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Background Mild cognitive impairment (MCI) associated with diabetes mellitus (DM) is common among older adults, 
and self‑management is critical to controlling disease progression. However, both MCI and DM are heterogeneous 
diseases, and existing integrated self‑management interventions do not consider patient differences. Grouping patients 
by disease characteristics could help to individualize disease management and improve the use of available resources. The 
current study sought to explore the feasibility and effectiveness of a stratified support model for DM‑MCI patients.

Methods Eighty‑four DM‑MCI patients will be randomly divided into an intervention group and a control group 
in a 1:1 ratio. The intervention group will receive a self‑management intervention using the stratified support pattern‑
based internet‑assisted therapy (SISMT), while the control group will receive the health manual intervention (HMI). 
The study recruiter will be blinded to the group allocation and unable to foresee which group the next participant 
will be assigned to. At the same time, the allocation will be also hidden from the research evaluators and participants. 
After 12 weeks and 24 weeks, cognitive function, blood glucose, self‑management ability, psychological status, health 
literacy, and self‑management behavior of patients in both groups will be measured and compared.

Discussion This study developed a stratified support pattern‑based internet‑assisted to provide self‑management 
intervention for patients with DM‑MCI. The impact of different models and forms of self‑management intervention 
on cognitive function, blood glucose management, and psychological status health literacy and self‑management 
behavior of patients will be assessed. The results of this study will inform related intervention research on the stratified 
support pattern‑based internet‑assisted self‑management therapy, and help to slow the decline of cognitive function 
in patients with DM‑MCI.
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Background
Diabetes mellitus (DM) is one of the chronic diseases that 
develop rapidly and threaten global health. According to 
the data of the International Diabetes Federation (IDF) in 
2021, about 537 million adults (20–79  years old) world-
wide suffer from diabetes, which will rise to 783 million 
by 2045. During this period, the world population is esti-
mated to increase by 20%, while the number of patients 
with diabetes is estimated to increase by 46% [1]. It can 
be seen that the form of diabetes is not optimistic. DM is 
characterized by persistent hyperglycemia, which will not 
only cause chronic damage to blood vessels, brain and 
other tissues and organs [2, 3], but also affect the nervous 
system function of patients, thus causing cognitive impair-
ment [4]. Some studies have further proved the correlation 
between this disease and found that most diabetes patients 
will have cognitive impairment, and 25–36% of them have 
mild cognitive impairment (MCI) [5]. Some research 
teams have called this type of patient as DM-MCI [6–8], 
and one of research teams conducted a survey on the prev-
alence of this type of patient. It was found that the overall 
prevalence of DM-MCI is 45%, indicating that DM-MCI is 
affecting residents on a large scale [8].

MCI refers to a stage in which a patient’s cognitive 
function has been impaired, but its severity is not suffi-
cient to constitute dementia, and it is a precursor to the 
development of dementia [9]. According to statistics, the 
global prevalence of elderly MCI is approximately 3–22%, 
with approximately 5–10% of these patients developing 
dementia annually [10, 11]. As one of the risk factors for 
cognitive impairment, diabetes not only increases the risk 
of cognitive impairment, but also accelerates the disease 
progression of MCI. Fortunately, mild cognitive function 
has a characteristic of bidirectional transformation. It 
means that MCI is an intervention stage in disease pro-
gression [12]. And a study has found that MCI patients’ 
self-management ability related to blood glucose control 
is poor, which will affect the blood glucose control of 
patients. This undoubtedly further accelerated the pro-
gress of cognitive impairment in patients with DM-MCI 
[13]. Therefore, improving self-management ability has 
become an important measure to prevent the deteriora-
tion of disease in patients with DM-MCI.

Self-management is a dynamic and continu-
ous self-regulation process that utilizes patients’ 
own skills and knowledge input to effectively con-
trol their life confidence and motivation, leading 
to behavioral changes. It is an important method 
for controlling and slowing down the progression 
of chronic diseases, thereby affecting patients’ 
psychological state, quality of life, and happiness 
[14]. While strong self-management can delay 
disease deterioration, poor self-management can 

increase disease progression [15]. Prior studies 
on the self-management of patients with DM and/
or MCI have achieved positive results. In a study 
by Katja et  al., patients with type 2 diabetes used 
telemedicine-assisted self-management behav-
ior over a 3-month period [16]. The intervention 
included diet, physical activity, blood glucose 
monitoring, first aid training, and clinical and 
stress management, and telephone guidance was 
conducted based on each patient’s personal needs. 
Glycated hemoglobin levels and self-management 
behavior scores improved significantly in response 
to the intervention. Yang Q et  al. developed self-
management measures based on a forgetting pat-
tern of the human brain towards new things to 
provide intervention to patients with MCI [17]. 
After 3  months, there were improvements in the 
cognitive function and daily living ability of the 
patients. However, the intervention for DM-MCI 
patients are mostly single content, such as cogni-
tive training or diet only for patients [18, 19]. Few 
studies have focused on comprehensive self-man-
agement interventions that are individualized and 
do not use an integrated intervention mode.

MCI and DM are heterogeneous diseases, and this 
heterogeneity increases when the conditions co-occur in 
the same individual [20, 21]. Personalized intervention 
is an important way to address this issue [22]. However, 
in populous countries like China [23], it can be diffi-
cult to implement targeted intervention measures. In 
addition, personalized medicine requires many human 
resources, making it a challenge to sustain it over a long 
time period. To address this, relatively individualized, or 
“stratified” intervention measures, were developed. The 
meaning of “stratified” intervention is to classify patients 
based on their characteristics of diseases, and provide 
corresponding intervention for various categories of 
patients. Many studies have adopted such “stratified” 
intervention. Li et al. used applied acute physiology and 
chronic health evaluation II (APACHE II) to evaluate 
the illness severity and self-care ability of hemodialysis 
patients and divided the patients into three categories 
for stratified intervention [24]. Patients in each category 
were given an aerobic resistance exercise routine with 
the same content but a different frequency. Hill et  al. 
and other research teams classified patients with low 
back pain into low, medium, and high-risk categories 
to enable stratified management. The stratified pattern 
greatly aided disease management [25]. It is important 
to note that these programs were designed to target a 
single disease. Different methods have been used to give 
patients the same intervention content at a different fre-
quency, saving human resources and improving disease 
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control. Thus, it is of great significance to explore the 
impact of stratified self-management on the outcomes 
of patients with DM-MCI.

Routine self-management often includes the use of 
offline educational materials such as health manuals and 
lectures. However, the Internet is not limited by space 
and time, which makes it an important tool for train-
ing and education. “Internet-assisted” medical treatment 
is being increasingly applied in nursing [26]. During the 
COVID-19 pandemic, this intervention has been used to 
optimize medical structures, dynamically monitor changes 
in patient conditions, and provide guidance for rapid 
rehabilitation [27]. Studies indicate that this has worked 
to effectively reduce the risk of viral spread and improve 
the efficiency of medical treatment [28]. Among numer-
ous internet-assisted interventions, WeChat has become 
a commonly used social media software for Chinese 
researchers and patients, and many studies have adopted 
WeChat as a medium for internet-assisted self-manage-
ment interventions, achieving positive results [29, 30]. It 
is worthwhile to evaluate the use of a stratified support 
pattern-based internet-assisted self-management therapy 
for DM-MCI with WeChat as the intervention medium. 
And randomized controlled trial (RCT), as an important 
method widely used in the clinical verification of interven-
tion technology around the world, has been applied to the 
self-management research of more patients with mild cog-
nitive impairment or diabetes patients [31]. Therefore, we 
will use RCT as the research design method to verify the 
effectiveness of stratified support pattern-based internet-
assisted self-management therapy(SISMT) for DM-MCI.

The current study has designed a self-management 
intervention using the “Internet-assisted” stratified sup-
port-pattern may be able to consider the heterogeneity of 
patients more and provide them with more personalized 
intervention strategies. The aim is to use this approach to 
address the heterogeneous needs of patients with DM-
MCI. Stratification was determined based on the cluster 
classification of patient cognitive function and self-man-
agement ability. Using these characteristics along with 
expert guidelines and consensus [32, 33], intervention 
measures will be implemented for a duration of 12 weeks. 
The effectiveness of the intervention on the self-manage-
ment and cognitive function of each group of patients 
with DM-MCI will be explored.

Study objectives and hypotheses
The primary objective of the study is to compare the effec-
tiveness of a 12-week stratified support pattern-based 
internet-assisted self-management therapy(SISMT) and a 
health manual intervention mode(HMI) on the cognitive 
function of DM-MCI patients. The secondary objectives 
are to evaluate the effectiveness of the interventions on 

fasting blood glucose (FBG), HbA1c, Postprandial blood 
glucose (PBS) levels, depression, anxiety, quality of life, 
happiness, self-management ability, and diabetes health 
literacy.

The first primary hypothesis is that the cognitive func-
tion scores will show more improvement among partici-
pants in the SISMT group than those in the HMI group 
12 weeks after the intervention. The secondary hypoth-
eses are that participants in the SISMT group will have 
(1) better blood glucose control (FBS, HbA1c, PBS). (2) 
lower depression and anxiety scores, (3) higher quality 
of life and happiness scores, (4) improved self-manage-
ment, and (5) better health literacy than those in the 
HMI group 12 weeks after the intervention.

Theoretical framework
This study is based on the Knowledge to Action Cycle 
(KTA) framework developed by Graham et  al. [34]. 
According to the KTA framework, knowledge to prac-
tice is a cyclic, dynamic, and complex process in which 
knowledge innovation and application are interlinked. 
The KTA includes seven steps, researchers participate 
in the entire research process, which this study will 
combine as follows: 1) Find problems and extract rel-
evant knowledge to self-manage DM-MCI according to 
expert guidelines and consensus; 2) Consult with clini-
cal experts about the operability of the intervention; 3) 
Assess patient needs and investigate the operability of 
using Wechat for older adults; 4) Implement the self-
management stratified model in patients with DM-MCI; 
5) Establish different reminder frequencies based on 
patient characteristics and review Wechat background 
data; 6) Measure outcome indicators and evaluate the 
intervention; 7) Provide feedback to the patients and 
urge them to continue the knowledge behavior transfor-
mation (Fig. 1).

Methods
Trial design
This is a single-blind, two-arm randomized controlled trial 
with randomization at the participant level. Participants 
will be randomly allocated to receive a HMI (control) or a 
SISMT (intervention). Primary and secondary study out-
comes will be collected for both groups at baseline (T0) and 
12 weeks(T1), 24 weeks post-intervention(T2). As the study 
involves the older adults with MCIs, a few specific ethical 
procedures should be followed and ensured. Only those 
who signed the consent form can be included in this study, 
and a guardian as the legal representative should be asked 
to co-sign the consent form. The trial has been registered 
at ChiCTR.org.cn (ChiCTR2200061991, date:16/07/2022).
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Study aim, setting and ethics
To evaluate the effectiveness of a SISMT for DM-MCI 
will be conducted, with allocation concealment and 
outcome assessor blinding (Fig. 2).

Participants
Recruitment and screening
By convenient sampling, patients with DM will be 
screened for MCI and included in the study. This study 
is approved by relevant hospital departments and most 
patients were recruited from the endocrine clinic at 
a provincial Third-Grade Class-A General Hospital. 
The study researchers will met with DM patients who 
were visiting the clinic and asked them to complete 
the Montreal Cognitive Assessment (MoCA) [35], 
the Mini-Mental State Examination (MMSE) [36], the 
diabetes self-management scale (DSCS) [37], and the 
Activity of Daily Living (ADL) survey [38], along with a 
general information questionnaire. The questionnaires 
will be completed in separate rooms of the hospital. So 
far, 240 DM-MCI patients have been screened.

Diagnosis criteria
MCI will be diagnosed using Petersen diagnostic cri-
teria as follows [39]: 1) Chief complaint: memory 
decline; 2) MoCA score of 13–14 for illiteracy, 19–20 
for patients with primary school education(1–6  years 
education), 24–25 for those with junior high school 
education(≥ 7  years education) [40]; 3) An MMSE 
score of 24–30 indicates the absence of dementia [41]. 
(4) ADL will be used to measure the intact activities of 
daily living (Lawton–Brody ADL score < 18) [38].

Inclusion criteria
1) Meet the diagnostic criteria for diabetes (The diag-
nosis of diabetes is based on the doctor’s diagnosis 
results in the hospital diagnosis and treatment system). 
2) Meet the diagnostic criteria for mild cognitive 
impairment. 3) ≥ 60  years of age. 4) No obvious visual 
or hearing impairments. 5) Participants have good 
communication skills and can cooperate with research-
ers to complete the survey questionnaire. 6) Able to use 
Internet device dependently.

Fig. 1 Theoretical framework of the study: the Knowledge to Action Cycle (KTA)
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Exclusion criteria
1) Serious physical diseases that hinder completion of 
the cognitive function screening. Such as severe Parkin-
son, paralysis and so on. 2) Drug or alcohol dependence. 
3) Other nervous system diseases and/or serious medical 
conditions that can alter brain function. 4) Inability to 
use smartphones independently.

Sample size calculation
The required sample size is estimated using PASS v11.0 
(NCSS, Kaysville, UT, USA) based on a completely ran-
dom design for comparing the means of two independent 
samples. To our knowledge, there is no previous study 
on a stratified support pattern-based internet-assisted 
self-management therapy for DM-MCI in mainland 
China, so we estimate the effect size of one of the out-
comes (HbA1c) based on previous research on patients 
with DM-MCI [42]. This study find that HbA1c scores 
in intervention and control group are 6.49 ± 1.59 and 
6.97 ± 0.73, respectively. A sample size of 34 participants 
per group was determined to be sufficient to detect an 

effect with a type 1 error rate of 5% (α = 0.05) and 90% 
power (β = 0.1). A total of 68 participants will be needed, 
with 34 participants per group. Considering a 20% loss of 
follow-up rate, the final sample size is 86, with 43 partici-
pants per group.

Randomization, blinding, and concealed allocation
Ensuring allocation concealment, participants will be 
randomized (after obtaining written informed consent, 
eligibility screening, and baseline assessment) to the 
intervention and control groups at a 1:1 ratio by a study 
staff member (who will not be involved in participant 
recruitment or outcome assessment) using Research 
Randomizer software (http:// www. rando mizer. org/). 
Participants in the intervention group will be assigned 
to different categories of the intervention group based 
on their cognitive function and self-management charac-
teristics and will receive Intervention measures with dif-
ferent frequencies. Participants in the control group will 
be assigned to different categories of the control group 
based on their cognitive function and self-management 

Fig. 2 Flowchart of the SISMT for DM‑MCI

http://www.randomizer.org/


Page 6 of 13Wang et al. BMC Endocrine Disorders          (2023) 23:240 

characteristics, too, but there is no difference in interven-
tion frequency. The participants will then be told their 
group assignment by the intervention staff. Due to the 
nature of non-pharmacological interventions, only the 
outcome assessors and data analysts (not the participants 
or intervention staff) will be blinded to group allocation.

Intervention
Intervention group
In this study, the intervention group will adopt a SISMT. 
After the completion of the baseline survey, participants 
will formulate personalized intervention measures and 
optimize and expand their knowledge through hierarchi-
cal strategies to improve their self-management behavior. 
Based on our previous research in this study, the patients 
will be divided into four categories according to cognitive 
function and self-management ability: (1) high cognitive 
high management, (2) high cognitive low management, 
(3) low cognitive high management, and (4) low cognitive 
low management. Four WeChat groups will be formed to 
intervene separately to prevent communications between 
each category of participants in the intervention group. 
Self-management interventions targeted to patients with 
DM-MCI will be implemented, including diet, exercise, 
drug intake, psychology, and cognition. To achieve strati-
fied intervention with different intensity, the content 
will remain the same for each group, but the frequency 
will differ. The intervention plan is shown in Table 1. All 
intervention content will be implemented through home 
self-monitoring and WeChat feedback. When patients 
experience suboptimal blood sugar monitoring, research-
ers will guide them in regulating self-management behav-
ior. If behavioral regulation is ineffective, contact the 
attending physician for medication guidance. The out-
come indicators will be collected at three time points: 
baseline, 12 and 24 weeks, respectively.

Wechat operation
WeChat is the intervention medium for this study. 
The researchers will establish WeChat groups and cre-
ated WeChat official account before the intervention. 
The researcher will send the completed content of the 
WeChat official account to the participants on the 
WeChat social platform. Participants can use the chat 
box function of the WeChat social platform to provide 
feedback and exchange on content of the WeChat offi-
cial account, and can also interact with other participants 
in the WeChat group to share their self-management 
experience and personal insights on health knowl-
edge. And they are required to use this application to 
inform researchers of their fasting blood glucose level, 

postprandial blood glucose level, hypoglycemia, diet and 
exercise status (Fig. 3).

Control group
The control group will adopt the HMI. After the outpa-
tient service, health education will be given to patients. We 
will provide patients with disease-related health manuals 
to help with the self-management of patients. The con-
tent of the health manual revolves around the epidemio-
logical status, diagnostic methods, clinical manifestations, 
influencing factors, and intervention methods of cognitive 
impairment. Distribute a health manual and explain it to 
each participant in the control group. Outcome indica-
tors will be collected at three time points: baseline, 12 and 
24 weeks, respectively.

Criteria for discontinuing or modifying
During the intervention period, if the participant is 
unwilling to continue due to personal reasons, the inter-
vention will be terminated. Participants who are unable 
to continue but are willing to undergo follow-up will be 
modified for intervention measures and replaced with a 
control group.

Adherence of intervention
Firstly, WeChat is adopted as the intervention medium and 
a multifunctional social media application in our study. 
Researchers can request participants to provide feedback 
and clock in on the intervention content to test the adher-
ence of the intervention implementation. Secondly, Wechat 
official account has background data (the number of times 
and number of readers read), which can monitor the learn-
ing of participants. When the data does not match the 
number of participants, it will remind them in the Wechat 
group. Thirdly, establishing good cooperative relationships 
with participants fundamentally ensures adherence.

Concomitant care
During the intervention process, participants should 
continue to take medication related to the disease. And 
inform patients before the intervention begins that they 
cannot participate in other intervention activities during 
the participation process. However, if participants par-
ticipate in other interventions targeting outcome indica-
tors such as blood glucose control and cognitive function 
during the participation process, their test data will be 
excluded.
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Outcomes
Outcome measures timeline
To compare the outcomes of the self-management inter-
ventions provided under the SISMT and HMI, a baseline 
(W0) survey will be administered to both the experi-
mental and control groups before the start of each pat-
tern. Outcome indicators will be collected 12 weeks (T1) 
and 24 weeks (T2) after the intervention to compare the 
effects of the two patterns (Table 2). The indicators will 
be assessed by experienced staff members who will be 
blinded to the group allocation. Outcome indicators and 
measurement tools are as follows (Domains /characteris-
tics of tools see Table 3):

Primary outcomes
The primary outcome measures will be general cognitive 
function (MoCA [35], MMSE [36]).

Secondary outcomes
The secondary outcome measures will include sev-
eral commonly used measures of specific domains of 
cognitive function, psychological indicators, blood 
glucose control (FBS, HbA1c, PBS) and other relevant 

indicators. The measures of specific domains of cog-
nitive function (memory, language, attentions) will 
comprise the Auditory Verbal Learning Test (AVLT) 
[43], Symbol Digital Modalities Test (SDMT) [44]. 
Psychological status will serve as the secondary 
index of this study. This will include anxiety, depres-
sion, well-being, quality of life, self-efficacy, and 
self-esteem. The Self-Rating Anxiety Scale (SAS) 
will be used to measure anxiety [45] and the Geriat-
ric Depression Scale (GDS) will measure depression 
[46]. Well-being will be assessed using the Memo-
rial University of Newfoundland Scale of Happiness 
(MUNSH) [47]. Quality of Life-Alzheimer’s Disease 
(QoL-AD) will be used to assess patient quality of 
life [48], the General Self-efficacy Scale (GSES) will 
be used to measure self-efficacy [49], and the Self-
Esteem Scale (SES) will be used to measure self-
esteem [50]. Other relevant indicators include the 
healthy literacy and self-management behavior which 
can be used to investigate the patient’s acceptance 
of the intervention content. Health literacy and self-
management behavior will be determined using the 
Health Literacy Scale for type 2 diabetes and the dia-
betes self-care scale (DSCS).

Fig. 3 Flowchart of the Wechat operation for SISMT for DM‑MCI
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Data collection
FBS, HbA1c, and PBS will be measured and collected 
from participants’ self-reported data. Other data that 
need to be measured using a scale will be invited par-
ticipants to the hospital again for measurement and 
collection.

Statistical analysis
All data analysis will be performed using SPSS Statistics 
v21.0 (IBM). To ensure that they are blinded to group 
assignment, the outcome assessors and data analysts 
will not interact with the participants except during data 

collection (in the case of outcome assessors). Demo-
graphic and other baseline characteristics will be sum-
marized using descriptive statistics. If necessary, the 
results will be adjusted for potential confounders, such 
as age, gender, and education. Quantitative data will be 
expressed as frequencies or rates and statistical analy-
sis will be carried out using the χ2 test. If these data are 
normally distributed, they will be expressed as (x ± s). 
The effects of the interventions (between-group dif-
ferences) will be calculated with linear mixed models 
using interaction terms (group allocation versus time), 
which are equivalent to the between-group differences. 

Table 2 Time schedule of the a stratified support pattern‑based internet‑assisted self‑management therapy for DM‑MCI



Page 10 of 13Wang et al. BMC Endocrine Disorders          (2023) 23:240 

Table 3 The domains/characteristics of tools

Tool Domains/Characteristics

MoCA Evaluate overall cognitive function; Developed by Nasreddine et al., it is an internationally recognized MCI screening tool that evaluates eight 
cognitive domains: attention, visual space and executive function, memory, language, abstract thinking, computation, and directional ability. 
It consists of 12 questions with a total score of 30 points. A score of 26 or higher indicates normal cognition, while a score of higher indicates 
better cognitive function. If the education period is less than 12 years, a score greater than 25 is considered normal, and the lower the score, 
the more severe the cognitive impairment of the patient; Detect Cronbach’s α Coefficient 0.83, specificity 0.87

MMSE Evaluate overall cognitive function; MMSE has a total score of 30 points, consisting of 30 items covering 7 cognitive domains: orientation, 
memory, attention and computation, language, and visual‑spatial structure. This scale is used to evaluate the overall cognitive function 
of the study subjects and can effectively distinguish between normal individuals and elderly individuals with dementia. This study adopts 
the revised version by Wang Zhengyu et al. and sets an outlier threshold based on educational level. When the illiterate group scores ≤ 17 
points, the primary school group scores ≤ 20 points, and the middle school and above group scores ≤ 24 points, it is considered abnormal

AVLT This study adopts the Chinese version of AVLT developed by Guo Qihao and others from Shanghai Huashan Hospital, which has good reli‑
ability and validity and has important application value for clinical guidance and scientific research. The operation of this scale mainly involves 
the researcher reading 12 words: coat, driver, pants, crabapple, carpenter, lily, headscarf, wintersweet, soldier, magnolia, lawyer, and glove. 
After each reading, the patient is asked to repeat as many words as possible and record them. The number of repeated words in the 3 
times is added as the instant memory quantity (i.e. N1 + N2 + N3); After 5 min, ask the patient to recall 12 words and say if they still remem‑
ber them. The researcher recorded the number as short‑term memory (N4); After 20 min, ask the patient about the number of words they 
remember as long‑delayed memory (N5); Finally, a re‑recognition test was conducted, with a total of 24 words and 50% of the vocabulary 
with 12 interfering items. The patient responded with "said" or "not said", and the researcher determined that each correct answer scored one 
point

SDMT SDMT is commonly used for testing attention, learning, and conversion abilities. This test is a numerical symbol subtest in the revised 
Wechsler Adult Intelligence Revised in China (WAIS‑RC), which reflects the information processing speed of the subject. During the testing 
process, participants were provided with a piece of paper with a template containing 9 digits, each with its corresponding symbol. The test 
requires patients to fill in as many and as quickly as possible the corresponding numbers of the symbols in the spaces below the numbers. 
The subjects should fill in as many and correct numbers as possible within 90 s. When it’s time to calculate the correct number, the higher 
the score, the better the tester’s attention and conversion ability

SAS GDS is the SAS Self‑Rating Anxiety Scale that was designed and developed by Zung in 1971 in the United States to measure the degree 
of individual anxiety symptoms. The scale has a total of 20 items, of which 5, 9, 13, 17, and 19 are scored in reverse. The scale adopts a scale 
of 1–4 (scoring method: 1 point for no or very little time; 2 points for a small portion of time; 3 points for a considerable amount of time; 4 
points for the vast majority or all of time). Individuals fill out the scale based on their own situation in the most recent week, multiply the total 
score by 1.25, take an integer as the standard score, and use it as a statistical indicator. The higher the standard score, the more severe the anx‑
iety level of the individual. The scale score can only serve as a reference indicator for evaluating anxiety and cannot be used for diagnosis

GDS GDS is used to screen for depressive symptoms in the elderly population and is one of the most commonly used scales in China to evaluate 
the depressive status of the elderly. This study used GDS‑15, which contains 15 items and can be used for rapid screening of elderly people 
with depressive symptoms. It is an internationally commonly used scale. Define a score of 0–4 as no depressive symptoms, 5–8 as mild 
depressive symptoms, 9–11 as moderate depressive symptoms, and 12–15 as severe depressive symptoms

MUNSH This scale is used to measure the current level of happiness experienced by participants; Contains 24 items: each item is a description of emo‑
tions or experiences, requiring a response of "yes", "no", or "not knowing" based on recent life experiences; Regardless of whether the item 
is positive or negative, the answer "yes" is recorded as 2 points, "no" is recorded as 0 points, and "don’t know" is recorded as 1 point. All items 
have a score range of 0 to 24 points, and the total subjective well‑being score is equal to the positive item score minus the negative item 
score, with a value of ‑24 points to + 24 points. To avoid negative points, the total score is added to a constant of 24 points, and the final score 
range is 0 to 48 points

QoL‑AD This scale can be used to measure the quality of life of patients with cognitive impairment, reflecting the physiological, psychological, 
and social relationships, and some complex life abilities of the elderly. The scale consists of 4 dimensions and 13 subordinate items. The 4 
dimensions are physical health and behavioral compliance, mental state, living environment and social relationships, and life satisfaction. Each 
item is scored into four levels, namely poor, average, good, and very good. The score is positively correlated with quality of life, with higher 
scores indicating higher quality of life. The different criteria are as follows: a QOL‑AD score ≤ 26 points indicates a lower quality of life, a QoL‑AD 
score of 27–38 points indicates a moderate quality of life, and a QoL‑AD score ≥ 39 points indicates a higher quality of life. The scale Cron‑
bach’s α coefficient is 0.66; The intra‑group correlation coefficient of the total score is 0.84

GSES The Chinese version of the General Self‑Efficacy Scale was first used in 1995, and some studies have also used GSES to measure self‑efficacy 
in individuals with mild cognitive impairment. The scale consists of 10 items, using the Likert 4‑level scoring method. The lowest score is 10 
points, and the highest score is 40 points. The higher the score, the better the self‑efficacy, that is, the stronger the confidence in dealing 
with things. The scale has good reliability and validity, Cronbach’s α The coefficient ranges from 0.76 to 0.90

SES This scale was developed by American psychologist Rosenberg in 1965 and has good reliability and validity. This study used the Chinese 
version of the self‑esteem scale revised by Ji Yifu et al., consisting of 10 items, to measure the overall self‑esteem level of a single dimen‑
sion through self‑evaluation. Using a four‑level scoring system of 1 to 4 points, representing very non‑compliant, non compliant, compliant, 
and very compliant. 1. 2, 4, 6, and 7 are forward counting items, while 3, 5, 8, 9, and 10 are reverse counting items. The total score range is 10 
to 40 points, and the higher the total score, the higher the level of self‑esteem

HLS The scale is based on Nutbeam’s hierarchical model of health literacy as the theoretical framework to establish an item pool that includes 
three dimensions: interactive health literacy, critical health literacy, and functional health literacy. There are a total of 19 entries. The content 
validity index of the total scale is 0.972, and the content validity of each item is 0.83–1.00. Cronbach’s α The coefficient is 0.945, with Cron‑
bach’s for each dimension α The coefficients are 0 894, 0.909, 0.877. The scale adopts the Likert 5‑level scoring method, with scores ranging 
from "cannot" to "completely possible" ranging from 1–5 points. The higher the total score, the better the level of health literacy
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The within-group differences will be calculated using 
repeated measures ANOVA. P-values < 0.05 will be con-
sidered statistically significant. The data will be reviewed 
before analysis. The Statistical Package for the Social 
Sciences (SPSS) software will be used for all analyses. 
The clinical relevance of the results will be confirmed 
by calculating the effect size (Cohen d) of the signifi-
cant differences found between the assessments. The 
following effects will be considered: small: 0.00–0.49; 
medium: 0.50–0.79; high ≥0.80 (Cohen, 1988). Compari-
son between the four subgroups within the intervention 
group using ANOVA test.

Discussion
The purpose of this study is to determine whether the 
related intervention research on a SISMT can improve 
the self-management behavior of patients with DM-MCI 
and thus reduce disease symptoms and increase quality of 
life. Self-management is very instructive for patients with 
chronic diseases. This is especially true for older adults 
with chronic diseases who are highly susceptible to nega-
tive outcomes [51]. Thus, the self-management behavior 
of older patients with DM-MCI is of particular concern. 
However, there is great heterogeneity in both these dis-
eases and the patients they afflict [52, 53]. The stratified 
support model is a great way to improve the efficiency 
of resource utilization, not only saving human resources, 
but also satisfying patient needs to a greater degree. A 
prior study used the triangle stratification model to man-
age diabetes patients, and primarily stratified by patient 
age, glycosylated hemoglobin, blood glucose, and other 
objective disease characteristics [54]. By considering both 
patient characteristics and demands, including cognitive 
function and diabetes self-management as sub-variables, 
we can construct a subgroup of patients with DM-MCI, 
and implement self-management interventions based on 
subgroup characteristics. Patients may receive knowl-
edge that is not conducive to disease recovery, manage-
ment burnout, and other situations during long-term 
self-management [55]. Dynamic monitoring can play 
both a reminder and a supervisory role, improving the 
efficiency of self-management and better controlling dis-
eases. The internet is likely to meet this demand [56]. As a 
new element of social connection, it can partially replace 

connections between patients, medical care practitioners, 
and society at the practical level, strengthening self-man-
agement, realizing the maximum reconstruction of social 
connections, and promoting cooperation and interaction 
between patients and all parts of society [57].

Limitations
This study has some limitations. First, the design does 
not allow blinding of the intervention implementer. Sec-
ond, the effect of a long-term intervention will remain 
unknown following study completion. Third, there may 
be a selection bias in the participant pool given the 
requirement for patients to use smartphones indepen-
dently. In addition, since participants in the intervention 
group may tend to provide a more positive response, the 
self-reported questionnaire may introduce a potential 
bias and affect the accuracy of the trial to some extent.

Conclusion
This study adopts a SISMT to strengthen patient under-
standing of self-management behavior-related knowledge 
in a more personalized way, improving self-management 
ability, increasing blood glucose control, and reducing 
cognitive dysfunction. The research results will provide 
evidence to related intervention research on the SISMT.
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Table 3 (continued)

Tool Domains/Characteristics

DSCS Assess the self‑management ability of diabetes patients; This scale was developed in 1992 by Hurley and Shea and was simplified into Chi‑
nese by domestic scholars Wang Jingxuan et al. Cronbach’s α coefficient is 0.92. The scale consists of six dimensions: dietary management, 
blood glucose monitoring, foot care, exercise management, medication management, prevention, and management of high and low blood 
sugar. There are a total of 26 items, with a Likert score of 5 points. A score of 1–5 points corresponds to a total score of 26–130. This scale 
has good reliability and validity when used in both Taiwan and mainland China



Page 12 of 13Wang et al. BMC Endocrine Disorders          (2023) 23:240 

Declarations

Ethics approval and consent to participate
This study is approved by the Fujian Provincial Hospital Ethics Committee 
(K2022‑05–012, date of first approval: 30 May 2022). All procedures conducted 
during the trail will be carried out in compliance with the Declaration of 
Helsinki. As the study involves the older adults with MCIs, a few specific ethi‑
cal procedures are followed and ensured. Only those who sign the consent 
form can be included in this study, and a guardian as the legal representative 
should be asked to co‑sign the consent form. All participants will read and 
sign the written informed consent approved by the institutional review board 
prior to participation, which including personally identifiable data, such as 
biomedical, clinical, and biometric data.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 The School of Nursing, Fujian Medical University, No. 88 Jiaotong Road, 
Fuzhou City 350004, Fujian Province, China. 2 Nursing Department, The 
First People’s Hospital of Yunnan Province, No 157 Jinbi Road, Kunming 
City 650032, Yunnan Province, China. 3 Endocrinology Department, Fujian Pro‑
vincial Hospital & Shengli Clinical Medical College, No. 134 East Street, Fuzhou 
City 350122, Fujian Province, China. 4 The School of Nursing, Fujian Medical 
University, No. 1 Xuefu North Road, Fuzhou City 350122, Fujian Province, China. 
5 Research Center for Nursing Theory and Practice, Fujian Provincial Hospital 
& Shengli Clinical Medical College, No. 134 East Street, Fuzhou City 350122, 
Fujian Province, China. 6 Neurology Department, Fujian Provincial Hospital 
& Shengli Clinical Medical College, No. 134 East Street, Fuzhou City 350122, 
Fujian Province, China. 

Received: 28 March 2023   Accepted: 11 October 2023

References
 1. Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, Stein 

C, Basit A, Chan JCN, Mbanya JC, et al. IDF Diabetes Atlas: global, regional 
and country‑level diabetes prevalence estimates for 2021 and projections 
for 2045. Diabetes Res Clin Pract. 2022;183:109119.

 2. Shi Y, Vanhoutte PM. Macro‑ and microvascular endothelial dysfunction in 
diabetes. J Diabetes. 2017;9(5):434–49.

 3. Horton WB, Barrett EJ. Microvascular dysfunction in diabetes mellitus and 
cardiometabolic disease. Endocr Rev. 2021;42(1):29–55.

 4. Biessels GJ, Despa F. Cognitive decline and dementia in diabetes 
mellitus: mechanisms and clinical implications. Nat Rev Endocrinol. 
2018;14(10):591–604.

 5. Geijselaers SLC, Sep SJS, Stehouwer CDA, Biessels GJ. Glucose regulation, 
cognition, and brain MRI in type 2 diabetes: a systematic review. Lancet 
Diabetes Endocrinol. 2015;3(1):75–89.

 6. Xiong Y, Tian T, Fan Y, Yang S, Xiong X, Zhang Q, Zhu W. Diffusion tensor 
imaging reveals altered topological efficiency of structural networks in 
type‑2 diabetes patients with and without mild cognitive impairment. J 
Magn Reson Imaging. 2022;55(3):917–27.

 7. Futamura A, Mori Y, Kawamura M. Diabetes and Dementia. Brain Nerve. 
2015;67(6):725–32.

 8. You Y, Liu Z, Chen Y, Xu Y, Qin J, Guo S, Huang J, Tao J. The prevalence of 
mild cognitive impairment in type 2 diabetes mellitus patients: a system‑
atic review and meta‑analysis. Acta Diabetol. 2021;58(6):671–85.

 9. Tangalos EG, Petersen RC. Mild cognitive impairment in geriatrics. Clin 
Geriatr Med. 2018;34(4):563–89.

 10. Sanford AM. Mild cognitive impairment. Clin Geriatr Med. 
2017;33(3):325–37.

 11. Mitchell AJ, Shiri‑Feshki M. Rate of progression of mild cognitive impair‑
ment to dementia–meta‑analysis of 41 robust inception cohort studies. 
Acta Psychiatr Scand. 2009;119(4):252–65.

 12. Iraniparast M, Shi Y, Wu Y, Zeng L, Maxwell CJ, Kryscio RJ, St John PD, 
SantaCruz KS, Tyas SL. Cognitive reserve and mild cognitive impairment: 
predictors and rates of reversion to intact cognition vs progression to 
dementia. Neurology. 2022;98(11):e1114–23.

 13. Koekkoek PS, Kappelle LJ, van den Berg E, Rutten GE, Biessels GJ. Cogni‑
tive function in patients with diabetes mellitus: guidance for daily care. 
Lancet Neurol. 2015;14(3):329–40.

 14. Kang E, Kim S, Rhee YE, Lee J, Yun YH. Self‑management strategies and 
comorbidities in chronic disease patients: associations with quality of life 
and depression. Psychol Health Med. 2021;26(8):1031–43.

 15. Kim S, Park M, Song R. Effects of self‑management programs on 
behavioral modification among individuals with chronic disease: a 
systematic review and meta‑analysis of randomized trials. PLoS ONE. 
2021;16(7):e0254995.

 16. von Storch K, Graaf E, Wunderlich M, Rietz C, Polidori MC, Woopen C. 
Telemedicine‑assisted self‑management program for type 2 diabetes 
patients. Diabetes Technol Ther. 2019;21(9):514–21.

 17. Yang Q, Deng QL, Li XJ, Yi CY, Yang M, Wu L. Effect of self management 
based on forgetting curve on cognitive function, daily living ability and 
curative effect of patients with mild cognitive impairment. Sichuan 
Mental Health. 2022;35(02):161–4.

 18. Mirabelli M, Chiefari E, Arcidiacono B, Corigliano DM, Brunetti FS, Mag‑
gisano V, Russo D, Foti DP, Brunetti A. Mediterranean diet nutrients to 
turn the tide against insulin resistance and related diseases. Nutrients. 
2020;12(4):e049011.

 19. Wong CW. O WW, Wong KS, Ma R, Hui E, Kwok CT: Randomized trial of a 
patient empowerment and cognitive training program for older people 
with diabetes mellitus and cognitive impairment. Geriatr Gerontol Int. 
2020;20(12):1164–70.

 20. Morovic S, Budincevic H, Govori V, Demarin V. Possibilities of dementia 
prevention ‑ it is never too early to start. J Med Life. 2019;12(4):332–7.

 21. Pearson ER. Type 2 diabetes: a multifaceted disease. Diabetologia. 
2019;62(7):1107–12.

 22. Barrecheguren M, Bourbeau J. Self‑management strategies in chronic 
obstructive pulmonary disease: a first step toward personalized medicine. 
Curr Opin Pulm Med. 2018;24(2):191–8.

 23. Peng X. China’s demographic history and future challenges. Science. 
2011;333(6042):581–7.

 24. Li YN, Ma T, Zhang L. Application of aerobic resistance exercise combined 
with stratified intervention in maintenance hemodialysis patients. Chi‑
nese Med Guides. 2022;19(12):168–72.

 25. Hill JC, Whitehurst DG, Lewis M, Bryan S, Dunn KM, Foster NE, Kon‑
stantinou K, Main CJ, Mason E, Somerville S, et al. Comparison of 
stratified primary care management for low back pain with current 
best practice (STarT Back): a randomised controlled trial. Lancet. 
2011;378(9802):1560–71.

 26. Mehbodniya A, Suresh Kumar A, Rane KP, Bhatia KK, Singh BK. Smart‑
phone‑based mhealth and internet of things for diabetes control and 
self‑management. J Healthc Eng. 2021;2021:2116647.

 27. Dananjayan S, Raj GM. 5G in healthcare: how fast will be the transforma‑
tion? Ir J Med Sci. 2021;190(2):497–501.

 28. Tsao SF, Chen H, Tisseverasinghe T, Yang Y, Li L, Butt ZA. What social media 
told us in the time of COVID‑19: a scoping review. Lancet Digit Health. 
2021;3(3):e175–94.

 29. Kang J, Chen Y, Zhao Y, Zhang C. Effect of remote management on 
comprehensive management of diabetes mellitus during the COVID‑19 
epidemic. Prim Care Diabetes. 2021;15(3):417–23.

 30. Han J, Guo G, Hong L. Impact of professionally facilitated peer support for 
family carers of people with dementia in a WeChat virtual community. J 
Telemed Telecare. 2022;28(1):68–76.

 31. Casten R, Leiby BE, Kelley M, Rovner BW. A randomized controlled trial to 
test the efficacy of a diabetes behavioral intervention to prevent memory 
decline in older blacks/African Americans with diabetes and mild cogni‑
tive impairment. Contemp Clin Trials. 2022;123:106977.

 32. Endocrinology Branch of Chinese Medical Association. Expert consensus 
on cognitive dysfunction of diabetic patients. Chinese J Diabetes Mellitus. 
2021;13(07):678–94.

 33. Clinical Guidelines for the Prevention and Treatment of Type 2 Diabetes 
in the Elderly in China (2022 Edition). Chinese Journal of Diabetes 2022, 
30(01):2–51.



Page 13 of 13Wang et al. BMC Endocrine Disorders          (2023) 23:240  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 34. Graham ID, Logan J, Harrison MB, Straus SE, Tetroe J, Caswell W, Robinson 
N. Lost in knowledge translation: time for a map? J Contin Educ Health 
Prof. 2006;26(1):13–24.

 35. Zhang XQ, Zeng H. A stratified study on cut‑off value of montreal cogni‑
tive assessment scale in screening mild cognitive impairment in the 
elderly. Chinese Gen Pract Med. 2014;17(26):3046–51.

 36. Xiao SF. Application and value of neuropsychological test and rating 
scale in Alzheimer’s disease. Chinese J Contemp Neurol Neurosurg. 
2005;03:137–40.

 37. Wang JX, Wang RX, Lin QJ. Self‑care behavior and its related factors in 
patients with non insulin dependent diabetes mellitus at the initial stage 
of outpatient diagnosis. J Nurs. 1998;45(2):60–74.

 38. Lawton MP, Brody EM. Assessment of older people: self‑maintaining and 
instrumental activities of daily living. Gerontologist. 1969;9(3):179–86.

 39. Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern 
Med. 2004;256(3):183–94.

 40. Tu QY, Jin H, Ding BR, Yang X, Lei ZH, Bai S, Zhang YD, Tang XQ. Reliability, 
validity, and optimal cutoff score of the montreal cognitive assessment 
(changsha version) in ischemic cerebrovascular disease patients of hunan 
province, china. Dement Geriatr Cogn Dis Extra. 2013;3(1):25–36.

 41. Larner AJ. Mini‑Mental State examination: diagnostic test accuracy study 
in primary care referrals. Neurodegener Dis Manag. 2018;8(5):301–5.

 42. Jiang YY, Fu R. The effect of cognitive intervention based on cross 
theoretical model in type 2 diabetes mellitus patients with mild cognitive 
impairment. J Nurs Adm. 2016;16(11):807–10.

 43. Guo QH, Sun YM, Yu PM, Hong Z, Lyu CZ. Norms of auditory word learn‑
ing test for community elderly. Chinese J Clin Psychol. 2007;02:132–4.

 44. Kung YX: Wechsler Adult Intelligence Scale and Its Clinical Application. 
Foreign Medical Psychiatry 1981.

 45. Tao M, Gao JF. Reliability and validity of revised self rating anxiety scale 
(SAS‑CR). Chinese J Nerv Mental Dis. 1994;20(5):3.

 46. Chan AC. Clinical validation of the Geriatric Depression Scale (GDS): 
Chinese version. J Aging Health. 1996;8(2):238–53.

 47. Lau RG, Kung YX. A trial of newfoundland memorial University Happiness 
Scale. Chin J Clin Psychol. 1999;007(002):107–8.

 48. Hu HY, Miau GD, Tang MN, Ma C, Hu WS, Cheng HB. Reliability and valid‑
ity of the revised quality of life scale for alzheimer’s disease. Chin J Clin 
Psychol. 2005;04:27–9.

 49. Ma M, Ai ZS, Shek ZD. Reliability and validity of general self‑efficacy scale 
in middle‑aged and elderly patients with type 2 diabetes mellitus. J 
Tongji University ( Medical Science). 2022;43(04):515–20.

 50. Han XQ, Chiang B, Don JY, Wang YR. Problems and Suggestions in the use 
of self esteem scale. Chin J Behav Med Sci. 2005;14(8):763.

 51. Markle‑Reid M, Ploeg J, Fraser KD, Fisher KA, Bartholomew A, Griffith LE, 
Miklavcic J, Gafni A, Thabane L, Upshur R. Community program improves 
quality of life and self‑management in older adults with diabetes mellitus 
and comorbidity. J Am Geriatr Soc. 2018;66(2):263–73.

 52. Bailey CJ, Day C. Treatment of type 2 diabetes: future approaches. Br Med 
Bull. 2018;126(1):123–37.

 53. Ezzati A, Zammit AR, Habeck C, Hall CB, Lipton RB. Detecting biological 
heterogeneity patterns in ADNI amnestic mild cognitive impairment 
based on volumetric MRI. Brain Imaging Behav. 2020;14(5):1792–804.

 54. Yang P, Wang MY, Wang ZY, Zhang WH. The construction of hierarchical 
and graded continuous nursing plan for patients with type 2 diabetes 
mellitus based on Triangle model. J Nurs Sci. 2022;37(07):85–9.

 55. Aslani M, Raziani Y, Ebadi A, Sharif Nia H, Jafari M, Ghanei‑Gheshlagh R. 
Psychometric properties of the Farsi version of diabetes burnout scale in 
patients with type 1 diabetes. Prim Care Diabetes. 2022;16(4):519–24.

 56. Swayamsiddha S, Mohanty C. Application of cognitive internet of medical 
things for COVID‑19 pandemic. Diabetes Metab Syndr. 2020;14(5):911–5.

 57. Early J, Hernandez A. Digital disenfranchisement and COVID‑19: broad‑
band internet access as a social determinant of health. Health Promot 
Pract. 2021;22(5):605–10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Stratified support pattern-based internet-assisted self-management therapy for diabetes mellitus -mild cognitive impairment: a randomized controlled trial protocol
	Background 
	Methods 
	Discussion 
	Trial registration 
	Background
	Study objectives and hypotheses
	Theoretical framework

	Methods
	Trial design
	Study aim, setting and ethics
	Participants
	Recruitment and screening
	Diagnosis criteria
	Inclusion criteria
	Exclusion criteria

	Sample size calculation
	Randomization, blinding, and concealed allocation
	Intervention
	Intervention group
	Wechat operation

	Control group
	Criteria for discontinuing or modifying
	Adherence of intervention
	Concomitant care
	Outcomes
	Outcome measures timeline
	Primary outcomes
	Secondary outcomes

	Data collection
	Statistical analysis

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


