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ABSTRACT

Introduction Research on the needs and preferences of
patients with poorly controlled type 2 diabetes mellitus
(T2DM) with mobile health (mHealth) service is limited.
With the principles of co-production, this study aims to
address this research gap by exploring the health needs of
Chinese patients with poorly controlled T2DM.

Methods and analysis This study uses a three-phase,
exploratory sequential mixed-method design. Phase 1
aims to assess the health needs of patients with poorly
controlled T2DM by conducting semi-structured interviews
with patients, doctors and nurses. Participants will be
recruited by purposive sampling with maximum variation.
Content analysis will be employed. Phase 2 will form

item generation and develop the mHealth need scale. The
scale will be subject to pilot testing and psychometric
evaluation, including content validity, construct validity,
discriminant validity, internal validity and test-retest
reliability. Phase 3 will explore the priority of health needs
perceived by patients with poorly controlled T2DM through
a cross-sectional study. The measurement tools include
an mHealth needs scale, the Summary of Diabetes Self-
care Activities Questionnaire, the Diabetes Empowerment
Scale-Short Form, the Diabetes Health Literacy Scale

and the eHealth Literacy Scale. Multiple regression
techniques with a hierarchical block design will be used
for the model building to identify the factors contributing
to the heterogeneity of the perceived mHealth needs. The
findings of phase 1 and phase 3 will be integrated using
data correlation, comparison and consolidation.

Ethics and dissemination The Ethics Committee of the
School of Nursing, Sun Yat-sen University, has approved
this study (No. 2021ZSLYEC). The results of this study will
be disseminated through conference presentations and
peer-reviewed publications.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is the most
common type of diabetes mellitus in China.
The guidelines of the International Diabetes
Federation and American Diabetes Association
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study uses a sequential mixed-method design
and a co-production philosophy from multistake-
holder perspectives to improve the robustness and
credibility of the findings.

= This study will develop a simple and easy-to-use
instrument with sound psychometric properties to
evaluate the mobile health needs of patients with
poorly controlled type 2 diabetes for clinical re-
search in the future.

= Participants will be recruited from two tertiary hos-
pitals in the first-tier city of China, which may limit
the generalisability of the study results.

recommended that the ideal goal of the glycated
haemoglobin Alc (HbAlc) value is less than
7.0% for adult patients with diabetes.'* However,
a retrospective longitudinal study from five
countries in Europe and the USA showed that
81.9%~96.6% of the patients with diabetes
in different countries had not reached the
ideal HbAlc goal.” Similarly, about 76% of the
patients with diabetes have not achieved the
glycaemic target in China.*

Poor glycaemic control will lead to various
potentially life-threatening microvascular and
macrovascular complications,5 % and a series of
psychological problems, such as anxiety,7 depres-
sion symptoms®? and diabetes distress.'” Several
studies observed that patients with poorly
controlled T2DM tended to have a high level
of negative disease appraisal and psychological
distress compared with their counterparts.'' ™
Besides, they will also have prolonged hospital-
isation, frequent consultations and increased
healthcare expenditure.” '

There has been a burgeoning interest in
integrating new technology into developing
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diabetes interventions to promote patients’ active self-
management engagement. Mobile health (mHealth) tech-
nology, especially mobile applications, is becoming one
of the mainstreams to deliver high-quality and permeable
healthcare services.'” '® An increasing number of reviews
have revealed that mHealth-assisted self-management
interventions are effective in improving health literacy,
self-efficacy and self-management activities among
patients with diabetes in the short-term.'” '® However,
literature investigating the effectiveness of mHealth inter-
ventions among patients with poorly controlled diabetes
remains scarce.' Patients with poorly controlled T2DM
usually suffer from comorbidities, making their needs
more challenging and complicated, which consequently
poses a significant challenge in prompting complex and
continuous care.”® 2 So far, there is limited evidence
about how the mHealth interventions address the needs
perceived by patients with poorly controlled diabetes and
engage them in self-management commitment. A robust
investigation of the health needs of patients with poorly
controlled T2DM must guarantee that the mHealth inter-
vention fully matches users’ characteristics and produces
added value in the trajectory of diabetes self-management.

Using a user-centre co-production approach is helpful to
obtain more breadth and depth information about the health
needs of patients with poorly controlled T2DM. Inspired by
the co-production philosophy, patients are not merely recip-
ients of health services but also contribute to designing and
delivering health services as partners of healthcare profes-
sionals.?! Patients and healthcare providers (HCPs) have
different roles and work together to various degrees in
diabetes management. Patients play a core role in helping
to identify complex and changeable unmet health needs.™
HCPs provide medical services and professional guidance in
the co-production of health services.

Therefore, this study aims to address the afore-
mentioned research gaps by using the co-production
approach to explore the health needs of patients with
poorly controlled T2DM from multistakeholder perspec-
tives in the area of mHealth.

Aims

The project aims to: (1) explore the health needs of
patients with poorly controlled T2DM under mHealth
background using a co-production approach; (2)
develop the mHealth needs scale and establish the
psychometric properties of the prototype tool; (3)
explore the priority of health needs of patients with
poorly controlled T2DM; and (4) explore the role
of self-management behaviour, self-efficacy, health
literacy and eHealth literacy on the health needs of
patients with poorly controlled T2DM.

METHODOLOGY

Design

This sequential three-phased mixed-method study will
mainly explore the health needs of patients with poorly

controlled T2DM (figure 1). During phase 1, data will be
collected from multistakeholder perspectives, including
patients, doctors and nurses. In phase 2, a self-developed
questionnaire will be designed to assess the mHealth
needs based on qualitative interview results, relevant
literature reviews and a panel of expert consultations. In
phase 3, a cross-sectional study will be carried out among
poorly controlled patients with T2DM to explore the
priority of different health needs.

Phase 1: to explore the health needs (qualitative research)
Participants, recruitment and setting

Participants, including patients with poorly controlled
T2DM, doctors and nurses, will be recruited from
the tertiary hospitals’ outpatient and endocrinology
departments through purposeful sampling with the
maximum variation.”> Patients will be eligible if they
meet the following criteria: (1) adults (age =218 years)
patients diagnosed with T2DM, (2) with HbAlc 27.0%
in the last 3months and (3) being able to provide
informed consent. Exclusion criteria are as follows:
patients with a malignant tumour, sensory or mental
disability and severe acute or chronic complications
(such as end-stage renal disease, blindness and heart
failure). Interviews with doctors and nurses could
facilitate a multidisciplinary analysis of diabetes care.
The inclusion criteria for doctors and nurses are (1)
registered nurse or registered doctor with a bache-
lor’s degree or above, (2) more than 5years of work
experience in the endocrinology department and (3)
being able to provide informed consent. Recruitment
continues until the result achieves thematic satura-
tion in the analysis. We anticipate conducting inter-
views with approximately 30 patients and 20 HCPs.

Data collection

The semi-structured interview guides will be developed
based on the constructs of the Capability, Opportunity,
Motivation, and Behaviour (COM-B) model (online
supplemental file 1).** The COM-B model proposes three
interacting domains (competence, opportunity and moti-
vation). The patients and HCPs will provide information
related to questions about capability (knowledge and
skills, opinions towards mHealth technology), opportu-
nity (support from mHealth technology) and motivation
(emotion, confidence and intention) that may influence
patients’ behaviours. The interview guide will be pilot
tested among patients (n=3), doctors (n=3) and nurses
(n=3) to identify the coverage and relevance of the content
of the preliminary guide and to explore the possible need
to modify questions. Interviews with patients and HCPs
will be conducted in parallel to explore emerging themes
across the participant groups.

After obtaining demographic information and
informed consent, a research assistant will conduct a face-
to-face and semi-structured interview with eligible partici-
pants in a private and quiet place. Each interview will last
for about 40—60 min. All interviews will be audio-recorded.
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Purpose :
® To explore health needs

Data integration

@ Synthesis of findings of
phase 1 and phase 3
through joint displays

Participants:
Patients, doctors, and nurses
Phase 1 :
Qualitative Metlllods: . .
Semi-structured interviews
research
Purpose :
® To develop the scale of the mHealth need
st . ® The items pool will be formed based on qualitative results
ep A: hase D). li . drel .
Item generation (phase 1), literature review, and relevant expertise.
‘ ® To develop the first draft of the mHealth needs scale.
Phase 2 : Step B: ® The content validation of questionnaire will be
Development of Content validation evaluated by the Delphi expert consultation.
questionnaire ‘
Step C: ® To modify and adjust the first version of the mHealth
Pilot test needs scale.
Step D: ® The psychometric properties of the mHealth need scale
The psychometric will be evaluated by a cross-sectional study.
properties of the mHealth
need scale
Purpose :
® To explore the priority of health needs
Participants:
Phase 3 o Patients
Quantitative Methods:
research A cross-sectional study
Figure 1 Conceptual framework of the exploratory sequential mixed-method study.

Telephone interviews through WeChat, the most widely
used social media platform in China, will be offered as
an alternative to face-to-face interviews. Within 24 hours
after the interview, the researcher will create the verbatim
transcript. Respondents will confirm the data to ensure
accuracy. All data will be managed and analysed by NVivo
V.12 software.”

Qualitative data analyses

The content analysis approach will be used to analyse
qualitative data.”® This involves a coding process of mean-
ingful units and developing categories and themes. Two
investigators (QX and YW) will transcribe the interview
and gain a sense of the whole by reading the transcripts
iteratively. Coding will be performed by identifying mean-
ingful words or statements. The investigators will make
margin notations with labels, and the referenced texts will
be marked throughout by highlighting. Relevant codes
with similar meanings or traits will be grouped into cate-
gories. All the data will be coded via line-by-line analysis.
The two investigators will compare and discuss codes and
categories. In case of disagreement, the viewpoint will

be sought from a third investigator (LC). Participants’
suggestive non-verbal behaviours, including facial expres-
sion, mood and body language, will be considered in the
data analysis. Themes will be refined to represent essen-
tial and relevant aspects of the research questions.

Rigour

The investigators will use several strategies to ensure the
rigour and trustworthiness of qualitative research.?”* First,
pre-interviews will be conducted to improve the interview
outline and interview process. In the research process,
the investigators will be encouraged to have a critical
reflection on the research, such as writing field notes and
reflective diaries to discover and clarify personal biases.
The memo dates will be marked how the researcher’s
thinking changed over time, which is an essential part of
the audit trail. Member checks will be confirmed whether
the research materials and the interviewees’ results are
consistent. Finally, this research will triangulate data
sources, collect and compare data and conduct regular
peer reports and discussions with qualitative research
experts.
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Phase 2: to develop the scale of the mHealth need

The development and evaluation process of the scale will

be performed in four steps:

1. Item generation. The items pool will be formed based
on the qualitative results (phase 1) and relevant litera-
ture reviews. This step will lead to the first draft of the
scale of the mHealth need specifically for patients with
poorly controlled T2DM.

2. Content validation. A panel of experts (n=15) will as-
sess the content validity of the draft scale by a modified
Delphi technique. The experts include diabetologists,
endocrinologists, nurse diabetes educators, diabetes
specialist nurses, nursing education managers and
psychologists with expertise in diabetes care, who have
worked over byears. Using purposive sampling, we will
select experts from academic institutes, hospitals and
diabetes nursing associations in Guangdong, China,
and invite them by email. Experts will need to rate the
relevance and clarity of each candidate item in the
draft scale using a 4-point Likert scale by a modified
Delphi technique. This 4-point Likert scale consisted
of four responses: 1=Strongly disagree, 2=Disagree,
3=Agree, and 4=Strongly agree.

3. Pilot test. A pilot test (n=30) will determine the scale’s
usability and readability, assess the clarity of the scale’s
instructions and evaluate completion time from the
patient’s perspective. Participants will also need to
comment on the layout and format of the scale. This
step will identify a preliminary tool for investigating
the mHealth need.

4. Final evaluation of psychometric properties (n=500).
A sample size of 500 will be sufficient as we anticipate
exceeding the minimum number of respondents re-
quired by the exploratory factor analysis (EFA) and
the rule of thumb of using 10 times the number of
proposed items. We will assess test-retest reliability by
inviting a subsample of 25 subjects who will complete
the instrument again at a 2-week interval. Patients with
poorly controlled T2DM will be selected through con-
venience sampling from the tertiary hospitals’ outpa-
tient and endocrinology departments. The inclusion
and exclusion criteria for patients will be the same as
in phase 1.

Data analyses

We will exclude questionnaires with >10% missing
responses or with a repetitive response pattern. Statis-
tical analysis will be performed by IBM SPSS V.26 (IBM,
Armonk, New York, USA). Descriptive statistics will be
used to determine the demographic characteristics.
Validity analysis includes content validity, construct
validity and discriminative validity. The content validity
of the questionnaire will be evaluated by calculating the
content validity index (CVI) through the Delphi expert
consultation. Exploratory factor analysis (Principal
Components Analysis with varimax rotation) will be used
to guide item reduction process and establish the facto-
rial construct validity. Bartlett’s test of sphericity and the

Kaiser-Meyer-Olkin measure of sampling will be used to
test the suitability of the data for EFA. Factor retention
will be based on the following criteria: (1) eigenvalues
one or greater, (2) scree plot, (3) items with loadings
above 0.30 and (4) interpretability of factors. The derived
factor solution will then be used for subsequent reli-
ability analysis. The internal consistency of the scale will
be examined by Cronbach’s o coefficients. The intraclass
correlation coefficient will be used as a measure of test—
retest reliability.

Phase 3: to explore the priority of health needs (cross-
sectional study)

Participants, recruitment and setting

In phase 3, participants (n=500) will be invited to
complete the questionnaires (approximately 15min)
through convenience sampling from the tertiary hospi-
tals’ outpatient and endocrinology departments.

Patients will be eligible if they meet the following
criteria: (1) adults (age 218 years) patients diagnosed with
T2DM, (2) with HbAlc >7.0% in the last 3months and
(3) being able to provide informed consent. Exclusion
criteria are as follows: patients with a malignant tumour,
sensory or mental disability and severe acute or chronic
complications (such as end-stage renal disease, blindness
and heart failure).

Data collection

The survey consists of three sections: (1) demographics,
(2) clinical data and (3) patient-centred outcomes,
including mHealth needs, self-management behaviours,
self-efficacy, health literacy and eHealth literacy.

Patientrelated demographic characteristics and
disease-related information involve age, gender, educa-
tion, marital status, employment, region of residence,
monthly income level, smoking status and drinking status.

Clinical data include diabetes duration, Charlson
Comorbidity Index, treatment, number of hospital admis-
sions due to diabetes, family history of diabetes, ways to
gain diabetes knowledge and whether patients have
participated in diabetes health education.

The measurement tools include a self-developed health
needs questionnaire with mHealth, the Summary of
Diabetes Self-care Activities Questionnaire (SDSCA), the
Diabetes Empowerment Scale-Short Form (DES-SF), the
Diabetes Health Literacy Scale (HLS) and the eHealth
Literacy Scale (eHEALS).

Measurements

The SDSCA is a self-reporting instrument assessing
diabetes self-management in the last 7days.*’ The
12-item SDSCA includes general diet, specific
diet, exercise, blood-glucose testing, foot care and
smoking. Each dimension is rated on an 8-point
Likert scale and scored each dimension separately.
The average score of each item in each dimension
indicates the performance of self-management ability
in each behavioural dimension. The Chinese version
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of SDSCA has an acceptable internal consistency, with
Cronbach’s o range from 0.62 to 0.98.%

The DES-SF measures the psychosocial empowerment
of patients with diabetes.”’ The 8-item DES-SF employs
the 5-point Likert scoring system. A higher score indi-
cates a better empowerment level. The Chinese version
of DES-SF of Cronbach’s o is 0.77."

The HLS is used to understand the ability and
behaviour of patients with diabetes to accept and deal
with diabetes-related health knowledge.” The 14-item
HLS includes three dimensions: functional health
literacy (five items), communication health literacy (five
items) and critical health literacy (four items). Each
item uses a 4-point Likert scale with response options
ranging from ‘never’ to ‘most’, and the score of func-
tional health literacy is reverse coded. A higher level of
the score indicates better health literacy. The Chinese
version of the HLS of CVI (Scale-CVI) of HLS is 0.99,
and Cronbach’s o is 0.868, with high internal consis-
tency reliability.”

The eHEALS measures a person’s perceived skills in
seeking and applying network health knowledge in health
management.” The 8-item eHEALS has three dimen-
sions, including the application ability of network health
information and service (five items), judgement ability
(two items) and decision-making ability (one item). The
score of each item is a 5-point Likert scale, and a higher
score indicates better eHealth literacy. The Chinese
version of eHEALS has an excellent internal consistency
with Cronbach’s o of 0.913.%

Quantitative data analyses

Statistical analysis will be performed by SPSS V.26.0. The
statistical significance level will be defined as two-tailed
with a p value of <0.05. Continuous variables are present
as means and SD—categorical variables are present as
counts or percentages. The correlation between each
variable and mHealth needs will be analysed by Pearson
or Spearman correlation. The univariate analysis will be
performed using the %* test and independent samples
t-test as appropriate. The priority of mHealth needs
will be explored and articulated by subgroup analyses.
Multiple regression techniques with a hierarchical block
design will be used for the model building to identify the
factors contributing to the heterogeneity of the perceived
mHealth needs.

Data integration: phase 1 and phase 3

Integration at the methods level occurs through the
merging approaches,” which combines the qualitative
data (phase 1) and quantitative data (phase 3) for analysis
and comparison. Integration at the interpretation and
reporting level occurs through joint displays.”® The find-
ings of the two databases will be mapped together based
on thematic relevance in a matrix table, which is visual
to draw out the priority of health needs of patients with
poorly controlled T2DM.*

Patient and public involvement
Patients and the public were not involved in this study’s
design, reporting and dissemination plans.

DISCUSSION

This mixed-methods study broadens the limited evidence
on the mHealth needs of patients with poorly controlled
T2DM. Integrating qualitative and quantitative research
will provide novel insights by summarising the key factors
to be addressed in future mHealth-enhanced interven-
tions. In addition, this study will also provide the health
needs prototype tool, which would be beneficial to cate-
gorise and prioritise the mHealth needs in a precise and
scientific manner. Ultimately, this study will advance our
knowledge relating to the mHealth needs and shed light
on the development of mHealth-based interventions to
improve the self-management engagement of patients
with poorly controlled T2DM.

This study has several advantages. First, using the co-pro-
duction approaches, we involved the key stakeholders as
co-researchers to reveal comprehensive health need types
and convergences. Second, our mixed-methods study
identified the characteristics of patients’ unmet health
needs by efficiently integrating and synthesising qualita-
tive and quantitative data. If the results from the qualita-
tive interview and the cross-sectional study are mutually
corroborated, we can consider the results more valid and
scientific. The valuable information from data integration
can guide the development of the mHealth-enhanced
intervention specifically targeting patients with poorly
controlled T2DM. In the case that results are divergent
from each other, new research questions or hypotheses
may be warranted for future endeavours.

In addition, this study has some methodological limita-
tions. First, due to the questionnaire’s items not yet being
developed, the calculation of sample size related to the
final evaluation of psychometric properties has some devi-
ation in phase 2. We anticipate a sample size of 500 will
be sufficient, exceeding the minimum number of respon-
dents required by the EFA and the rule of thumb of using
10 times the number of proposed items. Similarly, we
also anticipate a sample size of 500 will be sufficient in
phase 3. The final sample size will be adjusted based on
the development of the item of the scale of the mHealth
need. Second, convenience sampling will be used to
select patients with poorly controlled T2DM to complete
the questionnaires in phase 2 and phase 3, which may
make the sample lack representativeness. Finally, the self-
report data will be used as primary data sources in this
study, which may have some biases (eg, recall bias) that
affect the accuracy of the study results.

Ethics and dissemination

The Ethics Committee of the School of Nursing,
Sun Yat-sen University, has approved this study (No.
2021ZSLYEC). The investigator will clearly explain
the purpose of the research, potential risks and

Xie Q, et al. BMJ Open 2022;12:6063814. doi:10.1136/bmjopen-2022-063814

5



benefits and confidentiality issues to each participant.
Signed informed consent outlined by the Helsinki
declaration will be obtained from all respondents.
Each participant could withdraw from the study at
any time. The research team will facilitate the co-pro-
duction process by involving the key stakeholders
and motivating individuals’ engagement during and
beyond the study. The results of this study will be
disseminated through conference presentations and
peer-reviewed publications. A final report will be
submitted to the Chinese government to inform the
campaign against poor glycaemic control.
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