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Abstract 

Introduction:  Currently, China has the largest number of people with diabetes in the world, and the 

disease has reached epidemic proportions in the adult population. Individuals with diabetes perform about 

95% of their own care. Diabetes self-management is an essential element of diabetes care, and refers to 

daily behaviors that individuals perform to manage their diabetes. Several studies have consistently 

shown that diabetes self-management practice is suboptimal among Chinese adults with type 2 diabetes. 

The reason for poor adherence to diabetes self-management among Chinese adults is not well known and 

no conceptual model has been used to guide diabetes self-management interventions in this population. 

Although the information-motivation-behavioral skills model has been tested among Chinese adults with 

type 2 diabetes, some key components of the original model were not tested. In the proposed study, we 

will refine and test longitudinally a culturally tailored model of diabetes self-management among 250 

Chinese adults residing in China. 

Methods and Analysis: This is a prospective, longitudinal study at a tertiary hospital in Chengdu, China. 

A total of 250 adults with type 2 diabetes will be enrolled into current study, and will be followed up for 3 

months. Multiple domains will be collected, including demographics, diabetes knowledge, health 

education form, provider-patient communication, health beliefs, social support, diabetes self-efficacy, the 

medical coping modes, the diabetes self-care, depression, diabetes-dependent quality of life, hemoglobin 

A1c, blood pressure, and blood lipids  at baseline and 3-month follow-up. Main analyses comprise linear 

regression models after controlling for covariates and structural equation model.  

Ethics and Dissemination: Ethical approval has been obtained through the Fourth People’s Hospital of 

Chengdu Research Ethics Committee (study number 2017017). We aim to disseminate the findings 

through international conferences, international peer-reviewed journals and social media. 

Study registration number: ChiCTR-ROC-17013592. 
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Introduction 

 Diabetes is a major public health problem worldwide and it is increasing by epidemic proportions. 

Globally, the total number of people living with diabetes is projected to rise from 425 million cases in 

2017 to 649 million cases by 2045, with over 75% of cases living in low- and middle-income countries 1. 

In China alone, the most comprehensive nationwide survey showed that about 114 million (11.6%) adults 

had diabetes in 2010, a two-fold increase over the past decade 2. Type 2 diabetes (T2D) accounts for 

approximately 90% to 95% of all diagnosed cases of diabetes 3. In China, it is estimated that 102.5 to 

108.2 million individuals have T2D. Individuals with T2D perform about 95% of their own care 4. 

Diabetes self-management (DSM) is therefore an essential element of diabetes care, and refers to daily 

behaviors that individuals perform to manage their T2D such as self-monitoring blood glucose (SMBG), 

dietary and physical activity 5. DSM is complex, requires major lifestyle changes and behavioral tasks 

that are incorporated into an individual’s daily routine and high levels of adherence for effective 

management and halting disease progression 6.  

 Mounting evidence has consistently shown that better DSM was associated with better health 

outcomes, including improved glycemic control 7, improved quality of life 8, and reduced incidence of 

diabetes-related complications 9. DSM has transformed diabetes to a controllable and treatable chronic 

condition, and individuals with diabetes have been shown to make a great impact on the progression and 

development of their disease by participating in their own care. However, adherence to some of these 

activities has been found to be low, especially when looking at long-term changes 10. This suggests a 

critical need for a comprehensive and well-tested conceptual model to guide future DSM interventions. 

  Although the information-motivation-behavioral skills (IMB) model has been tested among 

Chinese adults with T2D 11, some key components of the original IMB model were not tested. For 

example, it is well known that personal motivation may influence DSM among Chinese adults 12. 

Additionally, important moderators known to influence DSM in Chinese adults such as depressive 

symptoms, female gender and educational level were not included in the model 11, and this may add 

important insights into DSM specific to this population. Therefore, a revised conceptual model based on 
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the IMB model is needed to take account the effects of interactive relationships among the related factors. 

The proposed IMB-DSM model will help fill this void by examining the potential moderators of DSM in 

this population, so that intervention studies based on this model can not only show whether the 

intervention works, but also why the intervention works and under what conditions the intervention 

works. 

 Validating the IMB-DSM model has important scientific and clinical implications, particularly in 

the light of the high morbidity and mortality associated with diabetes and subsequent diabetes-related 

complications. This study will have particular relevance for clinical practice and the broader field of 

public health. First, although the IMB model has been well-supported across populations and health-

related behaviors  13, its use in DSM is limited 11 14 15. This study will contribute to the growing body of 

literature on the use of the IMB model in DSM in Chinese population, and will provide preliminary 

evidence on the model’s utility in designing and evaluating interventions aimed at improving DSM in this 

patient population. Secondly, the findings of this study will be used to develop a culturally-tailored, 

theory-based DSM intervention for patients with T2D, which will ultimately help reduce the occurrence 

of complications, and aid patients in dealing with diabetes-related psychosocial issues. Finally, the 

findings may contribute to policy development on the importance of promoting national DSM educational 

programs to support and to assist diabetes educators in providing evidence-based diabetes education and 

DSM. 

Conceptual Framework 

 Overview of the IMB model. The IMB provided the theoretical basis for this study. The IMB 

model is used to frame these variables because: (a) the constructs from the model can be easily translated 

into intervention components, and (b) it adequately captures essential constructs that are well supported in 

the literature to improve DSM behaviors, including information (e.g., diabetes knowledge), motivation 

(e.g., social support), and behavioral skills (e.g., diabetes self-efficacy). The model postulates that 

individuals are more likely to take health-related action, such as DSM, if they are well informed, highly 

motivated (personally and socially), and have adequate and appropriate behaviors, and thus, experience 
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positive health outcomes 13. The model is based on three constructs: information, motivation, and 

behavioral skills. Behavioral skills to perform the behavior are proposed to mediate the effects of 

information and motivation on behavior under study and the behavior is directly linked to health 

outcomes, which, in turn, are conceptualized as influencing one’s future maintenance of the behavior via 

a feedback loop that affects one’s future levels of information, motivation, and behavioral skills overtime 

16 17. The IMB model further postulates that favorable health outcomes may strengthen an individual’s 

information, motivation, and behavioral skills to perform the behavior in the future. In contrast, 

unfavorable health outcomes may cause an individual to lose confidence in his or her knowledge, 

motivation, and behavioral skills to perform the behavior overtime 17.  

Figure 1 The IMB-DSM Model 

 

 

 

 

 

 

 

 

 

 

 The IMB-DSM model. Figure 1 portrays the overarching conceptual framework of this study. 

The IMB-DSM model provides a comprehensive insight to explore the relationships that influence DSM 

and its related health outcomes, based on a systematic review of literature in this area. The framework 

consists of the following six key interrelated components: DSM-related information, motivation, 

behavioral skills, DSM, health outcomes, and moderators. Consistent with the original IMB assumptions, 

the IMB-DSM model asserts that DSM-related information, motivation, and behavioral skills are 
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fundamental determinants of DSM behaviors. DSM-related information and motivation are proposed to 

work primarily through behavioral skills to affect initiation and maintenance of DSM behaviors. DSM 

behaviors lead to health outcomes, which, in turn, can influence one’s future maintenance of the behavior 

via a feedback loop that affects one’s future levels of DSM-related information, motivation, and 

behavioral skills overtime. The proposed moderators can influence the relationship among variables in the 

IMB-DSM model. 

 DSM-Related information. DSM-related information is a necessary but insufficient prerequisite 

for DSM behaviors. The link between DSM-related information and DSM behaviors has been well 

established in the literature. DSM-related information primarily includes diabetes knowledge, health 

education and provider-patient communication. A positive relationship was found between diabetes 

knowledge and overall DSM performance 18-20, exercise, foot care 21, diet control, or SMBG 22 in some 

studies, but not others 23 24. Additionally, diabetes knowledge was also found to be negatively related to 

smoking cessation in one study 22. A significantly positive relationship between health education and 

overall DSM performance was reported in three studies 25-27. Positive relationships were also reported 

between health education and some specific DSM behaviors, such as diet modification, foot care, 

regulating highs and lows in blood glucose, SMBG, engaging in exercise, taking medications, smoking 

cessation 25 28 29. Three studies reported the relationship between provider-patient communication and 

DSM behaviors, and both studies found that better provider-patient communication was an independent, 

direct predictor of better overall DSM performance 11 24 30. 

 DSM-Related motivation. Another fundamental determinant of DSM behaviors is an 

individual’s motivation to perform DSM. Consistent with the IMB model, the IMB-DSM model posits 

that an individual’s motivation includes personal and social motivation. Personal motivation to perform 

DSM refers to one’s beliefs about the DSM behaviors and evaluations of the outcomes. Social motivation 

to perform DSM rests on the one’s perception of social support for DSM and one’s motivation to comply 

with referent others 14 31.  
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 In the IMB-DSM model, health beliefs are used to conceptualize personal motivation. Perceived 

susceptibility, perceived barriers, perceived benefits, or cues to action has each been positively associated 

with overall DSM performance and all aspects of DSM behaviors except smoking cessation 12 32. There 

was inconsistent evidence of the relationship between perceived severity and DSM behaviors. Yu (2009) 

reported a negative association, whereas Sun and coworkers (2012a) reported a positive association. One 

possible explanation for the inconsistency between perceived severity and DSM behaviors involves the 

fact that both studies are cross-sectional. Thus, a person who is currently engaging in DSM behaviors may 

both perceive him- or herself as not being at risk and may report few feelings of severity. Alternatively, a 

person who is presently engaging in less DSM behaviors may report more feelings of severity and few 

risk-reduction efforts. The inconsistency warrants more investigations from longitudinal studies. Research 

evidence is consistent with a positive relationship between perceived social support from significant 

others and overall DSM performance, diet control, taking medications, engaging in physical activity, 

SMBG, foot care and regulating highs and lows in blood glucose 11 21 24 33-35.  

 DSM-Related behavioral skills. Behavioral skills involve objective and perceived skills for 

performing DSM behaviors and a sense of self-efficacy for doing so 14. In the IMB-DSM model, 

behavioral skills include diabetes self-efficacy and positive coping strategy. A great deal of studies has 

linked levels of self-efficacy and DSM behaviors 11 19 21 24 34 36-39. There was a consistent strong association 

between increased self-efficacy level and better DSM behaviors, including diet modification, taking 

medications, foot care, physical activity, SMBG, and regulating highs and lows in blood glucose.  

  Available evidence also supports a relationship between objective abilities and DSM behaviors. 

Coping strategies have been well studied in this population. Individuals with positive coping strategies 

such as confrontation tend to be more willing to learn how to manage their disease. In contrast, 

individuals with negative coping strategies such as avoidance or acceptance-resignation may not be 

willing to follow management recommendations. Research evidence is consistent with a positive 

relationship between confrontation and overall DSM performance 40, dietary modification, taking 

medications, foot care, physical activity, SMBG, or regulating highs and lows in blood glucose  12 32 36. 
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Alternatively, acceptance-resignation was negatively associated with overall DSM performance 40, dietary 

modification, taking medications, foot care, physical activity, SMBG, or regulating highs and lows in 

blood glucose 12 32 36. Avoidance had negative effects on taking medications 12 32 and regulating highs and 

lows in blood glucose 32, but had favorable effects on overall DSM performance 12 36 and other aspects of 

DSM behaviors except smoking cessation 12 32 36. 

 One cross-sectional study provided evidence for the role of DSM-related behavioral skills as a 

mediator between DSM-related information, motivation, and DSM behaviors. Information on 

demographics, provider-patient communication, social support, and self-efficacy, and diabetes self-care 

was collected among 222 participants with T2D in Shanghai. There were significant, positive, direct paths 

from self-efficacy (β=.41, p<.001), social support (β=.19, p=.007), and provider-patient communication 

(β=.12, p=.037) to DSM behaviors. Paths from provider-patient communication to self-efficacy (β=.23, 

p<.001) and from social support to self-efficacy (β=.19, p<.05) were significant and positive. Structural 

equations modeling showed that self-efficacy mediated the effects of social support (indirect effect β=.08, 

p=.008) and provider-patient communication (indirect effect β=.09, p=.002) 11. Overall, the study 

provided support for the specific direct and mediating relationships between DSM-related information, 

motivation, behavioral skills, and DSM behaviors. However, one limitation of this study is that the 

adapted IMB model does not include all relevant constructs. For example, information on personal 

motivation was not collected. Therefore, the study only partially validated the IMB model.  

 Health outcomes. The IMB-DSM model asserts that DSM behaviors are directly linked to health 

outcomes, which has been well supported in the literature. Since adults with T2D are two to four times 

more likely to have cardiovascular disease (CVD) than adults without T2D, and CVD is the leading cause 

of mortality for patients with T2D  41, monitoring of cardiometabolic markers is essential in the clinical 

management of patients with T2D. In the proposed study, blood pressure and blood lipids are measured to 

identify subsequent CVD risks among adults with T2D. The health outcomes include hemoglobin A1c 

(HbA1c), blood pressure, blood lipids, and diabetes-dependent quality of life. DSM had a direct effect on 

glycemic control (β=-.02, p=.007) 30, total cholesterol (TC)/high-density lipoprotein cholesterol (HDL-C) 
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(β=-.31, p<.001), and low-density lipoprotein cholesterol (LDL-C)/HDL-C (β=-.30, p<.001) 11. A 

previous study has shown that the participants’ blood pressure decreased and remained within optimal 

range 3 months after diabetes educational program among Chinese immigrants in the United States 42, 

indicating that blood pressure may be a highly relevant outcome to explore as part of DSM 43. However, it 

is not clear whether DSM is directly related to blood pressure in Chinese adults with T2D, and this will be 

examined in this study. Compared to the general population, people affected by T2D consistently reported 

diminished health-related quality of life 44. A meta-analysis of 20 intervention studies found that people 

with diabetes experience improved health-related quality of life from participation in DSM training 

programs 8. However, the relationship between DSM and health-related quality of life has not been 

systematically studied among Chinese adults with T2D, and this study will fill the knowledge gaps. 

 DSM behaviors, health outcomes, and future DSM behaviors. The model assumes that 

favorable or unfavorable health outcomes that result from DSM behaviors, are linked via a feedback loop 

to the strengthening or weakening of subsequent DSM behaviors. Diet modification, physical activity, 

taking medications, SMBG, foot care, regulating highs and lows in  blood glucose, and overall DSM 

performance was each positively associated with lower systolic blood pressure 45. Hyperlipidemia was 

negatively associated with taking medications 45. In addition to blood pressure, higher levels of HbA1c 

was related to better overall DSM performance 12. However, all evidence supporting health outcomes as a 

predictor for future DSM behaviors comes from cross-sectional studies, in which temporal precedence of 

health outcomes and DSM behaviors cannot be established. These lines of evidence speak most clearly to 

the association between health outcomes and DSM observed at a single point in time. This study will be 

conducted to investigate the longitudinal effects of health outcomes on changes in DSM-related 

information, motivation, behavioral skills, and subsequent DSM behaviors.  

 Moderators. A moderator is defined as a variable that alters the direction or strength of the 

relationship between a predictor and an outcome 46.The IMB-DSM model postulates that certain personal 

characteristics may act as moderators that influence the associations of the model constructs with DSM 

behaviors, and that the degree of moderation depends on the level or intensity of the moderator. High 
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levels of moderators are assumed to directly influence DSM behaviors, whereas lower levels of 

moderators are assumed to work through the IMB-DSM model constructs to influence DSM behaviors 

and not obscure the relationships between these constructs and DSM behaviors. These moderators include 

depressive symptom, female gender, and educational level.  

 Depressive symptoms have been consistently found to negatively affect DSM behaviors, such as 

SMBG, foot care, diet modification, regulating highs and lows in blood glucose, and overall DSM 

performance in these studies 47-49. Generally, female patients had better overall DSM performance than 

their male counterparts 12 50. People with a higher educational level tended to manage their diabetes better, 

compared to people with lower educational level 26 34 45.  

 Because existing studies investigating factors associated with DSM are primarily univariate in 

nature, they generally address only one aspect of the IMB-DSM model, that is, they establish support for 

a direct relationship between DSM behaviors and DSM-related information, motivation, or behavioral 

skills. So far, no studies have been conducted to systematically evaluate how potential moderators may 

influence the relationship among variables in the IMB-DSM model, and this study is expected to fill those 

knowledge gaps.  

Objectives 

 In the proposed study, we will refine and test longitudinally a culturally tailored IMB model of 

DSM (IMB-DSM) among 250 Chinese adults residing in China. The proposed study has one primary aim, 

one secondary aim, and one exploratory aim. 

Primary Aim: In Chinese adults with T2D, determine which baseline variables are most predictive of 

DSM and better health outcomes (hemoglobin A1c [HbA1c], blood pressure, blood lipids, and diabetes-

dependent quality of life) at 3-month follow-up period? 

H1: Compared to baseline DSM-related information and motivation, are baseline behavioral skills most 

predictive of DSM at 3-month follow-up period? 

H2: Compared to baseline DSM-related information, motivation, and behavioral skills, is DSM most 

predictive of better health outcomes at 3-month follow-up period? 
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Secondary Aim: Investigate the effects of baseline health outcomes on changes in DSM-related 

information, motivation, behavioral skills and subsequent DSM at 3-month follow-up period. 

RQ1: What are the effects of baseline HbA1c on changes in DSM-related information, motivation, 

behavioral skills, and subsequent DSM behaviors? 

RQ2: What are the effects of baseline blood pressure on changes in DSM-related information, motivation, 

behavioral skills, and subsequent DSM behaviors? 

RQ3: What are the effects of baseline blood lipids on changes in DSM-related information, motivation 

and behavioral skills, and subsequent DSM behaviors? 

RQ4: What are the effects of baseline diabetes-dependent quality of life of on changes in DSM-related 

information, motivation and behavioral skills, and subsequent DSM behaviors? 

Exploratory Aim: In Chinese adults with T2D, examine mediating and moderating factors associated with 

DSM at baseline and the 3 month follow-up period. 

RQ1: Are diabetes self-efficacy and coping strategies mediators of DSM at baseline and 3-month follow-

up period? 

RQ2: Are depressive symptoms, female gender, and educational level as moderators of DSM at baseline 

and 3-month follow-up period? 

Methods and Analysis 

Design 

 A descriptive, repeated-measures design will be used to examine the relationships among 

variables in the IMB-DSM model, the role of variables in predicting DSM, the potential moderators and 

mediators, and investigate the longitudinal effects of health outcomes on changes in DSM-related 

information, motivation, behavioral skills and subsequent DSM.  Data will be collected at two time points, 

3 months apart to allow predictive modeling of the IMB-DSM model’s independent (i.e., DSM-related 

information, motivation, and behavioral skills collected at baseline) and dependent (i.e., DSM behaviors 

collected at 3-month follow-up visit) variables.  

Sample and Setting 
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 This study will be conducted in Chengdu metropolitan area, which is the provincial capital of 

Sichuan province in Southwest China. One community health center will be selected from each of six 

urban districts in Chengdu metropolitan area: the Yulin community health center in Wuhou District, the 

Supo community health center in Qingyang District, the Longzhoulu community health center in Jinjiang 

District, the Caojiaxiang community health center in Jinniu District, the Shuanglin community health 

center in Chenghua District, and the Guixi community health center in Gaoxin District. The inclusion 

criteria for participation in the research are: (a) diagnosed with T2D; (b) able to read, write, and speak 

Chinese; (c)≥18 years of age; (d) a score of the Chinese version of Mini-Mental State Examination (C-

MMSE) > 24 (see Screening below); (e) no other chronic physical or mental disorders; and (f) mentally 

competent to give informed consent.  Patients will be excluded if they are pregnant, have been diagnosed 

with cancer or organ failure, refuse to participate in the proposed study, self-identified bilateral hearing 

loss, or cognitive impairment (inability to comprehend the informed consent). 

Sample Size 

 The Power Analysis and Sample Size Software was used for sample size calculation. Sample size 

was calculated based on the weakest correlation among all the tested variable pairs, that is, diabetes 

knowledge and social support (r=.197). Assuming 80% power, type I error rate of .05, and attrition rate of 

20%, a total of 250 participants will be needed to detect the correlation coefficient of .197. This sample 

size will have a higher power to detect correlations with larger coefficient. 

Participant Recruitment 

 The research team will actively recruit participants from six selected community health centers. 

The principal investigator and her undergraduate mentors have relationships with these community health 

centers and will be able to facilitate recruitment from these sites. An electronic medical database of the 

residents kept each community health center will also be used to identify patients with T2D in these 

communities. The research team will also have access to the database from which participants can be 

recruited. 
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 Once the approval from the Ethics Committees for Clinical Trials and Biomedical Research in the 

Fourth People’s Hospital of Chengdu is obtained, patients who come to the local clinics for evaluations 

and care will be approached after agreeing to hear about the study by a research staff member, who will 

explain the study, provide a consent form for review, answer questions and seek their participation. 

Subjects who agree to participate will be screened on study criteria. Screening (see Screening below) will 

take about 10 minutes. Those who meet study criteria will be entered into the study. In addition, 

advertisements about the study will be placed on buses and subways. Those interested in the study will be 

invited to the study site and asked to participate after reviewing study procedures and consent forms. 

Weekly and monthly recruitment goals will be set to ensure adequate progress on participant enrollment. 

If recruitment is slow, recruitment procedures will be reviewed, problems identified, and adjustments will 

be made so that participant accrual is conducted at a satisfactory rate. 

Screening 

 A questionnaire will assess eligibility via questions on age, length of diabetes, period of time 

when starting diabetes treatment, provider referral, and willingness to participate. Since this population is 

at risk for cognitive impairment that may, in some cases, limit capacity to provide consent 51, the C-

MMSE will be administered to evaluate global cognitive functioning of all eligible participants. The 

original MMSE is the most commonly used screening tool for cognitive impairment and dementia 

worldwide 52, and a high sensitivity (90.8%) and specificity (93%) of the C-MMSE were reported from a 

cross-sectional, population-based study among Chinese general population 53.  The C-MMSE has been 

used among Chinese adults with T2D 54. Those who obtain a score <=23 will be excluded because 

subjects with such low scores were considered to have possible dementia 55. Potential participants with 

serious cognitive problems will be referred immediately to a mental health professional used by the 

respective community health centers.  

Reducing Attrition 

 There will be a potential problem with attrition of the proposed study because the 3 month 

follow-up for the longitudinal study design opens up to the problem of attrition. Steps that will be taken to 
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reduce attrition include: informing subjects of the importance of continued participation in all aspects of 

the study; giving a subject incentive of ¥155 (about $25) Walmart gift card per completed data collection 

session; making telephone calls and sending a reminder card prior to scheduled data collections. A 

participant locator form will be completed for each subject entered in the study and at all data collection 

sessions to ensure proper contact information for follow-up visit is maintained. 

Data Collection and Procedures 

 After consenting to participate, each subject will be requested to come to the study site for 

baseline data collection in a private office at the research site. Baseline data collection will include 

administration of the following questionnaires: Demographic Data Form, the Diabetes Knowledge 

Questionnaire, the Health Education Form, the Provider-Patient Communication Scale, the Health Belief 

Scale, the Social Support Rating Scale, the Diabetes Self-Efficacy Scale, the Medical Coping Modes 

Questionnaire, the Diabetes Self-Care Scale, the Self-rating Depression Scale, and the Audit of Diabetes-

Dependent Quality-of-Life. At the 3 month follow-up data collections, all the measures will be 

administered again except the Demographic Data Form. Data collection from each participant should take 

about 60 minutes. The instruments will be administered by a trained research assistant as an interview to 

reduce respondent burden and to standardize the approach due to the differing response formats. If the 

participant becomes fatigued, the battery of questionnaires may be completed in two sessions.  

Training of Data Collectors 

 In an effort to improve inter-rater reliability, project data collectors will be trained to collect data 

for baseline and follow-up data collections. Data collectors will attend intensive training sessions at the 

beginning of the project, and periodic refresher sessions will be offered every 2 to 3 weeks to reinforce 

the basic training. Data collectors will practice conducting data collections and blood pressure 

measurement and these sessions will be monitored and each data collector will be certified. To control for 

measurement error, a data collection protocol manual will be developed that will include data collection 

protocol related specifically to each questionnaire and blood pressure measurement. The specific 
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measures, including instruments and physical biomarkers, that will be used within this study are described 

below. 

Instruments 

 Demographics. This questionnaire is designed to collect background data from participants on 

their demographic characteristics, including age, gender, income, education, marital status, length of 

diabetes, health insurance, current treatment plan for diabetes, and relevant health history indicators. The 

information will be used to fully describe the sample. 

 The diabetes knowledge questionnaire. Diabetes knowledge is defined as patient understanding 

of information about diabetes and its management, and will be measured with the Chinese version of the 

Diabetes Knowledge Scale adapted from the Diabetes Knowledge Scales 56. The Diabetes Knowledge 

Scale was first designed to measure patients’ knowledge in basic physiology of diabetes, food choices, 

general diabetes care, and sick day management. The original scale in U.S. samples was reasonably 

internally consistent (Cronbach’s alpha ranged from .72 to .79) and differentiated known groups 56. The 

Chinese version of the Diabetes Knowledge Scale consists of 14 items. Participants receive a score of 1 

for a correct answer or 0 for an incorrect or unknown answer. The total score ranges from 0 to 14, with a 

higher score indicating a higher level of diabetes knowledge. The Cronbach’s alpha for the Chinese 

version of the knowledge measure was .62. The diabetes knowledge score in the Chinese sample was 

significantly higher in the group with more education (t[28]=2.83, p< .01), indicating that the Chinese 

version had satisfactory construct validity 57.  

 The health education form. Information on health education is based on self-reports. All 

participants will be asked if they have had received any form of diabetes education. If the answer is YES, 

the patient should answer the source of diabetes education. The source of diabetes education could be 

health care professionals, community consulting service, journals/books, TV/radio, internet and others. 

 The provider-patient communication scale. Provider-patient communication is defined as 

individual’s understanding of and ability to interact with a range of health organizations and health 

professionals, and will be measured by the Provider-Patient Communication Scale. The scale consists of 5 
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items with a scoring range from 0 to 6, where 0 indicates “strongly disagree” and 6 indicates “strongly 

agree”. High scores characterize a person who is confident in their ability to communicate with healthcare 

professionals and has good understanding of ways to access healthcare in order to get their needs met. 

The Cronbach’s alpha coefficient is reported at .929, indicating excellent internal consistency 11.  

 The health belief scale. Health beliefs refer to one’s perceptions about T2D and how it can be 

treated. The Health Belief Scale was developed based on the Health Belief Model by Yamei Chen in 

China 58. The 20-item scale comprises 5 subscales (perceived susceptibility, perceived benefits, perceived 

severity, perceived barriers, and cues to action) and uses a 5-point Likert scale ranging from 1 (strongly 

disagree) to 5 (strongly agree). A higher score represents stronger health beliefs. The content validity 

is .81, the test-retest reliability ranges from .78 to .82, and the Cronbach’s alpha is .79 58. 

 The social support rating scale. Social support is defined as the perception of support from 

family members, and will be assessed by the Social Support Rating Scale. The scale was developed by 

Shuiyuan Xiao in China 59. The 10-item instrument measures aspects of objective social support (3 items), 

subjective social support (4 items) and usage of social support (3 items). The item scores range from 14 

(worst possible social support) to 66 (best possible social support) 60. The test-retest reliability coefficient 

and the internal consistency of the scale are .92 and .88-.94, respectively 34.  

 The diabetes self-efficacy scale. Self-efficacy is a key tenet in the Social Cognitive Theory 61. 

Diabetes self-efficacy has been defined as the judgment of one’s own capability to monitor, plan, and 

perform diabetes activities 62, and will be measured with the Chinese version of a measure adapted from 

the Self-Efficacy Scale for patients with T2D developed by van der Bijl, van Poelgeest-Eeltink, and 

Shortridge-Baggett (1999). The scale measures the degree of confidence an individual with T2D has in 

performing DSM 63. The Cronbach’s alpha of the original scale was .81, and the items loaded on four 

factors that explained 55% of the variance 63. The 7-item Chinese version of the Diabetes Self-Efficacy 

Scale evaluates participants how capable they are when performing DSM activities. The items are scored 

on a 5-point Likert-type scale, with higher scores indicating higher self-efficacy in performing DSM 

behaviors. The Chinese version of the Diabetes Self-Efficacy Scale has a Cronbach’s alpha of .87. Factor 
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analysis showed that seven items loaded on five factors, which explains 97.9% of the variance, and the 

five factors are consistent with confidence in performing the five aspects of DSM behaviors 57. 

 The medical coping modes questionnaire. Coping strategies refer to cognitive and behavioral 

efforts made by the individual to deal with stress 64, and will be measured by the Medical Coping Modes 

Questionnaire. The 19-item questionnaire was designed to assess 3 forms of coping strategies with 

chronic diseases: confrontation, avoidance, and acceptance-resignation 65. Items are answered on a four-

point Likert scale ranging from 1 (never) to 4 (very often). Scores from the three subscales are compared, 

and the highest score indicates the corresponding dominant pattern of coping utilized by the participant 65. 

The 20-item Chinese version of the Medical Coping Modes Questionnaire was adapted from the original 

instrument, with one more item adding to the acceptance-resignation subscale 66. The Cronbach’s alpha 

for the confrontation, avoidance, and acceptance-resignation subscales is reported at .69, .60, .76, 

respectively 66.  

 The diabetes self-care scale. The 26-item Diabetes Self-Care Scale is comprised of 6 subscales: 

diet modification, taking medications, SMBG, foot care, physical activity, and regulating highs and lows 

in blood glucose. Responses for each item range from 1 (never) to 5 (very often). Total score can range 

from 26 to 130 by adding up scores of 6 subscales, with higher scores indicating better overall DSM 

performance. The construct validity is .68, and the Cronbach’s alpha is .87 67. 

 The self-rating depression scale. Depressive symptoms refer to thoughts, feelings, and 

behaviors demonstrating sadness, loss of interest in life, and negative perception of self or the future 68 69. 

Depressive symptoms will be assessed using the Self-Rating Depression Scale, a 20-item self-

administered questionnaire developed by Zung 70. The scale precisely and quickly measures the 

symptoms and severity of depression. Each item is rated on a four-point Likert scale, ranging from 1 

(where depression symptoms are very seldom) to 4 (where depression symptoms are most of the time) 

and computed as an original score, then multiplied by 1.25 to get the standard score. A score of 53 or 

higher has been used as the cut-off point for presence of depressive symptoms in Chinese version of the 

Self-Rating Depression Scale. A score ranges from 53 to 62 indicates mild depressive symptoms, a score 
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ranges from 63 to 72 indicates moderate depressive symptoms, and a score higher than 72 indicates 

severe depressive symptoms 71. 

 The audit of diabetes-dependent quality of life. Health-related quality of life is defined as the 

patient’s perception of the overall impact of their illness on physical, psychological and social status 72, 

and will be measured with a diabetes specific instrument. The Audit of Diabetes-Dependent Quality of 

Life was originally designed to measure individuals’ perceptions of the impact of diabetes on various 

domains of their life 73. The questionnaire has been found to be sensitive to complications of diabetes and 

to improvement following treatment, especially DSM education program 74-76. The Chinese version of 

Audit of Diabetes-Dependent Quality of Life measures both generic and diabetes-specific quality of life. 

The first two overview items assess generic quality of life on a seven-point Likert scale (-3 [extremely 

bad] to 3 [excellent]) and quality of life without diabetes. A five-point scale (-3 to +1) measures the 

impact of diabetes by asking patients how their quality of life would be if they did not have diabetes. The 

subsequent 19 items evaluates diabetes-specific quality of life, measuring physical functioning, symptoms, 

psychological well-being, social well-being, role activities and personal constructs. A five-point scale (-3 

to +1) measures the impact of diabetes by asking patients how particular aspects of their life would be if 

they did not have diabetes. The importance of each aspect on their life is rated on a four-point scale (0 to 

3). The two ratings are multiplied and summed for a final impact score that ranges from -9 to 3, where 

more negative scores indicate worse quality of life and more negative impact of diabetes on quality of life. 

A score of 0 is assigned to “unimportant” domains, regardless of the magnitude of its impact. Similarly, a 

core of 0 is assigned to items with no impact of diabetes, regardless of their importance to quality of life. 

The questionnaire is an individualized instrument, which allows respondents to only assess the impact of 

diabetes on the domains they are concerned and value the importance of these domains to their life 77. The 

average weighted rating score is obtained by dividing the sum of weighted ratings for applicable domains 

by the number of the applicable domains. Strong reliability (Cronbach’s alpha=.941) has been reported 77. 

Factor analysis showed that all items had high performance in the structural validity evaluation, with most 

factor loading values being larger than .40 (varied from .44 to .88) 77. 
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Physical Markers 

 Physical markers include HbA1c, blood pressure, and blood lipids, which will be measured at 

baseline and 3-month follow-up visit. All blood samples will be processed at the Clinical Laboratory of 

the Fourth People’s Hospital of Chengdu, which has regular external quality assessment organized by the 

Chinese Ministry of Health and conducts assay quality control samples on a daily basis. The Clinical 

Laboratory has been accredited by the Sichuan Health Bureau and offers approximately 200 different 

clinical assays in immunology, chemistry, hematology, virology, and molecular biology. This laboratory 

has excellent performance during annual evaluation by External Quality Assurance Program organized by 

the National Center for Clinical Laboratories, China Ministry of Health. After collection, the fresh venous 

blood samples will be immediately transported at 4°C temperature to the Clinical Laboratory of the 

Fourth People’s Hospital of Chengdu by trained research nurses within 2 hours. The samples will then be 

placed in a deep freezer and stored at -80°C until assays start. 

 HbA1c. HbA1c is a form of hemoglobin that is measured primarily to identify the average 

plasma glucose concentration over prolonged periods of time. HbA1c will be used as a marker of T2D 

and glycemic control and will be analyzed from whole blood samples (4 ml). HbA1c is the gold standard 

for monitoring glycemic control and reflects a person’s glucose control for the preceding 8 to 10 weeks. 

The American Diabetes Association recommends a goal of <7.0% for patients with diabetes 78. Analysis 

will be conducted using high performance liquid chromatography, with standardization through 

commercial available assays (coefficient of variation<2%). 

 Blood pressure. Blood pressure is the pressure exerted by circulating arterial blood upon the 

walls of blood vessels, and it is one of the principal vital signs. In adults, the ideal blood pressure at rest is 

within the range of 90 mmHg to 119 mmHg systolic and 60 mmHg to 79 mmHg diastolic. 

Prehypertension refers to blood pressure higher than normal but not high enough to be diagnosed as 

hypertension. Readings greater than or equal to 130/80 mmHg are considered hypertension 79. 

Blood pressure will be obtained by a trained nurse using a standard sphygmomanometer for a 

minimum of 2 consecutive readings at intervals of at least 1 minute, based on the American Heart 

Page 19 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020894 on 8 O

ctober 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

Association guidelines 80. According to the American Heart Association 80, the patient should be seated 

comfortably with the back supported and the upper arm bared, without constrictive clothing. The legs 

should not be crossed. The arm should be supported at the heart level, with the bladder of the cuff 

encircling at least 80% of the arm circumference. The mercury column should be deflated at 2 to 3 mm/s, 

and the first and last audible sounds should be taken as systolic and diastolic pressure. The column should 

be read to the nearest 2 mmHg. Neither the patient nor the observer should talk during the measurement 

procedure. The average of those readings will be used to represent the patient’s blood pressure 80.  

 Blood lipids. Blood lipids include TC, HDL-C, LDL-C, and triglycerides (TG). Analysis of 

blood lipids will be conducted using enzymatic colorimetric test, with standardization through 

commercial available assays (coefficient of variation<2%). Fasting serum samples will be collected in the 

morning after 8 hours fasting. The American Diabetes Association has set guidelines for TC, TG, LDL-C, 

and HDL-C levels: TC<200 mg/dl (5.17 mmol/l), TG levels<150 mg/dl (1.7 mmol/l), LDL-C<100 mg/dl 

(2.6 mmol/l), and HDL-C>40 mg/dl (1.0 mmol/l) in men and >50 mg/dl (1.3 mmol/l) in women are 

desirable 78. 

Data Analyses  

Data analyses for Primary Aim 1: Linear regression models will be applied to assess the 

associations between DSM at 3 months follow-up visit and baseline DSM-related information variables, 

motivation variables, and behavioral skills variables, respectively, controlling for age and gender at 

baseline. Linear regression models will also be applied to assess the associations between health 

outcomes at 3 months follow-up visit and baseline DSM-related information variables, motivation 

variables, and behavioral skills variables, respectively, controlling for age and gender at baseline. 

Data analyses for Secondary Aim: Changes in DSM-related information, motivation, behavioral 

skills, and DSM will be calculated for participants with measures at both baseline and follow-up visit. 

The associations between changes in these variables and baseline health outcome variables will be 

evaluated using linear regression models, controlling for age and gender at baseline. 
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Data analyses for Exploratory Aim: Both baseline and 3-month follow-up measures will be used 

for exploratory aim. Structural equation modeling will be used to explore the fit of the data to the IMB-

DSM model. Data will be first assessed whether they meet the assumptions of maximum likelihood 

estimation of structural equation modeling. Then, hypotheses regarding structural relations among the 

IMB-DSM model constructs will be evaluated with an inspection of the direction and magnitude of the 

path coefficients (direct effects) and indirect effects, which indicate mediation. Significant indirect effects 

occur when the relationship between a predictor and an outcome is due to the predictor being associated 

with a third variable (i.e., all or part of the direct effect of A on C is due to a relationship between A and 

B). Criteria used to test the structural model will be the comparative fit index (≥.95 indicates good fit), the 

root mean square error of approximation (≤.06 with confidence interval .00-.08 indicates good fit), and 

the standardized root mean square residual (<.08 indicates acceptable fit, and 0 indicates perfect fit) 81. 

Agreement between multiple indices provides the best support a model has good data fit 81. Moderators 

will be tested by doing multi-group testing in AMOS 21, a structural equation modeling program. To 

examine whether depressive symptoms, female gender, and educational level moderate the relationships 

in the model, multi-group analysis will be used comparing a constrained model (i.e., a model in which the 

coefficients are set equal across the groups) with an unconstrained model (i.e., a model in which these 

coefficients are allowed to vary freely). A significant difference between these two models implies that 

there are significant differences among the groups. A series of nested models will be tested to see where 

the differences are. 

Ethics and Dissemination 

 The study poses little to no risk to participants and their families. Signed informed consent will be 

obtained from all participating families. Participation in the study does not interfere with the usual care 

patients receive in the primary care settings. Results from this study will be disseminated at regional and 

international conferences and in peer-reviewed journals. 
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Strengths and limitations of this study 

• This study will recruit and follow-up Chinese adults with diabetes for 3 months, and validate the 

information-motivation-behavioral skills model of diabetes self-management longitudinally for 

the first time. 

• It will collect data in demographics, diabetes knowledge, health education form, provider-patient 

communication, health beliefs, social support, diabetes self-efficacy, the medical coping modes, 

the diabetes self-care, depression, diabetes-dependent quality of life, hemoglobin A1c, blood 

pressure, and blood lipids  at baseline and 3-month follow-up. Therefore, this study will provide 

preliminary evidence on the model’s utility in designing and evaluating interventions aimed at 

improving diabetes self-management in this patient population. 

• As with previous studies, the representative nature of our sample is limited due to the likelihood 

that not all adults with type 2 diabetes present for medical treatment to selected community health 

centers. 
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Abstract 

Introduction:  Currently, China has the largest number of people with diabetes in the world, and the 

disease has reached epidemic proportions in the adult population. Individuals with diabetes perform about 

95% of their own care. Diabetes self-management is an essential element of diabetes care, and refers to 

daily behaviors that individuals perform to manage their diabetes. Several studies have consistently 

shown that diabetes self-management practice is suboptimal among Chinese adults with type 2 diabetes. 

The reason for poor adherence to diabetes self-management among Chinese adults is not well known and 

no conceptual model has been used to guide diabetes self-management interventions in this population. 

Although the information-motivation-behavioral skills model has been tested among Chinese adults with 

type 2 diabetes, some key components of the original model were not tested. In the proposed study, we 

will refine and test longitudinally a culturally tailored model of diabetes self-management among 250 

Chinese adults residing in China. 

Methods and Analysis: This is a descriptive, repeated-measure study at a tertiary hospital in Chengdu, 

China. A total of 250 adults with type 2 diabetes will be enrolled into current study, and will be followed 

up for 3 months. Multiple domains will be collected, including demographics, diabetes knowledge, health 

education form, provider-patient communication, health beliefs, social support, diabetes self-efficacy, the 

medical coping modes, the diabetes self-care, depression, diabetes-dependent quality of life, hemoglobin 

A1c, blood pressure, and blood lipids  at baseline and 3-month follow-up. Main analyses comprise linear 

regression models after controlling for covariates and structural equation model.  

Ethics and Dissemination: Ethical approval has been obtained through the Fourth People’s Hospital of 

Chengdu Research Ethics Committee (study number 2017017). We aim to disseminate the findings 

through international conferences, international peer-reviewed journals and social media. 

Study registration number: ChiCTR-ROC-17013592. 
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Strengths and limitations of this study 

• This study will recruit and follow-up Chinese adults with diabetes for 3 months, and test the 

information-motivation-behavioral skills model of diabetes self-management longitudinally for 

the first time. 

• This study relies primarily on self-reported measures, and objective, observable levels of diabetes 

self-care behaviors should be used in future studies.  

• The study sample will be conducted in Chengdu, a typical city in southwestern China, and 

therefore the findings of the study may not be generalized to other parts of China, and the chosen 

centers are not from areas that are representative of the general Chinese population in regards to 

socioeconomic status.  
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Introduction 

 Diabetes is a major public health problem worldwide and it is increasing by epidemic proportions. 

Globally, the total number of people living with diabetes is projected to rise from 425 million cases in 

2017 to 649 million cases by 2045, with over 75% of cases living in low- and middle-income countries 1. 

In China alone, the most comprehensive nationwide survey showed that about 114 million (11.6%) adults 

had diabetes in 2010, a two-fold increase over the past decade 2. Type 2 diabetes (T2D) accounts for 

approximately 90% to 95% of all diagnosed cases of diabetes 3, and therefore it is estimated that 102.5 to 

108.2 million individuals have T2D. Individuals with T2D perform about 95% of their own care 4. 

Diabetes self-management (DSM) is therefore an essential element of diabetes care, and refers to daily 

behaviors that individuals perform to manage their T2D such as self-monitoring blood glucose (SMBG), 

dietary changes, and physical activity 5. DSM is complex, requires major lifestyle changes and behavioral 

tasks that are incorporated into an individual’s daily routine and high levels of adherence for effective 

management and halting disease progression 6.  

 Mounting evidence has consistently shown that better DSM was associated with better health 

outcomes, including improved glycemic control 7, improved quality of life 8, and reduced incidence of 

diabetes-related complications 9. Individuals with diabetes have been shown to make a great impact on the 

progression and development of their disease by participating in their own care. However, adherence to 

some of these activities has been found to be low, especially when looking at long-term changes 10. This 

suggests a critical need for a comprehensive and well-tested conceptual model to guide future DSM 

interventions. 

  Although the information-motivation-behavioral skills (IMB) model has been tested among 

Chinese adults with T2D 11, some key components of the original IMB model were not tested. For 

example, it is well known that personal motivation, such as health beliefs, may influence DSM among 

Chinese adults 12. Additionally, important moderators known to influence DSM in Chinese adults such as 

depressive symptoms, female gender, and educational level were not included in the model 11, and this 

may add important insights into DSM specific to this population. Therefore, a revised conceptual model 
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based on the IMB model is needed to take account the effects of interactive relationships among the 

related factors. The proposed IMB-DSM model will help fill this void by examining the potential 

moderators of DSM in this population, so that intervention studies based on this model can not only show 

whether the intervention works, but also why the intervention works and under what conditions the 

intervention works. 

Conceptual Framework 

 Overview of the IMB model. The IMB provided the theoretical basis for this study. The IMB 

model is used to frame these variables because: (a) the constructs from the model can be easily translated 

into intervention components, and (b) it adequately captures essential constructs that are well supported in 

the literature to improve DSM behaviors, including information (e.g., diabetes knowledge), motivation 

(e.g., social support), and behavioral skills (e.g., diabetes self-efficacy). The model postulates that 

individuals are more likely to take health-related actions, such as DSM behaviors, if they are well 

informed, highly motivated (personally and socially), and have adequate and appropriate behaviors, and 

thus, experience positive health outcomes 13. The model is based on three constructs: information, 

motivation, and behavioral skills. For complex behaviors, information and motivation are believed to 

work largely through behavioral skills to initiate and maintain the behavior at focus, and the behavior is 

directly linked to health outcomes, which, in turn, are conceptualized as influencing one’s future 

maintenance of the behavior via a feedback loop that affects one’s future levels of information, 

motivation, and behavioral skills overtime 14 15. The IMB model further postulates that favorable health 

outcomes may strengthen an individual’s information, motivation, and behavioral skills to perform the 

behavior in the future. In contrast, unfavorable health outcomes may cause an individual to lose 

confidence in his or her knowledge, motivation, and behavioral skills to perform the behavior overtime 15.  

 Overview of the IMB-DSM model. Figure 1 portrays the overarching conceptual framework of 

this study. The IMB-DSM model provides a comprehensive insight to explore the relationships that 

influence DSM and its related health outcomes, based on a systematic review of literature in this area. 

The framework consists of the following six key interrelated components: DSM-related information, 
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DSM-related motivation, DSM-related behavioral skills, DSM behaviors, health outcomes, and 

moderators. Consistent with the original IMB assumptions, the IMB-DSM model asserts that DSM-

related information, motivation, and behavioral skills are fundamental determinants of DSM behaviors. 

DSM-related information and motivation are proposed to work primarily through behavioral skills to 

affect initiation and maintenance of DSM behaviors. DSM behaviors lead to health outcomes, which, in 

turn, can influence one’s future maintenance of the behavior via a feedback loop that affects one’s future 

levels of DSM-related information, motivation, and behavioral skills overtime. The proposed moderators 

can influence the relationship among variables in the IMB-DSM model. Each part of the IMB-DSM is 

presented in detail below.  

 DSM-related information. DSM-related information is a necessary but insufficient prerequisite 

for DSM behaviors. The link between DSM-related information and DSM behaviors has been well 

established in the literature. DSM related information includes diabetes knowledge, health education, and 

provider-patient communication. A positive relationship was found between diabetes knowledge and 

overall DSM performance 16-18, exercise, foot care 19, diet control, or SMBG 20 in some studies, but not 

others 21 22. A significantly positive relationship was reported between health education, overall DSM 

performance 23-25, and some specific DSM behaviors, such as diet modification, foot care, regulating highs 

and lows in blood glucose, SMBG, engaging in exercise, taking medications, smoking cessation 23 26 27. 

Three studies reported the relationship between provider-patient communication and DSM behaviors, and 

both studies found that better provider-patient communication was an independent, direct predictor of 

better overall DSM performance 11 22 28. 

 DSM-related motivation. Another fundamental determinant of DSM behaviors is an individual’s 

motivation to perform DSM. Consistent with the IMB model, the IMB-DSM model posits that an 

individual’s motivation includes personal and social motivation. Personal motivation to perform DSM 

refers to one’s beliefs about the DSM behaviors and evaluations of the outcomes. Social motivation to 

perform DSM rests on the one’s perception of social support for DSM and one’s motivation to comply 

with referent others 29.  
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 In the IMB-DSM model, health beliefs are used to conceptualize personal motivation. Perceived 

susceptibility, perceived barriers, perceived benefits, or cues to action has each been positively associated 

with overall DSM performance and all aspects of DSM behaviors except smoking cessation 12 30. There 

was inconsistent evidence of the relationship between perceived severity and DSM behaviors. Yu 12 

reported a negative association, whereas Sun and coworkers 10 reported a positive association. One 

possible explanation for the inconsistency between perceived severity and DSM behaviors involves the 

fact that both studies are cross-sectional. Thus, a person who is currently engaging in DSM behaviors may 

both perceive him- or herself as not being at risk and may report few feelings of severity. Alternatively, a 

person who is presently engaging in less DSM behaviors may report more feelings of severity and few 

risk-reduction efforts. The inconsistency warrants further investigations from longitudinal studies. 

Research evidence is consistent with a positive relationship between perceived social support from 

significant others and overall DSM performance, diet control, taking medications, engaging in physical 

activity, SMBG, foot care and regulating highs and lows in blood glucose 11 19 22 31-33.  

 DSM-related behavioral skills. Behavioral skills involve objective and perceived skills for 

performing DSM behaviors and a sense of self-efficacy for doing so 29. In the IMB-DSM model, 

behavioral skills include diabetes self-efficacy and positive coping strategy. A great deal of studies has 

reported a consistent strong association between levels of self-efficacy and DSM behaviors, including diet 

modification, taking medications, foot care, physical activity, SMBG, and regulating highs and lows in 

blood glucose 11 17 19 22 32 34-37. Coping strategies have been well studied in this population. Research 

evidence is consistent with a positive relationship between confrontation and overall DSM performance 38, 

dietary modification, taking medications, foot care, physical activity, SMBG, or regulating highs and 

lows in blood glucose 12 30 34. Alternatively, acceptance-resignation was negatively associated with overall 

DSM performance 38, dietary modification, taking medications, foot care, physical activity, SMBG, or 

regulating highs and lows in blood glucose 12 30 34. Avoidance had negative effects on taking medications 

12 30 and regulating highs and lows in blood glucose 30. 
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 One cross-sectional study provided evidence for the role of DSM-related behavioral skills as a 

mediator between DSM-related information, motivation, and DSM behaviors. Information on 

demographics, provider-patient communication, social support, and self-efficacy, and diabetes self-care 

was collected among 222 participants with T2D in Shanghai. There were significant, positive, direct paths 

from self-efficacy (β=.41, p<.001), social support (β=.19, p=.007), and provider-patient communication 

(β=.12, p=.037) to DSM behaviors. Paths from provider-patient communication to self-efficacy (β=.23, 

p<.001) and from social support to self-efficacy (β=.19, p<.05) were significant and positive. Structural 

equations modeling showed that self-efficacy mediated the effects of social support (indirect effect β=.08, 

p=.008) and provider-patient communication (indirect effect β=.09, p=.002) on DSM behaviors 11. 

Overall, the study provided support for the specific direct and mediating relationships between DSM-

related information, motivation, behavioral skills, and DSM behaviors. However, one limitation of this 

study is that the adapted IMB model does not include all relevant constructs. For example, information on 

personal motivation was not collected. Therefore, the study only partially tested the IMB model.  

 DSM behaviors. DSM behaviors primarily include dietary changes, weight loss, and increased 

physical activity, SMBG, foot care, and taking prescribed medications. Based on the guidelines of the 

American Diabetes Association 9, individuals with T2D are encouraged to increase intake of whole grains, 

fiber, vegetables, and fruits, and reduce intake of total and saturated fat, sugar-flavored beverages, and 

high calorie snacks. They are also encouraged to engage in 150 min or more of moderate-to-vigorous 

intensity physical activity per week, and lose about 5%-7% of initial body weight if these individuals are 

overweight/obese.  

 Health outcomes. The IMB-DSM model asserts that DSM behaviors are directly linked to health 

outcomes, which has been well supported in the literature. Since adults with T2D are two to four times 

more likely to have cardiovascular disease (CVD) than adults without T2D 9, monitoring cardiometabolic 

markers is essential in the clinical management of patients with T2D. In the proposed study, blood 

pressure and blood lipids are measured to identify subsequent CVD risks among adults with T2D. The 

health outcomes include hemoglobin A1c (HbA1c), blood pressure, blood lipids, and diabetes-dependent 
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quality of life. DSM behaviors had a direct effect on glycemic control (β=-.02, p=.007) 28, total 

cholesterol (TC)/high-density lipoprotein cholesterol (HDL-C) (β=-.31, p<.001), and low-density 

lipoprotein cholesterol (LDL-C)/HDL-C (β=-.30, p<.001) 11. It is not clear whether DSM behaviors are 

directly related to blood pressure in Chinese adults with T2D, and this will be examined in this study. 

Compared to the general population, people affected by T2D consistently reported diminished health-

related quality of life 39. However, the relationship between DSM behaviors and health-related quality of 

life has not been systematically studied among Chinese adults with T2D, and this study will fill the 

knowledge gaps. 

 Moderators. The IMB-DSM model postulates that certain personal characteristics may act as 

moderators that influence the associations of the model constructs with DSM behaviors, and that the 

degree of moderation depends on the level or intensity of the moderator. High levels of moderators are 

assumed to directly influence DSM behaviors, whereas lower levels of moderators are assumed to work 

through the IMB-DSM model constructs to influence DSM behaviors and not obscure the relationships 

between these constructs and DSM behaviors. These moderators include depressive symptom, female 

gender, and educational level.  

 Depressive symptoms have been consistently found to negatively affect DSM behaviors, such as 

SMBG, foot care, diet modification, regulating highs and lows in blood glucose, and overall DSM 

performance in these studies 40-42. Generally, female patients had better overall DSM performance than 

their male counterparts 12 43. People with a higher educational level tended to manage their diabetes better, 

compared to people with lower educational level 24 32 44. Because existing studies investigating factors 

associated with DSM are primarily univariate in nature, they generally address only one aspect of the 

IMB-DSM model, that is, they establish support for a direct relationship between DSM behaviors and 

DSM-related information, motivation, or behavioral skills. So far, no studies have been conducted to 

systematically evaluate how potential moderators may influence the relationship among variables in the 

IMB-DSM model, and this study is expected to fill those knowledge gaps.  

Objectives 
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 In the proposed study, we will refine and test longitudinally a culturally tailored IMB-DSM 

among 250 Chinese adults residing in Chengdu, China.  

Aim 1: In Chinese adults with T2D, to determine which baseline variables are most predictive of baseline 

DSM behaviors, controlling for age, gender, duration of diabetes diagnosis, differences in diabetes 

treatment, and prior diabetes DSM education. 

RQ: Among baseline DSM-related information, motivation, and behavioral skills, which is most 

predictive of baseline DSM behaviors? 

Aim 2: To examine the feedback loop as described in the original IMB model by investigating the 

relationships between baseline health outcomes (HbA1c, blood pressure, blood lipids, and diabetes-

dependent quality of life) and DSM-related information, motivation, behavioral skills, and subsequent 

DSM behaviors at 3-month follow-up period, controlling for age, gender, duration of diabetes diagnosis, 

differences in diabetes treatment, and prior diabetes DSM education at baseline. 

RQ1: What is the relationship between baseline HbA1c levels and DSM-related information, motivation, 

behavioral skills, and subsequent DSM behaviors at 3-month follow-up?  

RQ2: What is the relationship between baseline blood pressure and DSM-related information, motivation, 

behavioral skills, and subsequent DSM behaviors at 3-month follow-up? 

RQ3: What is the relationship between baseline blood lipids and DSM-related information, motivation, 

and behavioral skills, and subsequent DSM behaviors at 3-month follow-up? 

RQ4: What is the relationship between baseline diabetes-dependent quality of life and DSM-related 

information, motivation and behavioral skills, and subsequent DSM behaviors at 3-month follow-up? 

Aim 3: In Chinese adults with T2D, to examine mediating and moderating factors associated with DSM 

behaviors at baseline and the 3 month follow-up period. 

Research Question 1: Are behavioral skills (diabetes self-efficacy and coping strategies) mediators of 

DSM behaviors at baseline and 3-month follow-up period? 

Research Question 2: Are depressive symptoms, female gender, and educational level as moderators of 

DSM behaviors at baseline and 3-month follow-up period? 
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Methods and Analysis 

Design 

 A descriptive, repeated-measure design will be used to examine the relationships among variables 

in the IMB-DSM model, the role of variables in predicting baseline DSM behaviors, the potential 

moderators and mediators, and investigate the relationship between baseline health outcomes and DSM-

related information, motivation, behavioral skills and subsequent DSM behaviors at three-month follow-

up.  Data will be collected at two time points, 3 months apart. Since HbA1c is considered the gold 

standard for monitoring glycemic control and reflects a person’s glucose control for the preceding 8 to 10 

weeks 9, three-month of observation is deemed long enough to see a change in HbA1c and other physical 

markers, since HbA1c, dyslipidemia, and hypertension are closely related 45.   

Sample and Setting 

 This study will be conducted in Chengdu metropolitan area, which is the provincial capital of 

Sichuan province in Southwest China. One community health center will be selected from each of six 

urban districts in Chengdu metropolitan area: the Yulin community health center in Wuhou District, the 

Supo community health center in Qingyang District, the Longzhoulu community health center in Jinjiang 

District, the Caojiaxiang community health center in Jinniu District, the Shuanglin community health 

center in Chenghua District, and the Guixi community health center in Gaoxin District. The inclusion 

criteria for participation in the research are: (a) diagnosed with T2D; (b) able to read, write, and speak 

Chinese; (c)≥18 years of age; (d) a score of the Chinese version of Mini-Mental State Examination (C-

MMSE) > 24 (see Screening below); (e) no other chronic physical or mental disorders; and (f) mentally 

competent to give informed consent.  Patients will be excluded if they are pregnant, have been diagnosed 

with cancer or organ failure, refuse to participate in the proposed study, self-identified bilateral hearing 

loss, or cognitive impairment (inability to comprehend the informed consent). 

Sample Size 
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 The Power Analysis and Sample Size Software was used for sample size calculation. Sample size 

was calculated based on the weakest correlation among all the tested variable pairs, that is, diabetes 

knowledge and social support (r=.197). Assuming 80% power, type I error rate of .05, and attrition rate of 

20%, a total of 250 participants will be needed to detect the correlation coefficient of .197. This sample 

size will have a higher power to detect correlations with larger coefficient. 

Participant Recruitment 

 The research team will actively recruit participants from six selected community health centers. 

The principal investigator and her undergraduate mentors have established relationships with these 

community health centers and will be able to facilitate recruitment from these sites. An electronic medical 

database of the residents kept each community health center will also be used to identify patients with 

T2D in these communities. The research team will also have access to the database from which 

participants can be recruited. 

 Once the approval from the Ethics Committees for Clinical Trials and Biomedical Research in the 

Fourth People’s Hospital of Chengdu is obtained, patients who come to the local clinics for evaluations 

and care will be approached after agreeing to hear about the study by a research staff member, who will 

explain the study, provide a consent form for review, answer questions and seek their participation. 

Subjects who agree to participate will be screened on inclusion criteria. Screening (see Screening below) 

will take about 10 minutes. Those who meet study criteria will be entered into the study. In addition, 

advertisements about the study will be placed on buses and subways. Those interested in the study will be 

invited to the study site and asked to participate after reviewing study procedures and consent forms. 

Weekly and monthly recruitment goals will be set to ensure adequate progress on participant enrollment. 

If recruitment is slow, recruitment procedures will be reviewed, problems identified, and adjustments will 

be made so that participant accrual is conducted at a satisfactory rate. 

Screening 

 A questionnaire will assess participants’ eligibility via questions on age, length of diabetes, 

period of time when starting diabetes treatment, provider referral, and willingness to participate. Since 
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this population is at risk for cognitive impairment that may, in some cases, limit their capacity to provide 

consent 46, the C-MMSE will be administered to evaluate global cognitive functioning of all eligible 

participants. The C-MMSE has been used among Chinese adults with T2D 47. Those who obtain a score 

<=23 will be excluded because subjects with such low scores were considered to have possible dementia 

48. Potential participants with serious cognitive problems will be referred immediately to a mental health 

professional used by the respective community health centers.  

Reducing Attrition 

 There will be a potential problem with attrition of the proposed study because the 3 month 

follow-up for this longitudinal study design opens up to the problem of attrition. Steps that will be taken 

to reduce attrition include: informing subjects of the importance of continued participation in all aspects 

of the study; giving a subject incentive of ¥155 (about $25) Walmart gift card per completed data 

collection session; making telephone calls and sending a reminder card prior to scheduled data collections. 

A participant locator form will be completed for each subject entered in the study and at all data 

collection sessions to ensure proper contact information for follow-up visit is maintained. 

Data Collection and Procedures 

 After consenting to participate, each subject will be requested to come to the study site for 

baseline data collection in a private office at the research site. Baseline data collection will include 

administration of the following questionnaires: Demographic Data Form, the Diabetes Knowledge 

Questionnaire, the Health Education Form, the Provider-Patient Communication Scale, the Health Belief 

Scale, the Social Support Rating Scale, the Diabetes Self-Efficacy Scale, the Medical Coping Modes 

Questionnaire, the Diabetes Self-Care Scale, the Self-rating Depression Scale, and the Audit of Diabetes-

Dependent Quality-of-Life. At the 3 month follow-up data collections, all the measures will be 

administered again except the Demographic Data Form. Data collection from each participant should take 

about 60 minutes. The instruments will be administered by a trained research assistant as an interview to 

reduce respondent burden and to standardize the approach due to the differing response formats. If the 

participant becomes fatigued, the battery of questionnaires may be completed in two sessions.  
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Training of Data Collectors 

 In an effort to improve inter-rater reliability, data collectors will be trained to collect data for 

baseline and follow-up data collections. They will attend intensive training sessions at the beginning of 

the project, and periodic refresher sessions will be offered every 2 to 3 weeks to reinforce the basic 

training. Data collectors will practice conducting data collections and blood pressure measurement and 

these sessions will be monitored and each data collector will be certified. To control for measurement 

error, a data collection protocol manual will be developed that will include data collection protocol related 

specifically to each questionnaire and blood pressure measurement. The specific measures, including 

instruments and physical biomarkers, that will be used in this study are described below. 

Instruments 

 Demographics. This questionnaire is designed to collect background data from participants on 

their demographic characteristics, including age, gender, income, education, marital status, length of 

diabetes, health insurance, current treatment plan for diabetes, and relevant health history indicators.

 The diabetes knowledge questionnaire. Diabetes knowledge in Figure 1 will be measured with 

the Chinese version of the Diabetes Knowledge Scale adapted from the Diabetes Knowledge Scales 49. 

The Chinese version of the Diabetes Knowledge Scale consists of 14 items. Participants receive a score of 

1 for a correct answer or 0 for an incorrect or unknown answer. The total score ranges from 0 to 14, with 

a higher score indicating a higher level of diabetes knowledge. The Cronbach’s alpha for the Chinese 

version of the knowledge measure was .62. The diabetes knowledge score in the Chinese sample was 

significantly higher in the group with more education (t[28]=2.83, p< .01), indicating that the Chinese 

version had satisfactory construct validity 50.  

 The health education form. Information on health education in Figure 1 is based on self-reports. 

All participants will be asked if they have had received any form of diabetes education. If the answer is 

YES, the patient should answer the source of diabetes education. The source of diabetes education could 

be health care professionals, community consulting service, journals/books, TV/radio, internet and others. 
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 The provider-patient communication scale. Provider-patient communication in Figure 1 will be 

measured by the Provider-Patient Communication Scale. The scale consists of 5 items with a scoring 

range from 0 to 6, where 0 indicates “strongly disagree” and 6 indicates “strongly agree”. High scores 

characterize a person who is confident in their ability to communicate with healthcare professionals and 

has good understanding of ways to access healthcare in order to get their needs met. The Cronbach’s 

alpha coefficient is reported at .929, indicating excellent internal consistency 11.  

 The health belief scale. Health beliefs (i.e., personal motivation in Figure 1) refer to one’s 

perceptions about T2D and how it can be treated 51. The Health Belief Scale was developed based on the 

Health Belief Model by Yamei Chen 51. The 20-item scale comprises 5 subscales (perceived susceptibility, 

perceived benefits, perceived severity, perceived barriers, and cues to action) and uses a 5-point Likert 

scale ranging from 1 (strongly disagree) to 5 (strongly agree). A higher score represents stronger health 

beliefs. The content validity index is .81, the test-retest reliability ranges from .78 to .82, and the 

Cronbach’s alpha is .79 51. 

 The social support rating scale. Social support (i.e., social motivation in Figure 1) will be 

assessed by the Social Support Rating Scale 52. The 10-item instrument measures aspects of objective 

social support (3 items), subjective social support (4 items) and usage of social support (3 items). The 

item scores range from 14 (worst possible social support) to 66 (best possible social support) 52. The test-

retest reliability coefficient and the internal consistency of the scale are .92 and .88-.94, respectively 32.  

 The diabetes self-efficacy scale. Diabetes self-efficacy in Figure 1 will be measured with the 7-

item Chinese version of the Diabetes Self-Efficacy Scale, which evaluates participants how capable they 

are when performing DSM activities. The items are scored on a 5-point Likert-type scale, with higher 

scores indicating higher self-efficacy in performing DSM behaviors. The Chinese version of the Diabetes 

Self-Efficacy Scale has a Cronbach’s alpha of .87. Factor analysis showed that seven items loaded on five 

factors, which explains 97.9% of the variance, and the five factors are consistent with confidence in 

performing the five aspects of DSM behaviors 50. 
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 The medical coping modes questionnaire. Coping strategies in Figure 1 will be measured by 

the 20-item Chinese version of the Medical Coping Modes Questionnaire. It assess 3 forms of coping 

strategies associated with chronic illness: confrontation, avoidance, and acceptance-resignation 53. Items 

are answered on a four-point Likert scale ranging from 1 (never) to 4 (very often). Scores from the three 

subscales are compared, and the highest score indicates the corresponding dominant pattern of coping 

utilized by the participant. The Cronbach’s alpha for the confrontation, avoidance, and acceptance-

resignation subscales is reported at .69, .60, .76, respectively 53.  

 The diabetes self-care scale. DSM in Figure 1 will be measured by the 26-item Diabetes Self-

Care Scale, which is comprised of 6 subscales: diet modification, taking medications, SMBG, foot care, 

physical activity, and regulating highs and lows in blood glucose. Responses for each item range from 1 

(never) to 5 (very often). Total score can range from 26 to 130 by adding up scores of 6 subscales, with 

higher scores indicating better overall DSM performance. The construct validity is .68, and the 

Cronbach’s alpha is .87 54. 

 The self-rating depression scale. Depressive symptoms in Figure 1 will be assessed using the 

Self-Rating Depression Scale, a 20-item self-administered questionnaire 55. Each item is rated on a four-

point Likert scale, ranging from 1 (very seldom) to 4 (most of the time) and computed as an original score, 

then multiplied by 1.25 to get the standard score. A score ranges from 53 to 62 indicates mild depressive 

symptoms, a score ranges from 63 to 72 indicates moderate depressive symptoms, and a score higher than 

72 indicates severe depressive symptoms 56. 

 The audit of diabetes-dependent quality of life. Diabetes-related quality of life in Figure 1 will 

be measured by the Chinese version of Audit of Diabetes-Dependent Quality of Life, which measures 

both generic and diabetes-specific quality of life. The first two overview items assess generic quality of 

life on a seven-point Likert scale (-3 [extremely bad] to 3 [excellent]) and quality of life without diabetes. 

A five-point scale (-3 to +1) measures the impact of diabetes by asking patients how their quality of life 

would be if they did not have diabetes. The subsequent 19 items evaluates diabetes-specific quality of life. 

A five-point scale (-3 to +1) measures the impact of diabetes by asking patients how particular aspects of 
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their life would be if they did not have diabetes. The importance of each aspect on their life is rated on a 

four-point scale (0 to 3). The two ratings are multiplied and summed for a final impact score that ranges 

from -9 to 3, where more negative scores indicate worse quality of life. A score of 0 is assigned to 

“unimportant” domains, regardless of the magnitude of its impact. Similarly, a score of 0 is assigned to 

items with no impact of diabetes, regardless of their importance to quality of life. The average weighted 

rating score is obtained by dividing the sum of weighted ratings for applicable domains by the number of 

the applicable domains. Strong reliability (Cronbach’s alpha=.941) has been reported 57. Factor analysis 

showed that all items had high performance in the structural validity evaluation, with most factor loading 

values being larger than .40 (varied from .44 to .88) 57. 

Physical Markers 

 Physical markers include HbA1c, blood pressure, and blood lipids. All blood samples will be 

processed at the Clinical Laboratory of the Fourth People’s Hospital of Chengdu. After collection, the 

fresh venous blood samples will be immediately transported at 4°C temperature to the Clinical Laboratory 

within 2 hours. The samples will then be placed in a deep freezer and stored at -80°C until assays start. 

 HbA1c. HbA1c will be used as a marker of T2D and glycemic control and will be analyzed from 

whole blood samples (4 ml). Analysis will be conducted using high performance liquid chromatography, 

with standardization through commercial available assays (coefficient of variation<2%).  

 Blood pressure. Blood pressure will be obtained by a trained nurse using a standard 

sphygmomanometer for a minimum of 2 consecutive readings at intervals of at least 1 minute. The patient 

should be seated comfortably with the back supported and the upper arm bared, without constrictive 

clothing. The legs should not be crossed. The arm should be supported at the heart level, with the bladder 

of the cuff encircling at least 80% of the arm circumference. The mercury column should be deflated at 2 

to 3 mm/s, and the first and last audible sounds should be taken as systolic and diastolic pressure. The 

column should be read to the nearest 2 mmHg. Neither the patient nor the observer should talk during the 

measurement procedure. The average of those readings will be used to represent the patient’s blood 

pressure.  
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 Blood lipids. Blood lipids include TC, HDL-C, LDL-C, and triglycerides (TG). Analysis of 

blood lipids will be conducted using enzymatic colorimetric test, with standardization through 

commercial available assays (coefficient of variation<2%). Fasting serum samples will be collected in the 

morning after 8 hours fasting.  

Data Analyses  

Data analyses for Aim 1: Linear regression models will be applied to assess the associations 

between baseline DSM behaviors and baseline DSM-related information variables, motivation variables, 

and behavioral skills variables, respectively, controlling for age, gender, differences in diabetes treatment, 

duration of diabetes diagnosis, and prior diabetes DSM education at baseline.  

Data analyses for Aim 2: Linear regression models will be applied to assess the associations 

between baseline health outcomes (i.e., HbA1c, blood pressure, blood lipids, diabetes-dependent quality 

of life) and DSM-related information, motivation, behavioral skills, and DSM behaviors at 3 months 

follow-up, respectively, controlling for age, gender, differences in diabetes treatment, duration of diabetes 

diagnosis, and prior diabetes DSM education at baseline.  

Data analyses for Aim 3: Both baseline and 3-month follow-up measures will be used for Aim 3. 

Structural equation modeling will be used to explore the fit of the data to the IMB-DSM model. Data will 

be first assessed whether they meet the assumptions of maximum likelihood estimation of structural 

equation modeling. Then, hypotheses regarding structural relations among the IMB-DSM model 

constructs will be evaluated with an inspection of the direction and magnitude of the path coefficients 

(direct effects) and indirect effects, which indicate mediation. Significant indirect effects occur when the 

relationship between a predictor and an outcome is due to the predictor being associated with a third 

variable (i.e., all or part of the direct effect of A on C is due to a relationship between A and B). Criteria 

used to test the structural model will be the comparative fit index (≥.95 indicates good fit), the root mean 

square error of approximation (≤.06 with confidence interval .00-.08 indicates good fit), and the 

standardized root mean square residual (<.08 indicates acceptable fit, and 0 indicates perfect fit) 58. 

Agreement between multiple indices provides the best support a model has good data fit 58. Moderators 
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will be tested by doing multi-group testing in AMOS 21, a structural equation modeling program. To 

examine whether depressive symptoms, female gender, and educational level moderate the relationships 

in the model, multi-group analysis will be used comparing a constrained model (i.e., a model in which the 

coefficients are set equal across the groups) with an unconstrained model (i.e., a model in which these 

coefficients are allowed to vary freely). A significant difference between these two models implies that 

there are significant differences among the groups. A series of nested models will be tested to see where 

the differences are. 

Ethics and Dissemination 

 The study poses little to no risk to participants and their families. Signed informed consent will be 

obtained from all participating families. Participation in the study does not interfere with the usual care 

patients receive in the primary care settings. Results from this study will be disseminated at regional and 

international conferences and in peer-reviewed journals. 

Figure Legend 

 Figure 1. The DSM-IMB Model 
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Figure 1. The DSM-IMB Model  
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Abstract 

Introduction:  Currently, China has the largest number of people with diabetes in the world, and the 

disease has reached epidemic proportions in the adult population. Individuals with diabetes perform about 

95% of their own care. Diabetes self-management is an essential element of diabetes care, and refers to 

daily behaviors that individuals perform to manage their diabetes. Several studies have consistently 

shown that diabetes self-management practice is suboptimal among Chinese adults with type 2 diabetes. 

The reason for poor adherence to diabetes self-management among Chinese adults is not well known and 

no conceptual model has been used to guide diabetes self-management interventions in this population. 

Although the information-motivation-behavioral skills model has been tested among Chinese adults with 

type 2 diabetes, some key components of the original model were not tested. In the proposed study, we 

will refine and test longitudinally a culturally tailored model of diabetes self-management among 250 

Chinese adults residing in China. This paper is to report the study protocol for the proposed study. 

Methods and Analysis: This is a descriptive, repeated-measure study to be conducted at a tertiary 

hospital in Chengdu, China. A total of 250 adults with type 2 diabetes will be enrolled into the study, and 

will be followed for 3 months. Multiple domains will be collected, including demographics, diabetes 

knowledge, health education form, provider-patient communication, health beliefs, social support, 

diabetes self-efficacy, the medical coping modes, the diabetes self-care, depression, diabetes-dependent 

quality of life, hemoglobin A1c, blood pressure, and blood lipids  at baseline and 3-month follow-up. 

Main analyses comprise linear regression modeling controlling for covariates and structural equation 

modeling.  

Ethics and Dissemination: Ethical approval has been obtained through the Fourth People’s Hospital of 

Chengdu Research Ethics Committee (study approval number 2017017). We aim to disseminate the 

findings through international conferences, international peer-reviewed journals and social media. 

Study registration number: ChiCTR-ROC-17013592. 
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Strengths and limitations of this study 

• This study will recruit and follow-up Chinese adults with diabetes for 3 months, and test the 

information-motivation-behavioral skills model of diabetes self-management longitudinally for 

the first time. 

• This study relies primarily on self-reported measures, and objective, observable levels of diabetes 

self-care behaviors should be used in future studies.  

• The study sample will be conducted in Chengdu, a typical city in southwestern China, and 

therefore the findings of the study may not be generalized to other parts of China, and the chosen 

centers are not from areas that are representative of the general Chinese population in regards to 

socioeconomic status.  
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Introduction 

 Diabetes is a major public health problem worldwide and it is increasing by epidemic proportions. 

Globally, the total number of people living with diabetes is projected to rise from 425 million cases in 

2017 to 649 million cases by 2045, with over 75% of cases living in low- and middle-income countries 1. 

In China alone, the most comprehensive nationwide survey showed that about 114 million (11.6%) adults 

had diabetes in 2010, a two-fold increase over the past decade 2. Type 2 diabetes (T2D) accounts for 

approximately 90% to 95% of all diagnosed cases of diabetes 3, and therefore it is estimated that 102.5 to 

108.2 million individuals have T2D. Individuals with T2D perform about 95% of their own care 4. 

Diabetes self-management (DSM) is therefore an essential element of diabetes care, and refers to daily 

behaviors that individuals perform to manage their T2D such as self-monitoring blood glucose (SMBG), 

dietary changes, and physical activity 5. DSM is complex, requires major lifestyle changes and behavioral 

tasks that are incorporated into an individual’s daily routine and high levels of adherence for effective 

management and halting disease progression 6.  

 Mounting evidence has consistently shown that better DSM was associated with better health 

outcomes, including improved glycemic control 7, improved quality of life 8, and reduced incidence of 

diabetes-related complications 9. Individuals with diabetes have been shown to make a great impact on the 

progression and development of their disease by participating in their own care. However, adherence to 

some of these activities has been found to be low, especially when looking at long-term changes 10. This 

suggests a critical need for a comprehensive and well-tested conceptual model to guide future DSM 

interventions. 

  Although the information-motivation-behavioral skills (IMB) model has been tested among 

Chinese adults with T2D 11, some key components of the original IMB model were not tested. For 

example, it is well known that personal motivation, such as health beliefs, may influence DSM among 

Chinese adults 12. Additionally, important moderators known to influence DSM in Chinese adults such as 

depressive symptoms, female gender, and educational level were not included in the model 11, and this 

may add important insights into DSM specific to this population. Therefore, a revised conceptual model 
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based on the IMB model is needed to take account the effects of interactive relationships among the 

related factors. The proposed IMB-DSM model will help fill this gap by examining the potential 

moderators of DSM in this population, so that intervention studies based on this model can not only show 

whether the intervention works, but also why the intervention works and under what conditions the 

intervention works. 

Conceptual Framework 

 Overview of the IMB model. The IMB provided the theoretical basis for this study. The IMB 

model is used to frame these variables because: (a) the constructs from the model can be easily translated 

into intervention components, and (b) it adequately captures essential constructs that are well supported in 

the literature to improve DSM behaviors, including information (e.g., diabetes knowledge), motivation 

(e.g., social support), and behavioral skills (e.g., diabetes self-efficacy). The model postulates that 

individuals are more likely to take health-related actions, such as DSM behaviors, if they are well 

informed, highly motivated (personally and socially), and have adequate and appropriate behaviors, and 

thus, experience positive health outcomes 13. The model is based on three constructs: information, 

motivation, and behavioral skills. For complex behaviors, information and motivation are believed to 

work largely through behavioral skills to initiate and maintain the behavior at focus, and the behavior is 

directly linked to health outcomes, which, in turn, are conceptualized as influencing one’s future 

maintenance of the behavior via a feedback loop that affects one’s future levels of information, 

motivation, and behavioral skills overtime 14 15. The IMB model further postulates that favorable health 

outcomes may strengthen an individual’s information, motivation, and behavioral skills to perform the 

behavior in the future. In contrast, unfavorable health outcomes may cause an individual to lose 

confidence in his or her knowledge, motivation, and behavioral skills to perform the behavior overtime 15.  

 Overview of the IMB-DSM model. Figure 1 portrays the overarching conceptual framework of 

this study. The IMB-DSM model provides a comprehensive insight to explore the relationships that 

influence DSM and its related health outcomes, based on a systematic review of literature in this area. 

The framework consists of the following six key interrelated components: DSM-related information, 
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DSM-related motivation, DSM-related behavioral skills, DSM behaviors, health outcomes, and 

moderators. Consistent with the original IMB assumptions, the IMB-DSM model asserts that DSM-

related information, motivation, and behavioral skills are fundamental determinants of DSM behaviors. 

DSM-related information and motivation are proposed to work primarily through behavioral skills to 

affect initiation and maintenance of DSM behaviors. DSM behaviors lead to health outcomes, which, in 

turn, can influence one’s future maintenance of the behavior via a feedback loop that affects one’s future 

levels of DSM-related information, motivation, and behavioral skills overtime. The proposed moderators 

can influence the relationship among variables in the IMB-DSM model. Each part of the IMB-DSM is 

presented in detail below.  

 DSM-related information. DSM-related information is a necessary but insufficient prerequisite 

for DSM behaviors. The link between DSM-related information and DSM behaviors has been well 

established in the literature. DSM related information includes diabetes knowledge, health education, and 

provider-patient communication. A positive relationship was found between diabetes knowledge and 

overall DSM performance 16-18, exercise, foot care 19, diet control, or SMBG 20 in some studies, but not 

others 21 22. A significantly positive relationship was reported between health education, overall DSM 

performance 23-25, and some specific DSM behaviors, such as diet modification, foot care, regulating highs 

and lows in blood glucose, SMBG, engaging in exercise, taking medications, smoking cessation 23 26 27. 

Three studies reported the relationship between provider-patient communication and DSM behaviors, and 

both studies found that better provider-patient communication was an independent, direct predictor of 

better overall DSM performance 11 22 28. 

 DSM-related motivation. Another fundamental determinant of DSM behaviors is an individual’s 

motivation to perform DSM. Consistent with the IMB model, the IMB-DSM model posits that an 

individual’s motivation includes personal and social motivation. Personal motivation to perform DSM 

refers to one’s beliefs about the DSM behaviors and evaluations of the outcomes. Social motivation to 

perform DSM rests on the one’s perception of social support for DSM and one’s motivation to comply 

with referent others 29.  
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 In the IMB-DSM model, health beliefs are used to conceptualize personal motivation. Perceived 

susceptibility, perceived barriers, perceived benefits, or cues to action has each been positively associated 

with overall DSM performance and all aspects of DSM behaviors except smoking cessation 12 30. There 

was inconsistent evidence of the relationship between perceived severity and DSM behaviors. Yu 12 

reported a negative association, whereas Sun and coworkers 10 reported a positive association. One 

possible explanation for the inconsistency between perceived severity and DSM behaviors involves the 

fact that both studies are cross-sectional. Thus, a person who is currently engaging in DSM behaviors may 

both perceive him- or herself as not being at risk and may report few feelings of severity. Alternatively, a 

person who is presently engaging in less DSM behaviors may report more feelings of severity and few 

risk-reduction efforts. The inconsistency warrants further investigations from longitudinal studies. 

Research evidence is consistent with a positive relationship between perceived social support from 

significant others and overall DSM performance, diet control, taking medications, engaging in physical 

activity, SMBG, foot care and regulating highs and lows in blood glucose 11 19 22 31-33.  

 DSM-related behavioral skills. Behavioral skills involve objective and perceived skills for 

performing DSM behaviors and a sense of self-efficacy for doing so 29. In the IMB-DSM model, 

behavioral skills include diabetes self-efficacy and positive coping strategy. A great deal of studies has 

reported a consistent strong association between levels of self-efficacy and DSM behaviors, including diet 

modification, taking medications, foot care, physical activity, SMBG, and regulating highs and lows in 

blood glucose 11 17 19 22 32 34-37. Coping strategies have been well studied in this population. Research 

evidence is consistent with a positive relationship between confrontation and overall DSM performance 38, 

dietary modification, taking medications, foot care, physical activity, SMBG, or regulating highs and 

lows in blood glucose 12 30 34. Alternatively, acceptance-resignation was negatively associated with overall 

DSM performance 38, dietary modification, taking medications, foot care, physical activity, SMBG, or 

regulating highs and lows in blood glucose 12 30 34. Avoidance had negative effects on taking medications 

12 30 and regulating highs and lows in blood glucose 30. 
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 One cross-sectional study provided evidence for the role of DSM-related behavioral skills as a 

mediator between DSM-related information, motivation, and DSM behaviors. Information on 

demographics, provider-patient communication, social support, and self-efficacy, and diabetes self-care 

was collected among 222 participants with T2D in Shanghai. There were significant, positive, direct paths 

from self-efficacy (β=.41, p<.001), social support (β=.19, p=.007), and provider-patient communication 

(β=.12, p=.037) to DSM behaviors. Paths from provider-patient communication to self-efficacy (β=.23, 

p<.001) and from social support to self-efficacy (β=.19, p<.05) were significant and positive. Structural 

equations modeling showed that self-efficacy mediated the effects of social support (indirect effect β=.08, 

p=.008) and provider-patient communication (indirect effect β=.09, p=.002) on DSM behaviors 11. 

Overall, the study provided support for the specific direct and mediating relationships between DSM-

related information, motivation, behavioral skills, and DSM behaviors. However, one limitation of this 

study is that the adapted IMB model does not include all relevant constructs. For example, information on 

personal motivation was not collected. Therefore, the study only partially tested the IMB model.  

 DSM behaviors. DSM behaviors primarily include dietary changes, weight loss, and increased 

physical activity, SMBG, foot care, and taking prescribed medications. Based on the guidelines of the 

American Diabetes Association 9, individuals with T2D are encouraged to increase intake of whole grains, 

fiber, vegetables, and fruits, and reduce intake of total and saturated fat, sugar-flavored beverages, and 

high calorie snacks. They are also encouraged to engage in 150 min or more of moderate-to-vigorous 

intensity physical activity per week, and lose about 5%-7% of initial body weight if these individuals are 

overweight/obese.  

 Health outcomes. The IMB-DSM model asserts that DSM behaviors are directly linked to health 

outcomes, which has been well supported in the literature. Since adults with T2D are two to four times 

more likely to have cardiovascular disease (CVD) than adults without T2D 9, monitoring cardiometabolic 

markers is essential in the clinical management of patients with T2D. In the proposed study, blood 

pressure and blood lipids are measured to identify subsequent CVD risks among adults with T2D. The 

health outcomes include hemoglobin A1c (HbA1c), blood pressure, blood lipids, and diabetes-dependent 
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quality of life. DSM behaviors had a direct effect on glycemic control (β=-.02, p=.007) 28, total 

cholesterol (TC)/high-density lipoprotein cholesterol (HDL-C) (β=-.31, p<.001), and low-density 

lipoprotein cholesterol (LDL-C)/HDL-C (β=-.30, p<.001) 11. It is not clear whether DSM behaviors are 

directly related to blood pressure in Chinese adults with T2D, and this will be examined in this study. 

Compared to the general population, people affected by T2D consistently reported diminished health-

related quality of life 39. However, the relationship between DSM behaviors and health-related quality of 

life has not been systematically studied among Chinese adults with T2D, and this study will fill the 

knowledge gaps. 

 Moderators. The IMB-DSM model postulates that certain personal characteristics may act as 

moderators that influence the associations of the model constructs with DSM behaviors, and that the 

degree of moderation depends on the level or intensity of the moderator. High levels of moderators are 

assumed to directly influence DSM behaviors, whereas lower levels of moderators are assumed to work 

through the IMB-DSM model constructs to influence DSM behaviors and not obscure the relationships 

between these constructs and DSM behaviors. These moderators include depressive symptom, female 

gender, and educational level.  

 Depressive symptoms have been consistently found to negatively affect DSM behaviors, such as 

SMBG, foot care, diet modification, regulating highs and lows in blood glucose, and overall DSM 

performance in these studies 40-42. Generally, female patients had better overall DSM performance than 

their male counterparts 12 43. People with a higher educational level tended to manage their diabetes better, 

compared to people with lower educational level 24 32 44. Because existing studies investigating factors 

associated with DSM are primarily univariate in nature, they generally address only one aspect of the 

IMB-DSM model, that is, they establish support for a direct relationship between DSM behaviors and 

DSM-related information, motivation, or behavioral skills. So far, no studies have been conducted to 

systematically evaluate how potential moderators may influence the relationship among variables in the 

IMB-DSM model, and this study is expected to fill those knowledge gaps.  

Objectives 
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 In the proposed study, we will refine and test longitudinally a culturally tailored IMB-DSM 

among 250 Chinese adults residing in Chengdu, China.  

Aim 1: In Chinese adults with T2D, to determine which baseline variables are most strongly related to 

baseline DSM behaviors, controlling for age, gender, duration of diabetes diagnosis, differences in 

diabetes treatment, and prior diabetes DSM education. 

Research question (RQ): Among baseline DSM-related information, motivation, and behavioral skills, 

which is most strongly related to baseline DSM behaviors? 

Aim 2: To examine the feedback loop as described in the original IMB model by investigating the 

relationships between baseline health outcomes (HbA1c, blood pressure, blood lipids, and diabetes-

dependent quality of life) and DSM-related information, motivation, behavioral skills, and subsequent 

DSM behaviors at 3-month follow-up period, controlling for age, gender, duration of diabetes diagnosis, 

differences in diabetes treatment, and prior diabetes DSM education at baseline. 

RQ1: What is the relationship between baseline HbA1c levels and DSM-related information, motivation, 

behavioral skills, and subsequent DSM behaviors at 3-month follow-up?  

RQ2: What is the relationship between baseline blood pressure and DSM-related information, motivation, 

behavioral skills, and subsequent DSM behaviors at 3-month follow-up? 

RQ3: What is the relationship between baseline blood lipids and DSM-related information, motivation, 

and behavioral skills, and subsequent DSM behaviors at 3-month follow-up? 

RQ4: What is the relationship between baseline diabetes-dependent quality of life and DSM-related 

information, motivation and behavioral skills, and subsequent DSM behaviors at 3-month follow-up? 

Aim 3: In Chinese adults with T2D, to examine mediating and moderating factors associated with DSM 

behaviors at baseline and the 3 month follow-up period. 

Research Question 1: Are behavioral skills (diabetes self-efficacy and coping strategies) mediators of 

DSM behaviors at baseline and 3-month follow-up period? 

Research Question 2: Are depressive symptoms, female gender, and educational level as moderators of 

DSM behaviors at baseline and 3-month follow-up period? 
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Methods and Analysis 

Design 

 A descriptive, repeated-measure design is used to examine the relationships among variables in 

the IMB-DSM model, the role of variables in predicting baseline DSM behaviors, the potential 

moderators and mediators, and investigate the relationship between baseline health outcomes and DSM-

related information, motivation, behavioral skills and subsequent DSM behaviors at three-month follow-

up.  Data will be collected at two time points, 3 months apart. Since HbA1c is considered the gold 

standard for monitoring glycemic control and reflects a person’s glucose control for the preceding 8 to 10 

weeks 9, three-month of observation is deemed long enough to reflect the glucose control.   

Sample and Setting 

 This study will be conducted in Chengdu metropolitan area, which is the provincial capital of 

Sichuan province in Southwest China. One community health center will be selected from each of six 

urban districts in Chengdu metropolitan area: the Yulin community health center in Wuhou District, the 

Supo community health center in Qingyang District, the Longzhoulu community health center in Jinjiang 

District, the Caojiaxiang community health center in Jinniu District, the Shuanglin community health 

center in Chenghua District, and the Guixi community health center in Gaoxin District. The inclusion 

criteria for participation in the research are: (a) diagnosed with T2D; (b) able to read, write, and speak 

Chinese; (c)≥18 years of age; (d) a score of the Chinese version of Mini-Mental State Examination (C-

MMSE) > 24 (see Screening below); (e) no other chronic physical or mental disorders; and (f) mentally 

competent to give informed consent.  Patients will be excluded if they are pregnant, have been diagnosed 

with cancer or organ failure, refuse to participate in the proposed study, self-identified bilateral hearing 

loss, or cognitive impairment (inability to comprehend the informed consent). 

Sample Size 

 The Power Analysis and Sample Size Software was used for sample size calculation. Sample size 

was calculated based on the weakest correlation among all the tested variable pairs, that is, diabetes 
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knowledge and social support (r=.197). Assuming 80% power, type I error rate of .05, and attrition rate of 

20%, a total of 250 participants will be needed to detect the correlation coefficient of .197. This sample 

size will have a higher power to detect correlations with larger coefficient. 

Participant Recruitment 

 The research team will actively recruit participants from six selected community health centers. 

The principal investigator and her undergraduate mentors have established relationships with these 

community health centers and will be able to facilitate recruitment from these sites. An electronic medical 

database of the residents kept each community health center will also be used to identify patients with 

T2D in these communities. The research team will also have access to the database from which 

participants can be recruited. 

 Once the approval from the Ethics Committees for Clinical Trials and Biomedical Research in the 

Fourth People’s Hospital of Chengdu is obtained, patients who come to the local clinics for evaluations 

and care will be approached after agreeing to hear about the study by a research staff member, who will 

explain the study, provide a consent form for review, answer questions and seek their participation. 

Subjects who agree to participate will be screened on inclusion criteria. Screening (see Screening below) 

will take about 10 minutes. Those who meet study criteria will be entered into the study. In addition, 

advertisements about the study will be placed on buses and subways. Those interested in the study will be 

invited to the study site and asked to participate after reviewing study procedures and consent forms. 

Weekly and monthly recruitment goals will be set to ensure adequate progress on participant enrollment. 

If recruitment is slow, recruitment procedures will be reviewed, problems identified, and adjustments will 

be made so that participant accrual is conducted at a satisfactory rate. 

Screening 

 A questionnaire will be used to assess participants’ eligibility with questions on age, length of 

diabetes, period of time when starting diabetes treatment, provider referral, and willingness to participate. 

Since this population is at risk for cognitive impairment that may, in some cases, limit their capacity to 

provide consent 45, the C-MMSE will be administered to evaluate global cognitive functioning of all 
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eligible participants. The C-MMSE has been used among Chinese adults with T2D 46. Those who obtain a 

score <=23 will be excluded because subjects with such low scores were considered to have possible 

dementia 47. Potential participants with serious cognitive problems will be referred immediately to a 

mental health professional used by the respective community health centers.  

Reducing Attrition 

 There will be a potential problem with attrition of the proposed study because the 3 month 

follow-up for this longitudinal study design opens up to the problem of attrition. Steps that will be taken 

to reduce attrition include: informing subjects of the importance of continued participation in all aspects 

of the study; giving a subject incentive of ¥155 (about $25) Walmart gift card per completed data 

collection session; making telephone calls and sending a reminder card prior to scheduled data collections. 

A participant locator form will be completed for each subject entered in the study and at all data 

collection sessions to ensure proper contact information for follow-up visit is maintained. 

Data Collection and Procedures 

 After consenting to participate, each subject will be requested to come to the study site for 

baseline data collection in a private office at the research site. Baseline data collection will include 

administration of the following questionnaires: Demographic Data Form, the Diabetes Knowledge 

Questionnaire, the Health Education Form, the Provider-Patient Communication Scale, the Health Belief 

Scale, the Social Support Rating Scale, the Diabetes Self-Efficacy Scale, the Medical Coping Modes 

Questionnaire, the Diabetes Self-Care Scale, the Self-rating Depression Scale, and the Audit of Diabetes-

Dependent Quality-of-Life. At the 3 month follow-up data collections, all the measures will be 

administered again except the Demographic Data Form. Data collection from each participant should take 

about 60 minutes. The instruments will be administered by a trained research assistant as an interview to 

reduce respondent burden and to standardize the approach due to the differing response formats. If the 

participant becomes fatigued, the battery of questionnaires may be completed in two sessions.  

Training of Data Collectors 
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 In an effort to improve inter-rater reliability, data collectors will be trained to collect data for 

baseline and follow-up data collections. They will attend intensive training sessions at the beginning of 

the project, and periodic refresher sessions will be offered every 2 to 3 weeks to reinforce the basic 

training. Data collectors will practice conducting data collections and blood pressure measurement and 

these sessions will be monitored and each data collector will be certified. To control for measurement 

error, a data collection protocol manual will be developed that will include data collection protocol related 

specifically to each questionnaire and blood pressure measurement. The specific measures, including 

instruments and physical biomarkers, that will be used in this study are described below. 

Instruments 

 Demographics. This questionnaire is designed to collect background data from participants on 

their demographic characteristics, including age, gender, income, education, marital status, length of 

diabetes, health insurance, current treatment plan for diabetes, and relevant health history indicators.

 The diabetes knowledge questionnaire. Diabetes knowledge in Figure 1 will be measured with 

the Chinese version of the Diabetes Knowledge Scale adapted from the Diabetes Knowledge Scales 48. 

The Chinese version of the Diabetes Knowledge Scale consists of 14 items. Participants receive a score of 

1 for a correct answer or 0 for an incorrect or unknown answer. The total score ranges from 0 to 14, with 

a higher score indicating a higher level of diabetes knowledge. The Cronbach’s alpha for the Chinese 

version of the knowledge measure was .62. The diabetes knowledge score in the Chinese sample was 

significantly higher in the group with more education (t[28]=2.83, p< .01), indicating that the Chinese 

version had satisfactory construct validity 49.  

 The health education form. Information on health education in Figure 1 is based on self-reports. 

All participants will be asked if they have had received any form of diabetes education. If the answer is 

YES, the patient should answer the source of diabetes education. The source of diabetes education could 

be health care professionals, community consulting service, journals/books, TV/radio, internet and others. 

 The provider-patient communication scale. Provider-patient communication in Figure 1 will be 

measured by the Provider-Patient Communication Scale. The scale consists of 5 items with a scoring 
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range from 0 to 6, where 0 indicates “strongly disagree” and 6 indicates “strongly agree”. High scores 

characterize a person who is confident in their ability to communicate with healthcare professionals and 

has good understanding of ways to access healthcare in order to get their needs met. The Cronbach’s 

alpha coefficient is reported at .929, indicating excellent internal consistency 11.  

 The health belief scale. Health beliefs (i.e., personal motivation in Figure 1) refer to one’s 

perceptions about T2D and how it can be treated 50. The Health Belief Scale was developed based on the 

Health Belief Model by Yamei Chen 50. The 20-item scale comprises 5 subscales (perceived susceptibility, 

perceived benefits, perceived severity, perceived barriers, and cues to action) and uses a 5-point Likert 

scale ranging from 1 (strongly disagree) to 5 (strongly agree). A higher score represents stronger health 

beliefs. The content validity index is .81, the test-retest reliability ranges from .78 to .82, and the 

Cronbach’s alpha is .79 50. 

 The social support rating scale. Social support (i.e., social motivation in Figure 1) will be 

assessed by the Social Support Rating Scale 51. The 10-item instrument measures aspects of objective 

social support (3 items), subjective social support (4 items) and usage of social support (3 items). The 

item scores range from 14 (worst possible social support) to 66 (best possible social support) 51. The test-

retest reliability coefficient and the internal consistency of the scale are .92 and .88-.94, respectively 32.  

 The diabetes self-efficacy scale. Diabetes self-efficacy in Figure 1 will be measured with the 7-

item Chinese version of the Diabetes Self-Efficacy Scale, which evaluates participants how capable they 

are when performing DSM activities. The items are scored on a 5-point Likert-type scale, with higher 

scores indicating higher self-efficacy in performing DSM behaviors. The Chinese version of the Diabetes 

Self-Efficacy Scale has a Cronbach’s alpha of .87. Factor analysis showed that seven items loaded on five 

factors, which explains 97.9% of the variance, and the five factors are consistent with confidence in 

performing the five aspects of DSM behaviors 49. 

 The medical coping modes questionnaire. Coping strategies in Figure 1 will be measured by 

the 20-item Chinese version of the Medical Coping Modes Questionnaire. It assess 3 forms of coping 

strategies associated with chronic illness: confrontation, avoidance, and acceptance-resignation 52. Items 
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are answered on a four-point Likert scale ranging from 1 (never) to 4 (very often). Scores from the three 

subscales are compared, and the highest score indicates the corresponding dominant pattern of coping 

utilized by the participant. The Cronbach’s alpha for the confrontation, avoidance, and acceptance-

resignation subscales is reported at .69, .60, .76, respectively 52.  

 The diabetes self-care scale. DSM in Figure 1 will be measured by the 26-item Diabetes Self-

Care Scale, which is comprised of 6 subscales: diet modification, taking medications, SMBG, foot care, 

physical activity, and regulating highs and lows in blood glucose. Responses for each item range from 1 

(never) to 5 (very often). Total score can range from 26 to 130 by adding up scores of 6 subscales, with 

higher scores indicating better overall DSM performance. The construct validity is .68, and the 

Cronbach’s alpha is .87 53. 

 The self-rating depression scale. Depressive symptoms in Figure 1 will be assessed using the 

Self-Rating Depression Scale, a 20-item self-administered questionnaire 54. Each item is rated on a four-

point Likert scale, ranging from 1 (very seldom) to 4 (most of the time) and computed as an original score, 

then multiplied by 1.25 to get the standard score. A score ranges from 53 to 62 indicates mild depressive 

symptoms, a score ranges from 63 to 72 indicates moderate depressive symptoms, and a score higher than 

72 indicates severe depressive symptoms 55. 

 The audit of diabetes-dependent quality of life. Diabetes-related quality of life in Figure 1 will 

be measured by the Chinese version of Audit of Diabetes-Dependent Quality of Life, which measures 

both generic and diabetes-specific quality of life. The first two overview items assess generic quality of 

life on a seven-point Likert scale (-3 [extremely bad] to 3 [excellent]) and quality of life without diabetes. 

A five-point scale (-3 to +1) measures the impact of diabetes by asking patients how their quality of life 

would be if they did not have diabetes. The subsequent 19 items evaluates diabetes-specific quality of life. 

A five-point scale (-3 to +1) measures the impact of diabetes by asking patients how particular aspects of 

their life would be if they did not have diabetes. The importance of each aspect on their life is rated on a 

four-point scale (0 to 3). The two ratings are multiplied and summed for a final impact score that ranges 

from -9 to 3, where more negative scores indicate worse quality of life. A score of 0 is assigned to 
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“unimportant” domains, regardless of the magnitude of its impact. Similarly, a score of 0 is assigned to 

items with no impact of diabetes, regardless of their importance to quality of life. The average weighted 

rating score is obtained by dividing the sum of weighted ratings for applicable domains by the number of 

the applicable domains. Strong reliability (Cronbach’s alpha=.941) has been reported 56. Factor analysis 

showed that all items had high performance in the structural validity evaluation, with most factor loading 

values being larger than .40 (varied from .44 to .88) 56. 

Physical Markers 

 Physical markers include HbA1c, blood pressure, and blood lipids. All blood samples will be 

processed at the Clinical Laboratory of the Fourth People’s Hospital of Chengdu. After collection, the 

fresh venous blood samples will be immediately transported at 4°C temperature to the Clinical Laboratory 

within 2 hours. The samples will then be placed in a deep freezer and stored at -80°C until assays start. 

 HbA1c. HbA1c will be used as a marker of T2D and glycemic control and will be analyzed from 

whole blood samples (4 ml). Analysis will be conducted using high performance liquid chromatography, 

with standardization through commercial available assays (coefficient of variation<2%).  

 Blood pressure. Blood pressure will be obtained by a trained nurse using a standard 

sphygmomanometer for a minimum of 2 consecutive readings at intervals of at least 1 minute. The patient 

should be seated comfortably with the back supported and the upper arm bared, without constrictive 

clothing. The legs should not be crossed. The arm should be supported at the heart level, with the bladder 

of the cuff encircling at least 80% of the arm circumference. The mercury column should be deflated at 2 

to 3 mm/s, and the first and last audible sounds should be taken as systolic and diastolic pressure. The 

column should be read to the nearest 2 mmHg. Neither the patient nor the observer should talk during the 

measurement procedure. The average of those readings will be used to represent the patient’s blood 

pressure.  

 Blood lipids. Blood lipids include TC, HDL-C, LDL-C, and triglycerides (TG). Analysis of 

blood lipids will be conducted using enzymatic colorimetric test, with standardization through 
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commercial available assays (coefficient of variation<2%). Fasting serum samples will be collected in the 

morning after 8 hours fasting.  

Data Analyses  

Data analyses for Aim 1: Linear regression models will be applied to assess the associations 

between baseline DSM behaviors and baseline DSM-related information variables, motivation variables, 

and behavioral skills variables, respectively, controlling for age, gender, differences in diabetes treatment, 

duration of diabetes diagnosis, and prior diabetes DSM education at baseline.  

Data analyses for Aim 2: Linear regression models will be applied to assess the associations 

between baseline health outcomes (i.e., HbA1c, blood pressure, blood lipids, diabetes-dependent quality 

of life) and DSM-related information, motivation, behavioral skills, and DSM behaviors at 3 months 

follow-up, respectively, controlling for age, gender, differences in diabetes treatment, duration of diabetes 

diagnosis, and prior diabetes DSM education at baseline.  

Data analyses for Aim 3: Both baseline and 3-month follow-up measures will be used for Aim 3. 

Structural equation modeling will be used to explore the fit of the data to the IMB-DSM model. Data will 

be first assessed whether they meet the assumptions of maximum likelihood estimation of structural 

equation modeling. Then, hypotheses regarding structural relations among the IMB-DSM model 

constructs will be evaluated with an inspection of the direction and magnitude of the path coefficients 

(direct effects) and indirect effects, which indicate mediation. Significant indirect effects occur when the 

relationship between a predictor and an outcome is due to the predictor being associated with a third 

variable (i.e., all or part of the direct effect of A on C is due to a relationship between A and B). Criteria 

used to test the structural model will be the comparative fit index (≥.95 indicates good fit), the root mean 

square error of approximation (≤.06 with confidence interval .00-.08 indicates good fit), and the 

standardized root mean square residual (<.08 indicates acceptable fit, and 0 indicates perfect fit) 57. 

Agreement between multiple indices provides the best support a model has good data fit 57. Moderators 

will be tested by doing multi-group testing in AMOS 21, a structural equation modeling program. To 

examine whether depressive symptoms, female gender, and educational level moderate the relationships 
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in the model, multi-group analysis will be used comparing a constrained model (i.e., a model in which the 

coefficients are set equal across the groups) with an unconstrained model (i.e., a model in which these 

coefficients are allowed to vary freely). A significant difference between these two models implies that 

there are significant differences among the groups. A series of nested models will be tested to see where 

the differences are. 

Ethics and Dissemination 

 The study poses little to no risk to participants and their families. Signed informed consent will be 

obtained from all participating families. Participation in the study does not interfere with the usual care 

patients receive in the primary care settings. Results from this study will be disseminated at regional and 

international conferences and in peer-reviewed journals. 

Patient and Public Involvement 

 The development of the research question and outcome measures were informed by previously 

published research studies that engaged patients’ experience. We did not involve patients in the study 

design, recruitment, and conduct of the study. Both the baseline and three-month outcomes on blood 

pressure, HbA1c, and blood lipids will be mailed to each participant. After we finish the data analysis, we 

will present the study findings in lay terms to study participants who were enrolled in our study.  

Figure Legend 

 Figure 1. The DSM-IMB Model 
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Figure 1. The DSM-IMB Model  
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Abstract 

Introduction:  Currently, China has the largest number of people with diabetes in the world, and the 

disease has reached epidemic proportions in the adult population. Individuals with diabetes perform about 

95% of their own care. Diabetes self-management is an essential element of diabetes care, and refers to 

daily behaviors that individuals perform to manage their diabetes. Several studies have consistently 

shown that diabetes self-management practice is suboptimal among Chinese adults with type 2 diabetes. 

The reason for poor adherence to diabetes self-management among Chinese adults is not well known and 

no conceptual model has been used to guide diabetes self-management interventions in this population. 

Although the information-motivation-behavioral skills model has been tested among Chinese adults with 

type 2 diabetes, some key components of the original model were not tested. In the proposed study, we 

will refine and test longitudinally a culturally tailored model of diabetes self-management among 250 

Chinese adults residing in China. This paper is to report the study protocol for the proposed study. 

Methods and Analysis: This is a descriptive, repeated-measure study to be conducted at a tertiary 

hospital in Chengdu, China. A total of 250 adults with type 2 diabetes will be enrolled into the study, and 

will be followed for 3 months. Multiple domains will be collected, including demographics, diabetes 

knowledge, health education form, provider-patient communication, health beliefs, social support, 

diabetes self-efficacy, the medical coping modes, the diabetes self-care, depression, diabetes-dependent 

quality of life, hemoglobin A1c, blood pressure, and blood lipids  at baseline and 3-month follow-up. 

Main analyses comprise linear regression modeling controlling for covariates and structural equation 

modeling.  

Ethics and Dissemination: Ethical approval has been obtained through the Fourth People’s Hospital of 

Chengdu Research Ethics Committee (study approval number 2017017). We aim to disseminate the 

findings through international conferences, international peer-reviewed journals and social media. 

Study registration number: ChiCTR-ROC-17013592. 
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Strengths and limitations of this study 

• This study will recruit and follow-up Chinese adults with diabetes for 3 months, and test the 

information-motivation-behavioral skills model of diabetes self-management longitudinally for 

the first time. 

• This study relies primarily on self-reported measures, and objective, observable levels of diabetes 

self-care behaviors should be used in future studies.  

• The study sample will be conducted in Chengdu, a typical city in southwestern China, and 

therefore the findings of the study may not be generalized to other parts of China, and the chosen 

centers are not from areas that are representative of the general Chinese population in regards to 

socioeconomic status.  

• This is a descriptive, repeated-measure study. A randomized controlled trial with a group of 

patients receiving no DSM interventions would have been desirable to test the model. 
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Introduction 

 Diabetes is a major public health problem worldwide and it is increasing by epidemic proportions. 

Globally, the total number of people living with diabetes is projected to rise from 425 million cases in 

2017 to 649 million cases by 2045, with over 75% of cases living in low- and middle-income countries 1. 

In China alone, the most comprehensive nationwide survey showed that about 114 million (11.6%) adults 

had diabetes in 2010, a two-fold increase over the past decade 2. Type 2 diabetes (T2D) accounts for 

approximately 90% to 95% of all diagnosed cases of diabetes 3, and therefore it is estimated that 102.5 to 

108.2 million individuals have T2D. Individuals with T2D perform about 95% of their own care 4. 

Diabetes self-management (DSM) is therefore an essential element of diabetes care, and refers to daily 

behaviors that individuals perform to manage their T2D such as self-monitoring blood glucose (SMBG), 

dietary changes, and physical activity 5. DSM is complex, requires major lifestyle changes and behavioral 

tasks that are incorporated into an individual’s daily routine and high levels of adherence for effective 

management and halting disease progression 6.  

 Mounting evidence has consistently shown that better DSM was associated with better health 

outcomes, including improved glycemic control 7, improved quality of life 8, and reduced incidence of 

diabetes-related complications 9. Individuals with diabetes have been shown to make a great impact on the 

progression and development of their disease by participating in their own care. However, adherence to 

some of these activities has been found to be low, especially when looking at long-term changes 10. This 

suggests a critical need for a comprehensive and well-tested conceptual model to guide future DSM 

interventions. 

  Although the information-motivation-behavioral skills (IMB) model has been tested among 

Chinese adults with T2D 11, some key components of the original IMB model were not tested. For 

example, it is well known that personal motivation, such as health beliefs, may influence DSM among 

Chinese adults 12. Additionally, important moderators known to influence DSM in Chinese adults such as 

depressive symptoms, female gender, and educational level were not included in the model 11, and this 

may add important insights into DSM specific to this population. Therefore, a revised conceptual model 
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based on the IMB model is needed to take account the effects of interactive relationships among the 

related factors. The proposed IMB-DSM model will help fill this gap by examining the potential 

moderators of DSM in this population, so that intervention studies based on this model can not only show 

whether the intervention works, but also why the intervention works and under what conditions the 

intervention works. 

Conceptual Framework 

 Overview of the IMB model. The IMB provided the theoretical basis for this study. The IMB 

model is used to frame these variables because: (a) the constructs from the model can be easily translated 

into intervention components, and (b) it adequately captures essential constructs that are well supported in 

the literature to improve DSM behaviors, including information (e.g., diabetes knowledge), motivation 

(e.g., social support), and behavioral skills (e.g., diabetes self-efficacy). The model postulates that 

individuals are more likely to take health-related actions, such as DSM behaviors, if they are well 

informed, highly motivated (personally and socially), and have adequate and appropriate behaviors, and 

thus, experience positive health outcomes 13. The model is based on three constructs: information, 

motivation, and behavioral skills. For complex behaviors, information and motivation are believed to 

work largely through behavioral skills to initiate and maintain the behavior at focus, and the behavior is 

directly linked to health outcomes, which, in turn, are conceptualized as influencing one’s future 

maintenance of the behavior via a feedback loop that affects one’s future levels of information, 

motivation, and behavioral skills overtime 14 15. The IMB model further postulates that favorable health 

outcomes may strengthen an individual’s information, motivation, and behavioral skills to perform the 

behavior in the future. In contrast, unfavorable health outcomes may cause an individual to lose 

confidence in his or her knowledge, motivation, and behavioral skills to perform the behavior overtime 15.  

 Overview of the IMB-DSM model. Figure 1 portrays the overarching conceptual framework of 

this study. The IMB-DSM model provides a comprehensive insight to explore the relationships that 

influence DSM and its related health outcomes, based on a systematic review of literature in this area. 

The framework consists of the following six key interrelated components: DSM-related information, 
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DSM-related motivation, DSM-related behavioral skills, DSM behaviors, health outcomes, and 

moderators. Consistent with the original IMB assumptions, the IMB-DSM model asserts that DSM-

related information, motivation, and behavioral skills are fundamental determinants of DSM behaviors. 

DSM-related information and motivation are proposed to work primarily through behavioral skills to 

affect initiation and maintenance of DSM behaviors. DSM behaviors lead to health outcomes, which, in 

turn, can influence one’s future maintenance of the behavior via a feedback loop that affects one’s future 

levels of DSM-related information, motivation, and behavioral skills overtime. The proposed moderators 

can influence the relationship among variables in the IMB-DSM model. Each part of the IMB-DSM is 

presented in detail below.  

 DSM-related information. DSM-related information is a necessary but insufficient prerequisite 

for DSM behaviors. The link between DSM-related information and DSM behaviors has been well 

established in the literature. DSM related information includes diabetes knowledge, health education, and 

provider-patient communication. A positive relationship was found between diabetes knowledge and 

overall DSM performance 16-18, exercise, foot care 19, diet control, or SMBG 20 in some studies, but not 

others 21 22. A significantly positive relationship was reported between health education, overall DSM 

performance 23-25, and some specific DSM behaviors, such as diet modification, foot care, regulating highs 

and lows in blood glucose, SMBG, engaging in exercise, taking medications, smoking cessation 23 26 27. 

Three studies reported the relationship between provider-patient communication and DSM behaviors, and 

both studies found that better provider-patient communication was an independent, direct predictor of 

better overall DSM performance 11 22 28. 

 DSM-related motivation. Another fundamental determinant of DSM behaviors is an individual’s 

motivation to perform DSM. Consistent with the IMB model, the IMB-DSM model posits that an 

individual’s motivation includes personal and social motivation. Personal motivation to perform DSM 

refers to one’s beliefs about the DSM behaviors and evaluations of the outcomes. Social motivation to 

perform DSM rests on the one’s perception of social support for DSM and one’s motivation to comply 

with referent others 29.  
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 In the IMB-DSM model, health beliefs are used to conceptualize personal motivation. Perceived 

susceptibility, perceived barriers, perceived benefits, or cues to action has each been positively associated 

with overall DSM performance and all aspects of DSM behaviors except smoking cessation 12 30. There 

was inconsistent evidence of the relationship between perceived severity and DSM behaviors. Yu 12 

reported a negative association, whereas Sun and coworkers 10 reported a positive association. One 

possible explanation for the inconsistency between perceived severity and DSM behaviors involves the 

fact that both studies are cross-sectional. Thus, a person who is currently engaging in DSM behaviors may 

both perceive him- or herself as not being at risk and may report few feelings of severity. Alternatively, a 

person who is presently engaging in less DSM behaviors may report more feelings of severity and few 

risk-reduction efforts. The inconsistency warrants further investigations from longitudinal studies. 

Research evidence is consistent with a positive relationship between perceived social support from 

significant others and overall DSM performance, diet control, taking medications, engaging in physical 

activity, SMBG, foot care and regulating highs and lows in blood glucose 11 19 22 31-33.  

 DSM-related behavioral skills. Behavioral skills involve objective and perceived skills for 

performing DSM behaviors and a sense of self-efficacy for doing so 29. In the IMB-DSM model, 

behavioral skills include diabetes self-efficacy and positive coping strategy. A great deal of studies has 

reported a consistent strong association between levels of self-efficacy and DSM behaviors, including diet 

modification, taking medications, foot care, physical activity, SMBG, and regulating highs and lows in 

blood glucose 11 17 19 22 32 34-37. Coping strategies have been well studied in this population. Research 

evidence is consistent with a positive relationship between confrontation and overall DSM performance 38, 

dietary modification, taking medications, foot care, physical activity, SMBG, or regulating highs and 

lows in blood glucose 12 30 34. Alternatively, acceptance-resignation was negatively associated with overall 

DSM performance 38, dietary modification, taking medications, foot care, physical activity, SMBG, or 

regulating highs and lows in blood glucose 12 30 34. Avoidance had negative effects on taking medications 

12 30 and regulating highs and lows in blood glucose 30. 
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 One cross-sectional study provided evidence for the role of DSM-related behavioral skills as a 

mediator between DSM-related information, motivation, and DSM behaviors. Information on 

demographics, provider-patient communication, social support, and self-efficacy, and diabetes self-care 

was collected among 222 participants with T2D in Shanghai. There were significant, positive, direct paths 

from self-efficacy (β=.41, p<.001), social support (β=.19, p=.007), and provider-patient communication 

(β=.12, p=.037) to DSM behaviors. Paths from provider-patient communication to self-efficacy (β=.23, 

p<.001) and from social support to self-efficacy (β=.19, p<.05) were significant and positive. Structural 

equations modeling showed that self-efficacy mediated the effects of social support (indirect effect β=.08, 

p=.008) and provider-patient communication (indirect effect β=.09, p=.002) on DSM behaviors 11. 

Overall, the study provided support for the specific direct and mediating relationships between DSM-

related information, motivation, behavioral skills, and DSM behaviors. However, one limitation of this 

study is that the adapted IMB model does not include all relevant constructs. For example, information on 

personal motivation was not collected. Therefore, the study only partially tested the IMB model.  

 DSM behaviors. DSM behaviors primarily include dietary changes, weight loss, and increased 

physical activity, SMBG, foot care, and taking prescribed medications. Based on the guidelines of the 

American Diabetes Association 9, individuals with T2D are encouraged to increase intake of whole grains, 

fiber, vegetables, and fruits, and reduce intake of total and saturated fat, sugar-flavored beverages, and 

high calorie snacks. They are also encouraged to engage in 150 min or more of moderate-to-vigorous 

intensity physical activity per week, and lose about 5%-7% of initial body weight if these individuals are 

overweight/obese.  

 Health outcomes. The IMB-DSM model asserts that DSM behaviors are directly linked to health 

outcomes, which has been well supported in the literature. Since adults with T2D are two to four times 

more likely to have cardiovascular disease (CVD) than adults without T2D 9, monitoring cardiometabolic 

markers is essential in the clinical management of patients with T2D. In the proposed study, blood 

pressure and blood lipids are measured to identify subsequent CVD risks among adults with T2D. The 

health outcomes include hemoglobin A1c (HbA1c), blood pressure, blood lipids, and diabetes-dependent 
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quality of life. DSM behaviors had a direct effect on glycemic control (β=-.02, p=.007) 28, total 

cholesterol (TC)/high-density lipoprotein cholesterol (HDL-C) (β=-.31, p<.001), and low-density 

lipoprotein cholesterol (LDL-C)/HDL-C (β=-.30, p<.001) 11. It is not clear whether DSM behaviors are 

directly related to blood pressure in Chinese adults with T2D, and this will be examined in this study. 

Compared to the general population, people affected by T2D consistently reported diminished health-

related quality of life 39. However, the relationship between DSM behaviors and health-related quality of 

life has not been systematically studied among Chinese adults with T2D, and this study will fill the 

knowledge gaps. 

 Moderators. The IMB-DSM model postulates that certain personal characteristics may act as 

moderators that influence the associations of the model constructs with DSM behaviors, and that the 

degree of moderation depends on the level or intensity of the moderator. High levels of moderators are 

assumed to directly influence DSM behaviors, whereas lower levels of moderators are assumed to work 

through the IMB-DSM model constructs to influence DSM behaviors and not obscure the relationships 

between these constructs and DSM behaviors. These moderators include depressive symptom, female 

gender, and educational level.  

 Depressive symptoms have been consistently found to negatively affect DSM behaviors, such as 

SMBG, foot care, diet modification, regulating highs and lows in blood glucose, and overall DSM 

performance in these studies 40-42. Generally, female patients had better overall DSM performance than 

their male counterparts 12 43. People with a higher educational level tended to manage their diabetes better, 

compared to people with lower educational level 24 32 44. Because existing studies investigating factors 

associated with DSM are primarily univariate in nature, they generally address only one aspect of the 

IMB-DSM model, that is, they establish support for a direct relationship between DSM behaviors and 

DSM-related information, motivation, or behavioral skills. So far, no studies have been conducted to 

systematically evaluate how potential moderators may influence the relationship among variables in the 

IMB-DSM model, and this study is expected to fill those knowledge gaps.  

Objectives 
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 In the proposed study, we will refine and test longitudinally a culturally tailored IMB-DSM 

among 250 Chinese adults residing in Chengdu, China.  

Aim 1: In Chinese adults with T2D, to determine which baseline variables are most strongly related to 

baseline DSM behaviors, controlling for age, gender, duration of diabetes diagnosis, differences in 

diabetes treatment, and prior diabetes DSM education. 

Research question (RQ): Among baseline DSM-related information, motivation, and behavioral skills, 

which is most strongly related to baseline DSM behaviors? 

Aim 2: To examine the feedback loop as described in the original IMB model by investigating the 

relationships between baseline health outcomes (HbA1c, blood pressure, blood lipids, and diabetes-

dependent quality of life) and DSM-related information, motivation, behavioral skills, and subsequent 

DSM behaviors at 3-month follow-up period, controlling for age, gender, duration of diabetes diagnosis, 

differences in diabetes treatment, and prior diabetes DSM education at baseline. 

RQ1: What is the relationship between baseline HbA1c levels and DSM-related information, motivation, 

behavioral skills, and subsequent DSM behaviors at 3-month follow-up?  

RQ2: What is the relationship between baseline blood pressure and DSM-related information, motivation, 

behavioral skills, and subsequent DSM behaviors at 3-month follow-up? 

RQ3: What is the relationship between baseline blood lipids and DSM-related information, motivation, 

and behavioral skills, and subsequent DSM behaviors at 3-month follow-up? 

RQ4: What is the relationship between baseline diabetes-dependent quality of life and DSM-related 

information, motivation and behavioral skills, and subsequent DSM behaviors at 3-month follow-up? 

Aim 3: In Chinese adults with T2D, to examine mediating and moderating factors associated with DSM 

behaviors at baseline and the 3 month follow-up period. 

Research Question 1: Are behavioral skills (diabetes self-efficacy and coping strategies) mediators of 

DSM behaviors at baseline and 3-month follow-up period? 

Research Question 2: Are depressive symptoms, female gender, and educational level as moderators of 

DSM behaviors at baseline and 3-month follow-up period? 
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Methods and Analysis 

Design 

 A descriptive, repeated-measure design is used to examine the relationships among variables in 

the IMB-DSM model, the role of variables in predicting baseline DSM behaviors, the potential 

moderators and mediators, and investigate the relationship between baseline health outcomes and DSM-

related information, motivation, behavioral skills and subsequent DSM behaviors at three-month follow-

up.  Data will be collected at two time points, 3 months apart. Since HbA1c is considered the gold 

standard for monitoring glycemic control and reflects a person’s glucose control for the preceding 8 to 10 

weeks 9, three-month of observation is deemed long enough to reflect the glucose control.   

Sample and Setting 

 This study will be conducted in Chengdu metropolitan area, which is the provincial capital of 

Sichuan province in Southwest China. One community health center will be selected from each of six 

urban districts in Chengdu metropolitan area: the Yulin community health center in Wuhou District, the 

Supo community health center in Qingyang District, the Longzhoulu community health center in Jinjiang 

District, the Caojiaxiang community health center in Jinniu District, the Shuanglin community health 

center in Chenghua District, and the Guixi community health center in Gaoxin District. The inclusion 

criteria for participation in the research are: (a) diagnosed with T2D; (b) able to read, write, and speak 

Chinese; (c)≥18 years of age; (d) a score of the Chinese version of Mini-Mental State Examination (C-

MMSE) > 24 (see Screening below); (e) no other chronic physical or mental disorders; and (f) mentally 

competent to give informed consent.  Patients will be excluded if they are pregnant, have been diagnosed 

with cancer or organ failure, refuse to participate in the proposed study, self-identified bilateral hearing 

loss, or cognitive impairment (inability to comprehend the informed consent). 

Sample Size 

 The Power Analysis and Sample Size Software was used for sample size calculation. Sample size 

was calculated based on the weakest correlation among all the tested variable pairs, that is, diabetes 
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knowledge and social support (r=.197). Assuming 80% power, type I error rate of .05, and attrition rate of 

20%, a total of 250 participants will be needed to detect the correlation coefficient of .197. This sample 

size will have a higher power to detect correlations with larger coefficient. 

Participant Recruitment 

 The research team will actively recruit participants from six selected community health centers. 

The principal investigator and her undergraduate mentors have established relationships with these 

community health centers and will be able to facilitate recruitment from these sites. An electronic medical 

database of the residents kept each community health center will also be used to identify patients with 

T2D in these communities. The research team will also have access to the database from which 

participants can be recruited. 

 Once the approval from the Ethics Committees for Clinical Trials and Biomedical Research in the 

Fourth People’s Hospital of Chengdu is obtained, patients who come to the local clinics for evaluations 

and care will be approached after agreeing to hear about the study by a research staff member, who will 

explain the study, provide a consent form for review, answer questions and seek their participation. 

Subjects who agree to participate will be screened on inclusion criteria. Screening (see Screening below) 

will take about 10 minutes. Those who meet study criteria will be entered into the study. In addition, 

advertisements about the study will be placed on buses and subways. Those interested in the study will be 

invited to the study site and asked to participate after reviewing study procedures and consent forms. 

Weekly and monthly recruitment goals will be set to ensure adequate progress on participant enrollment. 

If recruitment is slow, recruitment procedures will be reviewed, problems identified, and adjustments will 

be made so that participant accrual is conducted at a satisfactory rate. 

Screening 

 A questionnaire will be used to assess participants’ eligibility with questions on age, length of 

diabetes, period of time when starting diabetes treatment, provider referral, and willingness to participate. 

Since this population is at risk for cognitive impairment that may, in some cases, limit their capacity to 

provide consent 45, the C-MMSE will be administered to evaluate global cognitive functioning of all 
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eligible participants. The C-MMSE has been used among Chinese adults with T2D 46. Those who obtain a 

score <=23 will be excluded because subjects with such low scores were considered to have possible 

dementia 47. Potential participants with serious cognitive problems will be referred immediately to a 

mental health professional used by the respective community health centers.  

Reducing Attrition 

 There will be a potential problem with attrition of the proposed study because the 3 month 

follow-up for this longitudinal study design opens up to the problem of attrition. Steps that will be taken 

to reduce attrition include: informing subjects of the importance of continued participation in all aspects 

of the study; giving a subject incentive of ¥155 (about $25) Walmart gift card per completed data 

collection session; making telephone calls and sending a reminder card prior to scheduled data collections. 

A participant locator form will be completed for each subject entered in the study and at all data 

collection sessions to ensure proper contact information for follow-up visit is maintained. 

Data Collection and Procedures 

 After consenting to participate, each subject will be requested to come to the study site for 

baseline data collection in a private office at the research site. Baseline data collection will include 

administration of the following questionnaires: Demographic Data Form, the Diabetes Knowledge 

Questionnaire, the Health Education Form, the Provider-Patient Communication Scale, the Health Belief 

Scale, the Social Support Rating Scale, the Diabetes Self-Efficacy Scale, the Medical Coping Modes 

Questionnaire, the Diabetes Self-Care Scale, the Self-rating Depression Scale, and the Audit of Diabetes-

Dependent Quality-of-Life. At the 3 month follow-up data collections, all the measures will be 

administered again except the Demographic Data Form. Data collection from each participant should take 

about 60 minutes. The instruments will be administered by a trained research assistant as an interview to 

reduce respondent burden and to standardize the approach due to the differing response formats. If the 

participant becomes fatigued, the battery of questionnaires may be completed in two sessions.  

Training of Data Collectors 
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 In an effort to improve inter-rater reliability, data collectors will be trained to collect data for 

baseline and follow-up data collections. They will attend intensive training sessions at the beginning of 

the project, and periodic refresher sessions will be offered every 2 to 3 weeks to reinforce the basic 

training. Data collectors will practice conducting data collections and blood pressure measurement and 

these sessions will be monitored and each data collector will be certified. To control for measurement 

error, a data collection protocol manual will be developed that will include data collection protocol related 

specifically to each questionnaire and blood pressure measurement. The specific measures, including 

instruments and physical biomarkers, that will be used in this study are described below. 

Instruments 

 Demographics. This questionnaire is designed to collect background data from participants on 

their demographic characteristics, including age, gender, income, education, marital status, length of 

diabetes, health insurance, current treatment plan for diabetes, and relevant health history indicators.

 The diabetes knowledge questionnaire. Diabetes knowledge in Figure 1 will be measured with 

the Chinese version of the Diabetes Knowledge Scale adapted from the Diabetes Knowledge Scales 48. 

The Chinese version of the Diabetes Knowledge Scale consists of 14 items. Participants receive a score of 

1 for a correct answer or 0 for an incorrect or unknown answer. The total score ranges from 0 to 14, with 

a higher score indicating a higher level of diabetes knowledge. The Cronbach’s alpha for the Chinese 

version of the knowledge measure was .62. The diabetes knowledge score in the Chinese sample was 

significantly higher in the group with more education (t[28]=2.83, p< .01), indicating that the Chinese 

version had satisfactory construct validity 49.  

 The health education form. Information on health education in Figure 1 is based on self-reports. 

All participants will be asked if they have had received any form of diabetes education. If the answer is 

YES, the patient should answer the source of diabetes education. The source of diabetes education could 

be health care professionals, community consulting service, journals/books, TV/radio, internet and others. 

 The provider-patient communication scale. Provider-patient communication in Figure 1 will be 

measured by the Provider-Patient Communication Scale. The scale consists of 5 items with a scoring 
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range from 0 to 6, where 0 indicates “strongly disagree” and 6 indicates “strongly agree”. High scores 

characterize a person who is confident in their ability to communicate with healthcare professionals and 

has good understanding of ways to access healthcare in order to get their needs met. The Cronbach’s 

alpha coefficient is reported at .929, indicating excellent internal consistency 11.  

 The health belief scale. Health beliefs (i.e., personal motivation in Figure 1) refer to one’s 

perceptions about T2D and how it can be treated 50. The Health Belief Scale was developed based on the 

Health Belief Model by Yamei Chen 50. The 20-item scale comprises 5 subscales (perceived susceptibility, 

perceived benefits, perceived severity, perceived barriers, and cues to action) and uses a 5-point Likert 

scale ranging from 1 (strongly disagree) to 5 (strongly agree). A higher score represents stronger health 

beliefs. The content validity index is .81, the test-retest reliability ranges from .78 to .82, and the 

Cronbach’s alpha is .79 50. 

 The social support rating scale. Social support (i.e., social motivation in Figure 1) will be 

assessed by the Social Support Rating Scale 51. The 10-item instrument measures aspects of objective 

social support (3 items), subjective social support (4 items) and usage of social support (3 items). The 

item scores range from 14 (worst possible social support) to 66 (best possible social support) 51. The test-

retest reliability coefficient and the internal consistency of the scale are .92 and .88-.94, respectively 32.  

 The diabetes self-efficacy scale. Diabetes self-efficacy in Figure 1 will be measured with the 7-

item Chinese version of the Diabetes Self-Efficacy Scale, which evaluates participants how capable they 

are when performing DSM activities. The items are scored on a 5-point Likert-type scale, with higher 

scores indicating higher self-efficacy in performing DSM behaviors. The Chinese version of the Diabetes 

Self-Efficacy Scale has a Cronbach’s alpha of .87. Factor analysis showed that seven items loaded on five 

factors, which explains 97.9% of the variance, and the five factors are consistent with confidence in 

performing the five aspects of DSM behaviors 49. 

 The medical coping modes questionnaire. Coping strategies in Figure 1 will be measured by 

the 20-item Chinese version of the Medical Coping Modes Questionnaire. It assess 3 forms of coping 

strategies associated with chronic illness: confrontation, avoidance, and acceptance-resignation 52. Items 
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are answered on a four-point Likert scale ranging from 1 (never) to 4 (very often). Scores from the three 

subscales are compared, and the highest score indicates the corresponding dominant pattern of coping 

utilized by the participant. The Cronbach’s alpha for the confrontation, avoidance, and acceptance-

resignation subscales is reported at .69, .60, .76, respectively 52.  

 The diabetes self-care scale. DSM in Figure 1 will be measured by the 26-item Diabetes Self-

Care Scale, which is comprised of 6 subscales: diet modification, taking medications, SMBG, foot care, 

physical activity, and regulating highs and lows in blood glucose. Responses for each item range from 1 

(never) to 5 (very often). Total score can range from 26 to 130 by adding up scores of 6 subscales, with 

higher scores indicating better overall DSM performance. The construct validity is .68, and the 

Cronbach’s alpha is .87 53. 

 The self-rating depression scale. Depressive symptoms in Figure 1 will be assessed using the 

Self-Rating Depression Scale, a 20-item self-administered questionnaire 54. Each item is rated on a four-

point Likert scale, ranging from 1 (very seldom) to 4 (most of the time) and computed as an original score, 

then multiplied by 1.25 to get the standard score. A score ranges from 53 to 62 indicates mild depressive 

symptoms, a score ranges from 63 to 72 indicates moderate depressive symptoms, and a score higher than 

72 indicates severe depressive symptoms 55. 

 The audit of diabetes-dependent quality of life. Diabetes-related quality of life in Figure 1 will 

be measured by the Chinese version of Audit of Diabetes-Dependent Quality of Life, which measures 

both generic and diabetes-specific quality of life. The first two overview items assess generic quality of 

life on a seven-point Likert scale (-3 [extremely bad] to 3 [excellent]) and quality of life without diabetes. 

A five-point scale (-3 to +1) measures the impact of diabetes by asking patients how their quality of life 

would be if they did not have diabetes. The subsequent 19 items evaluates diabetes-specific quality of life. 

A five-point scale (-3 to +1) measures the impact of diabetes by asking patients how particular aspects of 

their life would be if they did not have diabetes. The importance of each aspect on their life is rated on a 

four-point scale (0 to 3). The two ratings are multiplied and summed for a final impact score that ranges 

from -9 to 3, where more negative scores indicate worse quality of life. A score of 0 is assigned to 
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“unimportant” domains, regardless of the magnitude of its impact. Similarly, a score of 0 is assigned to 

items with no impact of diabetes, regardless of their importance to quality of life. The average weighted 

rating score is obtained by dividing the sum of weighted ratings for applicable domains by the number of 

the applicable domains. Strong reliability (Cronbach’s alpha=.941) has been reported 56. Factor analysis 

showed that all items had high performance in the structural validity evaluation, with most factor loading 

values being larger than .40 (varied from .44 to .88) 56. 

Physical Markers 

 Physical markers include HbA1c, blood pressure, and blood lipids. All blood samples will be 

processed at the Clinical Laboratory of the Fourth People’s Hospital of Chengdu. After collection, the 

fresh venous blood samples will be immediately transported at 4°C temperature to the Clinical Laboratory 

within 2 hours. The samples will then be placed in a deep freezer and stored at -80°C until assays start. 

 HbA1c. HbA1c will be used as a marker of T2D and glycemic control and will be analyzed from 

whole blood samples (4 ml). Analysis will be conducted using high performance liquid chromatography, 

with standardization through commercial available assays (coefficient of variation<2%).  

 Blood pressure. Blood pressure will be obtained by a trained nurse using a standard 

sphygmomanometer for a minimum of 2 consecutive readings at intervals of at least 1 minute. The patient 

should be seated comfortably with the back supported and the upper arm bared, without constrictive 

clothing. The legs should not be crossed. The arm should be supported at the heart level, with the bladder 

of the cuff encircling at least 80% of the arm circumference. The mercury column should be deflated at 2 

to 3 mm/s, and the first and last audible sounds should be taken as systolic and diastolic pressure. The 

column should be read to the nearest 2 mmHg. Neither the patient nor the observer should talk during the 

measurement procedure. The average of those readings will be used to represent the patient’s blood 

pressure.  

 Blood lipids. Blood lipids include TC, HDL-C, LDL-C, and triglycerides (TG). Analysis of 

blood lipids will be conducted using enzymatic colorimetric test, with standardization through 
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commercial available assays (coefficient of variation<2%). Fasting serum samples will be collected in the 

morning after 8 hours fasting.  

Data Analyses  

Data analyses for Aim 1: Linear regression models will be applied to assess the associations 

between baseline DSM behaviors and baseline DSM-related information variables, motivation variables, 

and behavioral skills variables, respectively, controlling for age, gender, differences in diabetes treatment, 

duration of diabetes diagnosis, and prior diabetes DSM education at baseline.  

Data analyses for Aim 2: Linear regression models will be applied to assess the associations 

between baseline health outcomes (i.e., HbA1c, blood pressure, blood lipids, diabetes-dependent quality 

of life) and DSM-related information, motivation, behavioral skills, and DSM behaviors at 3 months 

follow-up, respectively, controlling for age, gender, differences in diabetes treatment, duration of diabetes 

diagnosis, and prior diabetes DSM education at baseline.  

Data analyses for Aim 3: Both baseline and 3-month follow-up measures will be used for Aim 3. 

Structural equation modeling will be used to explore the fit of the data to the IMB-DSM model. Data will 

be first assessed whether they meet the assumptions of maximum likelihood estimation of structural 

equation modeling. Then, hypotheses regarding structural relations among the IMB-DSM model 

constructs will be evaluated with an inspection of the direction and magnitude of the path coefficients 

(direct effects) and indirect effects, which indicate mediation. Significant indirect effects occur when the 

relationship between a predictor and an outcome is due to the predictor being associated with a third 

variable (i.e., all or part of the direct effect of A on C is due to a relationship between A and B). Criteria 

used to test the structural model will be the comparative fit index (≥.95 indicates good fit), the root mean 

square error of approximation (≤.06 with confidence interval .00-.08 indicates good fit), and the 

standardized root mean square residual (<.08 indicates acceptable fit, and 0 indicates perfect fit) 57. 

Agreement between multiple indices provides the best support a model has good data fit 57. Moderators 

will be tested by doing multi-group testing in AMOS 23, a structural equation modeling program. To 

examine whether depressive symptoms, female gender, and educational level moderate the relationships 
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in the model, multi-group analysis will be used comparing a constrained model (i.e., a model in which the 

coefficients are set equal across the groups) with an unconstrained model (i.e., a model in which these 

coefficients are allowed to vary freely). A significant difference between these two models implies that 

there are significant differences among the groups. A series of nested models will be tested to see where 

the differences are. 

Ethics and Dissemination 

 The study poses little to no risk to participants and their families. Signed informed consent will be 

obtained from all participating families. Participation in the study does not interfere with the usual care 

patients receive in the primary care settings. Results from this study will be disseminated at regional and 

international conferences and in peer-reviewed journals. 

Patient and Public Involvement 

 The development of the research question and outcome measures were informed by previously 

published research studies that engaged patients’ experience. We did not involve patients in the study 

design, recruitment, and conduct of the study. Both the baseline and three-month outcomes on blood 

pressure, HbA1c, and blood lipids will be mailed to each participant. After we finish the data analysis, we 

will present the study findings in lay terms to study participants who were enrolled in our study.  

Figure Legend 

 Figure 1. The DSM-IMB Model 
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Figure 1. The DSM-IMB Model  
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Abstract 

Introduction:  Currently, China leads the world in the number of people with diabetes, making it home to 

one third of the global diabetic population. Persons with diabetes have to carry out 95% of their self-care. 

As an important component of diabetes care, diabetes self-management is defined as everyday behaviors 

that persons carry out to control diabetes. Consistent findings have been reported that level of compliance 

to suggested diabetes self-management behaviors is not considered optimal among Chinese adults with 

type 2 diabetes. The underlying reasons for suboptimal diabetes self-management behaviors among 

Chinese adults are not well known and no conceptual model has been developed to guide diabetes self-

management interventions in this population. Although the information-motivation-behavioral skills 

model has been tested among Chinese adults with type 2 diabetes, some key components of the original 

model were not tested. In this proposed study protocol, we will refine and test a culturally tailored model 

of diabetes self-management longitudinally among 250 Chinese adults residing in China.  

Methods and Analysis: This is a descriptive, repeated-measure study to be conducted at a tertiary 

hospital in Chengdu, China. A total of 250 adults with type 2 diabetes will be enrolled and followed for 3 

months in this study. Information of multiple domains will be collected, including demographics, diabetes 

knowledge, health education form, provider-patient communication, health beliefs, social support, 

diabetes self-efficacy, the medical coping modes, the diabetes self-care, depression, diabetes-dependent 

quality of life, hemoglobin A1c, blood pressure, and blood lipids  at baseline and 3-month follow-up. 

Main analyses comprise linear regression modeling controlling for covariates and structural equation 

modeling.  

Ethics and Dissemination: Ethical approval has been obtained through the Fourth People’s Hospital of 

Chengdu Research Ethics Committee (study approval number 2017017). We aim to disseminate the 

findings through international conferences, international peer-reviewed journals and social media. 

Study registration number: ChiCTR-ROC-17013592. 
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Strengths and limitations of this study 

• This study will recruit and follow-up Chinese adults with diabetes for 3 months, and test the 

information-motivation-behavioral skills model of diabetes self-management longitudinally for 

the first time. 

• This study relies primarily on self-reported measures, and objective, observable levels of diabetes 

self-care behaviors should be used in future studies.  

• The study will be conducted in Chengdu, a city in southwestern China, and therefore the findings 

of the study may not be generalized to other parts of China, and the chosen centers are not from 

areas that are representative of the general Chinese population in regards to socioeconomic status.  

• This is a descriptive, repeated-measure study. A randomized controlled trial with a group of 

patients receiving no DSM interventions would have been desirable to test the model. 
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Introduction 

 Diabetes is a global public health challenge because of its high prevalence and associated 

mortality and morbidity. The estimated number of individuals with diabetes is estimated to increase from 

425 million in 2017 to 649 million in 2045 worldwide, with over 75% of diabetics residing in low- and 

middle-income countries 1. The most comprehensive nationwide survey showed that approximately 114 

million (11.6%) Chinese adults in total had diabetes in 2010, and this was a two-fold rise over the past 

decade 2. About 90% to 95% of people with diabetes have type 2 diabetes (T2D) 3. Individuals with T2D 

carry out 95% of their diabetes care 4. Diabetes self-management (DSM) is therefore an important part of 

diabetes care, and is defined as daily behaviors that persons carry out to control T2D, including self-

monitoring blood glucose (SMBG), dietary changes, engaging in regular physical activity, diabetes foot 

care, managing  high or low blood glucose, taking prescribed medications, and smoking cessation 5 6. 

DSM is complex, and involves major lifestyle changes which need to become part of a person’s daily 

routine and require high levels of adherence to these lifestyle changes are also expected 7.  

 Mounting evidence has consistently demonstrated that better DSM was associated with improved 

health outcomes, including lower hemoglobin A1c (HbA1c) levels 8, better quality of life 9, and decreased 

incidence of diabetes-related complications 10. It has been reported that persons with diabetes can make a 

great impact on the progression of diabetes by performing their own care. However, adherence to some of 

DSM behaviours has been found to be low, especially when looking at behavioural long-term changes 11. 

This suggests a critical need for a comprehensive and well-tested conceptual model to guide future DSM 

interventions. 

  Although the information-motivation-behavioral skills (IMB) model has been tested among 

Chinese adults with T2D 12, some key components of the original IMB model were not tested. For 

example, it is well known that personal motivation, such as health beliefs, may influence DSM among 

Chinese adults 13. Additionally, important moderators known to influence DSM in Chinese adults such as 

depressive symptoms, female gender, and educational level were not included in the model 12, and this 

may add important insights into DSM specific to this population. Therefore, a revised conceptual model 
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based on the IMB model is needed to take account the effects of the interactive relationships among these 

related factors. The proposed IMB-DSM model will help fill this gap by examining the potential 

moderators of DSM in this population, so that intervention studies based on this model will not only show 

whether the intervention works, but also why the it works and under what conditions the it works. 

Conceptual Framework 

 Overview of the IMB model. The IMB provided the theoretical basis for this study. The IMB 

model is used to frame these variables because: (a) the concepts from the IMB model can easily be 

translated into intervention components 14, and (b) the IMB model adequately captures essential concepts 

which have been well supported in the literature to improve DSM behaviors, including information (e.g., 

diabetes knowledge), motivation (e.g., social support), and behavioral skills (e.g., diabetes self-efficacy). 

The model postulates that individuals are more likely to take health-related actions, such as DSM 

behaviors, if they are well informed, highly motivated (personally and socially), and have adequate and 

appropriate behaviors, and thus, experience positive health outcomes 15. The model is based on three 

constructs: information, motivation, and behavioral skills. For behaviors that are complex such as DSM, 

information and motivation are thought to work largely through behavioral skills to initiate and maintain 

the behavior at focus, and the behavior is directly linked to health outcomes, which, in turn, are believed 

to affect one’s maintenance of the behavior through a feedback loop that influence one’s future levels of 

information, motivation, and behavioral skills overtime 16 17. The IMB model further postulates that 

favorable health outcomes may strengthen an individual’s information, motivation, and behavioral skills 

to perform the behavior in the future. In contrast, unfavorable health outcomes may cause an individual to 

lose confidence in his or her knowledge, motivation, and behavioral skills to perform the behavior 

overtime 17.  

 Overview of the IMB-DSM model. Figure 1 portrays the overarching conceptual framework of 

this study. The IMB-DSM model provides a comprehensive insight to examine the relationships that 

affect DSM and its related health outcomes, based on a systematic review of literature in this area. The 

framework consists of the following six key interrelated components: DSM-related information, DSM-
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related motivation, DSM-related behavioral skills, DSM behaviors, health outcomes, and moderators. 

Consistent with the original IMB assumptions, the IMB-DSM model asserts that DSM-related 

information, motivation, and behavioral skills are fundamental determinants of DSM behaviors. DSM-

related information and motivation are proposed to work primarily through behavioral skills to affect the 

initiation and maintenance of DSM behaviors. DSM behaviors lead to health outcomes, which, in turn, 

can influence one’s future maintenance of the behavior through a feedback loop that affects one’s levels 

of DSM-related information, motivation, and behavioral skills overtime. The proposed moderators can 

influence the relationship among the variables in the IMB-DSM model. Each part of the IMB-DSM is 

presented in detail below.  

 DSM-related information. DSM-related information is a necessary but insufficient prerequisite 

for DSM behaviors. The link between DSM-related information and DSM behaviors has been well 

established in the literature. DSM related information includes diabetes knowledge, health education, and 

provider-patient communication. A positive relationship was found between diabetes knowledge and 

overall DSM performance 18-20, exercise, foot care 21, diet control, or SMBG 22 in some studies, but not 

others 23 24. A significantly positive relationship was reported between health education, overall DSM 

performance 25-27, and some specific DSM behaviors, such as diet modification, foot care, managing  high 

or low blood glucose, SMBG, taking exercise, taking prescribed medications, smoking cessation 25 28 29. 

Three studies examined the relationship between provider-patient communication and DSM behaviors, 

and found that better provider-patient communication was an independent, direct predictor of better 

overall DSM performance 12 24 30. 

 DSM-related motivation. Another fundamental determinant of DSM behaviors is an individual’s 

motivation to perform DSM. Consistent with the IMB model, the IMB-DSM model posits that an 

individual’s motivation includes personal and social motivation. Personal motivation to perform DSM 

refers to one’s beliefs about the DSM behaviors and evaluations of the outcomes. Social motivation to 

perform DSM refers to one’s perception about social support for DSM and one’s motivation to adhere to 

important others 31.  
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 In the IMB-DSM model, health beliefs are used to conceptualize personal motivation. Perceived 

susceptibility, perceived barriers, perceived benefits, or cues to action has each been related to overall 

DSM performance and all DSM behaviors except smoking cessation positively 13 32. There was 

inconsistent evidence on the relationship between perceived severity and DSM behaviors. Yu 13 reported a 

negative association, whereas Sun and coworkers 11 reported a positive association. One possible 

explanation for the inconsistency between perceived severity and DSM behaviors involves the fact that 

both studies are cross-sectional. Thus, a person who is currently engaging in DSM behaviors may both 

perceive him- or herself as not being at risk and may report few feelings of severity. Alternatively, a 

person who is presently engaging in less DSM behaviors may report more feelings of severity and few 

risk-reduction efforts. The inconsistency warrants further investigations from longitudinal studies. 

Consistent findings have been reported between higher perceived social support and better overall DSM 

performance, diet control, taking medications, taking regular exercise, SMBG, diabetes foot care, and 

managing high or low blood glucose 12 21 24 33-35.  

 DSM-related behavioral skills. Behavioral skills involve objective and perceived skills for 

performing DSM behaviors and a feeling of confidence for doing so 31. In the IMB-DSM model, 

behavioral skills include diabetes self-efficacy and positive coping strategy. A large number of studies has 

reported a consistent strong association between levels of self-efficacy and DSM behaviors, including diet 

modification, taking medications, foot care, taking regular exercise, SMBG, and managing high or low 

blood glucose 12 19 21 24 34 36-39. Coping strategies have been well studied in this population. Research 

evidence is consistent with a positive relationship between confrontation and overall DSM performance 40, 

dietary modification, taking medications, foot care, physical activity, SMBG, or managing high or low 

blood glucose 13 32 36. Alternatively, acceptance-resignation was negatively associated with overall DSM 

performance 40, dietary modification, taking medications, foot care, physical activity, SMBG, or 

regulating highs and lows in blood glucose 13 32 36. Avoidance had negative effects on taking medications 

13 32 and regulating highs and lows in blood glucose 32. 
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 One cross-sectional study supported the role of DSM-related behavioral skills as a mediator 

between DSM-related information, motivation, and DSM behaviors. Data on demographics, provider-

patient communication, social support, and self-efficacy, and diabetes self-care were collected among 222 

participants with T2D in Shanghai. There were significant, positive, and direct paths from self-efficacy 

(β=.41, p<.001), social support (β=.19, p=.007), and provider-patient communication (β=.12, p=.037) to 

DSM behaviors. Paths from provider-patient communication to self-efficacy (β=.23, p<.001) and from 

social support to self-efficacy (β=.19, p<.05) were significant and positive. Structural equations modeling 

showed that self-efficacy mediated the effects of social support (indirect effect β=.08, p=.008) and 

provider-patient communication (indirect effect β=.09, p=.002) on DSM behaviors 12. Overall, the study 

provided support for the specific direct and mediating relationships between DSM-related information, 

motivation, behavioral skills, and DSM behaviors. However, one limitation of this study is that the 

adapted IMB model does not include all relevant constructs. For example, information on personal 

motivation was not collected. Therefore, the study only partially tested the IMB model.  

 DSM behaviors. DSM behaviors primarily include dietary changes, weight loss, and increased 

physical activity, SMBG, foot care, and taking prescribed medications. Based on the guidelines of the 

American Diabetes Association 10, individuals with T2D are encouraged to increase intake of whole 

grains, fiber, vegetables, and fruits, and to reduce intake of total and saturated fat, sugar-flavored 

beverages, and high calorie snacks. They are also encouraged to engage in 150 min or more of moderate-

to-vigorous intensity physical activity per week, and to lose about 5%-7% of initial body weight if these 

individuals are overweight/obese.  

 Health outcomes. The IMB-DSM model asserts that DSM behaviors are directly linked to health 

outcomes, which has been well supported in the literature. Since adults with T2D are two to four times 

more likely to have cardiovascular disease (CVD) than adults without T2D 10, monitoring cardiometabolic 

markers is essential in the clinical management of patients with T2D. In the proposed study, blood 

pressure and blood lipids are measured to identify subsequent CVD risks among adults with T2D. The 

health outcomes include HbA1c, blood pressure, blood lipids, and diabetes-dependent quality of life. 
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DSM behaviors was directly related to glycemic control (β=-.02, p=.007) 30, total cholesterol (TC)/high-

density lipoprotein cholesterol (HDL-C) (β=-.31, p<.001), and low-density lipoprotein cholesterol (LDL-

C)/HDL-C (β=-.30, p<.001) 12. It is not clear whether DSM behaviors are directly related to blood 

pressure in Chinese adults with T2D, and this will be examined in this proposed study. Compared to the 

general population, people affected by T2D consistently reported diminished health-related quality of life 

41. However, the association of DSM behaviors with health-related quality of life has not been 

systematically examined among Chinese adults with T2D, and this study will fill the knowledge gaps. 

 Moderators. The IMB-DSM model postulates that certain personal characteristics may work as 

moderators which affect associations of the model concepts with DSM behaviors, and that the extent of 

moderation is based on levels of the moderator. High levels of moderators are assumed to directly 

influence DSM behaviors, whereas lower levels of moderators are assumed to act through the IMB-DSM 

model constructs to influence DSM behaviors and will not obscure the relationships between these 

constructs and DSM behaviors. These moderators include depressive symptom, female gender, and 

educational level.  

 Depressive symptoms have been consistently found to negatively affect DSM behaviors, 

including SMBG, diabetes foot care, diet modification, managing high or low blood glucose, and overall 

DSM performance in these studies 6 42-44. Generally, female patients had better overall DSM performance 

than their male counterparts 13 45. People with a higher educational level tended to manage their diabetes 

better, compared to people with lower educational level 26 34 46. As extant studies investigating factors 

associated with DSM are predominately univariate in nature, these studies generally examine a direct 

relationship between specific DSM behaviors and DSM-related information, motivation, or behavioral 

skills. So far, no studies have been conducted to systematically evaluate how potential moderators may 

influence the relationship among the variables in the IMB-DSM model, and this study is expected to fill 

those knowledge gaps.  

Objectives 
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 In the proposed study, we will refine and test longitudinally a culturally tailored IMB-DSM 

among 250 Chinese adults residing in Chengdu, China.  

Aim 1: In Chinese adults with T2D, to determine which baseline variables are most strongly related to 

baseline DSM behaviors, controlling for age, gender, duration of diabetes diagnosis, differences in 

diabetes treatment, and prior diabetes DSM education. 

Research question (RQ): Among baseline DSM-related information, motivation, and behavioral skills, 

which is most strongly related to baseline DSM behaviors? 

Aim 2: To examine the feedback loop as described in the original IMB model by investigating the 

relationships between baseline health outcomes (HbA1c, blood pressure, blood lipids, and diabetes-

dependent quality of life) and DSM-related information, motivation, behavioral skills, and subsequent 

DSM behaviors at 3-month follow-up period, controlling for age, gender, duration of diabetes diagnosis, 

differences in diabetes treatment, and prior diabetes DSM education at baseline. 

RQ1: What is the relationship between baseline HbA1c levels and DSM-related information, motivation, 

behavioral skills, and subsequent DSM behaviors at 3-month follow-up?  

RQ2: What is the relationship between baseline blood pressure and DSM-related information, motivation, 

behavioral skills, and subsequent DSM behaviors at 3-month follow-up? 

RQ3: What is the relationship between baseline blood lipids and DSM-related information, motivation, 

and behavioral skills, and subsequent DSM behaviors at 3-month follow-up? 

RQ4: What is the relationship between baseline diabetes-dependent quality of life and DSM-related 

information, motivation and behavioral skills, and subsequent DSM behaviors at 3-month follow-up? 

Aim 3: In Chinese adults with T2D, to examine mediating and moderating factors associated with DSM 

behaviors at baseline and the 3 month follow-up period. 

Research Question 1: Are behavioral skills (diabetes self-efficacy and coping strategies) mediators of 

DSM behaviors at baseline and 3-month follow-up period? 

Research Question 2: Are depressive symptoms, female gender, and educational level as moderators of 

DSM behaviors at baseline and 3-month follow-up period? 
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Methods and Analysis 

Design 

 A descriptive, repeated-measure design is used to examine the relationships among variables in 

the IMB-DSM model, the role of variables in predicting baseline DSM behaviors, the potential 

moderators and mediators, and investigate the relationship between baseline health outcomes and DSM-

related information, motivation, behavioral skills and subsequent DSM behaviors at three-month follow-

up.  Data will be collected at two time points, 3 months apart. Since HbA1c is considered the gold 

standard for monitoring glycemic control and reflects a person’s glucose control for the preceding 8 to 10 

weeks 10, three-month of observation is deemed long enough to reflect the glucose control.   

Sample and Setting 

 This study will be conducted in Chengdu metropolitan area, which is the provincial capital of 

Sichuan province in Southwest China. One community health center will be selected from each of six 

urban districts in Chengdu metropolitan area: the Yulin community health center in Wuhou District, the 

Supo community health center in Qingyang District, the Longzhoulu community health center in Jinjiang 

District, the Caojiaxiang community health center in Jinniu District, the Shuanglin community health 

center in Chenghua District, and the Guixi community health center in Gaoxin District. The inclusion 

criteria for participation in the research are: (a) diagnosed with T2D; (b) able to read, write, and speak 

Chinese; (c)≥18 years of age; (d) a score of the Chinese version of Mini-Mental State Examination (C-

MMSE) > 24 (see Screening below); (e) no other chronic physical or mental disorders; and (f) mentally 

competent to give informed consent.  Patients will be excluded if they are pregnant, have been diagnosed 

with cancer or organ failure, refuse to participate in the proposed study, self-identified bilateral hearing 

loss, or cognitive impairment (inability to comprehend the informed consent). 

Sample Size 

 The Power Analysis and Sample Size Software was used for sample size calculation. Sample size 

was calculated based on the weakest correlation among all the tested variable pairs, that is, diabetes 
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knowledge and social support (r=.197). Assuming 80% power, type I error rate of .05, and attrition rate of 

20%, a total of 250 participants will be needed to detect the correlation coefficient of .197. This sample 

size will have a higher power to detect correlations with larger coefficient. 

Participant Recruitment 

 The research team will actively recruit participants from six selected community health centers. 

The principal investigator and her undergraduate mentors have established relationships with these 

community health centers and will be able to facilitate recruitment from these sites. An electronic medical 

database of the residents kept each community health center will also be used to identify patients with 

T2D in these communities. The research team will also have access to the database from which 

participants can be recruited. 

 Once the approval from the Ethics Committees for Clinical Trials and Biomedical Research in the 

Fourth People’s Hospital of Chengdu is obtained, patients who come to the local clinics for evaluations 

and care will be approached after agreeing to hear about the study by a research staff member, who will 

explain the study, provide a consent form for review, answer questions and seek their participation. 

Subjects who agree to participate will be screened on inclusion criteria. Screening (see Screening below) 

will take about 10 minutes. Those who meet study criteria will be entered into the study. In addition, 

advertisements about the study will be placed on buses and subways. Those interested in the study will be 

invited to the study site and asked to participate after reviewing study procedures and consent forms. 

Weekly and monthly recruitment goals will be set to ensure adequate progress on participant enrollment. 

If recruitment is slow, recruitment procedures will be reviewed, problems identified, and adjustments will 

be made so that participant accrual is conducted at a satisfactory rate. 

Screening 

 A questionnaire will be used to assess participants’ eligibility with questions on age, length of 

diabetes, period of time when starting diabetes treatment, provider referral, and willingness to participate. 

Since this population is at risk for cognitive impairment that may, in some cases, limit their capacity to 

provide consent 47, the C-MMSE will be administered to evaluate global cognitive functioning of all 
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eligible participants. The C-MMSE has been used among Chinese adults with T2D 48. Those who obtain a 

score <=23 will be excluded because subjects with such low scores were considered to have possible 

dementia 49. Potential participants with serious cognitive problems will be referred immediately to a 

mental health professional used by the respective community health centers.  

Reducing Attrition 

 There will be a potential problem with attrition of the proposed study because the 3 month 

follow-up for this longitudinal study design opens up to the problem of attrition. Steps that will be taken 

to reduce attrition include: informing subjects of the importance of continued participation in all aspects 

of the study; giving a subject incentive of ¥155 (about $25) Walmart gift card per completed data 

collection session; making telephone calls and sending a reminder card prior to scheduled data collections. 

A participant locator form will be completed for each subject entered in the study and at all data 

collection sessions to ensure proper contact information for follow-up visit is maintained. 

Data Collection and Procedures 

 After consenting to participate, each subject will be requested to come to the study site for 

baseline data collection in a private office at the research site. Baseline data collection will include 

administration of the following questionnaires: Demographic Data Form, the Diabetes Knowledge 

Questionnaire, the Health Education Form, the Provider-Patient Communication Scale, the Health Belief 

Scale, the Social Support Rating Scale, the Diabetes Self-Efficacy Scale, the Medical Coping Modes 

Questionnaire, the Diabetes Self-Care Scale, the Self-rating Depression Scale, and the Audit of Diabetes-

Dependent Quality-of-Life. At the 3 month follow-up data collections, all the measures will be 

administered again except the Demographic Data Form. Data collection from each participant should take 

about 60 minutes. The instruments will be administered by a trained research assistant as an interview to 

reduce respondent burden and to standardize the approach due to the differing response formats. If the 

participant becomes fatigued, the battery of questionnaires may be completed in two sessions.  

Training of Data Collectors 
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 In an effort to improve inter-rater reliability, data collectors will be trained to collect data for 

baseline and follow-up data collections. They will attend intensive training sessions at the beginning of 

the project, and periodic refresher sessions will be offered every 2 to 3 weeks to reinforce the basic 

training. Data collectors will practice conducting data collections and blood pressure measurement and 

these sessions will be monitored and each data collector will be certified. To control for measurement 

error, a data collection protocol manual will be developed that will include data collection protocol related 

specifically to each questionnaire and blood pressure measurement. The specific measures, including 

instruments and physical biomarkers, that will be used in this study are described below. 

Instruments 

 Demographics. This questionnaire is designed to collect background data from participants on 

their demographic characteristics, including age, gender, income, education, marital status, length of 

diabetes, health insurance, current treatment plan for diabetes, and relevant health history indicators.

 The diabetes knowledge questionnaire. Diabetes knowledge will be measured by the Chinese 

version of the Diabetes Knowledge Scale, which consists of 14 items. Participants will be scored on 

correct answers they provide in the Scale. The total score ranges from 0 to 14, with a higher score 

corresponding to a higher level of diabetes knowledge. The Cronbach’s alpha for the Scale was .62. The 

score was significantly higher in a group with more education (t[28]=2.83, p< .01), suggesting that the 

Chinese version had satisfactory construct validity 50.  

 The health education form. Information on health education in Figure 1 is based on self-reports. 

All participants will be asked if they have had received any form of diabetes education. If the answer is 

YES, the patient should answer the source of diabetes education. The source of diabetes education could 

be health care professionals, community consulting service, journals/books, TV/radio, internet and others. 

 The provider-patient communication scale. Provider-patient communication in Figure 1 will be 

measured by the Provider-Patient Communication Scale. The 5-item scale is scored on a Likert scale 

ranging from 0 to 6, where 0 indicates “strongly disagree” and 6 indicates “strongly agree”. High scores 

indicate a person who is confident in their capability to communicate with healthcare professionals and 
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knows means to get access to healthcare service in order to meet their needs. The Cronbach’s alpha 

coefficient is reported at .929, indicating excellent internal consistency 12.  

 The health belief scale. Health beliefs (i.e., personal motivation in Figure 1) refer to one’s 

perceptions about T2D and how it can be treated 51. The Health Belief Scale was developed based on the 

Health Belief Model by Yamei Chen 51. The 20-item scale comprises 5 subscales (perceived susceptibility, 

perceived benefits, perceived severity, perceived barriers, and cues to action) and uses a 5-point Likert 

scale ranging from 1 (strongly disagree) to 5 (strongly agree). A higher score represents stronger health 

beliefs. The content validity index is .81, the test-retest reliability ranges from .78 to .82, and the 

Cronbach’s alpha is .79 51. 

 The social support rating scale. Social support (i.e., social motivation in Figure 1) will be 

measured by the Social Support Rating Scale 52. The 10-item instrument measures aspects of objective 

social support (3 items), subjective social support (4 items) and usage of social support (3 items). The 

item scores range from 14 (worst possible social support) to 66 (best possible social support) 52. The test-

retest reliability coefficient and the internal consistency of the scale are .92 and .88-.94, respectively 34.  

 The diabetes self-efficacy scale. Diabetes self-efficacy will be measured with the 7-item Chinese 

version of the Diabetes Self-Efficacy Scale, which evaluates how confident participants are while 

performing DSM behaviors. The items are scored on a 5-point Likert-type scale, with a higher score 

corresponding to a higher self-efficacy in performing DSM behaviors. The Chinese version of the 

Diabetes Self-Efficacy Scale has a Cronbach’s alpha of .87. Factor analysis showed that seven items were 

loaded on five factors, which explains 97.9% of the variance, and the five factors indicated confidence in 

performing five DSM behaviors 50. 

 The medical coping modes questionnaire. Coping strategies in Figure 1 will be measured by 

the 20-item Chinese version of the Medical Coping Modes Questionnaire. It assess 3 forms of coping 

strategies associated with chronic illness: confrontation, avoidance, and acceptance-resignation 53. Items 

are answered on a four-point Likert scale ranging from 1 (never) to 4 (very often). Scores from the three 

subscales are compared, and the highest score indicates the corresponding dominant pattern of coping 
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utilized by the participant. The Cronbach’s alpha for the confrontation, avoidance, and acceptance-

resignation subscales is reported at .69, .60, .76, respectively 53.  

 The diabetes self-care scale. DSM in Figure 1 will be measured by the 26-item Diabetes Self-

Care Scale, which is comprised of 6 subscales: diet modification, taking medications, SMBG, foot care, 

physical activity, and regulating highs and lows in blood glucose. Responses for each item range from 1 

(never) to 5 (very often). Total score can range from 26 to 130 by adding up scores of 6 subscales, with 

higher scores indicating better overall DSM performance. The construct validity is .68, and the 

Cronbach’s alpha is .87 54. 

 The self-rating depression scale. Depressive symptoms in Figure 1 will be assessed using the 

Self-Rating Depression Scale, a 20-item self-administered questionnaire 55. Each item is rated on a four-

point Likert scale, ranging from 1 (very seldom) to 4 (most of the time) and computed as an original score, 

then multiplied by 1.25 to get the standard score. A score ranges from 53 to 62 indicates mild depressive 

symptoms, a score ranges from 63 to 72 indicates moderate depressive symptoms, and a score higher than 

72 indicates severe depressive symptoms 56. 

 The audit of diabetes-dependent quality of life. Diabetes-related quality of life in Figure 1 will 

be measured by the Chinese version of Audit of Diabetes-Dependent Quality of Life, which measures 

both generic and diabetes-specific quality of life. The first two overview items assess generic quality of 

life on a seven-point Likert scale (-3 [extremely bad] to 3 [excellent]) and quality of life without diabetes. 

A five-point scale (-3 to +1) evaluates the influence of diabetes by asking participants how they would 

like to rate their quality of life if they did not live with diabetes. The subsequent 19 items evaluates 

diabetes-specific quality of life. A five-point scale (-3 to +1) evaluates the influence of diabetes by asking 

participants what specific aspects of their life would be if they did not live with diabetes. The importance 

of each aspect on their life is scored on a four-point scale (0 to 3). The two ratings are then multiplied and 

summed for a final impact score which ranges from -9 to 3, with more negative scores suggesting worse 

quality of life. A score of 0 is assigned to “unimportant” domains, regardless of the magnitude of its 

impact. Similarly, a score of 0 is assigned to items with no impact of diabetes, regardless of their 
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importance to quality of life. The average weighted rating score is obtained by dividing the sum of 

weighted ratings for applicable domains by the number of the applicable domains. Strong reliability 

(Cronbach’s alpha=.941) has been reported 57. Factor analysis showed that all items had high performance 

in the structural validity evaluation, with most factor loading values being larger than .40 (varied from .44 

to .88) 57. 

Physical Markers 

 Physical markers include HbA1c, blood pressure, and blood lipids. All blood samples will be 

processed at the Clinical Laboratory of the Fourth People’s Hospital of Chengdu. After collection, the 

fresh venous blood samples will be immediately transported at 4°C temperature to the Clinical Laboratory 

within 2 hours. The samples will then be placed in a deep freezer and stored at -80°C until assays start. 

 HbA1c. HbA1c will be used as a marker of T2D and glycemic control and will be analyzed from 

whole blood samples (4 ml). Analysis will be conducted using high performance liquid chromatography, 

with standardization through commercial available assays (coefficient of variation<2%).  

 Blood pressure. Blood pressure will be obtained by a trained nurse using a standard 

sphygmomanometer for a minimum of 2 consecutive readings at intervals of at least 1 minute, based on 

the American Heart Association guidelines 58. The seated participant should have his/her back supported 

and the upper arm bared, with legs uncrossed and feet on the ground. The arm should be placed in the cuff 

at the heart level. The mercury column should be deflated at 2 to 3 mm/s, and the first and last audible 

sounds should be taken as systolic and diastolic pressure. Both the participant and the nurse must remain 

still and silent during the procedure for the most accurate reading. The average of those readings will be 

used to represent the patient’s blood pressure.  

 Blood lipids. Blood lipids include TC, HDL-C, LDL-C, and triglycerides (TG). Analysis of 

blood lipids will be conducted using enzymatic colorimetric test, with standardization through 

commercial available assays (coefficient of variation<2%). Fasting serum samples will be collected in the 

morning after 8 hours fasting.  

Patient and Public Involvement 
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 The development of the research question and outcome measures were informed by previously 

published research studies that engaged patients’ experience. We did not involve patients in the study 

design, recruitment, and conduct of the study. Both the baseline and three-month outcomes on blood 

pressure, HbA1c, and blood lipids will be mailed to each participant. After we finish the data analysis, we 

will present the study findings in lay terms to study participants who were enrolled in our study.  

Data Analyses  

Data analyses for Aim 1: Linear regression models will be applied to assess the associations 

between baseline DSM behaviors and baseline DSM-related information variables, motivation variables, 

and behavioral skills variables, respectively, controlling for age, gender, differences in diabetes treatment, 

duration of diabetes diagnosis, and prior diabetes DSM education at baseline.  

Data analyses for Aim 2: Linear regression models will be applied to assess the associations 

between baseline health outcomes (i.e., HbA1c, blood pressure, blood lipids, diabetes-dependent quality 

of life) and DSM-related information, motivation, behavioral skills, and DSM behaviors at 3 months 

follow-up, respectively, controlling for age, gender, differences in diabetes treatment, duration of diabetes 

diagnosis, and prior diabetes DSM education at baseline.  

Data analyses for Aim 3: Both baseline and 3-month follow-up measures will be used for Aim 3. 

Structural equation modeling will be used to explore the fit of the data to the IMB-DSM model. Data will 

be first assessed whether they meet the assumptions of maximum likelihood estimation of structural 

equation modeling. Then, hypotheses on structural relations among the IMB-DSM model concepts will be 

assessed with an analysis of the magnitude and direction of direct effects as well as indirect effects, which 

indicate mediation. Significant indirect effects occur when the association of a predictor with an outcome 

results from the predictor being linked to a third variable. The model will be evaluated using goodness-of-

fit statistic (χ2), the comparative fit index (CFI), the root mean square error of approximation (RMSEA), 

and the standardized root mean residual (SRMR). A statistically nonsignificant χ2 (p>.05) indicates a 

good fit between the data and the hypothesized model. A high CFI value (≥.95), a low SRMR value 

(≤.08), and a low RMSEA value close to 0 (<.05) are desirable 59. 
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Moderators will be tested by doing multi-group testing in AMOS 23. Consistent with a prior 

similar study 14, to examine whether depressive symptoms, female gender, and educational level moderate 

the relationships in the model, multi-group analysis will be used to compare if there is a significant 

difference between a constrained model (i.e., a model in which the coefficients are set equal across the 

groups) and an unconstrained model (i.e., a model in which these coefficients are allowed to vary freely). 

A significant difference between these two models indicates significant differences among the groups. A 

number of nested models will be tested to see where the differences are. 

Ethics and Dissemination 

 The study poses little to no risk to participants and their families. Signed informed consent will be 

obtained from all participating families. Participation in the study does not interfere with the usual care 

patients receive in the primary care settings. Results from this study will be disseminated at regional and 

international conferences and in peer-reviewed journals. 

Figure Legend 

 Figure 1. The DSM-IMB Model 
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Figure 1. The DSM-IMB Model  
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