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AbstrACt
Introduction Currently, China leads the world in the 
number of people with diabetes, making it home to a 
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 (DSM) is defined as everyday behaviours 
that persons carry out to control diabetes. Consistent 
findings have been reported that level of compliance 
to suggested DSM behaviours is not considered 
optimal among Chinese adults with type 2 diabetes 
(T2D). The underlying reasons for suboptimal DSM 
behaviours among Chinese adults are not well known 
and no conceptual model has been developed to guide 
DSM interventions in this population. Although the 
information-motivation-behavioural skills model has 
been tested among Chinese adults with T2D, 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 DSM 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 T2D 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, haemoglobin A1c, blood pressure and blood lipids 
at baseline and 3-month follow-up. Main analyses 
comprise linear regression modelling controlling for 
covariates and structural equation modelling.
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.
trial registration number ChiCTR-ROC-17013592.

IntroduCtIon  
Diabetes is a global public health challenge 
because of its high prevalence and associ-
ated mortality and morbidity. The estimated 
number of individuals with diabetes is esti-
mated to increase from 425 million in 2017 
to 649 million in 2045 worldwide, with over 
75% of people with diabetes residing in 
low-income 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 twofold rise over the 
past decade.2 About 90%–95% of people with 
diabetes have type 2 diabetes (T2D).3 Individ-
uals 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 behaviours that 

strengths and limitations of this study

 ► This study will recruit and follow-up Chinese adults 
with diabetes for 3 months, and test the informa-
tion-motivation-behavioural skills model of diabetes 
self-management longitudinally for the first time.

 ► This study relies primarily on self-reported mea-
sures and the  objective, observable levels of dia-
betes self-care behaviours that  should be used in 
future studies.

 ► The study will be conducted in Chengdu, a city in 
South-Western China, and therefore the findings of 
the study may not be generalised to other parts of 
China, and the chosen centres are not from areas 
that are representative of the general Chinese popu-
lation with regards to socioeconomic status.

 ► This is a descriptive, repeated-measure study. A 
randomised-controlled trial with a group of patients 
receiving no DSM interventions would have been 
desirable to test the model.

http://bmjopen.bmj.com/
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persons carry out to control T2D, including self-moni-
toring blood glucose (SMBG), dietary changes, engaging 
in regular physical activity, diabetes foot care, managing 
high or low blood glucose, taking prescribed medica-
tions and smoking cessation.5 6 DSM is complex, and 
involves major lifestyle changes which need to become 
a part of a person’s daily routine and require high levels 
of adherence to these lifestyle changes.7 

Mounting evidence has consistently demonstrated 
that better DSM was associated with improved health 
outcomes, including lower haemoglobin A1c (HbA1c) 
levels,8 better quality of life9 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 long-
term behavioural changes.11 This suggests a critical need 
for a comprehensive and well-tested conceptual model to 
guide future DSM interventions.

Although the information-motivation-behavioural 
(IMB) skills model has been tested among Chinese 
adults with T2D,12 some key components of the orig-
inal 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 Addition-
ally, 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 concep-
tual model based on the IMB model is needed to take 
into 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 interven-
tion studies based on this model will show whether the 
intervention works, and why it works and under what 
conditions it works.

Conceptual framework
Overview of the IMB model
IMB provides 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 (B) The 
IMB model adequately captures essential concepts 
which have been well supported in the literature to 
improve DSM behaviours, including information (eg, 
diabetes knowledge), motivation (eg, social support) 
and behavioural skills (eg, diabetes self-efficacy). The 
model postulates that individuals are more likely to 
take health-related actions, such as DSM behaviours, 
if they are well informed, highly motivated (person-
ally and socially), and have adequate and appropriate 
behaviours, and thus, experience positive health 
outcomes.15 The model is based on three constructs: 
information, motivation and behavioural skills. For 

behaviours that are complex such as DSM, infor-
mation and motivation are thought to work largely 
through behavioural skills to initiate and maintain 
the behaviour at focus, and the behaviour is directly 
linked to health outcomes, which, in turn, are believed 
to affect one’s maintenance of the behaviour through 
a feedback loop that influence one’s future levels of 
IMB skills over time.16 17 The IMB model further postu-
lates that favourable health outcomes may strengthen 
an individual’s IMB skills to perform the behaviour 
in future. In contrast, unfavourable health outcomes 
may cause an individual to lose confidence in his or 
her knowledge, motivation and behavioural skills to 
perform the behaviour over time.17

Overview of the IMB-DSM model
Figure 1 portrays the overarching conceptual framework 
of this study. The IMB-DSM model provides comprehen-
sive insight into 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-related motivation, DSM-related 
behavioural skills, DSM behaviours, health outcomes and 
moderators. Consistent with the original IMB assump-
tions, the IMB-DSM model asserts that DSM-related IMB 
skills are fundamental determinants of DSM behaviours. 
DSM-related information and motivation are proposed 
to work primarily through behavioural skills to affect the 
initiation and maintenance of DSM behaviours. DSM 
behaviours lead to health outcomes, which, in turn, can 
influence one’s future maintenance of the behaviour 
through a feedback loop that affects one’s levels of 
DSM-related IMB skills over time. The proposed modera-
tors can influence the relationship among the variables in 
the IMB-DSM model. Each part of the IMB-DSM model is 
presented in detail below.

DSM-related information
DSM-related information is a necessary but insufficient 
prerequisite for DSM behaviours. The link between 
DSM-related information and DSM behaviours has been 
well established in the literature. DSM-related informa-
tion includes knowledge of diabetes, health education 
and provider-patient communication. A positive rela-
tionship was found between knowledge of diabetes and 
overall DSM performance,18–20 exercise, foot care,21 diet 
control, or SMBG22 in some studies, but not others.23 24 
A significantly positive relationship was reported between 
health education, overall DSM performance25–27 and 
some specific DSM behaviours, such as diet modification, 
foot care, managing high or low blood glucose, SMBG, 
exercising, taking prescribed medications, smoking 
cessation.25 28 29 Three studies examined the relation-
ship between provider-patient communication and 
DSM behaviours, and found that better provider-patient 
communication was an independent, direct predictor of 
better overall DSM performance.12 24 30
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DSM-related motivation
Another fundamental determinant of DSM behaviours 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 behaviours and evalua-
tions 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

In the IMB-DSM model, health beliefs are used to 
conceptualise personal motivation. Perceived suscepti-
bility, perceived barriers, perceived benefits, or cues to 
action have each been related to overall DSM perfor-
mance and all DSM behaviours except smoking cessation 
positively.13 32 There was inconsistent evidence on the rela-
tionship between perceived severity and DSM behaviours. 
Yu13 reported a negative association, whereas Sun and 
co-workers11 reported a positive association. One possible 
explanation for the inconsistency between perceived 
severity and DSM behaviours involves the fact that both 
studies are cross-sectional. Thus, a person who is currently 
engaging in DSM behaviours may perceive himself or 
herself as not being at risk and may report few feelings of 
severity. Alternatively, a person who is presently engaging 
in less DSM behaviours 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 perfor-
mance, 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 behavioural skills
Behavioural skills involve objective and perceived 
skills for performing DSM behaviours and a feeling 
of confidence for doing so.31 In the IMB-DSM model, 
behavioural skills include diabetes self-efficacy and 
positive coping strategy. A large number of studies 
have reported a consistently strong association between 
levels of self-efficacy and DSM behaviours, 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 consis-
tent 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 Alterna-
tively, 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 Avoid-
ance had negative effects on taking medications13 32 and 
regulating highs and lows in blood glucose.32

One cross-sectional study supported the role of DSM-re-
lated behavioural skills as a mediator between DSM-re-
lated information, motivation and DSM behaviours. 
Data on demographics, provider-patient communica-
tion, 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=0.41, p<0.001), social support 
(β=0.19, P=0.007) and provider-patient communica-
tion (β=0.12, p=0.037) to DSM behaviours. Paths from 
provider-patient communication to self-efficacy (β=0.23, 

Figure 1 The DSM-IMB model. DSM, diabetes self-management; HbA1c, haemoglobin A1c; IMB, informatiom-motivation-
behaviour.
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p<0.001) and from social support to self-efficacy (β=0.19, 
p<0.05) were significant and positive. Structural equa-
tions modelling showed that self-efficacy mediated the 
effects of social support (indirect effect β=0.08, p=0.008) 
and provider-patient communication (indirect effect 
β=0.09, p=0.002) on DSM behaviours.12 Overall, the study 
provided support for the specific direct and mediating 
relationships between DSM-related IMB skills and DSM 
behaviours. However, one limitation of this study is that 
the adapted IMB model does not include all relevant 
constructs. For example, information on personal motiva-
tion was not collected. Therefore, the study only partially 
tested the IMB model.

DSM behaviours
DSM behaviours 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 Asso-
ciation,10 individuals with T2D are encouraged to 
increase intake of whole grains, fibre, vegetables and 
fruits, and to reduce intake of total and saturated fat, 
sugar-flavoured beverages and high-calorie snacks. 
They are also encouraged to engage in 150 min or 
more of moderate-intensity to vigorous-intensity phys-
ical activity per week, and to lose about 5%–7% of 
initial body weight if they are overweight/obese.

Health outcomes
The IMB-DSM model asserts that DSM behaviours 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. 
DSM behaviour was directly related to glycaemic control 
(β=-0.02, p=0.007),30 total cholesterol (TC)/high-den-
sity lipoprotein cholesterol (HDL-C) (β=-.31, p<0.001) 
and low-density lipoprotein cholesterol (LDL-C)/
HDL-C (β=-.30, p<0.001).12 It is not clear whether 
DSM behaviours are directly related to blood pressure 
in Chinese adults with T2D; this will be examined in 
this proposed study. Compared with the general popu-
lation, people affected by T2D consistently reported 
diminished health-related quality of life.41 However, 
the association of DSM behaviours 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 
behaviours, and that the extent of moderation is based 
on levels of the moderator. High levels of moderators 
are assumed to directly influence DSM behaviours, 
whereas lower levels of moderators are assumed to act 
through the IMB-DSM model constructs to influence 
DSM behaviours and will not obscure the relationships 
between these constructs and DSM behaviours. These 
moderators include depressive symptom, female 
gender and educational level.

Depressive symptoms have been consistently found 
to negatively affect DSM behaviours, 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 coun-
terparts.13 45 People with a higher educational level 
tended to manage their diabetes better, compared 
with 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 behaviours and DSM-related 
IMB 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
In the proposed study, we will refine and longitudinally 
test 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 behaviours, controlling for age, gender, duration of 
diabetes diagnosis, differences in diabetes treatment and 
prior diabetes DSM education.

Research question (RQ): Among baseline DSM-related 
IMB skills, which is most strongly related to baseline DSM 
behaviours?

Aim 2: To examine the feedback loop as described 
in the original IMB model by investigating the rela-
tionships between baseline health outcomes (HbA1c, 
blood pressure, blood lipids and diabetes-dependent 
quality of life) and DSM-related information, motiva-
tion, behavioural skills and subsequent DSM behaviours 
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, 
behavioural skills and subsequent DSM behaviours at 
3-month follow-up?

RQ2: What is the relationship between baseline blood 
pressure and DSM-related information, motivation, 
behavioural skills and subsequent DSM behaviours at 
3-month follow-up?
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RQ3: What is the relationship between baseline blood 
lipids and DSM-related information, motivation and 
behavioural skills and subsequent DSM behaviours at 
3-month follow-up?

RQ4: What is the relationship between baseline diabe-
tes-dependent quality of life and DSM-related informa-
tion, motivation, behavioural skills and subsequent DSM 
behaviours at 3-month follow-up?

Aim 3: In Chinese adults with T2D, to examine medi-
ating and moderating factors associated with DSM 
behaviours at baseline and the 3-follow-up period.

RQ1: Are behavioural skills (diabetes self-efficacy and 
coping strategies) mediators of DSM behaviours at base-
line and the 3-month follow-up period?

RQ2: Are depressive symptoms, female gender and 
educational level moderators of DSM behaviours at base-
line and the 3- follow-up period?

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 base-
line DSM behaviours, the potential moderators and medi-
ators, and investigate the relationship between baseline 
health outcomes and DSM-related information, motiva-
tion, behavioural skills and subsequent DSM behaviours 
at 3-month follow-up. Data will be collected at two time 
points, 3 months apart. Since HbA1c is considered the 
gold standard for monitoring glycaemic control and 
reflects a person’s glucose control for the preceding 8–10 
weeks,10 3 months of observation is deemed long enough 
to reflect the glucose control.

sample and setting
This study will be conducted in the Chengdu metro-
politan area, which is the provincial capital of Sichuan 
province in South-West China. One community health 
centre will be selected from each of six urban districts 
in the Chengdu metropolitan area: the Yulin commu-
nity health centre in Wuhou District, the Supo commu-
nity health centre in Qingyang District, the Longzhoulu 
community health centre in Jinjiang District, the Caoji-
axiang community health centre in Jinniu District, 
the Shuanglin community health centre in Chenghua 
District, and the Guixi community health centre 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) At least 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 disor-
ders. (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, or have 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=0.197). Assuming 80% power, type I error rate of 0.05, 
and attrition rate of 20%, a total of 250 participants will 
be needed to detect the correlation coefficient of 0.197. 
This sample size will have higher power to detect correla-
tions with a larger coefficient.

Participant recruitment
The research team will actively recruit participants from 
six selected community health centres. The principal 
investigator and her undergraduate mentors have estab-
lished relationships with these community health centres 
and will be able to facilitate recruitment from these 
sites. An electronic medical database of the residents 
kept at each community health centre 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 approval from the Ethics Committees for Clinical 
Trials and Biomedical Research in the Fourth People’s 
Hospital of Chengdu has been 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 partici-
pate will be screened on inclusion criteria. Screening 
(see Screening below) will take about 10 min. 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 enrolment. If recruit-
ment 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’ eligi-
bility with questions on age, length of diabetes, period 
of time when starting diabetes treatment, provider 
referral and willingness to participate. Since this popu-
lation 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 eligible participants. The C-MMSE has 
been used among Chinese adults with T2D.48 Those who 
obtain a score of up to 23 will be excluded because subjects 
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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 
centres.

reducing attrition
The proposed study will face a potential problem with 
attrition because the 3-month follow-up for this longi-
tudinal study design opens up to the problem of attri-
tion. Steps that will be taken to reduce attrition include: 
informing subjects of the importance of continued partic-
ipation in all aspects of the study; giving a subject incen-
tive of ¥155 (about $25) Walmart gift card per completed 
data collection session; making telephone calls and 
sending a reminder card prior to scheduled data collec-
tions. A participant locator form will be completed for 
each subject entered in the study and at all data collection 
sessions, to ensure that proper contact information for 
the 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. Base-
line data collection will include administration of the 
following questionnaires: Demographic Data Form, the 
Diabetes Knowledge Questionnaire, the Health Educa-
tion 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 min. The instruments will be administered by 
a trained research assistant as an interview to reduce 
respondent burden and to standardise 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, data collec-
tors 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 peri-
odic refresher sessions will be offered every 2–3 weeks to 
reinforce the basic training. Data collectors will practise 
conducting data collections and blood pressure measure-
ment 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 specifi-
cally to each questionnaire and blood pressure measure-
ment. 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. Cronbach’s α for 
the scale was. 62. The score was significantly higher 
in a group with more education (t(28)=2.83, p<0.01), 
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 
healthcare 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 knows means to get access 
to healthcare service in order to meet their needs. The 
Cronbach’s α coefficient is reported to be 0.929, indi-
cating excellent internal consistency.12

The health belief scale
Health beliefs (ie, 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 five subscales (perceived suscep-
tibility, 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 0.81, the test-retest 
reliability ranges from 0.78 to 0.82, and the Cronbach’s 
α is 0.79.51
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The social support rating scale
Social support (ie, 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 (three items), subjective social support (four 
items) and usage of social support (three items). The 
item scores range from 14 (worst possible social support) 
to 66 (best possible social support).52 The test-retest reli-
ability coefficient and the internal consistency of the scale 
are 0.92 and 0.88–0.94, 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 behaviours. The items are scored on a 5-point 
Likert-type Scale, with a higher score corresponding to a 
higher self-efficacy in performing DSM behaviours. The 
Chinese version of the Diabetes Self-Efficacy Scale has a 
Cronbach’s α of 0.87. 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 behaviours.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 assesses three forms of coping strategies 
associated with chronic illness: confrontation, avoidance 
and acceptance-resignation.53 Items are answered on a 
4-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 used by the participant. 
The Cronbach’s α for the confrontation, avoidance and 
acceptance-resignation subscales is reported at 0.69, 0.60, 
0.76, respectively.53

The diabetes self-care scale
DSM in figure 1 will be measured by the 26-item Diabetes 
Self-Care Scale, which comprises six subscales: diet modi-
fication, 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 six subscales, with higher scores indicating 
better overall DSM performance. The construct validity 
is 0.68, and Cronbach’s α is 0.87.54

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 4-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 ranging from 53 
to 62 indicates mild depressive symptoms, a score ranging 
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 Diabe-
tes-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 
7-point Likert Scale (−3 (extremely bad) to 3 (excel-
lent)) and quality of life without diabetes. A 5-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 evaluate diabetes-specific quality 
of life. A 5-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 4-point scale (0 to 3). The two ratings are then multi-
plied 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 ‘unim-
portant’ 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 α=0.941) has 
been reported.57 Factor analysis showed that all items 
had high performance in the structural validity eval-
uation, with most factor loading values being larger 
than 0.40 (varied from 0.44 to 0.88).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 a tempera-
ture of 4°C 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 glycaemic 
control and will be analysed from whole blood samples 
(4 mL). Analysis will be conducted using high-perfor-
mance liquid chromatography, with standardisation 
through commercially 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 two 
consecutive readings at intervals of at least 1 min, based 
on the American Heart Association guidelines.58 The 
seated participant should have his/her back supported 
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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 
2–3 mm/s, and the first and last audible sounds should be 
taken as systolic and diastolic pressures. Both the partici-
pant 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. 
Analysis of blood lipids will be conducted using enzymatic 
colorimetric test, with standardisation through commer-
cially available assays (coefficient of variation <2%). 
Fasting serum samples will be collected in the morning 
after 8 hours fasting.

Patient and public involvement
The development of the RQ and outcome measures 
was 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 3-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 partici-
pants 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 behaviours and baseline DSM-related information 
variables, motivation variables and behavioural skills vari-
ables, 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 (ie, HbA1c, blood pressure, blood lipids, diabe-
tes-dependent quality of life) and DSM-related informa-
tion, motivation, behavioural skills, and DSM behaviours 
at 3-month 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 modelling 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 like-
lihood estimation of structural equation modelling. 
Then, hypotheses on structural relations among the 
IMB-DSM model concepts will be assessed with an anal-
ysis of the magnitude and direction of direct effects 
as well as indirect effects, which indicate mediation. 
Significant indirect effects occur when the associa-
tion 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 standardised 
root mean residual (SRMR). A statistically non-signifi-
cant χ2 (p>0.05) indicates a good fit between the data 
and the hypothesised model. A high CFI value (≥0.95), 
a low SRMR value (≤0.08), and a low RMSEA value close 
to 0 (<0.05) are desirable.59

Moderators will be tested by doing multigroup testing 
in Analysis of a moment structures (AMOS 23). Consis-
tent 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 (ie, 
a model in which the coefficients are set equally across 
the groups) and an unconstrained model (ie, 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.
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