement of 

the intervention.  In this phase, the prototype of medication-taking reminders and 

educational materials was developed.  With the adjustment made from information 

gathered from Phase 1, Phase 2 lasted for two months (from May 17, 2017 to July 18, 

2017).  Phase 2 presents the results of a clinical trial with an mHealth intervention that 

involved the delivery of medication-taking reminders and educational materials via two 

mobile applications over a period of 30 days.  The mHealth intervention was tested for 

feasibility, acceptability, technical barriers, reminder frequency and timing, participants’ 

attitudes, and perceived usefulness.  These findings provide preliminary data for a 

larger scale study.  This chapter has been published in the International Journal of Nursing 

Sciences (Ni et al., 2018).  It is available via [doi.org/10.1016/j.ijnss.2018.09.003] (see 

Appendix A for the permission letter). 

Chapter 4 presents a larger scale study to assess if the mobile-phone based 

mHealth intervention could improve medication adherence and relevant health 



 

 

13 

outcomes (systolic blood pressure, diastolic blood pressure, and heart rate) among 

patients with CHD.  The results from this study demonstrate that the mHealth 

intervention can improve medication adherence, lower systolic and diastolic blood 

pressures, and increase the proportional rates of normal systolic and diastolic blood 

pressures.  However, it could neither decrease heart rate nor increase the proportional 

rate of normal heart rate.  This chapter addresses the fifth aim of the dissertation.  

Chapter 5 is an overall summary of the dissertation.  Study limitations, implications, and 

recommendations for future research are discussed.     
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2. Cardio-Protective Medication Adherence among 

Patients with Coronary Heart Disease in China: A 

Systematic Review 

2.1 Introduction 

Cardio-protective medications, including antiplatelet drugs, beta-blockers, 

calcium channel blockers, statins, and angiotensin-converting enzyme inhibitors are an 

essential treatment modality for CHD (National Institutes of Health, 2016) and can 

significantly reduce the mortality rate of this disease (Du, Cheng, Zhang, & Mei, 2017; 

Ho, Bryson, & Rumsfeld, 2009; Hamm et al., 2011; Jin et al., 2014; Menzin, Wygant, 

Hauch, Jackel, & Friedman, 2008; Zhang et al., 2015).  However, poor adherence to 

cardio-protective medications is a global public health concern (Kolandaivelu , Leiden, 

O’Gara, & Bhatt, 2014).  This is particularly the case in China (Bi et al., 2009; Jiang et al., 

2012; Jin et al., 2014) given the large size of the patient population and significant health 

disparities in access to care across its regions (Gong et al., 2012).  CHD is the second 

leading cause of death in China (World Health Organization, 2015; Zhang, Lu, & Liu, 

2008) leading to over 1.5 million deaths each year (World Health Organization, 2015).  A 

deeper understanding of the interplay of factors related to adherence to cardio-

protective medications among the Chinese population is needed in order to develop 

interventions that will appropriately target this issue (Martin, Williams, Haskard, & 

DiMatteo, 2005; Jimmy & Jose, 2011).  Therefore, the purpose of this systematic review 



 

 

15 

was to 1) describe and synthesize factors that influence medication adherence among 

Chinese people with CHD, 2) evaluate the current status of the intervention studies, and 

3) discuss directions of future research to improve medication adherence.  The findings 

from this review will provide insights to guide the development of an mHealth 

intervention later.   

2.2 Methods  

2.2.1 Search strategy 

We chose the databases PubMed, the Cumulative Index for Nursing and Allied 

Health Literature (CINAHL), Embase, Scopus, Global Health, and PSYCINFO as 

primary data sources for this review, as together they provide a comprehensive 

coverage of research in health-related disciplines.  I searched each database using key 

words and algorithms that included (coronary heart disease OR coronary artery 

disease), and (China OR Chinese), and (adherence OR compliance OR persistence OR 

discontinue OR underuse OR non-adherence OR non-compliance OR comply OR 

compliant OR adhere).  An academic health center reference librarian provided key 

assistance in building the combination of index and search terms, that were applied to 

each database (Table 1, 2, 3, 4, 5 and 6).  No restrictions were applied on publication 

date.  In addition, as a native Chinese speaker, I ran another search within a Chinese 

database, the China National Knowledge Infrastructure (CNKI), and used the Chinese 
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key words ‘yao wu yi cong xing’ and ‘guan xin bing’, meaning medication adherence 

and coronary heart disease. 

2.2.2 Inclusion and exclusion criteria 

Articles that met the following criteria were included: (1) focus on the adherence 

to at least one of the following cardio-protective medications: antiplatelet drugs, beta-

blockers, calcium channel blockers, statins, and angiotensin-converting enzyme 

inhibitors/angiotensin receptor blocker; (2) Chinese sample populations with CHD 

living in China; and (3) peer-reviewed articles published in English or Chinese.  Studies 

that included samples of Chinese patients living in Hong Kong, Taiwan, and Macao 

were excluded, as these areas are historically dominated by foreign cultures and thus, 

their social structures and healthcare systems are different from those of mainland 

China. 

Table 1: PubMed search trial 

Search 
# 

MeSH Terms and Key Words Articles 
Revealed 

#1 ("coronary disease"[MeSH Terms] OR ("coronary"[All Fields] AND 
"disease"[All Fields]) OR "coronary disease"[All Fields] OR 
("coronary"[All Fields] AND "heart"[All Fields] AND "disease"[All 
Fields]) OR "coronary heart disease"[All Fields]) OR ("coronary 
artery disease"[MeSH Terms] OR ("coronary"[All Fields] AND 
"artery"[All Fields] AND "disease"[All Fields]) OR "coronary artery 
disease"[All Fields]) 

 

 
  

294,895 
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#2 china"[MeSH Terms] OR "china"[All Fields]) OR ("asian continental 
ancestry group"[MeSH Terms] OR ("asian"[All Fields] AND 
"continental"[All Fields] AND "ancestry"[All Fields] AND 
"group"[All Fields]) OR "asian continental ancestry group"[All 
Fields] OR "chinese"[All Fields]) 

1357,102 

#3 adherence[All Fields] OR ("patient compliance"[MeSH Terms] OR 
("patient"[All Fields] AND "compliance"[All Fields]) OR "patient 
compliance"[All Fields] OR "compliance"[All Fields] OR 
"compliance"[MeSH Terms]) OR persistence[All Fields] OR 
discontinue[All Fields] OR underuse[All Fields] OR non-
adherence[All Fields] OR non-compliance[All Fields] OR comply[All 
Fields] OR ("patient compliance"[MeSH Terms] OR ("patient"[All 
Fields] AND "compliance"[All Fields]) OR "patient compliance"[All 
Fields] OR "compliant"[All Fields]) OR adhere[All Fields] 

 

353,524 

 

#4 #1 AND #2 AND #3 173 

 
 

 

Table 2: CINAHL search trial 

Search 
# 

Key Words Articles 
Revealed 

 
#1 (coronary heart disease OR coronary artery disease) 33,626 

#2 (China OR Chinese) 59,960 

#3 (adherence OR compliance OR persistence OR discontinue 
OR underuse OR non-adherence OR non-compliance OR 
comply OR compliant OR adhere) 
 

105,750 

#4 #1 AND #2 AND #3 23 
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Table 3: Embase search trial 

Search 
# 

MeSH Terms and Key Words Articles 
Revealed 

#1 (coronary AND ('heart'/exp OR heart) AND ('disease'/exp OR disease) 
OR coronary) AND ('artery'/exp OR artery) AND ('disease'/exp OR 
disease) 

433,989 
 

#2 china OR chinese 
 

1,695,781 

#3 adherence OR compliance OR persistence OR discontinue OR 
underuse OR 'non adherence' OR 'non-compliance' OR comply OR 
compliant OR adhere 

524,776 

#4 #1 AND #2 AND #3 320 
 

 
 

Table 4: Scopus search trial 

Search 
# 

Key words Articles 
revealed 

 
#1 (coronary heart disease OR coronary artery disease) 201,258 

#2 (China OR Chinese) 1,096,428 

#3 (adherence OR compliance OR persistence OR discontinue OR 
underuse OR non-adherence OR non-compliance OR comply OR 
compliant OR adhere) 
 

696,604 

#4 #1 AND #2 AND #3 54 
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Table 5: Global Health search trial 

Search 
# 

Key Words Articles 
Revealed 

 
#1 (coronary heart disease OR coronary artery disease) 39,659 

#2 (China OR Chinese) 315,129 

#3 (adherence OR compliance OR persistence OR discontinue OR 
underuse OR non-adherence OR non-compliance OR comply 
OR compliant OR adhere) 
 

58,414 

#4 #1 AND #2 AND #3 56 

 

 

Table 6: PSYCINFO search trial 

Search 
# 

Key Words Articles 
Revealed 

 
#1 (coronary heart disease OR coronary artery disease) 6,844 

#2 (China OR Chinese) 
  

99,722 

#3 (adherence OR compliance OR persistence OR discontinue 
OR underuse OR non-adherence OR non-compliance OR 
comply OR compliant OR adhere) 
 

80,844 

#4 #1 AND #2 AND #3 8 
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2.3 Results 

2.3.1 Search outcomes 

My search resulted in the following: 173 articles from PubMed, 23 from 

CINAHL, 320 from Embase, 54 from Scopus, 56 from Global Health, and 8 from 

PSYCINFO.  From the resulting 634 articles, 168 duplicates were removed, yielding 466 

results.  Afterwards, another PhD student and I screened the 466 titles independently 

and compared and discussed their results until agreement was reached, yielding 134 

articles for subsequent abstract screening.  After evaluating the abstracts of the 134 

articles, 80 articles were excluded based on the preset inclusion criteria.  The full text of 

the remaining 54 articles were then examined and 26 articles met the full inclusion 

criteria (Figure 2).  The search of Chinese literature in CNKI yielded 100 related articles. 

After screening the titles, abstracts, and full texts, 7 articles were included (Figure 3). 

Together, a total of 33 articles were used in this study. 
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Figure 2: Literature review flow chart for English database 
      Source: Adapted from PRISMA 2009 Flow Diagram (Moher et al., 2009) 
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Figure 3: Literature review flow chart for Chinese database 
Source: Adapted from PRISMA 2009 Flow Diagram (Moher et al., 2009) 
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2.3.2 Study characteristics 

The 33 articles included in this systematic review came from the medical, 

nursing, and pharmacological disciplines.  A range of study designs were employed 

from cross-sectional studies (N=22), longitudinal studies (N=2), to randomized 

controlled trials (N=9) (Table 7).  In total, 56,786 participants were included in this  

systematic review, with only 19,997 (35.21%) female.  Importantly, participants were 

from over 560 medical institutions located in over 17 Chinese provinces (out of a total of 

34 provincial-level administrative units), with almost all studies were conducted in 

hospitals located in urban areas of China.  Only two studies were conducted in rural 

areas.  There was significant heterogeneity between the studies in terms of instruments 

used to measure medication adherence, making a robust meta-analysis or statistical 

analysis difficult to conduct.  Thus, a qualitative summary of the findings is presented. 

We organized our findings with three core themes: (1) Lack of knowledge and follow-up 

care are barriers to medication adherence; (2) Patients’ socio-demographic 

characteristics, health status, and medication characteristics influencing adherence; (3) 

Various intervention methods used for the improvement of medication adherence. 

Subthemes are presented within each of these three core themes. 
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2.3.3 Lack of knowledge and follow-up care are barriers to medication 

adherence (12 articles) 

2.3.3.1 Patients’ lack of knowledge (5 articles) 

Our review revealed that patients’ lack of knowledge about their medications 

was a substantial barrier to adherence.  For example, Wang & Li (2014) investigated the 

adherence to statins among 1,368 elderly patients with CHD over 80 years of age, and 

found that lack of knowledge of CHD and statins was the main factor influencing their 

adherence to statins.  Participants did not understand the importance of taking 

medications over the long term, did not know the morbidities of CHD, and did not 

understand that statins can prevent CHD (Wang & Li, 2014).  Similarly, Li (2015) found 

that lack of knowledge of CHD was significantly related to poor adherence to statins 

among patients.  Lack of knowledge was also a barrier to adherence among patients 

with uncontrolled cholesterol levels.  Ding et al. (2013) found that of 903 patients with 

CHD, 18.2% did not take statins or did not know whether they were taking stains.  

Finally, Zhao, Zhao, Wang, Du, & Qin (2015a) conducted a descriptive correlational 

study among 159 participants with CHD and revealed that up to 38% of the participants 

were non-adherent and that lack of knowledge about medication and disease were 

significantly associated with non-adherence.  Patients with good knowledge of the 

medication and disease were more likely to adhere to medication instructions (Zhao et 

al., 2015a).  Patients in the study of Zhao et al. (2015a) reported difficulty accessing 
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information about their medication, especially from pharmacists.  Dai (2013) surveyed 

200 CHD patients living in a Chinese rural area and found that medication adherence 

was low among those patients living in rural China, with only 6.4% of the participants 

adhering to their cardio-protective medications.  Factors that contributed to this poor 

medication adherence included poor communication between healthcare providers and 

patients, healthcare providers not fully explaining CHD and medications, and patients 

lack of clarity on factors to pay attention to while taking medications (Dai, 2013). 

2.3.3.2 Physician’s practice and the lack of follow-up care regarding medication-taking 
behaviors (9 articles) 

In China, there is a lack of proper follow-up care regarding medication-taking 

behaviors among CHD patients.  Bi et al. (2009) investigated 2,973 patients with acute 

coronary syndromes in 49 hospitals in China on their medication-taking behaviors at the 

time of hospitalization and one year after hospital discharge.  Bi et al. (2009) found that 

sustained use of medications among participants was suboptimal; the use of 

recommended cardio-protective medications continued to decrease over time (Bi et al., 

2009).  Eighty percent of non-adherent participants reported that they did not take 

antiplatelets after discharge because they did not receive follow-up information from 

physicians that they need to continue to take medications (Bi et al., 2009).  Similarly, Hu, 

Li, & Li (2008) and Li et al., (2008) conducted large multicenter studies surveying statin 

usage in CHD outpatients and found that although statins were prescribed for 

outpatients by physicians, the rate of achieving the target cholesterol level were low.  
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The possible reason for this suboptimal health outcome was lack of follow-up care for 

patients (Hu, Li, & Li, 2008; Li et al., 2008).   

Zhang et al. (2015) studied the long-term beta-blocker therapy after hospital 

diacharge among CHD patients and found that only 49% participants consistently used 

beta-blocker after discharge and 22% participants never used it, although consistent use 

of beta-blocker can lower mortality and cardiovascular events.  Based on this finding, 

Zhang et al. (2015) recommended that improving long-term medication adherence 

among CHD patients is necessary, and to improve this long-term adherence actions 

should be taken to promote patients’ follow-up care regarding medication-taking 

bahaviors and to improve physicians’ prescribing practices.  In more recent studies, 

Wang et al. (2015) and J. Li et al. (2016) found that physicians’ prescribing practices 

could influence patients’ medication-taking behaviors and health outcomes.  The results 

from Jiang et al. (2012) supported these findings.  Jiang et al. (2012) studied 837 

physicians from cardiology departments in 35 tertiary hospitals in China and found that 

a gap between guideline requirements (American Heart Association/American College 

of Cardiology Guidelines for Secondary Prevention for Patients with Coronary and 

Other Atherosclerotic Vascular Disease) and clinical practice in coronary heart disease 

secondary prevention, contributing to poor medication adherence in China.  Likewise, 

Ding et al. (2013) and Wang et al. (2015) found that a disparity between guidelines and 

physicians’ prescribing practices for CHD patients exist in China.  Xu et al. (2014)’s 
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study showed that physicians’ from Traditional Chinese Medicine hospitals were less 

likely to prescribe beta-blockers and angiotensin-converting enzyme inhibitors for CHD 

patients in comparison to physicians from West Medicine hospitals in China.  Overall, 

our review showed that physicians’ prescribing practices can influence patients’ 

medication-taking behaviors, and lack of follow-up care for CHD patients regarding 

medication-taking behaviors were consistent barriers to medication adherence among 

Chinese patients with CHD (Li, Xu, Li, & Hu, 2008; Li et al., 2016; Xu et al., 2012; Wang 

et al., 2015; Zhang et al., 2015). 

2.3.4 Adherence is contingent upon patients’ demographic, health 

and medication prescription characteristics 

2.3.4.1 Socio-demographic characteristics that are associated with adherence 

2.3.4.1.1 Age (5 articles) 

Several studies (Jin et al., 2014; Li et al., 2012a; Li, 2015; Wang & Li, 2014; Zhuang, 

Ding, & Huang, 2016) have demonstrated a link between older adults and poor 

adherence to cardio-protective medication.  For example, Jin et al. (2014) found that 

among Chinese patients with acute coronary syndrome, medication non-adherence was 

common among older patients age 65 and above.  Li et al. (2012a) also found that 

adherence to statins was low among older adults.  To further analyze the adherence to 

statins in elderly patients, Wang & Li (2014) chose 1,368 elderly patients aged over 80 
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years with CHD and found that older patients have poor medication adherence and the 

authors surmised that memory loss or inability to remember medication name, dosage, 

route, and time, may be a key explanatory factor.  More recently, two studies (Li, 2015; 

Zhuang et al., 2016) found older age (>60) to be a main influencing factor contributing to 

Chinese patients’ poor adherence to cardio-protective medications. 

2.3.4.1.2 Gender (1 article) 

Medication adherence can be different among male and female CHD patients. 

Yang, Li, Yuan, & Dong (2012) compared medication adherence between male and 

female CHD patients and found that female participants had better adherence in aspirin, 

beta-blockers, and angiotensin-converting enzyme inhibitors/angiotensin II receptor 

blockers; while there was no significant difference between female and male participants 

in adherence to statins. 

2.3.4.1.3 Education (8 articles) 

Seven out of eight studies (Dai, 2013; Huang, Ying, Li, & Li, 2014; Jin et al., 2014; 

Jiang et al., 2015; Li, 2015; Wang & Li, 2014; Zhang, & Chen, 2011; Zhuang et al., 2016) 

found that a low educational level is a main influencing factor that contributes to poor 

medication adherence.  Wang & Li (2014) investigated the reasons behind this 

relationship and found patients with a high educational level (> high school) are more 

likely to gather information about their medications; therefore, they have a better 

understanding and knowledge of statins.  This better understanding contributed to 
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better medication adherence (Wang & Li, 2014).  However, Jiang et al. (2015) surveyed 

5,047 outpatients with stable angina from 298 hospitals in 15 Chinese provinces and 

found that patients with a high school or lower education level had higher beta-blockers 

adherence than those with a college degree.  This result is different from our general 

finding that patients with a higher educational level are more likely to have better 

medication adherence. 

2.3.4.1.4 Income (6 articles) 

Our review shows that low income was consistently found to be a factor related 

to medication non-adherence (Jin et al., 2014).  Li (2013) explored cardio-protective 

medications adherence among 271 CHD patients and revealed that patients with high 

family income (>50,000 yuan/year) have significantly better medication adherence. 

Further, studies (Wang & Li, 2014; Li, 2015) investigated CHD patients on their 

adherence to statins and found that finances are an influencing factor to medication 

adherence.  Studies (Huang et al., 2014; Liu et al., 2017) on adherence to other cardio-

protective medication such as antiplatelet also found the same result.  Huang et al. 

(2014) investigated the factors influencing medication adherence among 262 CHD 

patients who received percutaneous coronary intervention, and found that poor 

adherence to antiplatelets a year after hospital discharge was correlated with low 

economic status.  Liu et al. (2017) investigated the main cause of the non-adherence to 

ticagrelor, an antiplatelet decreasing the risk of myocardial infarction (National Library 
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of Medicine, 2017), and found that low economic status is a main cause of non-

adherence. 

2.3.4.2 Health status in relationship with adherence 

2.3.4.2.1 Comorbidity/surgery (4 articles) 

Our review suggests that CHD patients with comorbidity are more likely to have 

poor medication adherence.  Zhang & Chen (2011) studied 547 CHD patients on their 

adherence to dual antiplatelet therapy one year after they underwent percutaneous 

coronary intervention, and revealed that having comorbidities contributed to low 

medication adherence.  Similarly, Chen et al. (2015) studied the association between 

heart function and medication adherence and found that CHD patients with reduced left 

ventricular ejection fraction had lower medication adherence.  Furthermore, Jin et al. 

(2014) found that the higher the number of comorbidities, the greater the chance of 

medication non-adherence.  Li et al. (2012a) found that statin use was low among certain 

high-risk CHD patients, including those with hypertension or diabetes, even though the 

benefits of statin are great among this population. 

2.3.4.2.2 Discharge (8 articles) 

Medication adherence among Chinese CHD patients often drops significantly 

after discharge from the hospital.  Zhuang et al. (2016) studied 348 discharged CHD 

patients about their adherence to antiplatelet therapy and revealed that medication 

adherence gradually decreased after patient discharge.  Similarly, Li et al. (2012a) found 
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that among 13,150 CHD patients, continued use of statin dropped substantially over 

time.  Atkins et al. (2017) also found that among 236 CHD patients, continued use of 

cardio-protective medications declined over time.  This result is similar to findings from 

three previous studies (Bi et al., 2009; Jin et al., 2014; Li, 2013).  The three studies found 

that recommended cardio-protective medications were commonly underused among 

Chinese CHD patients one year after hospital discharge.  To further investigate the 

relationship between discharge and medication adherence, Zhang & Chen (2011) and 

Huang et al. (2014) investigated the factors influencing medication adherence among 

CHD patients who received percutaneous coronary intervention.  They found the same 

results; adherence to antiplatelet dropped over time (Zhang & Chen, 2011; Huang et al., 

2014).  In summary, our review found that the longer the time after discharge, the poorer 

the medication adherence was. 

2.3.4.3 Medication characteristics that are related to adherence 

2.3.4.3.1 Adverse effects (5 articles) 

Adverse effects are associated with decreased medication adherence among 

CHD patients.  This was supported by several studies in our review (Dai, 2013; Jin et al., 

2014; Li et al., 2012a; Li, 2015; Liu et al., 2017).  Dai (2013) surveyed 200 Chinese CHD 

patients and found that the fear of adverse effects of cardio-protective medication was a 

barrier to adherence.  Jin et al. (2014) investigated main influencing factors to medication 

non-adherence among CHD patients and found the fear of adverse effects such as sexual 
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dysfunction, depression, and fatigue was a confirmed factor.  Similarly, Liu et al. (2017) 

investigated the main cause of the non-adherence to ticagrelor, an oral antiplatelet drug 

decreasing the risk of myocardial infarction (National Library of Medicine, 2017), and 

found that adverse effect of ticagrelor, such as hemorrhage is one main cause.  Li (2015) 

studied 138 CHD patients on their adherence to statins and found that adverse effects of 

statins are indeed a factor contributing to poor adherence.  Taking statins over time can 

influence the musculoskeletal system, neurological system, and liver dysfunction (Li, 

2015).  To further study the association of adverse effects and non-adherence to statins, 

Li et al. (2012a) categorized 16,860 patients into different risk levels.  They found that 

statin use was low among high risk CHD patients even though the absolute benefits of 

using statins are high among this population.  Li and colleagues thought this might be 

because of a treatment-risk paradox (Li et al., 2012a).  Treatment-risk paradox is a 

phenomenon in which patients at high risk for adverse events receive less-intensive 

treatment than do patients at lower risk (Ko, Mamdani, & Alter, 2004). 

2.3.4.3.2 Number of discharge medications (2 articles) 

Two studies in our review found that the greater the number of discharge 

medications patients received, the greater the chance of medication non-adherence it 

occurred.  Li (2015) studied 138 CHD patients on their adherence to statins and found 

that using multiple medications was an influencing factor that contributed to poor 

adherence.  Also, Dai (2013) surveyed 200 CHD patients living in a Chinese rural area 
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and found that using multiple medications was a factor that contributed to poor 

medication adherence. 

2.3.4.4 Medication cost/Insurance (4 articles) 

Many studies (Huang et al., 2014; Jin et al., 2014; Li, 2015; Zhang & Chen, 2011) in 

our review found that high medication cost was related to poor medication adherence. 

For example, Zhang & Chen (2011) investigated 500 CHD patients on their adherence to 

antiplatelet therapy and revealed that high medical payment was related to poor 

adherence.  Specifically, patients having public medical insurance had higher 

medication adherence than patients who had rural cooperative medical care or needed 

to pay medical care out of own pocket (Zhang & Chen, 2011; Huang et al., 2014). 

Similarly, Jin et al. (2014) and Li (2015) found that medication cost was an influencing 

factor that contributed to poor adherence.  Participants with no insurance or who had to 

pay medication out of pocket had poorer medication adherence (Li, 2015). 

2.3.5 Interventions to improve medication adherence vary in methods 

Our systematic review found that researchers explored various interventions to 

improve CHD patients’ adherence to cardio-protective medication.  Follow-up phone 

calls, educational lectures, booklets, and reminder cards were common methods found 

to be effective in improving medication adherence.  Education and reminders are two 

key components of all interventions. 

2.3.5.1 Follow-up phone call (7 articles) 
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Making follow-up phone calls to remind patients to take medications or give 

consultations on medication usage is the most common method we found in the review. 

Du et al. (2015) randomized 964 CHD patients into an intervention or control group. 

Participants in the intervention group received medical consultations from cardiologist 

through phone calls at three, six, 12 and 36 months post-discharge.  The study found 

that the intervention group had significantly better medication adherence (Du et al., 

2015).  Similarly, Li et al. (2012b) used phone-call interviews to educate participants with 

myocardial infarction on relevant knowledge after discharge and found this intervention 

was effective in improving medication adherence.  Telephone follow-up was used in 

many randomized controlled trials (Cao, Tian, Chen, & Jiang, 2017; Jiang, Sit, & Wong, 

2007; Zhao & Wong, 2009; Zhao, Zhao, Du, & Qin, 2015b; Zhao, Zhao, Du, Qin, 2015c).  

For example, Jiang et al. (2007) tested the effectiveness of a nurse-led cardiac 

rehabilitation educational program in improving health behaviors among 167 randomly 

selected CHD patients.  In the program, an experienced cardiac nurse provided patients 

with professional follow-up through telephone calls to monitor, facilitate and reinforce 

self-management practice of the patients.  Patients who received the intervention 

demonstrated a significantly better performance in medication adherence (Jiang et al., 

2007).  Similarly, Cao et al. (2017) conducted a randomized controlled trial to test the 

effectiveness of a hospital–community partnership transitional program on medication 

adherence.  In the program, family physicians and home nurses made structured 



 

35 

	

telephone calls after patient discharge to reinforced health self-management behaviors 

and remind timely outpatient visits to hospital.  Whereas, patients in the control group 

received routine care.  Cao et al. (2017) found that intervention group had significantly 

higher medication adherence scores than control group at 30 days and 90 days after 

discharge. 

Zhao et al. (2015b) examined the impact of using a clinical pharmacist support 

program on medication adherence among patients receiving multidrug therapy for 

coronary heart disease in China.  Compared to a usual care control group, the 

intervention group received pharmacist support that included medication review, 

patient education, lifestyle management, discharge guidance, and telephone follow-up. 

Patients in the intervention group showed better medication adherence (Zhao et al., 

2015b).  Zhao & Wong (2009) tested the effectiveness of a nurse-led post-discharge 

transitional care program for CHD patients that included a community nurse who 

followed up with participants’ adherence behavior for 4 weeks.  Compared to the 

control group, which received routine care, the intervention group had significantly 

better adherence to their medications (Zhao & Wong, 2009). 

2.3.5.2 Booklet (3 articles) 

Giving a booklet for patients to refer important information of CHD and their 

medication was found to be effective in our review.  However, none of the three studies 

used booklet alone; booklet was used with other interventions to improve medication 
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adherence, such as follow-up phone calls, educational session, or individual face-to-face 

education.  Wu et al. (2012) found patients in an intensive management group had better 

medication adherence than patients who received routine care.  A booklet of CHD was 

provided to participants in the intensive management group.  With such a booklet, 

patients can learn CHD-relevant knowledge from it.  The booklet increased participants’ 

awareness of taking medications.  Similarly, Jiang et al. (2007) provided a healthy heart 

booklet that covered medication management to CHD patients to facilitate and reinforce 

their medication adherence.  Zhao et al. (2015c) investigated whether a pharmaceutical 

care intervention can improve medication adherence.  In this intervention, an 

instructional list of each medication was provided to patients. 

2.3.5.3 Medication memo card (1 article) 

A medication memo card was found to be an effective method to improve 

medication adherence.  Li et al. (2012b) conducted a randomized controlled trial to 

improve CHD patients’ medication adherence.  Intervention in the study included 

giving a medication memo card to participants with a physician’s prescription and time 

of taking medications (Li et al., 2012b).  This method improved patients’ medication 

adherence.  

2.3.5.4 Short message service (1 article) 

Using a sample of 280 outpatients, Fang & Li (2016) examined the effectiveness of 

an electronic messaging support service program as means of providing discharged 
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patients with reminders and coronary artery disease-related health information.  Fang & 

Li (2016) found that compared to the control group who received phone calls, the group 

that received medication reminders via short message service had better cumulative 

adherence to lipid-lowering therapy after 6 months of the program. 

2.3.5.5 Mobile app (1 article) 

Fang & Li (2016) built a public platform on one of the most popular mobile 

applications in China called WeChat.  From a computer, healthcare providers regularly 

released to the WeChat platform CHD-related information of cardio-protective 

medication including its function, method of use, and side effects.  Patients in the 

experimental group had open access to all information on the WeChat platform (Fang & 

Li, 2016).  Fang & Li (2016) found that compared to the control group, the experimental 

group had better cumulative adherence to lipid-lowering therapy after six months of the 

program. 

2.3.5.6 Educational session/ individual face-to-face education (5 articles) 

Jiang et al. (2007) tested the effectiveness of a nurse-led, hospital-initiated, 

cardiac-rehabilitation educational program to improve 167 CHD patients’ health 

behaviors, including medication adherence.  The cardiac rehabilitation program of this 

study was started in the hospital and maintained to 12 weeks after discharge, consisting 

of seven educational sessions covering (1) CHD and self-management principles, (2) 

medication management, (3) angina prevention and management, (4) physical exercise, 
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(5) dietary management, (6) smoking cessation and (7) family support.  Patients who 

received this intervention demonstrated a significantly better performance in medication 

adherence (Jiang et al., 2007).  In addition, educating participants’ family members 

improved medication adherence.  Li et al. (2012b) conducted a randomized controlled 

trial to improve medication adherence.  Interventions for the experimental group 

included educating participants’ family members on how to care for patients with 

myocardial infarction at months one, three, six, nine and 12 post-discharge (Li et al., 

2012b).  Individual face-to-face education provided by healthcare providers also can 

improve medication adherence (Zhao et al., 2015b).  Zhao et al. (2015b) examined the 

impact of using a clinical pharmacist support program on medication adherence among 

patients receiving multi-drug therapy for coronary heart disease in China.  Compared to 

a usual care control group, the intervention group received pharmacist support that 

included individual face-to-face patient education.  As a result, patients in the 

intervention group showed significantly better understanding of the importance of 

medication adherence and improved medication adherence (Zhao et al., 2015b). 

Similarly, in the study conducted by Zhao et al. (2015c) and Cao et al. (2017), healthcare 

providers gave medical directions and explained the importance of taking cardio-

protective medications to patients.  The result was that the medication adherence rate 

was higher in the pharmaceutical care group (Zhao et al., 2015c). 
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In addition to investigating the advantages of each intervention, disadvantages 

of the interventions were rarely mentioned in the reviewed studies.  Only one study 

(Fang & Li, 2016) discussed that mobile applications and short message services require 

patients to have access to a cellular data network; therefore, these interventions may be 

less applicable to patients in rural areas who do not have access to smart phones or 

cellular networks or who are illiterate. 

2.4 Discussion 

Cardio-protective medications were commonly prescribed as secondary 

prevention medication to patients with CHD in mainland China (Bi et al., 2009).  In this 

systematic review we found that adherence to these medications gradually decreased 

during a follow-up period (Bi et al., 2009; Chen et al., 2015; Jiang et al., 2012).  This 

finding is a critical public health issue in China because long-term pharmaceutical 

therapy is essential for the treatment of CHD, non-adherence to cardio-protective 

medcations could render futile any effort to treat CHD (World Health Organization, 

2003), and cause severe adverse health outcomes.  In this review we synthesized the 

findings to provide a clearer understanding of factors related to poor adherence which 

we organized into several key themes.  Also, we summarized all interventions that have 

been taken to improve medication adherence.  The impact of the lack of medication-

related knowledge among CHD patients cannot be underemphasized and served as a 

barrier to medication adherence.  Future programs aimed to improve medication 
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adherence should develop interventions to improve patients’ knowledge of their 

medications, such as function, frequency, and dosage.  Our review showed that, in 

China, lack of proper follow-up care for CHD patients regarding their medication-taking 

behaviors is also a barrier to medication adherence; therefore, to improve medication 

adherence, interventions should be taken to promote follow-up care.  Using mHealth to 

increase access to care and care delivery might be a solution for CHD patients after 

hospital discharge.  This review found that medication-taking reminders and 

educational materials were the two core components for successful interventions aimed 

to improve medication adherence.  Future mHealth intervention should adopt these two 

core components.   

Also, this review found that physicians’ prescribing practices can influence 

patients’ medication-taking behaviors and health outcomes; therefore, factors 

compromised physicians’ prescribing practice should be studied.  Several studies (Jiang 

et al., 2012; J. Li et al., 2016; Wang et al., 2015; ) in this review mentioned that physicians’ 

knowledge deficiency of prevention guidelines was a factor.  One possible reason for 

this knowledge deficiency could be the poor and slow dissemination of current 

guidelines.  To improve this gap, a Chinese translation of current international 

guidelines could be helpful.  Because most updated guidelines are made in the United 

States and Europe, they are written in English.  Most Chinese physicians cannot read 

English or do not have time to read English guidelines.  Finally, hospitals in mainland 
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China should provide cardiologists, particularly young cardiologists, with further 

training opportunities on cardiology prevention and rehabilitation.  Patients’ lack of 

follow-up care is also related to healthcare system in China.  Under the current system, 

most physicians are required to see a great number of patients each day and they may 

not have sufficient amount of time to provide advice to patients on medication 

adherence.  Future interventions should be taken to improve communications between 

healthcare providers and patients to increase patients’ awarenss of the importance of 

adhering to cardio-protective medications.   

We found that adherence is contingent upon patients’ health and demographic 

characteristics including age, education, comorbidities, number of medications 

prescribed, adverse effects, and insurance.  Patients from more affluent backgrounds 

and with access to care were likely to have better medication adherence overall.  Finally, 

we found that interventions to improve medication adherence varied in methods, but 

that education and reminder were the consistent key components of all interventions. 

We used a set of criteria to assess quality of evidence provided by each of the included 

33 studies.  These criteria included study design, sample selection and size, measures, 

control for confounding variables, length of follow-up period, attrition rate, and 

statistical analyses (Wu et al., 2016).  Overall, our review revealed a significant variation 

in the quality of reviewed studies.  Major limitations to some of these studies included 

using non-representative samples, using unstandardized assessment measures, and 
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insufficient number of longitudinal findings.  Therefore, findings from this review are 

not conclusive.  

However, they provide a foundation from which to conduct future research.  In 

particular, findings suggest the following: (1) More research should be conducted on 

how to establish high quality health educational programs aimed to increase patients' 

medication adherence.  (2) In China, educating patients to take medications is the 

responsibility of healthcare providers.  However, lack of proper follow-up care or 

monitor for CHD patients regarding their medication-taking behaviors is common in 

China; therefore, interventions improving discharge prescription of cardio-protective 

medications and promoting long-term patient adherence are critically needed.  

Considering the ubiquitous mobile phone use in China, developing an mHealth 

intervention to disseminate follow-up information to people who need it may be a 

powerful way to improve medication adherence.  (3) Many studies in the review were 

conducted in urban areas of China.  Given that there is a big difference in medical care 

between urban areas and rural areas of China, future research should study the 

medication adherence among patients with CHD living in rural China.  (4) More robust 

studies are needed to examine the mediator and moderator factors associated with 

medication adherence using longitudinal data.
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Table 7: Summary of Studies Included in Review 

Author / year Research 
design 

Sample Location Measuring medication 
adherence 

Findings Theme topic 

Atkins et al. 
(2017) 

A cohort analysis N=15,140, 
female 3651 
(24.11%) 

70 hospitals from 17 
provinces of China 

Did not use instrument. 
Medication adherence was 
assessed by the rate of medication 
usage among participants 
 

Use of cardio-protective 
medications declines over time after 
discharge 

Discharge 

Bi et al. (2009) A multicenter 
prospective study 

N=2901, 
average age: 
64.5 ± 12, 
female 948 

51 hospitals (41 
tertiary and 10 non-
tertiary 
urban hospitals) in 
China 

Standardized paper case report 
forms were used to document if 
participants were adherent to their 
medication 

Medications adherence was high at 
the time of hospital discharge, but 
decreased during follow-up. Patients 
discharged on more drugs had even 
lower adherence 

Discharge; 
Lack of follow-up 
information 

Cao, X. et al. 
(2017) 

Randomized 
controlled trial 

N=236, 
average age: 
68.10, female 
64 (27.12%) 

Chengdu, Sichuan 
province, China 

The Morisky Medication 
Adherence Scale (MMSA-8) 

Intervention group had significantly 
higher medication adherence scores 
than control group at 30 days and 90 
days after discharge 

Educational 
session/ individual 
face-to-face 
education; Follow-
up phone call 
 

Chen et al. 
(2015) 

Longitudinal 
study 

N=512, 
female 302 

Jiangsu province, 
China 

Did not use measurement. 
Medication adherence was defined 
as taking the same category of 
drugs at discharge during the 
follow-up period 
 

Compared with those with 
preserved LVEF, patients with 
reduced LVEF have lower 
medication adherence 

Comorbidity 

Dai (2013)* Cross-sectional 
study 

N=200, age 
range: from 
28 to 67, 88 
female 

Donggu village, 
Pinggu District, 
Beijing, China 

Used a self-made survey, which 
was tested in a pilot study 

Medication adherence is poor in 
Chinese rural areas. 61.7% 
participants had poor adherence 

Number of 
discharge 
medications;  
Adverse effects; 
Patients’ lack of 
knowledge; 
Education 
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Author / year Research 
design 

Sample Location Measuring medication 
adherence 

Findings Theme topic 

Ding et al. 
(2013)* 

Cross-sectional 
study 

N=903, 
average age: 
64.9±10.7, 
female 257 
(29.3%) 

Beijing, China Self-made questionnaire LDL-C control rate is very low in 
people with CHD living in Beijing. 
Only 36.9% reached the standard of 
LDL-C control 
 

Patients’ lack of 
knowledge; Lack of 
follow-up care 
 

Du et al. (2015) Randomized 
controlled trial 

N=964, 
female 264  

Zhengzhou, Hennan 
province, China 

did not mention Intervention group had better 
medication adherence than control 
group 
 
 

Follow-up phone 
call  

Fang & 
Li (2016) 

Randomized 
controlled trial 

N= 280, age 
range: 38-69, 
female 80 
(28.58%) 
 

Chengdu, Sichuan 
province, China 

Morisky Medication Adherence 
Scale (MMAS-4) 

Participants in the intervention 
group of using WeChat had better 
Medication adherence 
 

Short message 
service; Mobile app   

Hu et al. (2008) Cross-sectional 
study  

N=4,778, 
female 1,719 
(36.0%) 

52 medical centers in 
6 Chinese cities: 
Shanghai, Beijing, 
Guangzhou, 
Zhejiang, Tianjin and 
Xinjiang 

Did not use instrument. Adherence 
to Statins was measured as the rate 
of achieving the target LDL-C 
level 

18.6% of CHD patients at high risk 
of cardiac event were not taking 
statins as lipid-lowering therapy; 
17.5% of CHD patients at very high 
risk of cardiac event were not taking 
statins 
 
 

Lack of follow-up 
care 

Huang et al. 
(2014)* 

Longitudinal 
study 

N=262, 51 
female 
(19.5%) 

Nanning city, 
Guangxi province, 
China 

Morisky Green Levine Test Six months after the PCI, 48.9% 
participants did not adhere to their 
antipletelets. 12 months after the 
PCI, 62.9% participants did not 
adhered to their antipletelets 
 

Income; Education; 
Discharge; 
Medication 
cost/insurance 

Jiang, J. et al. 
(2015)* 

Cross-sectional 
study 

N=5407,  
average age: 
67.6, female 
2152 (42.9%) 

298 hospitals in 15 
Chinese provinces 

Did not use instrument. 
Participants who were adherent 
were defined as those who were 
still on their medications at the 
third month after baseline survey 
 

Medication non-adherence is 
common in Chinese people with 
CHD. Several factors were 
identified 

Education 



 

 

	

45 

Author / year Research 
design 

Sample Location Measuring medication 
adherence 

Findings Theme topic 

Jiang, J. et al. 
(2012) 

Cross-sectional 
study 

864 
physicians 
participated 
in the survey, 
representing 
86% of all 
attending 
physicians 
and residents 
in cardiology 
departments 
in the 35 
hospitals  
 

35 tertiary hospitals 
located in urban 
areas of China 

Did not measure medication 
adherence 

Medication adherence is related to 
physicians. Knowledge of 
physicians was not precise or up-to-
date 

Lack of follow-up 
care 
 

Jiang X. et al. 
(2007) 

Randomized 
controlled trial 

N=167, 
female 48  

Chengdu, Sichuan 
province, China 

The self-reported drug compliance 
scale, a five-point Likert scale 
ranging from 1 (totally drug 
refusal) to 5 (100% drug 
compliance). This instrument is 
reliable and valid  
 

Medication adherence was 
decreased over time, but to a 
significantly lesser extent in 
intervention group 

Educational 
session/ individual 
face-to-face 
education; Follow-
up phone call; 
Booklet  
 
 

Jin et al. (2014) Two-groups 
comparison study 

N=469, 
female 142 
(30.3%) 

Nanjing, Jiangsu 
province, China 

Did not use instrument Older patients had a significantly 
decreased medication adherence 
than younger patients 

Age; Income; 
Comorbidity; 
Adverse effects; 
Education; 
Discharge; 
Medication 
cost/insurance 
 

Liu et al. 
(2017) 

An observational 
cohort study 

N=404, 
average age: 
58 ± 10, 
female 99 
(24.5%) 

Beijing, China Did not use instrument. 
Medication adherence was 
assessed by whether participants 
stopped taking prescribed 
medication—ticagrelor 
 

39.1% participants did not adhere to 
their medications. Economic 
reasons and hemorrhagic event were 
the main causes of the non-
adherence to ticagrelor 
. 

Adverse effects; 
Income 
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Author / year Research 
design 

Sample Location Measuring medication 
adherence 

Findings Theme topic 

Li, J. et al. 
(2016) 

A sequential 
cross-sectional 
study  

N=2463, 
female 673  

Hospitals were 
chosen from both 
economic-
geographical regions 
(eastern, central, and 
western) and 
rural/urban regions 

Did not use instrument. Used the 
2010 Chinese Guideline for 
Diagnosis and Treatment of 
Patients with ST-elevation 
Myocardial Infarction to determine 
whether patients received the 
appropriate fibrinolytic dosage. 
Appropriate dosage was defined as 
between 80% and 120% of the 
recommendation. Underdosing 
was defined as less than 80% and 
overdosing was defined as more 
than 120% of the recommended 
dose 

Many CHD patients were not 
treated with fibrinolytic therapy: 
only 49.5% ideal candidates for 
fibrinolytic therapy received it 

Lack of follow-up 
care 

Li J. et al. 
(2012a) 

Randomized 
controlled trial 

N=16860, 
average age: 
63, female 
4384 (26%) 

72 study sites in 14 
Chinese cities 

Did not use instrument. 
Medication adherence was 
assessed by the rate of medication 
usage among participants 

Among Chinese people with CHD, 
antiplatelet therapy was commonly 
used but the use of statins, beta-
blockers and ACEIs was still not 
optimal 
 

Age; Comorbidity; 
Discharge; Adverse 
effects  
 
  

Li, J.X. et al. 
(2012b) 

Randomized 
controlled trial 

N=100, 
female 43  

Xi'an, Shaanxi 
province, China 

Proportion of days covered (PDC) 
was used to measure medication 
adherence. PDC=Number of days 
when medications were taken / 
Number of days being interviewed 
 

Intervention group had significantly 
better medication adherence than 
control group 

Follow-up phone 
call; Medication 
memo card; 
Educational 
session/ individual 
face-to-face 
education 

Li, W. (2015) Retrospective 
analysis study 

N=138, age 
range: from 
54 to 76, 
average age: 
62.12 ± 
10.11, 68 
female 

Enshi City, Hubei 
province, China 

Used a self-made scale. Very much 
like Morisky Medication 
Adherence Scale (MMSA-4), but 
one question is different. Validity 
and reliability were not reported 

Adherence to statins is poor among 
Chinese people with CHD. 36.23% 
of them had poor adherence 

Number of 
discharge 
medications;  
Adverse effects; 
Income; Patients’ 
lack of knowledge; 
Age; Education; 
Medication 
cost/insurance  
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Author / year Research 
design 

Sample Location Measuring medication 
adherence 

Findings Theme topic 

Li, X. et al. 
(2008) 

Cross-sectional 
study 

N=4778, 
female 1719  

52 centers in 6 cities 
in China: Shanghai, 
Beijing, Guangzhou, 
Xinjiang, Zhejiang, 
Tianjin 

Did not use instrument The number of CHD patients 
achieved the recommended LDL-C 
level was suboptimal. 18.6% of 
CHD patients at high risk did not 
receive statin therapy; 17.5% at very 
high risk did not receive statin 
therapy 
 

Lack of follow-up 
care 

Li, Y. (2013)*  Cross-sectional 
study 

N=272, age 
range: from 
39 to 71, 100 
female 

Wuding county, 
Yunnan province, 
China 

Did not use instrument. 
Participants were identified as 
nonadherent as long as they missed 
one dose, changed the 
dosage/frequency, or made self-
decision to stop medication 

87.82% participants did not adhere 
to prescribed medications. Of these 
participants, 22.9% changed their 
medications' dosage or frequency, 
30.6% missed at least one dose of 
medication, 34.3% stop physician-
prescribed medications and replaced 
them by other medications 
 

Income; 
Discharge 

Wang, Y. et al. 
(2015) 

Retrospective 
analysis study 

N=2128, 724 
female 
(34.02%) 

20 tertiary hospitals 
in Heilongjiang 
province of China  

Did not use instrument. 
Medication adherence rate was 
calculated as 
the number of eligible patients 
who actually received the 
recommended medication divided 
by all patients eligible for it 
 

The adherence rates to aspirin, beta-
blocker, and thrombolytic were 
much less than the target level 
recommended by the ACC/AHA as 
first-line treatments for practice 
guidelines 

Lack of follow-up 
care 

Wang, K. & 
Li, X. (2014)        

Retrospective 
analysis study 

N=1368, age 
range: 80 to 
101, age 
average age: 
86.4 ± 6.6, 
female 528 

Beijing, China Morisky-Green (MG) 
questionnaire 

Chinese people with CHD older 
than 80 years had poor adherence to 
statin. 22% of them did not adhere 
to their statins 

Age; Education; 
Patients’ lack of 
knowledge; Income 
 
 

Wu et al. 
(2012) 

Two-groups 
comparison study 

N=110, 
female 22 
(20%) 

Chengdu, Sichuan 
province, China 

Did not use measurement. 
Interviewed participants to see if 
they were still taking their 
medication 

Medication adherence of the 
intensive group was much better 
than the control group 
 
 

Booklet  
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Author / year Research 
design 

Sample Location Measuring medication 
adherence 

Findings Theme topic 

Xu et al. (2014) A retrospective 
cross-sectional 
study 

N=200, 
female 62 

Hangzhou, Zhejiang 
province, China 

Medication use was calculated by 
percentage of CHD participants 
who were prescribed cardio-
protective medication 

Patients discharged from the 
Chinese medical hospital were less 
likely to receive ACE 
inhibitors/ARBs and β-blockers 
than those discharged from the 
general hospital 
 

Lack of follow-up 
care 

Yang et al. 
(2012) 

Two-groups 
comparison study 

N=403, age 
range: 48-84, 
average age: 
66.98± 7.98, 
female 161 
(40%) 

Guiyang, Guizhou 
province, China 

Morisky Medication Adherence 
Questionnaire 

Medication adherence can be 
different among male and female. 
Female participants had better 
medication adherence in aspirin, 
beta-blockers, and angiotensin-
converting enzyme inhibitors / 
angiotensin II receptor blockers; 
There was no significant difference 
between female and male 
participants in adherence to Statins 
 

Gender 

Zhang, H. et al. 
(2015) 

Three-group 
comparison study 

N=5926, 
female 1095 
(18%) 

Beijing, China Participants' medication adherence 
was measured by their patterns of 
β-blocker use at hospital discharge 
and during the first year after 
discharge: (1) always users, (2) 
never users, and (3) inconsistent 
users 

Consistent β-blocker use after 
hospital discharge can lower 
mortality and cardiovascular events. 
Among 5926 CHD participants, 
2922 (49.3%) consistently used β-
blocker, whereas 1323 (22.3%) 
never use it 
 

Lack of follow-up 
care  

Zhang, Y. & 
Chen (2011)* 

Retrospective 
analysis study 

N=500, 
average age: 
72±8.82, 
female 228 
(45.6%) 

Chongqing, China Did not use instrument. 
Participants were interviewed 
within 12 months after 
percutaneous coronary intervention 
(PCI). If a participant told s/he the 
same medication as s/he was at the 
time of discharge, the participant 
was regarded as adherent 
 
 

All participants adhered to their 
medications at baseline. After being 
discharged from hospital, the 
adherence rate started to decrease. 
185 (37%) participants did not 
adhere to their medications. Among 
the 185 participants, nearly 97% 
stopped their medications 6 months 
later after being discharged or even 
earlier 

Comorbidity; 
Discharge; 
Medication 
cost/Insurance; 
Education 
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Author / year Research 
design 

Sample Location Measuring medication 
adherence 

Findings Theme topic 

Zhao, S. et al. 
(2015a) 

Cross-sectional 
study 

N=159, 
average age: 
61.7 y, 
female 58 
(36.5%) 

Zhengzhou, Hennan 
province, China 

The Morisky Medication 
Adherence Scale (MMSA-8) 

Among Chinese people with CHD, 
who lack knowledge about their 
medications were more likely to 
divert from the instructions for their 
medication 
 

Patients’ lack of 
knowledge 

Zhao, S. et al. 
(2015b) 

Randomized 
controlled trial 

N=90, didn't 
mention 
female 

Zhengzhou, Hennan 
province, China 

Questionnaire, did not mention the 
name of the questionnaire, and did 
not mention its reliability and 
validity 

Medication adherence was 
significantly better in intervention 
group than in control group 

Educational 
session/ individual 
face-to-face 
education; Follow-
up phone call 
 

Zhao, S. et al. 
(2015c) 

Randomized 
controlled trial 

N=120, 
female 48  

Zhengzhou, Henan 
province, China 

Did not use instrument Intervention group had better 
medication adherence than control 
group 

Booklet; 
Educational 
session/ individual 
face-to-face 
education; Follow-
up phone call 

Zhao, Y. & 
Wong (2009) 

Randomized 
controlled trial 

N=200, 
female 53 
(53%) 

Tianjin, China.  Did no mention the name of the 
survey, but the authors explained 
the content validity of the 
instrument was confirmed by 
experts in the study team 

Medication adherence was not 
significantly different between 
control group and intervention 
group at baseline, but intervention 
group participants' adherence was 
better became significant in weeks 4 
and 12 
 

Follow-up phone 
call  

Zhuang et al. 
(2016)* 

Cross-sectional 
study 

N=348, age 
range: from 
45 to 75, 
average age: 
60 ± 6, 
female 166   

Shanghai, China Did not use instrument. 
Medication adherence was 
identified as following physician's 
prescriptions to take antiplatelets. 
Non-adherence was identified as 
changing dosage/frequency of 
prescribed antipletelets or stopping 
prescribed antipletelets 

The percentage of participants who 
adhered to their antipletelets were 
98.3%, 92.8% and 81.9% 
respectively in 3 months, 6 months, 
12 months after being discharged 
from hospital 

Discharge; Age; 
Education 

Notes: Articles marked with * were retrieved from Chinese database, the China National Knowledge Infrastructure.  Articles in bold were written in Chinese. 
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3. An mHealth intervention to improve medication 
adherence among patients with coronary heart disease 
in China: Development of an intervention  
3.1 Introduction 

In China, coronary heart disease (CHD) is the second leading cause of death 

(World Health Organization, 2015; Wu, Benjamin, & MacMahon, 2016; Zhang, Lu, & Liu, 

2008).  The treatment of CHD and other chronic illnesses typically involves long-term 

pharmaceutical therapy (National Heart, Lung, and Blood Institute, n.d.; Sabaté, 2003).  

Particularly for patients with CHD, taking cardio-protective medications can prevent the 

enlargement of harmful clots (American Heart Association, 2015), cardiovascular 

symptoms; and poor therapeutic outcomes, such as uncontrolled high blood pressure, 

hyperlipidemia, arrhythmia, heart failure (Zhang et al., 2015), and sudden cardiac death 

(S. Zhang, 2009).  These medications, which include antiplatelet drugs, beta-blockers, 

calcium channel blockers, statins, and angiotensin-converting enzyme inhibitors, can 

thus reduce the risk of mortality due to CHD (Hamm et al., 2011; Ho, Chris, & Rumsfeld, 

2009; Zhang et al., 2015).  However, in China, poor adherence to cardio-protective 

medications has been cited as a public health concern (Bi et al., 2009; Jiang et al., 2012).  

This poor adherence to cardio-protective medications has been linked to increases in 

healthcare costs due to poor therapeutic outcomes typically requiring major medical 

interventions, such as coronary angioplasty and coronary artery bypass grafting (Iuga & 

McGuire, 2014).  In fact, improving the adherence to pharmacotherapy for chronic 
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illnesses, such as hypertension and hyperlipidemia, which are two leading risk factors of 

CHD, has been shown to yield extensive health and economic benefits (Sabaté, 2003).  

Conversely, neglecting medication adherence could render futile any effort to treat CHD 

(World Health Organization, 2003), and cause severe adverse health outcomes.  

Therefore, it is critical to improve medication adherence among patients with CHD in 

China. 

In China, local primary healthcare clinics are often not the first choice for 

treatment.  Instead, patients with serious illnesses such as CHD prefer to utilize 

hospitals (National Health and Family Planning Commission of China, 2016; Wang, 

Zhang, Hou, Yan, & Hou, 2018).  Consequently, many of the 100 million people 

diagnosed with CHD in China (World Health Organization, 2019) receive prescriptions 

and medication-related knowledge in hospitals only without a primary care clinician to 

monitor their treatment.  Under this healthcare utilization model, patients are often not 

provided with proper treatment maintenance and knowledge regarding their 

medication-taking behaviors (Zhao, Zhao, Wang, Du, & Qin, 2015a).  This lack of follow-

up care decreases patients’ awareness of the importance of taking medications the way 

they were prescribed.  Therefore, in this study, we proposed to use mHealth as a tool to 

increase CHD patients’ access to care and care delivery. 

China has 1.3 billion mobile phone users (He, 2016), and 97% of its netizens use 

mobile phones to access the Internet  (China Internet Network Information Center, 
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2018).  These conditions in China are ideal for implementing an mHealth intervention to 

improve health and practice.  However, the use of mHealth to improve medication 

adherence among Chinese patients with CHD is in its infancy.  The purpose of this 

study was to evaluate the feasibility of using mHealth as a tool to assist CHD patients to 

take their cardio-protective medications. 

3.2 Methods 
3.2.1 Mobile health technologies 

In this study, two mobile applications (apps) were used, WeChat and BB 

Reminder.  WeChat is the most widely used cell-phone messaging app in China (X. Li et 

al., 2016).  On average, WeChat users spend 70 minutes per day on the app (Zhang, Wen, 

Liang, & Lei, 2017).  WeChat's functions include creating group chats, live chats, video 

calls, and sending messages, files, and voice notes.  Every WeChat account has its own 

account name and QR code that are connected to a mobile phone number.  BB Reminder 

is a medication-reminder app.  By adding a patient's WeChat account to the BB 

Reminder, a clinician can send personalized medication-taking reminders through 

messages on WeChat to the patient. 

3.2.2 Study design 

This study was conducted in two phases with patients from a Cardiology 

Department in a major university-affiliated hospital, located in southern China.  Phase 1 

lasted for three months (from June 16, 2016 to September 19, 2016) and was completed to 
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allow for refinement of the intervention.  With the adjustment made from information 

gathered from Phase 1, Phase 2 lasted for two months (from May 17, 2017 to July 18, 

2017).  The cohorts of participants in the two phases were mutually exclusive.  Phase 1 

aimed to develop the prototype of medication-taking reminders and educational 

materials that can improve medication adherence among patients with CHD.  Also, it 

aimed to create an mHealth intervention by integrating two mobile applications to send 

the developed medication-taking reminders and educational materials.  Based on Phase 

1, Phase 2 aimed to assess the feasibility and acceptability of the developed mHealth 

intervention. 

Both phases included an exploratory randomized controlled trial (RCT; N = 49 in 

Phase 1, and N = 50 in Phase 2) and qualitative interviews (n = 4 in Phase 1, and n = 10 in 

Phase 2).  In Phase 1 RCT, participants assigned to the experimental group received a 

reminder for every dose of their medications and educational materials every other day. 

In Phase 2 RCT, participants assigned to the experimental group received a daily 

medication-taking reminder and educational materials every five days.  For both phases, 

participants in the control group only received educational materials, and the duration 

of the study was 30 days for each participant. 
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3.2.3 Interventions 

In Phase 1, participants in the experimental group received medication-taking 

reminders and educational materials from the two mobile apps, BB Reminder and 

WeChat, respectively.  All participants in this study received the same educational 

materials via WeChat.  The educational materials were sent every two days at a random 

time between 8 a.m. and 10 p.m.  These educational materials retrieved from the Chinese 

Cardiovascular Disease-Prevention Information Website were curated into short articles 

(<500 words) and pictures.  The educational materials were screened by a cardiologist 

and a nurse to assure their accuracy before being sent to participants.  Participants in the 

experimental group also received medication-taking reminders.  These reminders were 

sent through BB Reminder on an unencrypted device (iPhone 5; used only for research 

purposes).  BB Reminder has the function that after inputting a patient's phone number 

and prescriptions, participants can receive reminders through text messages on WeChat 

of the name, dosage, function, and administration route for every dose of his/her 

medication.  The reminders were sent to participants 15 minutes before they were 

supposed to take their medications. 

The intervention of Phase 2 was refined based on Phase 1 (see Table 1).  The 

intervention also involved daily reminders and educational materials sent via BB 

Reminder and WeChat.  All participants in this study received the same educational 

materials via WeChat, however, the educational materials were not sent every two days, 
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but every five days at a random time between 9 a.m. and 9 p.m.  These educational 

materials were retrieved from the World Health Organization website 

(http://www.who.int/features/qa/27/zh/) and were curated into a library.  Like Phase 1, 

the educational materials in Phase 2 were also screened by a cardiologist and a nurse to 

assure their accuracy before being sent to participants.  In Phase 2, participants in the 

experimental group received one-daily medication-taking reminders rather than 

receiving a reminder for every dosage of their medications.  These reminders were also 

sent through BB Reminder on an unencrypted device (iPhone 5; used only for research 

purposes).  The daily reminders were sent to participants every day at a random time 

between 9 a.m. and 9 p.m. 

After the intervention, an interview invitation was sent out via WeChat to all the 

experimental group participants in Phase1 and to all participants in Phase 2.  Those who 

accepted the invitation were interviewed via phone calls by a study coordinator who 

had been well-trained in conducting interviews.  The purpose of the interviews was to 

obtain the participants’ feedback on the intervention.  The interview questions included 

“What do you think of this mHealth program?”, “What do you think of the reminders? 

Would they work?”, and “What do you think of the educational materials received on 

WeChat?” 
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3.2.4 Participants 

3.2.4.1 Inclusion criteria 

This study gained ethical approval from the Duke Health Institutional Review 

Board (Pro00073395) and was allowed to be conducted in the clinical site located in 

China (the Cardiology Department of West China hospital).  Inclusion criteria for Phase 

1 and Phase 2 were the same: (1) a medical diagnosis of CHD; (2) aged 18 years or older; 

(3) taking an antihypertensive medication that would last for 30 days or more from 

enrollment; (4) able to read messages through mobile phone; (5) have a mobile phone 

that can receive messages from WeChat, and can receive reminders from BB Reminder; 

(6) capable of giving his/her own consent; and (7) have an electronic blood pressure cuff 

to check blood pressures and heart rates. 

3.2.4.2 Recruitment 

Participants were recruited by using flyers (see Appendix B) and healthcare 

provider referrals for both phases.  Study flyers were available to the public at the 

clinical site.  Additionally, a head nurse and an experienced cardiologist contacted 

potential participants in the Cardiology Department.  For those who agreed to 

participate in the study, a meeting was arranged in the office of the Cardiology 

Department during dates and times convenient for the patients and eligibility was 

assessed.  For those who met the eligibility, the details of the purpose and procedure of 

the study were explained.  If they agreed to participate, they were asked to sign the 
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informed consent form.  The participation was voluntary.  Participants were always 

given the option to consent or decline.  

3.2.5 Demographic and outcome variables 

Participants’ demographic characteristics were collected at enrollment by the 

study coordinator through a paper-based questionnaire and an online questionnaire via 

WeChat at Phase 1 and Phase 2, respectively.  Demographic variables including gender, 

race, marriage status, job status, educational level, medical insurance, and living area 

were coded as categorical variables.  Numerical baseline variables included the number 

of prescribed medications, family income, weight, and height. 

The four outcome variables in this study were medication non-adherence score, 

heart rate (HR), systolic blood pressure (SBP), and diastolic blood pressure (DBP).  

Medication non-adherence score was the primary outcome.  It was measured as the 

number of dosage taken by a patient divided by the number of dosage prescribed by 

physician (percentage) during Phase 1, and by the Voils Medication Non-Adherence 

Extent Scale (Voils et al., 2012), a five-point Likert scale with three items, during Phase 2.  

For the Voils Medication Non-Adherence Extent Scale, a total score of non-adherence 

was calculated by averaging responses to the three items.  The lower the non-adherence 

score, the better the medication adherence. 
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We compared the effects of the mHealth intervention and control condition on 

medication adherence, systolic (SBP) and diastolic (DBP) blood pressures, and heart rate 

(HR).  Health outcomes (SBP, DBP, HR) were reported by participants via WeChat every 

three days during Phase 1 and at three time points: enrollment (baseline), 15 days post-

enrollment and 30 days post-enrollment during phase 2.  The three time points were 

decided based on the Voils Medication Non-Adherence Extent Scale (Voils et al., 2012) 

and the feedback from Phase 1. 

3.2.6 Procedures 

Since the procedures of Phase 1 and Phase 2 were similar (see Table 8), in this 

chapter we only described the procedures of Phase 2.  Following informed consent, 

participants who completed the baseline assessment were randomly assigned to an 

experimental group using stratified randomization by gender with a permuted block 

size of four (see Appendix C for the SAS program; Appendix D for the Randomization 

Table).  This is because Phase 1 of this feasibility study showed that the ratio of male to 

female participants was 8:3.  Thus, we sought to balance the sample size of female 

participants in experimental group and control group. 
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Table 8: The comparison of the two phases 

 
Phase 1 Phase 2 

Rationale for  
change 

Components 

An exploratory 
randomized 
controlled 
trial + qualitative 
interviews. 
 

Same as phase 1. N/A 

Duration 
30 days for each 
participants. 

Same as phase 1. N/A 

Baseline data 
collection 

A paper-based 
questionnaire 
with 23 items. 

The same 
questionnaire was 
created in REDCap 
(http://www.project-
redcap.org) a secure, 
web-based application. 
A hyperlink of the 
questionnaire was sent 
to participants on 
WeChat. 

Completing the paper-
based questionnaire at 
hospital was not 
convenient for many 
participants. A hyperlink 
sent to WeChat provided 
participants more flexible 
time. Participants could 
complete the survey at 
any time when they were 
free. 
 

Reminder 

Participants in the 
experimental 
group received a 
reminder for 
every dose of 
medication. 

Participants in the 
experimental group 
received a daily 
reminder. 

In China, participants had 
the right to decide when 
to take each dose of their 
medications, although the 
frequency of each 
medication was 
prescribed by physicians. 
Because of this reason, 
many participants could 
not tell the researchers 
when they were going to 
take their medications at 
the enrollment. 
 
 



 

60 

	

 
Phase 1 Phase 2 

Rationale for  
change 

Educational 
materials 

All participants 
received them 
every two days at 
a random time 
between 8am and 
10pm. 

All participants 
received them every 
five days at a random 
time between 9am and 
9pm. 

Receiving educational 
materials every other day 
is too frequent for elderly 
participants to digest the 
included knowledge. 
Also, 10pm is a little bit 
late for many elderly 
participants to read 
educational materials. 
 

Medication 
adherence 
measurement 

The number of 
dosage taken 
divided by the 
number of dosage 
prescribed 
(percentage). 

A standardized three-
question scale named 
Voils Medication Non-
Adherence Extent Scale 
(thereinafter named 
Voils scale). 

Some participants forgot 
the number of dosage 
they taken, and others 
might lie about the 
number of dosages they 
taken. 

Medication 
adherence 
collection 

 
Participants 
reported every 3 
days on WeChat. 
Researchers 
documented the 
data on paper. 

 
The Voils scale was 
created in REDCap. A 
hyperlink of it was sent 
to participants on 
WeChat every 15 days. 
Participants reported 
medication adherence 
by clicking the 
hyperlink and filling 
the scale. 
 

Reporting every 3 days is 
too frequent for many 
participants. 

Health 
outcomes 
collection 

Participants 
reported every 3 
days on WeChat. 
Researchers 
documented the 
data on paper. 

Within the Voils scale 
hyperlink, participants 
were asked to report 
their health outcomes. 
Participants reported 
them by clicking the 
hyperlink and filling 
SBP, DBP, and HR. 
 

Reporting every 3 days is 
too frequent for many 
participants. 
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Phase 1 Phase 2 

Rationale for  
change 

Interview 

 
An interview 
invitation sent to 
the participants in 
the experimental 
group. Those who 
accepted were 
interviewed by 
phone call. 

An interview invitation 
sent to all participants. 
Those who accepted 
were interviewed by 
phone call. 

Given the small sample 
size, the research team 
wanted to hear feedback 
from participants. 

 

The study coordinator sent “friend requests” to participants' WeChat accounts.  

A “friend request” is an invitation to connect on WeChat.  After accepting the requests, 

participants could communicate with the study coordinator.  The intervention was 

planned for 30 days for each participant.  Participants' medication non-adherence score, 

SBP, DBP, and HR were examined and documented at three time points: at enrollment, 

on the 15th day, and the 30th day.  After the intervention, the study coordinator sent an 

interview invitation to all participants via WeChat.  Those who accepted the invitation 

were interviewed through a WeChat phone call.  Interviews (n = 10) were conducted by 

the study coordinator to explore participants’ experiences with the mHealth intervention 

(see Appendix E for Interview Guide).  The interviews were recorded and the audio files 

were stored on a secure server. 
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3.2.7 Data analysis 

The purpose of Phase 1 was to test whether the integration of WeChat and BB 

Reminder could be used as an intervention in a clinical setting.  Since improvements to 

the study were made in Phase 2, in this chapter, we only described the data analyses and 

results of Phase 2.  Descriptive statistics, frequency (n) and percentage (%) for categorical 

measures and count, mean, standard deviation (SD), were reported to detail the 

demographic and clinical characteristics of the entire sample.  Independent t-tests and 

chi-square tests were used to test for between-group difference in sample characteristics 

as well as medication adherence total scores and patient health measures at baseline. 

Wilcoxon Two-Sample Test was used if two sample t-test assumption was not met. 

Fisher's exact test was used as alternative when chi-square test was not applicable due to 

small expected cells.  When a significant between-group difference in a baseline 

demographic or clinical characteristic was detected, the variable was evaluated as a 

covariate in the modeling stage.  All statistical tests were non-directional and conducted 

with a 0.05 significance level.  Quantitative data were collected and managed by using 

REDCap (http://www.project-redcap.org), a secure, web-based application.  Analyses 

were performed using SAS 9.4 (Cary, NC). 

This study explored whether mHealth intervention improved medication 

adherence total scores better over the 30-day period when compared to the control 

intervention in patients with CHD.  The mean and standard deviation for all outcomes 



 

63 

	

by different groups at each of the three time points were computed and graphed to 

show the trend.  A two groups t-test was used to test the difference in change of 

medication adherence score from baseline to either 15 days or 30 days between the 

intervention and control groups.  To account for possible difference in outcomes at 

baseline and correlations between repeated measures within same participant, a mixed-

effects model with a random intercept and a random slope was used to test for between-

group differences in the trajectory of change in all four outcomes: medication non-

adherence, HR, SBP, and DBP.  The fixed effects included in the model were 

intervention group (Experimental vs Control), time, the group-by-time interaction and 

other covariates that are significantly different between experimental and control group. 

Feasibility was determined by the number of patients enrolled, retention (percent 

of patients who complete the study), and responses over time.  The recorded interviews 

were transcribed verbatim by the study coordinator in Chinese.  The transcriptions were 

double checked by a doctoral student fluent in Chinese.  After the accuracy of the 

transcriptions was guaranteed, they were read line by line several times by the study 

coordinator and the doctoral student to explore participants’ perceived benefits of the 

intervention, technical difficulties and barriers, and how often they read the reminders. 
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3.3 Results 
3.3.1 Baseline characteristics 

Participant characteristics are summarized in Table 9.  Overall, 50 participants 

were recruited in Phase 2, 25 each in experimental group and control group.  Thirty-six 

participants completed the study, 18 each in experimental group and control group (see 

Figure 4).  The data analysis is based on the 36 participants.  Of the characteristics 

examined, educational level (P = 0.04) and body weight (P = 0.02) were statistically 

different between the control and experimental groups.  Most participants were Han 

people, married, and living in urban area.  At baseline, 66.7% of the participants were 

prescribed at least five medications.  Likewise, most participants reported their health 

statuses were fair or good.  Eighty percent of participants reported using WeChat daily 

and had used WeChat for more than a year before the study. 

Table 9: Baseline characteristics of samples in Phase 2 at enrollment [n (%)] 

Variable All participants  
(n = 36) 

Experimental 
(n = 18) 

Control 
(n = 18) P-value 

Gender 
 Male 29 (80.6) 14 (77.8) 15 (83.3) 

1.00 
 Female 7 (19.4) 4 (22.2) 3 (16.7) 
Race 
 Han 34 (94.4) 16 (88.9) 18 (100) 

0.49  Zang 1 (2.8) 1 (5.6) 0 
 Yi 1 (2.8) 1 (5.6) 0 
Marital status 
 Married 32 (88.9) 15 (83.3) 17 (94.4) 

0.74 
 Divorced 2 (5.6) 2 (11.1) 0 
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Variable All participants  
(n = 36) 

Experimental 
(n = 18) 

Control 
(n = 18) P-value 

 Widowed 2 (5.6) 1 (5.6) 1 (5.6) 
Job status 
 Employed 8 (22.2) 4 (22.2) 4 (22.2) 

0.42 
 Self-employed 2 (5.6) 0 2 (11.1) 
 Farmer 1 (2.8) 0 1 (5.6) 
 Retired 23 (63.9) 12 (66.7) 11 (61.1) 
 Other 2 (5.6) 2 (11.1) 0 
Education 
 < High school 10 (27.8) 1 (5.6) 9 (50) 

0.04 
 High school – 
Undergraduate 17 (47.2) 12 (66.7) 5 (27.8) 

 Undergraduate – 
Master's 9 (25) 5 (27.8) 4 (22.2) 

Number of prescribed medications 
 <5 12 (33.3) 6 (33.3) 6 (33.3) 

0.70  5 – < 10 23 (63.9) 11 (61.1) 12 (66.7) 
 ≥10 1 (2.8) 1 (5.6) 0 
Having medical 
insurance* 35 (97.2) 17 (94.4) 18 (100) 1.00 

 
Medications were covered by medical insurance 
 All covered 11 (35.6) 5 (27.8) 6 (33.3) 

1.00 
 Some covered 19 (52.8) 10 (55.6) 9 (50) 
 Not covered at all 1 (2.8) 0 1 (5.6) 
 Do not know 5 (13.9) 3 (16.7) 2 (11.1) 
Living area 
 Urban 33 (91.7) 17 (94.4) 16 (88.9) 

1.00 
 Rural 3 (8.3) 1 (5.6) 2 (11.1) 
Living with others 
 Living alone 3 (8.3) 2 (11.1) 1 (5.6) 

0.79 
 With spouse 29 (80.6) 15 (83.3) 14 (77.8) 
 With child 2 (5.6) 0 2 (11.1) 
 With others 2 (5.6) 1 (5.6) 1 (5.6) 
The years of using WeChat* 
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Variable All participants  
(n = 36) 

Experimental 
(n = 18) 

Control 
(n = 18) P-value 

 <1 7 (20) 3 (16.7) 4 (22.2) 
0.77 

 ≥1 28 (80) 14 (77.8) 14 (77.8) 
The frequency of using WeChat before participating in the study* 
 Daily 28 (80) 14 (77.8) 14 (77.8) 

0.86 
 Weekly 2 (5.7) 1 (5.6) 1 (5.6) 
 Monthly 1 (2.9) 1 (5.6) 0 
 Never 2 (5.7) 1 (5.6) 1 (5.6) 
 Other 2 (5.7) 0 2 (11.1) 
Yearly family income (US dollars) 
 <8147 16 (44.4) 9 (50) 7 (38.9) 

0.85 
 8147–13,575 8 (22.2) 2 (11.1) 6 (33.3) 
 13,575–18,100 4 (11.1) 3 (16.7) 1 (5.6) 
 ≥18,100 5 (13.9) 3 (16.7) 2 (11.1) 
 Refuse to answer 3 (8.3) 1 (5.6) 2 (11.1) 
General health status 
 Good 13 (36.1) 6 (33.3) 7 (38.9) 

0.92  Fair 18 (50) 10 (55.6) 8 (44.4) 
 Bad 5 (13.9) 2 (11.1) 3 (16.7) 
Weight (kg, 
Mean ± SD) 66.8 ± 9.7 63.1 ± 7.4 70.4 ± 10.4 0.02 

Height (cm, 
Mean ± SD) 165.0 ± 6.6 163.8 ± 6.5 166.1 ± 6.6 0.31 

Note: * One participant's information is missing. 
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Figure 4: Study sample flow chart of Phase 2 

 

3.3.2 Medication adherence and health outcomes 

Medication adherence increased at 30-day follow-up in both groups compared to 

baseline (see Figure 5).  At the 30-day follow-up, the mean of the decrease in medication 

non-adherence score in the experimental group (M = −1.35, SD = 2.18, N = 36) was more 

than the decrease in control group (M = −0.69, SD = 1.58, N = 36) (Table 10), which means 

the medication adherence improved more in the experimental group.  However, this 

difference between the two groups was not statistically significant (t = 1, df = 31, P = 0.33). 
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Figure 5: Comparison of changes of medication non-adherence between groups 

 
 
 

Table 10: Compare the baseline and unadjusted changes in medication adherence and 
health outcomes between two arms (Mean ± SD) 

 

Variable Experimental     
(n = 18) 

   Control 
   (n = 18) t-value (df) P-value 

Medication non-adherence 
  Baseline 6.28 ± 2.14 6.28 ± 1.99 0 (34) 1.00 
 15 days�baseline −1.00 ± 2.67 −1.44 ± 1.59 −0.56 (29) 0.58 
 30 days�baseline −1.35 ± 2.18 −0.69 ± 1.58 1.00 (31) 0.33 
Heart rate (bpm) 
  Baseline 67.13 ± 9.23 76.82 ± 14.32 2.24 (30) 0.03 
 15 days�baseline 4.92 ± 13.42 −6.12 ± 12.14 −2.36 (28) 0.03 
 30 days�baseline 4.64 ± 11.89 −8.06 ± 13.66 −2.73 (29) 0.01 
Systolic blood pressure (mm Hg) 
  Baseline 125.7 ± 11.80 123.60 ± 14.27 −0.47 (33) 0.64 
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Variable Experimental     
(n = 18) 

   Control 
   (n = 18) t-value (df) P-value 

 15 days�baseline −1.33 ± 18.51 −0.83 ± 19.93 0.07 (31) 0.94 
 30 days�baseline 0.93 ± 10.40 −3.76 ± 25.72 −0.66 (30) 0.51 
Diastolic blood pressure (mm Hg) 
  Baseline 74.24 ± 10.07 73.78 ± 8.45 −0.15 (33) 0.88 
 15 days�baseline 7.50 ± 17.43 4.50 ± 16.78 −0.51 (32) 0.62 
 30 days�baseline 0.81 ± 10.38 8.71 ± 21.43 1.33 (31) 0.19 

 

This study showed that when compared to the baseline, systolic blood pressure 

decreased at 30-day follow-up in the control group (M = −3.76, SD = 25.72), but increased 

in the experimental group (M = 0.93, SD = 10.40) (see Figure 6).  However, this difference 

was not statistically significant (P = 0.51).  Similarly, heart rate decreased at the 30-day 

follow-up in the control group (M = −8.06, SD = 13.66), but increased in the experimental 

group (M = 4.64, SD = 11.89) (see Figure 7).  This difference was statistically significant 

(P = 0.01).  Unlike systolic blood pressure and heart rate, diastolic blood pressure 

increased at 30-day follow-up in both the control group (M = 8.71, SD = 21.43) and the 

experimental group (M = 0.81, SD = 10.38) (see Figure 8).  However, this difference was 

not statistically significant (P = 0.19). 
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Figure 6: Comparison of changes of systolic blood pressure between groups 

 

 

Figure 7: Comparison of changes of heart rate between groups 
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Figure 8: Comparison of changes of diastolic blood pressure between groups 

 

Body weight was associated with heart rate and blood pressure (Harsha & Bray, 

2008; Seimon et al., 2015).  After controlling the effects of baseline body weight (kg), 

time, group, and the group-by-time interaction in the mixed-effects model, this study 

found that the difference in rate of change of medication non-adherence between the 

two groups were not statistically significant (β = −0.03, P = 0.28) (Table 11).  The 

difference in rate of change of the systolic blood pressure (β = 0.17, P = 0.46) and diastolic 

blood pressure (β = −0.27, P = 0.17) between the two groups were not statistically 

significant either.  However, the difference in change of heart rate between the two 

groups were statistically significant (P = 0.02). 
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Table 11: Results of the mixed-effects model with a random intercept and slope for 
between-group differences in the trajectory of change of outcomes 

 

Item 

Medication non-
adherence 

Diastolic blood 
pressure 

Systolic blood 
pressure Heart rate 

Parameter 
estimation 

P-
value 

Parameter 
estimation 

P -
value 

Parameter 
estimation 

P -
value 

Parameter 
estimation 

P -
value 

Intercept 6.75 0.003 76.99 <0.0001 118.24 <0.0001 85.03 <0.0001 
Group 
(reference 
group = control) 

0.14 0.84 2.37 0.52 1.78 0.72 −8.43 0.05 

Weight −0.01 0.68 −0.04 0.81 0.08 0.71 −0.14 0.46 
Time −0.02 0.26 0.29 0.04 −0.13 0.40 −0.27 0.01 
Group × time −0.03 0.28 −0.27 0.17 0.17 0.46 0.39 0.02 

 

3.3.3 Feasibility and acceptability 

Overall, 50 participants were recruited.  Thirty-six finished the study and were 

responsive over the 30-day period, resulting in a retention rate of 72%.  Ten participants 

were randomly interviewed after the study intervention.  All interviewed participants 

reported that they were able to see the reminders and that receiving reminders on 

WeChat did not increase their cellphone costs.  Five major themes arose from the 

participants’ impression of the intervention (Table 12).  Participants stated they enjoyed 

receiving medication-taking reminders on their mobile phones because “receiving the 

reminders makes me feel that someone is caring about me.”  In addition, all interviewed 

participants reported the reminders they received were helpful to remember to take 

their medications.  For example, one participant stated, “Every morning I took my anti-

hypertensives after waking up, but sometimes I forgot to take my other medications.” 
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Similarly, all patients showed appreciation and acceptability of receiving educational 

materials via the mobile app. 

Table 12: Qualitative themes (n = 10) 

Theme Description Verbatim Exemplars 

1. Cue to 
action 

The intervention 
reminded participants 
to take medications. 
 

“After receiving the reminder, I immediately check 
whether I have taken today's medications.” 

2. Useful 

Participants felt the 
reminders were a 
useful tool for taking 
medication on time. 
 

“The reminders you sent are helpful because 
sometimes I will forget taking my medications at 
noon.” 

3. Cost-
effective 

Participants felt this 
mHealth program 
would not increase 
costs. 
 

“I have Wi-Fi at home.” “Receiving information from 
you does not increase costs at all. You don't need to 
worry.” 

4. 
Tailoring 

Participants wanted to 
receive tailored 
reminders and 
educational materials. 

“I want to receive specific information about my 
disease.” 

5. Caring Participants felt they 
were cared by others. 

“Receiving the reminders makes me feel that someone 
is caring about me.” “Receiving reminders from a 
healthcare provider is very good, …, it makes me feel 
that I am cared by professionals. It strengthened my 
confidence of fighting against the heart disease.” 

 

3.4 Discussion 
The purpose of this study was to evaluate the feasibility and acceptability of a 

phone-based medication reminder program aimed at improving medication adherence 

among patients with coronary heart disease.  Phase 1 of the study tested the integration 



 

74 

	

of WeChat and BB Reminder, and demonstrated that they can be used as a clinical 

intervention in clinical setting.  Based on Phase 1, in Phase 2, we developed medication-

taking reminders and educational materials that are deliverable via mobile applications 

that can improve medication adherence among patients with CHD.  Results from Phase 

2 of the study demonstrated that participants in the experimental group improved 

medication adherence better than their counterparts in the control group during a 30-

day period.  However, this difference was not statistically significant.  This non-

significance might be due to the small sample size and short duration of the study. 

Although the improvement in medication adherence was not statistically 

significant, this study does provide significant impact for the future.  First, it 

demonstrated that using mHealth to provide health services and manage patient 

information is feasible among patients with coronary heart disease.  Study results 

showed that 80% of participants were using WeChat daily and had used WeChat for 

more than a year before the study.  In addition, 72% of participants completed the study 

and were responsive over the 30-day study period.  The interviews of participants 

showed that the mHealth intervention was acceptable for all interviewed participants. 

These results demonstrated that a larger scale study of using mHealth to solve the 

prevalent issue of medication non-adherence among patients with coronary heart 

disease is feasible. 
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Analyzing health outcomes including systolic blood pressure, diastolic blood 

pressure, and heart rate was not the primary goal of this feasibility study (see Figure 6, 

Figure 7, Figure 8).  However, the research team did analyze all outcomes and found 

that at 30-day follow-up, systolic blood pressure and heart rate were controlled better in 

the control group than the experimental group.  These results contradicted our 

expectation that the mHealth intervention in this study could improve health outcomes.  

However, after taking a close look at the trajectory of the two outcomes (Figure 6, Figure 

7), we found that at 30-day follow-up the two outcomes were within normal clinical 

range.  In addition, this study found that participants in the experimental group were 

more likely to have a lower level of diastolic blood pressure during the study period 

(Figure 8).  This indicated that the mHealth intervention in this study could potentially 

decrease diastolic blood pressure among CHD patients. 

Despite the feasibility of the mHealth intervention and its possibility to improve 

health outcomes in clinical settings, limitations exist.  For example, all participants in 

this study were recruited from one single hospital, mostly urban residents (91.7%), and 

not representative of the general Chinese population.  Furthermore, this study is a 

feasibility study with a small sample size and short duration.  Only 50 participants were 

recruited in Phase 2 and the mHealth intervention only lasted for 30 days.  These could 

be the reasons that contributed to the non-significance of medication adherence 

improvement.  Likewise, the non-significance of systolic blood pressure, diastolic blood 
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pressure, and heart rate between the experimental group and control group could be 

due to this limitation.  To validate our findings and generate more robust estimates of 

the effects of mHealth intervention on medication adherence and health outcomes, a 

larger randomized controlled trial with a longer duration is needed. 

One important lesson we learned from this study that should be considered in 

other mHealth research is that mHealth interventions should be preprogramed and 

automated.  In this study, the coordinator manually sent medication-taking reminders to 

every participant in the experimental group daily.  When the sample size increased, the 

workload of manually sending reminders increased as well.  Although in this feasibility 

study the study coordinator successfully sent all reminders to participants on time, this 

may not be the case in a larger scale study or in real clinical settings.  It is possible that 

the heavy workload will interrupt researchers sending every participant a reminder 

daily.  If this happened, the integrity and validity of the mHealth intervention would be 

damaged.  To avoid this methodological issue, schedules for sending reminders should 

be preprogramed and automated, and message delivery, receipt, and responses should 

be tracked automatically.  To achieve this, inviting a third-party software company to 

design a reminder management system is necessary, particularly when an mHealth 

intervention is applied in real clinical settings. 
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4. An mHealth Intervention to Improve Medication 
Adherence: A Randomized Controlled Trial  

4.1 Introduction 

Coronary heart disease (CHD) is the second leading cause of death in China 

(World Health Organization, 2015; Wu, Benjamin, & MacMahon, 2016; X. H. Zhang, Lu, 

& Liu, 2008).  Cardio-protective medications are an important treatment for CHD 

(Hamm et al., 2011; Ho, Bryson, & Rumsfeld, 2009; H. Zhang et al., 2015).  However, in 

China, poor adherence to cardio-protective medication regimens has been reported as a 

public health concern (Bi et al., 2009; Jiang et al., 2012) which contributes to increased 

healthcare costs and a high mortality rate from cardiovascular disease (Iuga & McGuire, 

2014; Sabaté, 2003).  The vast majority of highly qualified healthcare providers in China 

reside in large urban hospitals; for serious illnesses such as CHD, patients prefer to 

utilize large hospitals rather than local primary healthcare clinics (National Health and 

Family Planning Commission of China, 2016; Wang, Zhang, Hou, Yan, & Hou, 2018).  

Under this treatment-focused healthcare utilization model, many CHD patients in China 

received prescriptions and medication-related knowledge without a primary care 

clinician to monitor their medication-taking behaviors.  Consequently, after being 

discharged from the hospital, patients often did not receive proper follow-up care or 

information regarding medication-taking behaviors (Ni et al., 2018; Zhao, Zhao, Wang, 

Du, & Qin, 2015a).  Therefore, it is important to develop innovative interventions to 

address this issue.  
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Mobile health known as mHealth uses portable electronic devices with software 

applications to provide healthcare services and manage patient information (Boulos, 

Brewer, Karimkhani, Buller, & Dellavalle, 2014; Ventola, 2014; Vital Wave Consulting, 

2009).  China has 1.3 billion mobile phone users (He, 2016); mobile technology is 

booming with 97% of netizens using mobile phones to access the Internet (China 

Internet Network Information Center, 2018).  Pilot studies conducted in China showed 

that it is feasible and acceptable to implement a mobile-technology intervention to 

improve medication adherence among patients with CHD (Ni et al., 2018).  Building 

upon our previous study, the aim of this study was to assess if our mobile-phone based 

mHealth intervention could improve medication adherence and relevant health 

outcomes (systolic blood pressure, diastolic blood pressure, and heart rate) among 

patients with CHD in comparison to a control group that received general educational 

materials over a period of 60 days. 

4.2 Methods 

4.2.1 Mobile health technologies 

Two mobile applications (apps) were used in this study, WeChat and Message 

Express.  WeChat is the most widely used messaging app in China (X. Li et al., 2016).  

Message Express (also known as “Xiao Xi Su Di” in Chinese) is a message saving-and-

delivery app which can send personalized messages to a WeChat account.  It has similar 

functions as BB Reminder and can be integrated with WeChat to deliver medication-
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taking reminders.  After saving a library of medication-taking reminders to Message 

Express, a clinician can choose and send personalized medication-taking reminders 

through Message Express to a participant’s WeChat.  BB Reminder was not used in this 

study because after April 2018, it was not available in the App Store (Apple Inc.), the 

digital distribution platform developed and maintained by Apple Company.  BB 

Reminder’s creator, Xiang Li, a software engineer working at Silicon Valley, notified us 

that this unavailability was due to lacking time to update BB Reminder.  Li said Apple 

Company kept updating its IOS system, but his team had other pressing priorities. 

4.2.2 Study design and participants 

This randomized controlled trial was conducted between May and December 

2018 in the Cardiology Department of West China Hospital, located in Chengdu, China.  

West China Hospital is a major university-affiliated hospital that serves more than 

10,000 outpatients a day (Luo, Luo, Zhang, & He, 2017).  A total of 230 participants were 

recruited in this study through the same method as mentioned in Chapter 3 by using 

flyers and healthcare provider referrals (see “3.2.4.2 Recruitment” section on page 55).  

Consenting (written) participants were randomly assigned to an experimental group 

using stratified randomization by gender with a permuted block size of four (Ni et al., 

2018).  The same SAS program as mentioned in Chapter 3 was used (see Appendix C; in 

this study, the number of sample size in the SAS program was changed from “Total N: 

80” to “Total N: 500”).  The study lasted for 90 days, including a 60-day period of the 
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mHealth intervention and a 30-day period of non-intervention follow-up.  The mHealth 

intervention was developed and tested in a pilot study 

(https://doi.org/10.1016/j.ijnss.2018.09.003).  This study received ethical approval from 

the Duke Health Institutional Review Board (Pro00073395) and was registered in 

ClinicalTrials.gov (NCT02793830).  Participants were eligible for this study if they 

satisfied the following criteria (Ni et al., 2018):  (1) had a medical diagnosis of CHD; (2) 

aged 18 years or older; (3) had an antihypertensive medication regimen for 90 days or 

more from enrollment; (4) able to read messages through mobile phone; (5) had a mobile 

phone that could receive messages from WeChat, and could receive reminders from 

Message Express; (6) capable of giving his/her own consent; and (7) had an electronic 

blood pressure cuff to check blood pressures and heart rates. 

4.2.3 Interventions 

The intervention was refined based on the pilot study (Ni et al., 2018) described 

in the Chapter 3 of this dissertation.  Once the participant completed the baseline 

questionnaire, they would receive the allocated intervention.  Participants in the 

experimental group received medication-taking reminders (see Appendix F) and 

educational materials from the two mobile apps, Message Express and WeChat, 

respectively.  The educational materials were sent every five days at a random time 

between 8 a.m. and 9 a.m.  The educational materials sent to the two groups were 

different; materials sent to the experimental group (see Appendix G) applied specifically 
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to CHD and medication adherence, but materials sent to the control group (see 

Appendix H) contained general medical information and were not specific to CHD or 

medication adherence.  All educational materials were retrieved from the World Health 

Organization websites ([http://www.who.int/features/qa/27/zh/] and 

[(http://www.who.int/home)]), and were screened by a cardiologist and a nurse to 

ensure their accuracy before being sent to participants.  In addition to educational 

materials, participants in the experimental group received medication-taking reminders 

every morning at a random time between 7 a.m. and 8 a.m.  The educational materials 

and reminders were sent through Message Express on an unencrypted external device (a 

phone borrowed from Duke University that was used specifically for this study).  The 

intervention lasted for 60 days for each participant.  After the intervention, participants 

were followed for 30 days.   

4.2.4 Data collection and variables 

Participants’ demographic characteristics included age, gender, race, weight, 

height, marital status, job status, education, medical insurance, living area, number of 

prescribed medications, and family income.  A REDCap survey hyperlink was sent to 

each participant at seven time points: enrollment (baseline), 15-day, 30-day, 45-day, 60-

day (end of intervention); and 75-day and 90-day post-enrollment (end of follow-up) to 

collect their demographic characteristics and health outcome variables.  Health outcome 

variables included medication non-adherence score, heart rate (HR), systolic blood 
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pressure (SBP), and diastolic blood pressure (DBP).  Medication non-adherence score 

was the primary outcome.  It was measured using the Voils Medication Non-Adherence 

Extent Scale (Voils et al., 2012), which is a validated three-item five-point Likert scale.  

To calculate the total score of non-adherence, the responses to the three items of the 

survey were averaged.  The lower the score, the better the medication adherence.  For 

participants who did not report the data, the study coordinator reminded them through 

WeChat messages.  If there was no reply after two attempts, the study coordinator 

would call the participants.  If there was still no answer, the participant would be treated 

as lost to follow-up.  Participants who deleted the study coordinator’s WeChat account 

were treated as withdrawal.      

4.2.5 Data analysis 

All analyses were performed using SAS 9.4 (Cary, NC, USA).  Categorical 

variables such as gender, race, marital status, job status, medical insurance, and living 

area were reported by frequency (n) and percentage (%).  Numerical variables including 

age, weight, height, and number of prescribed medications were reported by mean and 

standard deviation (SD).  Chi-square tests and independent t-tests were used to test for 

between-group differences in baseline sample characteristics.  Fisher's exact test and 

Wilcoxon Two-Sample Test were used as alternatives when a chi-square test was not 

applicable due to small expected cells, or when two-sample t-test assumption was not 

met.  All statistical tests were non-directional and the significance level was 0.05.  If a 
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difference in a baseline characteristic was significant, the baseline variable was 

evaluated as a covariate in the modeling stage.     

The mean and standard deviation for all outcome variables (Medication non-

adherence, HR, SBP, DBP) by different groups were computed and graphed to show the 

trend at seven time points: enrollment (baseline), 15-day, 30-day, 45-day, 60-day (end of 

intervention); and 75-day and 90-day post-enrollment (end of follow-up).  The 

differences between all outcomes at each critical time point (baseline, 60 days, 90 days) 

were compared between experimental and control groups using t-tests.  Given that both 

the control and experimental groups contained individuals with extremely low or high 

blood pressures and heart rates, calculating the mean of these abnormal blood pressures 

or heart rates may produce normal values; therefore, we also dichotomized SBP, DBP, 

and HR into binary variables (normal and abnormal).  In this study, we used the 

definition of normal blood pressure given by the currently-used 2010 Chinese 

Hypertension Guidelines (Liu & Writing Group of 2010 Chinese Guidelines for the 

Management of Hypertension, 2011), which define normal SBP and DBP as less than 140 

mmHg and less than 90 mmHg, respectively, and define normal HR between 60 bpm 

and 100 bpm.  The proportional rates of normal HR, SBP, and DBP were graphed to 

show the trend.  To test the between-group differences in the trajectory of change in all 

outcomes after adjusting for relevant covariates, a mixed-effects model was used for 

continuous outcomes and a generalized mixed-effect model with logit link was used for 
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dichotomized binary outcomes.  Considering the correlations between repeated 

longitudinal measurements from the same patient, a random intercept, a random slope, 

and an unstructured covariate matrix was used.  The fixed effects included in the model 

were intervention group (Experimental vs Control), time, the group-by-time interaction 

and baseline variables that are significantly different between experimental and control 

group, or covariates that can clinically impact heart rate and blood pressure.  Also, we 

will accommodate quadratic time trend by including a time-by-time fixed effect and test 

for it.  If the quadratic effect is not significant, we will remove it from the model. 

4.3 Results 

4.3.1 Baseline characteristics 

In this study, we recruited 230 participants and randomized 116 to the 

experimental group and 114 to the control group (see Figure 9).  Of the 230 participants, 

34 participants did not complete the baseline questionnaire, thus they did not receive the 

allocated intervention.  We collected baseline data from 196 participants who received 

the intervention (Table 13); of these, six participants later dropped out the study and 

nine were lost during the follow-up period.  The majority of the participants were 

married (92.4%), male (80.1%), Han Chinese (93.9%), and living in urban China (82.1%).  

Participants’ average age was 61 years old, and half were retired (53.9%).  Nearly three 

out of five participants (61.7%) were prescribed at least five medications.  Half of the 

participants’ yearly family income was less than 54,000 Chinese yuan, which is 
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equivalent to about 7,950 US dollars.  The majority of participants (96.9%) had medical 

insurance; nearly 28% of participants had their medications fully covered, 60% were 

partially covered, and 11.6% of participants did not have insurance coverage for their 

medication.  Most participants (88%) had used WeChat for more than a year, and most 

were using WeChat every day (80.9%) before participating in the study; only 5.8% had 

never used WeChat before. 

 

Figure 9: Consort flow diagram 
Source: Adapted from Consort 2010 Flow Diagram (Schulz, Altman, Moher, & Fergusson, 2009) 
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Table 13: Baseline characteristics of samples at enrollment [n (%)] 

 
Variable All 

participants 
(n=196) 

Experimental 
 

103 (52.5) 

Control 
 

93 (47.5) 

P Value 

Gender     0.86 
Male 157 (80.1) 83 (80.6) 74 (79.6)  

Female 39 (19.9) 20 (19.4) 19 (20.4)  
Race     0.98 * 

Han  184 (93.9) 96 (93.2) 88 (94.6)  
Zang  6 (3.1) 3 (2.9) 3 (3.2)  

Yi  1 (0.5) 1 (1.0) 0  
Hui 1 (0.5) 0 1 (1.1)  

Mongolian 1 (0.5) 1 (1.0) 0  
Other ethnic minorities 3 (1.5) 2 (1.9) 1 (1.1)  

Marital status    0.25 
Married 181 (92.4) 93 (90.3) 88 (94.6)  

Widowed, separated, 
divorced, or single 

15 (7.6) 10 (9.7) 5 (5.4)  

Job status    0.31 * 
 Employed 65 (34.0) 39 (39.0) 26 (28.6)  

Unemployed 4 (2.1) 3 (3.0) 1 (1.1)  
Farmer 19 (10.0) 8 (8.0) 11 (12.1)  
Retired 103 (53.9) 50 (50.0) 53 (58.2)  

Education    0.36 
 Primary school or lower  31 (16.1) 16 (15.8) 15 (16.3)  

Middle school 43 (22.3) 27 (26.7) 16 (17.4)  
High school            47 (24.3) 26 (25.7) 21 (22.8)  

High school—College 28 (14.5) 11 (10.9) 17 (18.5)  
College or above 44 (22.8) 21 (20.8) 23 (25.0)  

Number of prescribed 
medications 

   0.82 * 

< 5 75 (38.3) 41 (39.8) 34 (36.6)  
5 ≤ < 10 116 (59.2) 59 (57.3) 57 (61.3)  

≥ 10 5 (2.5) 3 (2.9) 2 (2.1)  
Have medical insurance 186 (96.9) 97 (96.0) 89 (97.8) 0.69 * 
Medications were 
covered by medical 
insurance  

   0.90 † 

All covered 41 (27.9) 22 (30.1) 19 (25.7)  
Some covered 89 (60.5) 40 (54.8) 49 (66.2)  
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Not covered at all 17 (11.6) 11 (15.1) 6 (8.1)  
Living area    0.82 

Urban  161 (82.1) 84 (81.6) 77 (82.8)  
Rural 35 (17.9) 19 (18.4) 16 (17.2)  

Living with others    0.36 
Living alone 14 (7.1) 9 (8.7)  5 (5.4)  

With family or relatives 182 (92.9) 94 (91.3) 88 (94.6)  
The years of using 
WeChat 

   0.78 

< 1 24 (12.0 ) 11 (10.7) 13 (14.0)  
1 ≤ < 5 109 (56.0) 58 (56.3) 51 (54.8)  

≥ 5 63 (32.0) 34 (33.0) 29 (31.2)  
Frequency of WeChat 
use before participating 
in the study 

   0.44 

Daily 152 (80.9) 83 (83.8) 69 (77.5)  
Occasionally 25 (13.3) 12 (12.1) 13 (14.6)  

Never 11 (5.8) 4 (4.0) 7 (7.9)  
Yearly family income 
(Chinese Yuan) 

   0.12 † 

< 54,000  81 (52.3) 48 (59.3) 33 (44.6)  
54,001 – 90,000 34 (21.9) 13 (16.1) 21 (28.4)  

90,001 – 120,000 18 (11.6) 11 (13.6) 7 (9.5)  
> 120,000 22 (14.2) 9 (11.1) 13 (17.6)  

General health status    0.89 
Good 70 (35.7) 37 (35.9) 33 (35.5)  

Fair  101 (51.5) 54 (52.4) 47 (50.5)  
Bad 25 (12.8) 12 (11.7) 13 (14.0)  

Weight (kg) 67.6 ± 11.3 68.2 ± 11.9 66.9 ± 10.5 0.45 
Height (cm) 164.8 ± 8.0 165.5 ± 8.0 164.1 ± 8.0 0.23 
Age (year) 61 ± 11 61 ± 11 62 ± 11 0.48 

 * Fisher’s exact test was used due to small cell 
 † Mann-Whitney U test was used due to missing data. Twenty-five percent of       
    participants did not know whether their prescribed medications would be covered by  
    their medical insurance at the time of discharge; 21% of participants refused to  
    disclose their family income. 
 

4.3.2 Medication non-adherence and health outcomes 

The total medication non-adherence score decreased at 60 days and 90 days in 
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both groups when compared to baseline (see Figure 10).  At 60 days, the mean of the 

decrease in medication non-adherence score in the experimental group (M = −1.21, 

SD = 2.59, N = 103) was greater than the decrease in the control group (M = −0.42, 

SD = 2.63, N = 93) (see Table 14), meaning that the medication adherence improved more 

in the experimental group.  Likewise, at 90 days, the mean of the decrease in medication 

non-adherence score in the experimental group (M = −1.58, SD = 2.49, N = 103) was 

greater than the decrease in the control group (M = −0.08, SD = 3.15, N = 93).  The 

difference between the two groups was statistically significant at both 60 days (t = 2.04, 

df = 179, P = 0.04) and 90 days (t = 3.48, df = 155, P < 0.01).  According to Figure 10, the 

medication non-adherence score in the control group decreased during the first 45 days, 

but later began to increase and approached the baseline level at 90 days.  However, the 

medication non-adherence score consistently decreased in the experimental group. 
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Figure 10: Comparison of changes of medication non-adherence score  

between groups +/- 2 SE 
 
 
 

Table 14: Compare the baseline and unadjusted changes in medication non-
adherence and health outcomes between two arms 

 
 Experimental 

N= 103 
Control 
N= 93 

t-value (df) P-value 

  Mean ± SD Mean ± SD   
Medication non-
adherence score 

    

baseline 6.85 (1.85) 7.03 (2.05) 0.64 (194) 0.52 
60 days-baseline -1.21 (2.59) -0.42 (2.63)  2.04 (179) 0.04 
90 days-baseline -1.58 (2.49) -0.08 (3.15) 3.48  (155) < 0.01 

Heart rate (bpm)     
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Heart rate decreased at 60 days and 90 days in both groups compared to baseline 

(see Figure 11), but the mean of the decrease was not statistically significant at either 60 

days (t = -0.28, df = 148, p = 0.78) or 90 days (t = 0.32, df = 145, p = 0.75) (see Table 14).  

Systolic blood pressure (see Figure 12) and diastolic blood pressure (see Figure 13) 

decreased in the experimental group, but increased in the control group.  The mean of 

the decrease in diastolic blood pressure was statistically significant at both 60 days 

(t = 2.07, df = 160, p = 0.04) and 90 days (t = 2.21, df = 164, p = 0.03).  The mean of the 

decrease in systolic blood pressure was statistically significant at 90 days (t = 3.12, 

df = 165, p < 0.01), but not significant at 60 days (t = 1.92, df = 161, p = 0.06) (see Table 14).  

baseline 73.93 (12.03) 73.16 (9.76) -0.49 (183) 0.63 
60 days-baseline -1.46 (12.68) -1.95 (9.03) -0.28 (148) 0.78 
90 days-baseline -1.88 (12.88) -1.32 (8.98) 0.32 (145) 0.75 

Systolic blood 
pressure (mmHg) 

    

baseline 129.5 (14.37) 125.2 (15.10) -2.04 (188) 0.04 
60 days-baseline -2.14 (16.20) 2.72 (16.07) 1.92 (161) 0.06 
90 days-baseline -2.87 (15.10) 4.38 (14.89) 3.12 (165) < 0.01 

Diastolic blood 
pressure (mmHg) 

    

baseline 78.71 (11.73) 76.03 (15.98) -1.30 (162) 0.20 
60 days-baseline -2.46 (12.49) 1.87 (14.06) 2.07 (160) 0.04 
90 days-baseline -1.57 (12.21) 2.92 (13.99) 2.21 (164) 0.03 
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Figure 11: Comparison of changes of heart rate between groups +/- 2 SE 
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Figure 12: Comparison of changes of systolic blood pressure between groups +/- 2 SE 
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Figure 13: Comparison of changes of diastolic blood pressure between groups +/- 2 SE 

In addition to comparing the mean of the decreases in health outcomes, we also 

compared the proportional rates of normal systolic blood pressure (SBP), diastolic blood 

pressure (DBP), and heart rate between the experimental group and the control group 

(see Table 15).  The proportional rates of normal SBP and DBP in both groups were 

increased at both 60 days and 90 days compared to baseline, but the difference between 

the two groups at both times was not statistically significant.  Figure 14 and 15 show that 

the increasing trends of normal SBP and DBP proportional rates in the control group 

started to drop at the 15th day, while in the experimental group, this did not happen 
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until the 30th day.  Unlike SBP and DBP, the proportional rate of normal heart rate 

decreased in both experimental and control groups (see Figure 16).  The difference 

between the two groups was not statistically significant at either 60 days (P = 0.37) or 90 

days (P = 0.41). 

Table 15: Frequency and proportion of normal blood pressures at multiple time points 
 

 All participants 
N=196 
n (%) 

Experimental 
103 

n (%) 

Control 
93 

n (%) 

P-value 

Systolic blood 
pressure (mmHg) 

    

baseline 145 (73.98) 74 (71.84) 71 (76.34) 0.47 
60 days 163 (83.16) 87 (84.47) 76 (81.72) 0.61 
90 days 162 (82.65) 89 (86.41) 73 (78.49) 0.14 

Diastolic blood 
pressure (mmHg) 

    

baseline 162 (82.65) 87 (84.47) 75 (80.65) 0.48 
60 days 176 (89.80) 94 (91.26) 82 (88.17) 0.48 
90 days 179 (91.33) 96 (93.20) 81 (87.10) 0.15 

Heart rate (bpm)     
baseline 173 (88.27) 89 (86.41) 84 (90.32) 0.40 
60 days 145 (73.98) 82 (79.61) 69 (74.19) 0.37 
90 days 141 (71.94) 78 (75.73) 75 (80.65) 0.41 
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Figure 14: Comparison of changes of proportional rates of normal systolic blood 
pressure between groups +/- 2 SE 
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Figure 15: Comparison of changes of proportional rates of normal diastolic blood 
pressure between groups +/- 2 SE 
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Figure 16: Comparison of changes of proportional rates of normal heart rate between 

groups +/- 2 SE 
 

All baseline characteristics were not significantly different between the 

experimental group and the control group.  However, heart rate and blood pressure can 

be influenced by body weight (Harsha & Bray, 2008; Seimon et al., 2015), gender 

(Maranon & Reckelhoff, 2013; Reckelhoff Jane F., 2001), and age (Buford, 2016); 

therefore, they were evaluated as covariates in the modeling stage.  After controlling for 

the effects of baseline body weight (kg), gender, age, educational level, group, time, and 

the group-by-time interaction in the mixed-effects model, this study found that the 
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difference in rate of change of medication non-adherence between the two groups were 

statistically significant (β = −0.02, P < 0.0001) (Table 16).  The difference in rate of change 

of systolic blood pressure (β = -0.08, P = 0.0008) and diastolic blood pressure (β = −0.05, 

P = 0.004) between the two groups was also statistically significant.  However, the 

difference in rate of change of heart rate between the two groups was not statistically 

significant (β = -0.01, P = 0.74).  In the generalized mixed-effect model with logit link for 

dichotomized binary outcomes, we found that the difference in change of proportional 

rate of normal SBP between the two groups was statistically significant (β = 0.01, P = 

0.02), but was not statistically significant for the proportional rate of normal DBP 

(β = 0.006, P = 0.32), or normal HR (β = 0.003, P = 0.60) (Table 17). 

Table 16: Results of the mixed-effects model with a random intercept and slope for 
between-group differences in the trajectory of change of outcomes 

 
	 Medication           

non-adherence 
Diastolic blood     
pressure 

Systolic blood     
pressure 

Heart rate 

Item Parameter 
estimation 

P-
value 

Parameter 
estimation 

P -
value 

Parameter 
estimation 

P –
value 

Parameter 
estimation 

P -
value 

Intercept 5.11 0.0002 84.86 <0.0001 93.48 <0.0001 56.66 <0.0001 
Group 
(reference 
=control) 

-0.23 0.37 2.05 0.19 3.39 0.06 0.68 0.63 

Gender 
(reference 
=male) 

0.29 0.33 -2.50 0.15 0.23 0.92 2.00 0.26 

Age 0.002 0.85 -0.22 0.0002 0.26 0.001 0.001 0.99 
Education 0.11 0.17 0.17 0.72 0.41 0.50 -0.21 0.66 
Weight 0.013 0.27 0.11 0.12 0.21 0.02 0.21 0.003 
Time 0.001 0.74 0.04 0.14 0.06 0.09 -0.01 0.33 
Group*time -0.02 <0.0001 -0.05 0.004 -0.08 0.0008 -0.01 0.74 
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Table 17: Results of the mixed-effects model for proportional rate change of 
normal health outcomes 

 
	 Diastolic blood pressure Systolic blood pressure Heart rate 

Item Parameter 
estimation 

P -value Parameter 
estimation 

P -value Parameter 
estimation 

P -value 

Intercept 0.43 0.83 7.06 0.0007 -1.13 0.61 
Group 
(reference 
=control) 

0.15 0.71 -0.55 0.17 -0.16 0.73 

Gender 
(reference 
=male) 

0.32 0.52 0.03 0.94 -0.53 0.27 

Age 0.04 0.003 -0.04 0.007 0.05 0.003 
Education -0.03 0.77 -0.11 0.37 0.20 0.13 
Weight -0.02 0.20 -0.03 0.05 0.01 0.47 
Time 0.03 0.01 0.03 0.01 -0.04 <0.0001 
Time*time -0.0003 0.01 -0.0003 0.003 0.0004 0.0005 
Group*time 0.006 0.32 0.01 0.02 0.003 0.60 

 

4.4 Discussion 

The aim of this study was to assess if a mobile-phone based mHealth 

intervention could improve medication adherence and relevant health outcomes (blood 

pressure and heart rate) among patients with CHD in comparison to a control group 

that received general educational materials over a period of two months.  Figure 10 

shows that the medication non-adherence score continued to decrease in the 

experimental group, while in the control group, the medication non-adherence initially 

decreased, but began to increase after 45 days.  This result illustrates that medication 

adherence improved consistently in the experimental group over the entire study 

period; however, medication adherence in the control group started to decrease after 45 

days, and this trend continued over the next 45 days.  These findings show that our 
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mHealth intervention improved medication adherence among patients with CHD.  

Table 14 shows that compared to the baseline, the mean of the decrease in medication 

non-adherence score between the two groups was statistically significant at 60 days (p = 

0.04) and 90 days (p < 0.01).  This result together with Figure 10 demonstrates that our 

mHealth intervention increased medication adherence, and this increase was statistically 

significant and consistent over the 90 days.  This result reflects that our mHealth 

intervention had a lasting effect in improving medication adherence among patients 

with CHD, although no intervention was given after 60 days. 

We also found that our mHealth intervention can improve health outcomes such 

as SBP and DBP.  Figure 11 and 12 demonstrate that at baseline the control group had 

lower SBP and DBP than the experimental group, but after 15 days the SBP and DBP in 

the control group started to increase.  Before the 30th day, the control group had higher 

SBP and DBP than the experimental group.  Table 14 shows that compared to the 

baseline, the mean of SBP and DBP decreased at 60 days and 90 days in the experimental 

group, but increased in the control group, and the mean of the change between the two 

groups were statistically significant at 60 days and 90 days.  This demonstrates that our 

mHealth intervention lowered SBP and DBP, and this effect continued after the 

intervention.  Unlike SBP and DBP, the mean of the change in heart rate between the two 

groups was not statistically significant at 60 days (P = 0.78) and 90 days (P = 0.75).  

However, the mean of the heart rate was always within normal range, and compared to 
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the baseline, it decreased in both groups.   

After dichotomizing SBP, DBP, and HR into binary variables, we found that the 

experimental group had higher proportional rates of normal DBP and SBP than the 

control group after 20 days and 25 days, respectively.  Figure 14 and 15 show a turning 

point for the control group on the 15th day, when the proportional rates of normal DBP 

and SBP started to drop; this did not happen in the experimental group until the 30th 

day.  The 45th day was the second turning point for the experimental group; the 

proportional rate of normal DBP and SBP both increased, and this trend was consistent 

until the end of the study.  These results demonstrate that our mHealth intervention can 

increase the proportional rate of normal SBP and DBP among patients with CHD.  

Differing from SBP and DBP, the proportional rate of normal heart rate decreased in the 

two groups (Figure 16).  This means that our mHealth intervention did not increase the 

proportional rate of normal heart rate.  Although our mHealth intervention decreased 

heart rate in the two groups when compared to the baseline, the effects of decreasing 

heart rate and increasing proportional rate of normal heart rate were not statistically 

significant between the two groups.  In other words, our mHealth intervention could not 

improve heart rate.   

Table 16 shows the results of the mixed-effects model used for continuous 

outcomes.  Using this model, we found that differences in the rate of change of 

medication non-adherence, SBP, and DBP were statistically significant between the two 
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groups, after controlling for the effects of group, time, the group-by-time interaction, 

and some baseline variables that can influence heart rate and blood pressure, such as 

body weight, gender, age, and educational level.  This result demonstrates that our 

mHealth intervention can significantly increase medication adherence and decrease SBP 

and DBP.  Table 17 shows the results of the generalized mixed-effect model with logit 

link used for dichotomized binary outcomes.  These results show that after controlling 

for the effects of baseline body weight, gender, age, educational level, group, time, and 

the group-by-time interaction, our mHealth intervention can significantly increase the 

proportional rate of normal SBP.   

In this study, nine participants were lost to follow-up and six participants 

dropped out, which accounts for 7% of the data.  Due to small missing data, we did not 

do any imputation.  To study whether the participants who dropped out or lost to 

follow-up were similar to those who completed the study, we compared the baseline 

variables between the two groups by using Mann-Whitney U test for continuous and 

ordinal variables, and Fisher Exact test for nominal variables.  We found that none of the 

baseline variables were significantly different between those who completed the study 

and those who did not (see Table 18).  In this study, dropped-out participants were 

defined as (1) those who filled out the baseline survey, but deleted the study 

coordinator’s WeChat account at any time point before their completion of the study; (2) 

or those who clearly told the study coordinator that they wanted to withdrew from the 
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study.  Lost-to-follow-up participants were those who filled out the baseline survey and 

kept the study coordinator’s WeChat account, but didn’t fill out other surveys.  The 

study coordinator could send them messages and gave them WeChat calls, but they 

didn’t respond.  This could happen at any time point during the study.  

Table 18:. Baseline characteristics of participants who completed the study 
and those who did not [n (%)] 

 
Variable All 

participants  
 

(n=196) 

Completed  
 
 

181 (92.3) 

Dropped out or 
lost to follow-up 

 
15 (7.7) 

P Value 

Gender     0.74  
Male 157 (80.1) 144 (79.6) 13 (86.7)  

Female 39 (19.9) 37 (20.4) 2 (13.3)  
Race     0.053  

Han  184 (93.9) 172 (95.0) 12 (80.0)  
Other ethnic minorities 12 (6.1) 9 (5.0) 3 (20.0)  

Marital status    0.32  
Married 181 (92.4) 168 (92.8) 13 (86.7)  

Widowed, separated, 
divorced, or single 

15 (7.6) 13 (7.2) 2 (7.2)  

Job status    0.69  
 Employed 65 (34.0) 60 (33.7) 5 (38.5)  

Unemployed 4 (2.1) 4 (2.3) 0   
Farmer 19 (10.0) 19 (10.7) 0   
Retired 103 (53.9) 95 (53.4) 8 (61.5)  

Education    0.97  
 Primary school or lower  31 (16.1) 29 (16.2) 2 (14.3)  

Middle school 43 (22.3) 40 (22.4) 3 (21.4)  
High school            47 (24.3) 43 (24.0) 4 (28.6)  

High school—College 28 (14.5) 27 (15.1) 1 (7.1)  
College or above 44 (22.8) 40 (22.4) 4 (28.6)  

Number of prescribed 
medications 

   1.00  

< 5 75 (38.3) 69 (38.1) 6 (40.0)  
5 ≤ < 10 116 (59.2) 107 (59.1) 9 (60.0)  

≥ 10 5 (2.5) 5 (2.8) 0  
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Have medical insurance 186 (96.9) 172 (95.0) 14 (93.3) 1.00  
Medications were 
covered by medical 
insurance  

   0.75  

All covered 41 (27.9) 38 (27.5) 3 (33.3)  
Some covered 89 (60.5) 84 (60.9) 5 (55.6)  

Not covered at all 17 (11.6) 16 (11.6) 1 (11.1)  
Living area    0.73  

Urban  161 (82.1) 149 (82.3) 12 (80.0)  
Rural 35 (17.9) 32 (17.7) 3 (20.0)  

Living with others    1.00  
Living alone 14 (7.1) 13 (7.2)  1 (6.7)  

With family or relatives 182 (92.9) 168 (92.8) 14 (93.3)  
The years of using 
WeChat 

   0.80  

< 1 24 (12.0 ) 23 (12.7) 1 (6.7)  
1 ≤ < 5 109 (56.0) 101 (55.8) 8 (53.3)  

≥ 5 63 (32.0) 57 (31.5) 6 (40.0)  
Frequency of WeChat 
use before participating 
in the study 

   0.76 

Daily 152 (80.9) 139 (80.4) 13 (86.7)  
Occasionally 25 (13.3) 24 (13.9) 1 (6.7)  

Never 11 (5.8) 10 (5.8) 1 (6.7)  
Yearly family income 
(Chinese Yuan) 

   0.78  

< 54,000  81 (52.3) 74 (52.9) 7 (46.7)  
54,001 – 90,000 34 (21.9) 29 (20.7) 5 (33.3)  

90,001 – 120,000 18 (11.6) 18 (12.9) 0  
> 120,000 22 (14.2) 19 (13.6) 3 (20.0)  

General health status    0.92 
Good 70 (35.7) 64 (35.4) 6 (40.0)  

Fair  101 (51.5) 94 (51.9) 7 (46.7)  
Bad 25 (12.8) 23 (12.7) 2 (13.3)  

Weight (kg) 67.6 ± 11.3 67.7 ± 11.3 66.6 ± 10.4 0.67 
Height (cm) 164.8 ± 8.0 164.7 ± 8.1 166.7 ± 7.2 0.48 
Age (year) 61 ± 11 61 ± 11 59 ± 13 0.46 

 

 



 

105 

	

Despite the success of this study, limitations exist.  First, all participants in this 

study were recruited from one hospital.  Most participants were male urban residents.  

Second, the health outcomes including systolic blood pressure, diastolic blood pressure, 

and heart rate were self-reported by participants.  Disparity may exist among 

participants regarding their measurements.  Also, during this study, some participants 

did not provide their health outcome data in a timely manner.  In order to collect the 

data, the study coordinator reminded those participants through WeChat messages and 

phone calls.  Those messages and phone calls might be covariates that could influence 

participants’ medication-taking behaviors.  However, in this study, we did not consider 

their influence.  Moreover, in this study, all participants, data collectors and data 

analysts were not blinded to the randomization of participants.  This could limit the 

efficacy of the study.  To increase the efficacy, future larger multisite studies should 

consider a double-blind design.  Finally, the mHealth intervention was not automated.  

The coordinator manually sent the preprogrammed medication-taking reminders and 

educational materials to participants.  Although the intervention was conducted in a 

professional and well-designed manner with an intervention log to document all sent 

reminders and educational materials, it was not possible to manually conduct this type 

of mHealth intervention in a larger-scale study with thousands of participants.  To 

conduct this intervention in real clinical settings, automated mHealth intervention is 

necessary.  Inviting a third-party software company to design a reminder management 
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system could make it feasible to apply this type of mHealth intervention in real clinical 

settings. 

If this mHealth intervention could be scaled up in real-world clinical settings, it 

could be useful in three aspects.  First, this mHealth intervention is able to overcome 

geographic barriers.  This is particularly useful in China, considering the fact that the 

majority of its high-qualified healthcare providers reside in cities, and most of its tertiary 

hospitals are located in urban areas (Xie et al., 2017; Wang, Xu, & Xu, 2007).  Hospitals in 

China are categorized by a three-tier system: primary, secondary, and tertiary (Li, 

Huang, & Zhang, 2008); tertiary is the best level.  To seek quality medical care, many 

rural residents have to take a bus for hours to go to urban areas.  This need to travel to 

urban areas to find qualified healthcare providers limits rural CHD patients’ access to 

quality medical care and may impact health outcomes across lifespans (Ni, Wu, 

Samples, & Shaw, 2014).  This mHealth intervention has the potential to increase CHD 

patients’ access to quality medical care through mobile phones without requiring them 

to travel to hospitals.  Second, the core technology of this mHealth intervention is mobile 

messaging within apps, which is widely used in China; therefore, this intervention could 

be a cost-effective method to remind people across socioeconomic and geographic areas 

to take their medications.  If this intervention was automated, even modest 

improvements in medication adherence and blood pressure, could have benefits for 

populations.  Given the economic burden and prevalence of cardiovascular disease in 



 

107 

	

China, even small clinical improvements could have a large impact.  In other words, the 

cost-benefit ratio of this mHealth intervention is expected to be positive.  Finally, 

adopting this intervention is integral to developing a platform for immediate medical 

consultation and emergent healthcare.  Cardiovascular events such as heart attack, heart 

failure, arrhythmia, and heart valve problems (American Heart Association, 2017) are 

emergencies in which many patients need immediate medical treatment, consultation, 

and guidance.  Adopting this mHealth intervention is an important step for hospitals to 

develop this online immediate healthcare service.  
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5. Conclusion 
Coronary heart disease (CHD) is the world’s leading cause of death (World 

Health Organization, 2017), accounting for over one third of all deaths in individuals 

over age 35 (Wilson & Douglas, 2017).  In China, CHD is the second leading cause of 

death (World Health Organization, 2015; Zhang et al., 2008) responsible for over 1.5 

million deaths per year (World Health Organization, 2015).  The treatment of CHD 

typically involves long-term pharmaceutical therapy (National Heart, Lung, and Blood 

Institute, n.d.; Sabaté, 2003).  For patients with CHD, cardio-protective medications can 

prevent the enlargement of harmful clots (American Heart Association, 2015), 

cardiovascular symptoms, and poor therapeutic outcomes such as uncontrolled high 

blood pressure, hyperlipidemia, arrhythmia, heart failure (Zhang et al., 2015), and 

sudden cardiac death (S. Zhang, 2009).  However, poor adherence to cardio-protective 

medications has been cited as a public health concern in China (Bi et al., 2009; Jiang et 

al., 2012).  This poor adherence to cardio-protective medications has been linked to 

increases in healthcare costs due to poor therapeutic outcomes requiring major medical 

interventions, such as coronary angioplasty and coronary artery bypass grafting (Iuga & 

McGuire, 2014).  Improving the adherence to pharmacotherapy for CHD has been 

shown to yield extensive health and economic benefits (Sabaté, 2003).  Conversely, 

neglecting medication adherence could undermine any effort to treat CHD (World 
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Health Organization, 2003) and cause severe adverse health outcomes.  Therefore, it is 

critical to improve medication adherence among patients with CHD in China. 

The goal of this research was to develop and test an mHealth intervention to 

improve medication adherence.  To achieve this goal, I first conducted a systematic 

review to study (1) what factors were related to medication non-adherence, and (2) what 

interventions had been conducted to improve medication adherence among patients 

with CHD in China.  Through the systematic review, I found that (1) patients’ lack of 

knowledge was a substantial barrier to medication adherence, and (2) interventions to 

improve medication adherence varied in methods, but that education and reminder 

were the key components of successful interventions.  Next, I conducted a pilot study to 

develop an mHealth intervention to improve medication adherence.  The pilot study 

was conducted in two phases at Chengdu, China with CHD patients from the 

Cardiology Department of West China Hospital.  Medication Adherence Model was 

used as a guide to understand how to develop the mHealth intervention.  In Phase I, an 

mHealth intervention was developed by integrating two mobile apps, and tested among 

49 participants in the summer of 2016.  In Phase 2, the mHealth intervention was refined 

based on Phase I and tested among 50 participants in the summer of 2017.  Results from 

the pilot study demonstrated that the feasibility of using mHealth to remind CHD 

patients to take their medications was high.  After the pilot study, the mHealth 

intervention was refined again and tested among 230 participants between May and 
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December 2018 at Chengdu, China to see if it could improve medication adherence and 

relevant health outcomes (blood pressure and heart rate).  For each participant, the 

study lasted for 90 days, including a 60-day period of mHealth intervention and a 30-

day period of none-intervention follow-up.  Results from this study showed that the 

mHealth intervention significantly improved medication adherence and lowered blood 

pressure.   

5.1 Limitations 

This dissertation contributed important knowledge about mHealth as a tool to 

improve medication adherence, but it has several limitations.  First, all participants were 

from a major university-affiliated hospital, mostly male urban residents, and not 

representative of the general Chinese population.  Second, the health outcomes 

including systolic blood pressure, diastolic blood pressure, and heart rate were self-

reported by participants.  Disparity may exist among participants regarding their 

measurements.  Also, during this study, some participants did not provide their health 

outcome data in a timely manner.  As mentioned previously, to collect the data, 

participants were reminded by WeChat messages and phone calls.  Those messages and 

phone calls might be covariates that could influence participants’ medication-taking 

behaviors.  However, in the study, we did not consider their influence.  Moreover, the 

mHealth intervention was not automated.  To adopt this intervention in real clinical 

settings, it would need to be automated for use.  Finally, this study was unblinded.  All 
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participants, data collectors, and data analysts were aware of which treatment arms 

participants had been assigned to.   

5.2 Implications for Clinical Practice 

Mobile apps are widely used in today’s world.  In China, mobile apps have 

become an essential part of people’s life and work.  Under these circumstances, how to 

use portable electronic devices with mobile apps to provide health services and manage 

patient information is a topic of lively discussion.  In this dissertation, an mHealth 

intervention was created by integrating two mobile apps, and the intervention 

demonstrated that it could improve medication adherence and lower blood pressures 

among people with CHD in China.  Hospitals wanting to adopt this mHealth 

intervention can invest resources to integrate the two apps into their hospital’s Internet 

portal.  Moreover, this mHealth intervention would need to be automated for use in real 

clinical settings.  In this dissertation, I manually sent the preprogrammed medication-

taking reminders and educational materials to participants.  Although the intervention 

was conducted in a professional and well-designed way with an intervention log to 

document every piece of sent reminders and educational materials, this type of mHealth 

intervention should not be manually conducted in a larger scale study with thousands of 

participants or in a real clinical setting.   

5.3 Implications for Future Research 

Results from this dissertation demonstrate that more research examining the 
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effects of mHealth intervention is warranted.  Given that participants in this dissertation 

were from one single hospital, a larger scale study such as a national study should be 

conducted in the future to test this mHealth intervention on more representative 

hospitals.  Also, it would be helpful if furture research could study the mechanism of 

this mHealth intervention.  The intervention was created based on the Medication 

Adherence Model (see Figure 1) and later was refined based on a pilot study, but we did 

not study the mechanism of it.  Furture studies should test the mediators and 

modorators of this mHealth intervention to better understand how and why it could 

improve medication adherence and decrease blood pressure.  Similar to the treatment of 

CHD, many other chronic illnesses also involve long-term pharmaceutical therapy.  

Future research should examine whether this mHealth intervention can be applied to 

other chronic diseases, such as endocrinology and oncology.   

5.4 Contributions to Nursing Science 

Nursing science is one of the fundamental fields to advance quality healthcare.  

As in many other countries, nurses in China play a critical role in advocating and 

promoting health.  China has the largest population in the world and is home to more 

than one hundred million patients with CHD.  With such a large number of CHD 

patients, physicians and nurses working in urban hospitals have too heavy a workload 

to provide adequate follow-up care or information to patients after their discharge.  This 

lack of follow-up care and information is a big gap to educating and empowering 
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patients and their families to promote patients’ self-care.  Studies like this dissertation 

could be the first step to advance nursing science toward the integration of mobile 

technologies into nursing care.  With the proliferation of mobile technologies in China, 

mHealth interventions can reach across geographic and socioeconomic boundaries (Ni, 

Wu, Samples, & Shaw, 2014).  They have the potential to assist nurses in educating 

patients and increasing patients’ access to quality nursing care after discharge.    

5.5 Closing 

The treatment of many chronic illnesses involves long-term pharmaceutical 

therapy.  Nevertheless, it is an ongoing challenge to find effective ways to change 

medication adherence and other health behaviors to promote good outcomes.  

Particularly for patients with CHD, taking cardio-protective medications can prevent the 

enlargement of harmful clots (American Heart Association, 2018), cardiovascular 

symptoms, and poor therapeutic outcomes.  However, poor adherence to cardio-

protective medications has been cited as a public health concern (Bi et al., 2009; Jiang et 

al., 2012), and has been linked to increases in healthcare costs due to poor therapeutic 

outcomes typically requiring major medical interventions, such as coronary angioplasty 

and coronary artery bypass grafting (Iuga & McGuire, 2014).  Mobile phone is widely 

used in China and 97% of Chinese netizens access the Internet through using a mobile 

phone (China Internet Network Information Center, 2018).  This condition is ideal for 

implementing an mHealth intervention to improve medication adherence.  In this 
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dissertation, I proposed an mHealth intervention to assist CHD patients to take their 

cardio-protective medications.  Results from this dissertation demonstrate that it is 

feasible to conduct the mHealth intervention to improve medication adherence and 

health outcomes including systolic blood pressure and diastolic blood pressure.  In 

closing, mHealth interventions that are constructed using evidence-based content show 

promise to increase medication adherence and improve health outcomes. 
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Appendix A: Permission Letter 
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Appendix B: Flyer (Chinese) 
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Flyer (English Translation) 
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Appendix C: The Random Sampling SAS Procedure 
 
*********************************************************************** 
***  PROJECT:  Zhao Pilot Study                                        
***  PROGRAM:  RANDOM MALES.SAS (Randomization for Study)             
***  DATE:     May 5, 2017                                            
***  PURPOSE #1:  Block Randomization                                  
***               Block size =   4                                     
***  TREATMENT RATIO:  1:1                                             
*********************************************************************** 
 
Title1 'Mobile App Pilot Study'; 
Title2 'MALES'; 
Title3 'Total N: 80'; 
options linesize=90 nodate nonumber; 
libname out 'P:\PhD 4th semester\Pilot Study Phase II'; 
run; 
 
data males; 
   do block= 1 to 20;              ***  20 blocks    ****; 
 blocksz = 4;                    ***  Block size 4 ****; 
 if blocksz = 4 then do; 
             do x4 = 1 to 4 by 1; 
             if x4 = 1 then treat = 1;   ** Treatment 1: MA**; 
             if x4 = 2 then treat = 2;   ** Treatment 2: Control**; 
             if x4 = 3 then treat = 1;   ** Treatment 3: MA**; 
             if x4 = 4 then treat = 2;   ** Treatment 4: Control*; 
            output; 
            end; 
            run; 
 
data males2;  
  set males; 
  random2 = ranuni(1411); 
  proc sort out=ranked1; 
  by block random2; 
  run; 
 
data males3; 
  set ranked1; 
  proc sort;  
  by block; 
  run; 
 
data out.random_male;  
  set males3; 
  studyid = "___________"; 
  rdate = "___________"; 
  randomized = "___"; 
  gender = 'Male'; 
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  label  
       rdate = 'randomized date' 
  randomized = 'randomized' 
  gender      = 'Gender'; 
       if treat = 1  then tx = 'Mobile App'; 
       if treat = 2  then tx = 'Control'; 
       if treat = 1  then tx = 'Mobile App'; 
       if treat = 2  then tx = 'Control'; 
  proc print label double;  
  var block gender treat tx rdate studyid; 
  run; 
ods html close; 
ods html; 
 
 
*********************************************************************** 
***  PROJECT:  Zhao Pilot Study                                        
***  PROGRAM:  RANDOM FEMALES.SAS (Randomization for Study)             
***  DATE:     May 5, 2017                                            
***  PURPOSE #1:  Block Randomization                                  
***               Block size =   4                                     
***  TREATMENT RATIO:  1:1                                             
*********************************************************************** 
 
Title1 'Mobile App Pilot Study'; 
Title2 'FEMALES'; 
Title3 'Total N: 80'; 
options linesize=90 nodate nonumber; 
libname out 'P:\PhD 4th semester\Pilot Study Phase II'; 
run; 
 
data females; 
   do block= 1 to 20;              ***  20 blocks    ****; 
 blocksz = 4;                    ***  Block size 4 ****; 
 if blocksz = 4 then do; 
             do x4 = 1 to 4 by 1; 
             if x4 = 1 then treat = 1;   ** Treatment 1: MA**; 
             if x4 = 2 then treat = 2;   ** Treatment 2: Control**; 
             if x4 = 3 then treat = 1;   ** Treatment 3: MA**; 
             if x4 = 4 then treat = 2;   ** Treatment 4: Control*; 
            output; 
            end; 
            run; 
 
data females2;  
  set females; 
  random2 = ranuni(3544); 
  proc sort out=ranked2; 
  by block random2; 
  run; 
 
data females3; 
   set ranked2; 
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   proc sort;  
   by block; 
   run; 
 
data out.random_female;  
  set females3; 
  studyid = "___________"; 
  rdate = "___________"; 
  randomized = "___"; 
  gender = 'Female'; 
 
  label  
       rdate = 'randomized date' 
    randomized = 'randomized' 
    gender      = 'Gender'; 
       if treat = 1  then tx = 'Mobile App'; 
       if treat = 2  then tx = 'Control'; 
       if treat = 1  then tx = 'Mobile App'; 
       if treat = 2  then tx = 'Control'; 
  proc print label double;  
  var block gender treat tx rdate studyid; 
  run; 
ods html close; 
ods html; 
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Appendix D: Randomization Table  

 (Males) 
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Randomization Table  

(Females) 
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Appendix E: Interview Guide (Chinese) 
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Interview Guide (English Translation) 
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Appendix F: Medication-Taking Reminder (Chinese) 
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Medication-Taking Reminders (English Translation) 

• 1. Please remember to take your medication on time! You can do it! 

• 2. Cardiovascular disease is the second leading cause of death in China. Taking 

cardio-protective medication is an important way to treat cardiovascular disease 

and prevent cardiovascular events.   

• 3. Taking cardio-protective medication can protect your heart. Take your 

medication on time.  

• 4. According to the U.S. National Institute of Health, an important treatment 

modality for CHD is cardio-protective medication. 

• 5. Poor adherence to cardio-protective medication is a public health issue in 

China. Remember to take your medications. 

• 6. Taking medication is the easiest way to protect your heart. 

• 7. Taking your cardio-protective medication on time. It is your friend and it helps 

you protect your heart.  

• 8. Cardio-protective medication can protect your heart. 

• 9. Please remember to taking today’s medication.  

• 10. Incorporating your medication into daily activities. Try to take your medicine 

the same time each day. 

• 11. Don’t give up taking your cardio-protective medication.  

• 12. Cardio-protective medication can help prevent clots in your blood vessel.   

• 13. If you take cardio-protective medication today, it will protect your heart.  
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• 14. Forgetting taking medication is easy. This message is a reminder for you to 

take your medication.  

• 15. One of the best ways to protect your heart is taking cardio-protective 

medication. 

• 16. Remember to take today’s medication. 

• 17. Taking your medication on time can decrease the risk of cardiovascular event. 

• 18. Keep taking your medication. 

• 19. Taking your cardio-protective medication matters! 

• 20. If you haven’t taken today’s medication yet. Take it now. 

• 21. Cardio-protective medication can protect your blood vessel.  

• 22. Please remember to take your cardio-protective medication. It is important! 

• 23. Taking your medication today is an important thing. 

• 24. We kindly remind you to take your medication today. 

• 25. There is one important thing for today—taking your medication. 

• 26. Taking your medication to protect your heart today. 

• 27. Don’t forget the simplest way to protect your heart—taking your medication 

today. 

• 28. Do not miss today’s medication. 

• 29. Taking cardio-protective medication can prevent cardiovascular events. 

• 30. Taking medication on time to protect your health. 
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• 31. It is time to take your medications. Misconception I of cardio-protective 

medication is that “I can stop taking my medications, if I have no symptom or feel 

comfortable.” Taking cardio-protective medications is necessary even though you 

have no symptom.  

• 32. It is time to take your medications. Misconception II of cardio-protective 

medication is that “after finishing the medications given by my physician at 

discharge, I do not have to refill my prescriptions.” When you were discharged 

from the hospital, you were only given a-month’s dosage of medication. After 

finishing your medications, you should refill your prescriptions. If you want to 

stop taking a medication, you need to consult a cardiologist.  

• 33. It is time to take your medications. Many cardio-protective medications can be 

covered by medical insurance. For your health, you should not stop taking a 

medication because of its cost. If you cannot afford an expensive medication, you 

should consult a cardiologist. Many cardiologists can help you change it to a 

cheaper one, which has the similar function of protecting your heart.  

• 34. Remember to take your medications. You should not stop taking a medication 

without consulting a cardiologist. 

• 35. It is time to take your medications. If you have questions/doubts regarding 

your medications, you should consult a cardiologist before stop taking them. 

• 36. Remember to take your medications. Studies have shown that some 

participants stop taking their cardio-protective medications because of the 
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medications’ side effects. If you feel a certain medication has side effect(s), 

consulting a cardiologist before stop taking it.  

• 37. Please remember taking your medications. Taking cardio-protective 

medication is one of the easiest way to reduce hospital readmissions.  

• 38. Studies have demonstrated that the longer the time after being discharged 

from hospital, the higher the chance of not adhering to medications. The purpose 

of this study is to help you improve your medication adherence. Please take your 

cardio-protective medications, because they are protecting your heart.  

• 39. China has more than 100 million people diagnosed with coronary heart 

disease. Many of them receive prescriptions and medication-related knowledge in 

hospitals. After being discharged from hospital, there are no clinicians to monitor 

their medication adherence. In this study, we use cell phones to remind you taking 

medications. Please do not forget taking your today’s medications.  

• 40. It is time to take your medications. The purpose of this study is to remind you 

that taking your cardio-protective medication is very important for your health.  

• 41. To save money, some people only take half dosage of their prescribed 

medications. This is not a reasonable way to improve your health because half 

dosage is not equivalent to half effectiveness. Please remember to take your 

medications as prescribed by your physicians. 

• 42. Many people with coronary heart disease discontinued their cardio-protective 

medications because they did not see immediate improvement after taking 

medications. Cardio-protective medications can prevent harmful clots becoming 
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larger, but this process often takes a long period of time. Please do not forget 

taking your medications today.  

• 43. Patients who have concerns about becoming dependent on a medication are 

more likely to not adhere to their medications. However, for your health, please 

do not stop a medication without consulting a cardiologist. Remember taking your 

medications today.  

• 44. Lack of symptoms is a common reason for not adhering to long-term 

pharmaceutical therapy. It is often confusing for patients with chronic illness 

taking a medication every day and nothing happens. However, plenty of studies 

have demonstrated that taking cardio-protective medications can prevent the 

enlargement of harmful clots, cardiovascular symptoms, and poor therapeutic 

outcomes, such as uncontrolled high blood pressure and hyperlipidemia. 

Remember taking your medications today. 

• 45. Mistrust is a barrier to medication adherence. Some patients are suspicious of 

their doctors’ motives for prescribing certain medications by worrying of 

pharmaceutical companies’ marketing efforts may influence prescribing patterns. 

If you have mistrust on your doctor’s prescription, please consult a local 

cardiologist. Please do not stop taking your medications until your cardiologist 

tells you to do so. Remember taking your medications today. 

• 46. It is time to take today’s medications. Do not stop taking your medications 

without consulting a cardiologist. 



 

140 

	

• 47. The number of medications can influence adherence. A patient is more likely 

to be non-adherent when the number of different medications is greater. 

Hopefully, this message can serve as a reminder for you to take your medications.  

• 48. The frequency of medications can influence adherence. A patient is more 

likely to be non-adherent when the frequency is higher. Do not forget today’s 

medications.  

• 49. The cost of medication can be a barrier to medication adherence. However, 

cardio-protective medications can protect your heart and prevent hospital 

readmission. Please take your medications on time.  

• 50. To save money, some people diagnosed with coronary heart disease do not 

refill their medications as prescribed by their cardiologists. This conduct might 

cause you to be re-admitted into a hospital. Please do not stop taking cardio-

protective medications until your physician tells you to do so. This message is to 

remind you of taking your medications on time.   

• 51. China has 100 million people diagnosed with coronary heart disease. Many of 

them receive prescriptions and medication-related knowledge in hospitals only 

without a primary care clinician to monitor their medication adherence. This 

message serves as a reminder for you to take your medications. 

• 52. The purpose of this message is to increase your awareness of the importance 

of taking medications the way they are prescribed.  

• 53. In China, many people with coronary heart disease have a cell phone. This 

condition is ideal for implementing an intervention to improve their health. In this 
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study, we use WeChat to increase care delivery for you by reminding you taking 

medications. 

• 54. When you see this message, please remember taking your medications.  

• 55. The treatment of coronary heart disease typically involve long-term 

pharmaceutical therapy. Remember taking your medications.  

• 56. Neglecting medication adherence could render futile any effort to treat 

coronary heart disease. This message kindly reminds you of taking your 

medications.  

• 57. Non-adherence to cardio-protective medications could result in severe adverse 

health outcomes. Therefore, it is important for us to remind you taking your 

medications.  

• 58. Poor adherence to cardio-protective medications is linked to increases in 

health care costs due to poor therapeutic outcomes typically requiring major 

medical interventions, such as coronary angioplasty, and coronary artery bypass 

grafting. To avoid the poor therapeutic outcomes, please remember taking your 

medications.  

• 59. We want to take this message as an opportunity to remind you taking your 

today’s medications.  

• 60. After reading this message, please take your cardio-protective medications. 
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Appendix G: Educational Materials Sent to The 
Intervention Group (Chinese)
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Educational Materials Sent to The Intervention Group 
(English Translation)

Material 1  
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Material 2 

CHD is a heart and blood vessel disease related to atherosclerosis, in which 

plaque builds up in the walls of the arteries, narrowing the arteries and making it 

difficult for blood to flow through. An important treatment modality for CHD and to 

prevent cardiovascular events is taking cardio-protective medications, because cardio-

protective medications can prevent harmful clots becoming larger. This process often 

takes a long period of time, many patients with CHD discontinued their cardio-

protective medications because they did not see immediate improvement. 
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Material 3 
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Material 4 

Poor adherence to the long-term pharmaceutical therapy is a global public health 

threat. According to World Health Organization, in developed counties, approximately 

50% of patients suffering from chronic illnesses do not take medications as prescribed. 

This rate is estimated to be higher in developing countries considering their relatively 

poor access to health care, lack of appropriate diagnosis, and limited access to 

medicines. Improving the adherence to pharmacotherapy for chronic illnesses, such as 

hypertension, hyperlipidemia, and diabetes would yield extensive health and economic 

benefits. Whereas, neglecting this issue could render futile any effort to treat chronic 

conditions.  
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Material 5 
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Material 6 

Lack of involvement in the treatment decision-making process is a common 

reason for patients not adhering to their long-term pharmaceutical therapy. In the 

current healthcare system of many countries, patients were passively instructed to take 

medications at a certain frequency and time. 
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Material 7 
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Material 8 

Some researchers pointed out that most patient-related factors of non-adherence 

are intentional non-adherence, which refers to that patients make a decision not to take 

their medications based on their knowledge, experience and belief. These factors include 

fear, misunderstanding, too many medications, cost, lack of symptoms, worry, 

depression, or mistrust. For example, if a patient has the fear of side effects of taking a 

medication for too long, s/he may refuse taking his/her prescribed medications.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

162 

	

Material 9 
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Material 10 

There are multiple factors contributing to the non-adherence to long-term 

pharmaceutical therapy involving patients, physicians, and healthcare systems. WHO 

classifies these factors into five categories: socioeconomic factors, factors associated with 

health care team and system, disease-related factors, therapy-related factors, and 

patient-related factors. From the patient perspective, reasons for not adhering to long-

term pharmaceutical theory include (1) lack of understanding of disease or medication, 

(2) inadequate medical literacy, and (3) lack of involvement in treatment decision-

making process. 
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Material 11 
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Material 12 

Inadequate medical literacy is a reason for not adhereing to long-term 

pharmaceutical therapy. The current healthcare systems in many countries rely on the 

assumption that patients can understand complex written and spoken information. 

However, limited health literacy is a hidden epidemic, which can affect health status, 

health outcomes, and health care use. For instance, 90 million adult Americans have 

inadequate health literacy. These individuals have difficulty understanding and acting 

upon health information, and therefore cannot use instructions on a prescription drug 

label to determine what time to take that medication. Also, inadequate medical literacy 

often leads to misunderstanding of medication instructions, discharge instructions, or 

health educational materials. All of these can lead to the non-adherence to long-term 

pharmaceutical therapy.  

 

 

 

 

 

 

 



 

166 

	

Appendix H: Educational Materials Sent to The Control 
Group (Chinese) 
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Material 2 
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Material 3 
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Material 4 

 



 

170 

	

Material 5                     

                                        �hi/ä æ�ï&ç 
 

�h�WOê �Wï 20%Īè� ��WpµĪ�h²cÂh�W 
ï-�â9Ī�¼ /ä æï�t ã� 
 
�hi 2010-2012 � ÆR�h æa ��YĪ]s ÃÇ¬ 
HĖ 2.85 1 《》 8 Ĉ 
Ýî� Éîa ípġS ZhĈÝî @ÿĨUNAIDSĩïå�!� 

“X« �ð ”�2015 ��h� �“ù� 
��ĥ Ì! ”Ī? R� æ �ý�ĥZ&·Ĕ���h 

8 2 62005ĩ�� 
� ZhÑí� A0 �a�h 2005 �¢:��ĝ> ¹ï�ê æ 
《》 3 � 
 
�hï�E X)4� ��h~iC|h5´û RĂĪę  
MMZ&đ8 �h~Ħ ï æ ��h´�Íi ÏqF rĨ� 
4¼ ¿
 Ėh~ĩï£ a °HĪę Û=L �¬HL  

0 0 8  
æ �Ę��ĪZ&�¨�B í®CúíîĢ® ð��hi ďĥ 
lN§ï ø� | �h DĪ]¾ ì�ïďĥ�h¯)��  
ē 1.2 8 1200 \L � ��hLy  
~ ĥÚ 9 h2 1.3 �\�jL å� Ď�lN§Ø ïo � 
 
�h À 13 8 �
¶q ĪfÎĪ�h 

1 — 2 Ä 
(Ĩ2005ĩ�ïČ Īvī2013 �ò+S _��È H7N9 öÜ�î 
(Ĭ2014 �ò+h~lN§ĢĊ Ë� Ĭ 22 ĝw'/h 285 �W� 
�ï 259 �Ğğç�h æÄ(�ï :Đ×��h
¶ć �F  
· a6 Èîx ï: �&� 
 
�h2À 65 �ê æ《》Z&��Ī4� 59 �it jKĪz � 
i h æa{/&= ã��hæ ïpÂ áaìĉÍi�X ¦ 
ï�ÊFĚ) B/ä� � 

 

 

 

 

 



 

171 

	

Material 6 
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Material 7 
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Material 11 
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Material 12 
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Educational Materials Sent to The Control Group 
(Englise Translation) 

Material 1 

Today, for the first time in history, most people can expect to live into their sixties and 
beyond. A longer life represents an important opportunity, not only for older people and 
their families, but also for societies as a whole. Additional years provide the chance to 
pursue new activities such as further education or a long neglected passion, while 
continuing to make valuable contributions to family and community. Yet the extent of 
these opportunities depends heavily on one factor: health.  

 

 
 
 

The number of people aged 60 years or older will rise from 900 million to 2 billion 
between 2015 and 2050 (moving from 12% to 22% of the total global population). 
Population ageing is happening more quickly than in the past. For example, while France 
had almost 150 years to adapt to a change from 10% to 20% in the proportion of the 
population that was older than 60 years, places like Brazil, China and India will have 
slightly more than 20 years to make the same adaptation.  
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Material 2 
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Material 3 
 
Addressing the health-care needs of older people 
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Material 4 
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Material 5 
 

China’s role in global health 
 

China’s population represents almost 20% of the world’s total population. By 
improving the health outcomes of its citizens, China has made significant contributions 
to global health.  

China has a high level of participation in global health and development 
platforms contributing US$ 285 million to multilateral institutions from 2010 to 2012. 
China is on the Executive Board of WHO and is a board member of the Global Fund to 
Fight AIDS, Tuberculosis and Malaria and the Joint United Nations Programme on 
HIV/AIDS (UNAIDS). China has also been actively engaged in development of the 
SDGs. In 2015 China hosted the fifth China–Africa round table, to engage in substantive 
discussions on health issues and explore new avenues for China-Africa collaboration. 
China also demonstrates commitment to health through the fulfillment of international 
commitments, such as the IHR (2005), the UN Convention on the Rights of Persons with 
Disabilities and the WHO FCTC, which China signed in 2005 and has partially 
implemented. 

Successful aspects of China’s national experience are informing the policies of 
other countries through South–South cooperation. The Government of China has 
steadily increased technical and financial assistance, especially to least-developed 
countries, by dispatching medical teams, donating medical equipment and drugs, 
building health facilities and training health workers. In recent years, this cooperation 
has been extended to disease prevention and control programmes, such as malaria 
control. China exercised strong global leadership in response to the Ebola virus disease 
outbreak in West Africa, committing more than US$ 120 million to the three West 
African countries. China also sent 1200 medical workers to affected regions. Chinese 
medical experts trained more than 13 000 local medical workers to treat Ebola patients in 
nine countries in Africa. 

China plays an important role in global health security with its 1.3 billion strong,  
increasingly mobile population. The Government actively promotes implementation of 
IHR (2005), for example, ensuring timely notification of human cases of avian influenza 
A(H7N9) virus in 2013 and in 2014, ensuring that a national Ebola preparedness plan 
was in place, and coordinating 22 government agencies to reach 259 of 285 points of 
entry to attain IHR standard requirements. China is continually reviewing and 
strengthening preparedness in response to new and emerging threats of communicable 
diseases.  

China also contributes to global health and security through its 65 WHO 
collaborating centres, of which 59 are in mainland China. The country is also an 
increasingly important contributor to the global supply of affordable, essential 
medicines and vaccines. 
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Material 6 
 

Reducing Health Inequity 
 

China’s economic and social development has been rapid. However, as in the 

development of most countries, China has seen uneven progress across the country and 

per capita expenditure on health varies across regions and between urban and rural 

areas. There remain significant disparities in health outcomes between men and women, 

ethnic groups, age groups, and urban and rural populations. Cities like Shanghai have a 

GDP per capita of US$ 15 847 and world-class medical institutions (42). By contrast, far 

western provinces have some of the lowest health-worker-to-patient ratios in the world. 

Inequity results from financing, discrimination or disadvantage because of gender, age, 

ethnicity, sexual orientation, employment or household registration status, physical or 

mental impairment, disease, poor socioeconomic status or physical location. Diseases 

like TB are declining but have become almost exclusively the burden of the rural poor. 

Migrant workers in many places are not eligible for health and other social benefits in 

the cities where they work. The majority of those who suffer from tobacco-related 

illnesses are those least able to pay for care. Stigma from HIV and other diseases still 

delay diagnosis and treatment. Across the six strategic priorities and through the four 

modes of delivery, equity will be placed at the top of the design chain in all WHO 

initiatives.  
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Material 7 
 

Comparison of China and the U.S. 
 

 



 

185 

	

Material 8 
 

Malaria 
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Material 9 
Asthma 
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Material 10 
 

Deafness 
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Material 11 
 

Immunization 
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Material 12 

Tuberculosis 
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