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China, WeChat platform, has a large number of users every day. Many studies show

the health management of patients with diabetes through WeChat can achieve the
ideal effect. This study aims to evaluate the application of WeChat based on clinical
research data, provide clinical evidence for medical staff and promote the self-man-
agement of patients with diabetes.

Methods: The PubMed, EMBASE, Cochrane Library, CNKI and Wanfang database
were searched to identify related reports that were published up to 9 March 2020.
The quality of included studies was assessed by Cochrane Collaboration risk assess-
ment tool. Measures of interest were mean difference (MD) and 95% confidence
interval (Cl). Random-effect model was used according to the absence or presence
of significant heterogeneity. Heterogeneity among trials was evaluated by I? test.
Publication bias was assessed by funnel plots.

Results and discussion: Thirty-eight articles involved 2,709 controls and 2,709 pa-
tients who used WeChat were identified. Relative to the traditional group, WeChat
group had a lower level in fasting plasma glucose (FPG in mmol/L; MD: 1.36, 95%
Cl 1.10-1.62, P < .00001), so did 2hPG (MD: 1.91, 95% CI 1.48-2.35, P < .00001)
and HbA1C (MD: 1.07, 95% Cl 0.86-1.27, P < .00001). Self-efficacy scale improved
significantly, including diet score (MD: -1.31, 95% CI -1.77 to -0.86, P < .00001), ex-
ercise score (MD: -1.92, 95% Cl -2.44 to -1.40, P < .00001), medication taking score
(MD: -1.45, 95% Cl: -1.94 to -0.97, P < .00001), monitoring of blood glucose score
(MD: -1.17, 95% CI -1.83--0.51, P = .0005) and foot care score (MD: -1.71, 95% CI
-2.08 to -1.34, P < .00001). Patients' understanding of the disease and satisfaction
with follow-up increased significantly, whereas the incidence of adverse reactions
and complications decreased.

What is new and conclusion: WeChat follow-up appears to be helpful to improve

the level of blood glucose and self-management, reduce the incidence of adverse

reactions and complications, and improve the satisfaction rate of patients with type
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1 | WHAT IS KNOWN AND OBJECTIVE

The incidence of diabetes has been rising worldwide. It has in-
creased from 0.67% in 1980 to 10.4% in 2013 in China® and is
expected to increase to 591.9 million by 2035.2 Epidemiological
studies in China show that® the direct medical expenses generated
by diabetes increase rapidly, exceeding the gross domestic prod-
uct (GDP) of the same period and one of the important reasons for
its high economic burden is the complications of diabetes.*> Some
classic studies®’ have proved that strict control of blood glucose
can significantly reduce the risk of diabetic complications, but tra-
ditional interventions lack continuity and timeliness, so the effect
is generally not ideal.®

With the popularity of mobile phones, the development of mo-
bile health management has become a hot subject. More than 90%
of people in China use mobile phones, which brings convenience to
the new health management model. As a very popular app in China,
the WeChat platform has a large number of users every day. It can
communicate at any time and any place through voices, pictures, vid-
eos and other forms, effectively solving the disadvantages of tradi-
tional interventions.

There are studies showing the health management of patients
with diabetes through WeChat can achieve the ideal effect of con-
trolling blood glucose, reduce complications and improve treatment
compliance and satisfaction compared with conventional methods,
but most of the research samples are small, and there are differences
in the research objects. In addition, there is no systematic review
and meta-analysis of the impact of WeChat on self-management of
diabetes patients. Therefore, this study aims to evaluate the appli-
cation of WeChat based on clinical research data, provide clinical
evidence for medical staff and promote the self-management of di-

abetes patients.

2 | METHODS
2.1 | Search strategy

The articles published before 9 March 2020 were searched via
PubMed, Cochrane Library, EMBASE, China National Knowledge
Infrastructure (CNKI) and Wanfang database, systematically and in-
dependently searched by two authors. References of the retrieved

articles were also reviewed and relevant studies were included.
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2 diabetes. It should be noted that this meta-analysis has limitations, such as small
sample sizes and the low quality of included literature, as well as the lack of research
in Western countries. Therefore, more high-quality studies with larger samples are

needed in the future to verify our results.

meta-analysis, self-management, systematic review, type 2 diabetes, WeChat

Search terms included “WeChat”, “diabetes”, “blood glucose”, “blood

» o«

suger”,

» o«

weixin”, “tangniaobing” and “xuetang” (Table S1). No lan-
guage restriction was applied to the search.

2.2 | Eligibility and exclusion criteria

Randomized controlled trials (RCTs) were included in the meta-anal-
ysis if they satisfied the following criteria: (a) type 2 diabetic patients
who were > 18 years old, (b) an intervention time at least 3 months,
(c) a control group that received traditional follow-up and an experi-
mental group add WeChat on this basis and (d) studies that evaluated
at least one of the outcomes for the present study. The outcome was
included fasting plasma glucose (FPG), 2-hour postprandial blood glu-
cose (2hPG) and glycated haemoglobin (HbA1C). The units of FPG and
2hPG were mmol/L. The exclusion criteria were (a) repeated publica-
tion, (b) unable to get full text, (c) case reports or review articles and (d)

special population such as children and pregnant women.

2.3 | Study selection process

This part was completed by two authors independently. Screened
titles and abstracts identified by search process, two reviewers re-
trieved and reviewed all potentially eligible studies independently
using previously mentioned inclusion criteria. A second screening was
done via a full-text review by the reviewers. Any disagreement was re-
solved by the discussion and consensus of a third author, if applicable,
was recorded to ensure a final consensus among the three reviewers.

2.4 | Data extraction

Two reviewers independently completed relevant information using
a predesigned form that included characteristics of each study (eg,
author, year of publication, country, research type, age, follow-up),
patient population (numbers of traditional group and WeChat group)
and clinical outcomes (eg, FPG, 2hPG, HbA1C and self-efficacy
scales) of the two regimens in each study.

A third author checked the data and added additional relevant
data. The three authors discussed and reached a unified result if
there was any disagreement. If necessary, the fourth author could

assist in the evaluation.
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2.5 | Self-efficacy scales

There were four main types of health scales used by patients: SDSCA
measure,” SF-36 measure,’® DMSES* and CN-ADDQOL measure.*?

Summary of diabetes self-care activities (SDSCA) measure:
This scale was developed in 2000 and was widely used abroad.'® It
was a self-reported questionnaire for diabetic patients' self-man-
agement, including 11 items of general diet, specific diet, exercise,
blood glucose monitoring, foot care and smoking. These items
used a 0-7 points scoring method, with a total questionnaire score
of 0-77 points. The higher the score, the better the self-man-
agement behavior. The standardized scoring formula was (ac-
tual score/highest possible score)x100, <40 was bad, 41-80 was

_ _ FIGURE 1 Preferredreporting
Records 1denntj1ed through items for systematic reviews and meta-
database searching (n =382) analyses flowchart depicting the study
Pubmedn =8 Papers identified through manual identification, screening, eligibility and
Embasen =13 inclusion process
= ) search (n=0)
S Cochrane Libraryn =11
L CNKIn =141
§ Wanfang database n =209
Records after duplicat: red
5 SRR SRS —_ 61 of records excluded
(n=1382)
Records screened Records excluded (n = 201), with
(@ =321) — reasons:
oD Review n= 10
g Irrelevant n = 59
é Outcome index doesn’t matchn =9
Peer-reviewed articlen =7
Not target populationn = 116
v Full-text articles excluded (n = 82), with
reasons:

Full-text articles further Not full-text available n = 6
= evaluation for eligibility ¥ Too little information provided n = 17
%‘) (n =120) Not target populationn = 23
= Not RCTn =36
23}

Studies included in
quantitative synthesis

- (n=38)
g
g

medium, and >80 was good. The Cronbach's a coefficient of each
dimension was 0.62-0.92.

The Short Form-36 (SF-36) Health Survey measure!®: It was used
in clinical practice and research to measure the outcome associated
with certain diseases. This scale included 8 items, physical func-
tion, role-physical, body pain, general health, vitality, society func-
tion, role emotional and mental health. Conversion score = (original
score-lowest possible score)/ (highest possible score-lowest possi-
ble score)x100, the result was 0-100 from bad to good.

Diabetes Management Self-Efficacy Scale (DMSES)'®: The
scale was divided into 20 items, each item was 0-10 points, and the
total score was 0-200 points. The higher the score, the better the

self-management. Final score =actual score of the scale/highest



YANG ET AL.

TABLE 1 Extracted and analysed data of this systematic literature review

Sample Size (n)

Journal of

Clinical Pharmacy and Therapeutics

Author Year Type Country Total
Yang!® 2015 RCT China 102
Chen® 2015 RCT China 60
Zeng®® 2015 RCT China 80
Liu?? 2016 RCT China 120
Wang?? 2016 RCT China 100
Luo®® 2016 RCT China 200
Zhan?* 2017 RCT China 120
Shi?® 2017 RCT China 158
Hu?® 2017 RCT China 120
Huang?’ 2017 RCT China 86
Fu?® 2017 RCT China 100
Dai%’ 2017 RCT China 100
Chen®® 2017 RCT China 80
Dong®! 2017 RCT China 123
Kang®? 2017 RCT China 200
Dong®® 2018 RCT China 120
Yuan®* 2018 RCT China 220
Ye® 2018 RCT China 120
Huang® 2018 RCT China 120
Xiao%’ 2018 RCT China 984
Lei®® 2018 RCT China 142
Shao® 2018 RCT China 40
Luo*® 2018 RCT China 100
Bao*! 2018 RCT China 78
Xu*? 2018 RCT China 100
Liu*® 2018 RCT China 275
Li* 2019 RCT China 165
i 2019 RCT China 200
Xue?® 2019 RCT China 120
Liu®” 2019 RCT China 112
Huang*® 2019 RCT China 140
Gao® 2019 RCT China 100
Wang*° 2019 RCT China 60
Huang®! 2019 RCT China 100
Jiang®? 2019 RCT China 98
Wei*® 2019 RCT China 134
Ran®* 2019 RCT China 90
Zhang®® 2019 RCT China 96

BD-WILEY-

Traditional WeChat Follow-up
group group Age time (m)
51 51 22-71 6
30 30 20-50 6
40 40 36-80 3
56 57 18-59 6
47 48 32-65 3
100 100 42-71 12
60 60 20-60 12
80 78 23-50 6
60 60 22-44 6
41 42 18-59 6
50 50 18-60 6
50 50 35-72 6
37 40 60-75 6
59 60 45-60 12
100 100 45-67 6
59 60 23-60 12
110 110 40-80 6
60 60 40-67 6
60 60 20-80 6
492 492 60-80 S
65 66 218 3
20 20 22-60 S
50 50 56-72 6
40 38 31-80 12
50 50 25-62 3
140 135 18-60 6
83 82 218 12
95 94 50-60 S
60 60 30-55 3
56 56 51-70 6
70 70 34-80 6
50 50 37-58 3
30 30 265 6
50 50 35-72 6
48 50 66-79 6
67 67 39-58 6
45 45 30-50 12
48 48 50-75 12

possible score x100%, 280% was a high-efficiency level, <40% was
a low-efficiency level, and the rest was a medium-efficiency level.
The Chinese Normal Audit of Diabetes-Dependent Quality of
Life (CN-ADDQOL) measure®: The ADDQOL scale had a history of
more than 20 years abroad, and the Chinese version was adjusted

according to the characteristics of the Chinese population. The

scale included 11 items, divided into five dimensions: leisure activi-
ties, emotions, psychological feelings, family life and diet. The score
range was (-171)-57 points. The higher the scale score, the better
the quality of life of the patient. The Cronbach's a coefficient of the
scale was 0.941, and the relative fitting index of the structural equa-

tion model was 0.96%, which had good reliability and validity.
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2.6 | Risk of bias assessment

Quality control was undertaken independently by two authors.
Discrepancies were resolved by discussion with a third investigator,
or consensus of the whole team if required. RCTs were assessed by

Cochrane Collaboration risk assessment tool.””

2.7 | Statistical analysis

Review Manager for Windows (version 5.3) was used for the meta-anal-
ysis. Measures of interest were risk ratio (RR), mean difference (MD)
and 95% confidence interval (Cl). Fixed-effect model or random-effect
model was used according to the absence or presence of significant
heterogeneity. Heterogeneity among trials was evaluated by chi-square
test (P < .10 means indicate significant heterogeneity) and I test.
Publication bias was assessed by funnel plots. We excluded each study
one by one so as to evaluate the stability of results. For FPG, 2hPG
and HbA1C, favours in forest plot meant better blood sugar control. For
self-efficacy score, it meant higher scores and better self-management.

3 | RESULTS AND DISCUSSION
3.1 | Literature search

A total of 382 records published before 9 March 2020 were identi-
fied by search procedure. In addition, no article was obtained from
the reference lists. A total of 120 articles remained after the review
of titles or abstracts. By the end, 82 articles were excluded after
full-text reviews and 38 articles involved 5463 patients were identi-
fied.'®° The detailed process of literature selection and reasons for

exclusion were summarized in Figure 1.

3.2 | Study description

A total of 2709 patients received traditional follow-up, and 2709
added WeChat. There were 10 studies?20:27:30:3941,50.52.54.55 \y jth |ess
than 100 patients, 25 studies!®21-26.2829.31-33,3536,38,40,42.44-49,51,53
with 100-200 patients (including 100 and 200), three studies3*%743

with more than 200 patients, and the numbers of cases in each

study ranged from 40% to 984.5 All participants were followed-up
>3 months, with intervention durations of 3 months in nine stud-

ies,20'42'45'46'49 6monthsin21 Studie518,19,21,25-30,32,34-36,40,43,47,48,50-53

and 12 months in eight studies.?32431,3341445455 Al studies re-
ported at least one outcome related to blood glucose, which in-
cluded FPG, 2hPG and HbA1C. Self-efficacy scale was reported in
11 articles, 72>2733354046.50 of \which were evaluated by SDSCA
measure, 333493 by SF-36 measure and the rest®® by DMSES and
CN-ADDQOL measure. Characteristics of studies are presented in

Table 1.

3.3 | Quality assessment

The random sequence generation (selection bias) was considered
low-risk in 30 studies, and one study had a low risk based on al-
location concealment and blinding of participants and personnel.
None of the studies involved selective reporting (reporting bias). All
studies had low risks of bias based on other bias. In addition to the
high-risk bias of incomplete outcome data of the two studies, %33
the remaining studies were low risk. Details of quality assessment

are shown in Figures 2 and 3.

3.4 | EffectsonFPG

18-20,23-33,35.37°55 raported FPG at different follow-

Thirty-four studies
up endpoints. It was statistically lower in experimental than control
groups (MD: 1.36, 95%Cl 1.10-1.62, P < .00001; Figure 4). We also
observed the same results in subgroups. Significant heterogeneity
was found among the studies (> = 96%, P < .00001), and random-
effect model was used. Sensitivity analysis showed no substantial
modification of the estimates after exclusion of individual study one

by one. Funnel plot is shown in Figure S1.

3.5 | Effects on 2hPG

Compared to control, intervention brought out lower 2hPG after fol-
low-up among 31 studies (MD: 1.91, 95%Cl: 1.48-2.35, P < .00001;
Figure 5),1%20:23-30,32,33,35,37,38,40-55 ¢y did subgroups. Random-effect

model was used because of significant heterogeneity (1> = 96%,



YANG ET AL.

=3 | Blinding of participants and personnel (performance bias)

'~
0006006660606 60O 060606660 0@ 06606 6 o060 6 0 6 6 0 ®| ®)nomitoutmedat(dtion bias)
. S

= | Allocation concealment (selection bias)
= | Selective reporting {(reporting bias)

~ | @®|@®|®|® |~ | @ |Random sequence generation (selection bias)

Wang MH 2019

00000 e e e e
-~
2

&

=
Bao HD 2018 -
Chen SY 2015 ? 2| @®
Chen 22017 ? )
Dai 6Q 2017 2|2 2| ®
Dong CL 2017 7|2 7@
Dong YH 2018 2|2 2| ®
FuQ2017 2|2 2 | @
GaocL2019 (@ |2 | 2 2 | @
HuangP 2019 |2 |2 | 2 2 @
Huangwe 2018 | @ | 2 | 2 2| @®
HuangxH 2017 | @ | 2 | 2 2| @®
HuangYJ 2019 (@ | 2 | 2 7@
HuYF2017 [ 2 [ 2 |2 )
JiangcLz01e (@ |2 [ @ 2| @®
KangL2017 | @ |2 |7 2| @
Leic201s | @ |2 |2 )
LiuCJ2016 2 | 2 @
LuJss201s | @ |2 | 2 2| @
Lus201s (@ |2 | 2 7| @
Livaoie (@ |2 |2 2| @®
Lvr2oie (@ |2 | 2 )
LuoJ2016 | @ |2 | 2 7| @
LwoR2018| 2 |2 |2 )
RanH 2019 2|2 )
Shao Y 2018 7|2 7@
ShiXF 2017 2 (2 2| ®
Wang LJ 2016 2|2 2| ®
@
Wei P 2019 7|2 2| ®
Xiao JH 2018 2 (2 2| ®
Xue YN 2019 ® e 2@
Xu ZY 2018 7|2 7| ®
Yang SH 2015 2|2 2| ®
YeTF2018| 2 [ 2 | 2 )
yuanDD 2018 | @ |2 |2 2@
ZengL2015 | @ |2 |2 )
ZhangJJ 2018 | @ | 2 | 2 2| @®
Zhanya2017 (@ |2 | 2 2| @®

FIGURE 3 Risk of bias summary (indicators from Cochrane
Collaboration risk assessment tool)
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P <.00001). The result was reliable by sensitivity analysis after exclu-
sion of individual study one by one. Funnel plot is shown in Figure S2.

3.6 | Effects on HbA1C

Significant difference was showed in HbA1C between control and
experimental groups!®1%2122.24-3032:3941-4547-52.5455  (\p. 107,
95%Cl 0.86-1.27, P < .00001; Figure 6), and subgroups showed the
same result. Significant heterogeneity (I> = 95%, P < .00001) was
found, and random-effect model was used. Sensitivity analysis was
reliable after exclusion articles one by one. Funnel plot is shown in

Figure S3.

3.7 | Effects on diet score

Diet score was significantly higher in  experimental
groups?>27:33:354050 (Mp: -1.31, 95%Cl: -1.77--0.86, P < .00001;
Figure 7). Random-effect model was used due to significant hetero-
geneity (17 = 83%, P < .0001). Sensitivity analysis showed no sub-
stantial modification of the estimates after exclusion of individual

study one by one. Funnel plot is shown in Figure S4.

3.8 | Effects on exercise score

Exercise scores showed significant differences between two
groups among six studies?>27:33:3540.50 (MD: -1.92, 95%Cl: -2.44-
-1.40, P < .00001; Figure 8). Significant heterogeneity was found
among the studies (I? = 76%, P = .0009) and random-effect model
was used. The result was reliable by sensitivity analysis after ex-
clusion of individual study one by one. Funnel plot is shown in
Figure S5.

3.9 | Effects on medication taking score

Compared to control, experimental brought out higher score
after follow-up (MD: -1.45, 95%Cl: -1.94--0.97, P < .00001;

),25:27:33,3540.50 ¢4 did subgroups. Significant heterogeneity

Figure 9
was found among the studies (> = 88%, P < .00001) and random-
effect model was used. The result was reliable by sensitivity analysis
after exclusion of individual study one by one. Funnel plot is shown

in Figure Sé6.

3.10 | Effects on monitoring of blood glucose score

Six Studie525,27,33,35,40,50

reported this outcome at follow-up end-
points. It was statistically lower in control groups (MD: -1.17, 95%Cl:
-1.83--0.51, P = .0005; Figure 10). Random-effect model was used

and significant heterogeneity was found (> = 91%, P < .00001).
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traditional group WeChat group Mean Difference Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.1.13m

ChenZX 2017 10 23 37 92 24 40 1.9% 0.80 [-0.25, 1.85] ]

Gao CL 2019 687 165 50 48 117 50 2.5% 2.07[1.51,2.63]

LeiC 2018 878 1.46 65 815 1.32 66 2.6% 0.63[0.15,1.11] —

LiY 2019 6.9 3.1 95 64 29 94  22% 0.50 [-0.36, 1.36] ]

Luo R 2018 821 234 50 7.04 247 50 21% 1.17[0.23, 2.11)

Shao Y 2018 726 1.23 20 512 112 20 2.3% 214[1.41,2.87]

XiaoJH 2018 761 087 492 695 082 492 28% 0.66 [0.55, 0.77] -

XuZy 2018 681 1.25 50 591 1 50 2.6% 0.90[0.46, 1.34] -

Xue YN 2019 729 046 60 6.05 057 60  2.8% 1.24[1.05,1.43) -

Zeng L 2015 748 038 40 6.52 042 40 2.8% 0.96[0.78,1.14] -

ZhanYQ 2017 695 091 60 6.15 082 60 2.7% 0.80[0.49,1.11] -

Subtotal (95% CI) 1019 1022 27.5% 1.05[0.80, 1.29] <

Heterogeneity: Tau®= 0.11; Chi*= 63.05, df= 10 (P < 0.00001); F=84%

Test for overall effect: Z=8.26 (P < 0.00001)

1.1.26m

Chen SY 2015 823 1.32 30 592 11 30 25% 2.31[1.70,2.92]

Chen ZX 2017 8.5 15 37 79 15 40 2.4% 0.60 [-0.07,1.27] i S

Dai GQ 2017 748 1.4 50 635 1.28 50 2.6% 1.13[0.60, 1.66] —

Dong YH 2018 759 234 59 7.04 1.58 60 2.3% 0.55[-0.17,1.27] i

FuQ 2017 693 075 50 5.82 0.7 50 2.8% 1.11[0.82,1.40] ——

Hu YF 2017 8.01 216 60 6.26 2.01 B0  2.3% 1.75[1.00, 2.50]

Huang P 2019 792 155 70 6.08 211 70 25% 1.84[1.23, 2.45)

Huang XH 2017 752 146 41 566 1.38 42 25% 1.86 [1.25, 2.47)

Huang YJ 2019 938 1.7 50 66 15 50 2.4% 3.20[2.57,3.83]

Jiang CL 2019 8.65 547 48 7.01 252 50  1.3% 1.64 [-0.06, 3.34]

Kang L 2017 903 156 100 718 214 100 26% 1.85[1.33,2.37] -

LiuJB 2018 805 257 140 731 268 135 25% 0.74[0.12,1.36]

Liu S 2019 782 023 56 526 0.31 56  2.8% 2.56 [2.46, 2.66) -

Luo J 2016 703 058 100 645 048 100 28% 0.58[0.43,0.73] ==

Luo R 2018 908 2086 50 7.24 207 50 2.2% 1.84[1.03, 2.65]

ShiXF 2017 754 1.37 80 519 1.2 78 27% 2.35[1.95,2.79) -

Wang MH 2019 631 1.35 30 5.4 1 30 25% 0.91 [0.31,1.51]

WeiP 2019 9.03 16 67 714 208 67  2.4% 1.89[1.26, 2.52]

Yang SH 2015 839 135 51 734 1.3 51 2.6% 1.05[0.53,1.57] -

Ye TF 2018 737 1.74 60 6.7 152 60  2.5% 0.67 [0.09, 1.25)

ZhanYQ 2017 6.89 083 60 5.82 071 60 2.8% 1.07[0.79,1.35] =

Subtotal (95% Cl) 1289 1289 51.8% 1.50[1.05, 1.94] <

Heterogeneity: Tau®= 1.00; Chi*= 628.45, df= 20 (P < 0.00001); I*=97%

Test for overall effect: Z= 6.55 (P < 0.00001)

1.1.312m

Bao HD 2018 749 042 40 633 05 38  28% 1.16 [0.95,1.37] -

Dong CL 2017 5.8 0.6 59 49 06 60 2.8% 0.90[0.68,1.12] -

Dong YH 2018 758 236 59 741 242 60 2.2% 0.17 [-0.69,1.03] O

LiYP 2019 8.04 257 83 6.97 268 82  22% 1.07 [0.27,1.87)

Luo J 2016 746 109 100 593 082 100 28% 1.53[1.26,1.80] -

RanH 2018 824 107 45 622 1.23 45  2.6% 2.02[1.54,2.50] -

ZhanYQ 2017 693 075 60 572 068 60 2.8% 1.21[0.95,1.47] -

Zhang JJ 2019 1015 1.96 48 7.07 09 48  25% 3.08[2.47,3.69]

Subtotal (95% Cl) 494 493  20.6% 1.41[1.04, 1.78] -

Heterogeneity: Tau®= 0.23; Chi*= 65.90, df= 7 (P < 0.00001); I*= 89%

Test for overall effect: Z=7.43 (P < 0.00001)

Total (95% Cl) 2802 2804 100.0% 1.36 [1.10, 1.62] <>

Heterogeneity: Tau®= 0.62; Chi*= 1057.81, df= 39 (P < 0.00001); IF= 96% _34 _52 5 2 i

Test for overall effect: Z=10.26 (P < 0.00001)
Test for subaroun differences: Chi*=4.34. df=2 (P=0.11). F=53.9%

Favours [traditional group] Favours WeChat group)

FIGURE 4 Forest plot depicting the mean difference of FPG with traditional group versus WeChat group

Sensitivity analysis was reliable after exclusion articles one by one.

Funnel plot is shown in Figure S7.

3.11 | Effects on foot care score
Six studies?>27333540.50 raported this outcome, and control groups
were statistically lower on this score (MD: -1.71, 95%Cl: -2.08-
-1.34, P < .00001; Figure 11). Significant heterogeneity was found

(I* = 68%, P = .008), and random-effect model was used. Sensitivity
analysis was reliable after exclusion articles one by one. Funnel plot
is shown in Figure S8.

This was the first meta-analysis based on self-management of type
2 diabetes patients' follow-up using traditional methods or WeChat.
Based on FPG, 2hPG, HbA1C and self-efficacy scale, our study eval-
uated the effectiveness of self-management in patients with type 2
diabetes. The improvement of these indicators would help patients to

understand the disease correctly and improve the quality of life.
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Mean Difference

1.2.13m

Chen ZX 2017 139 42 37 113 28 40 21% 2.60[0.99, 4.21]
Gao CL 2019 93 1.36 50 86 164 50 28% 0.70[0.11,1.29]
LeiC 2018 977 175 65 941 225 66 28% 0.36[-0.33,1.09
LiY 20189 107 28 95 86 32 94 27% 2.10 [1.24,2.96]
LuoR 2018 1012 4.54 50 865 3.81 50 21%  1.47[-017,3.11]
Xiao JH 2018 1205 1.84 492 972 143 492 3.0% 233 [212,254)
XuZY 2018 6.43 1.32 50 623 105 50 29% 0.20[-0.27 0.67]
Xue YN 2019 10.06 0.48 60 845 064 60 3.0% 1.61[1.41,1.81]
Zeng L 2015 1079 145 40 948 3.61 40 2.4% 1.31[0.10, 2.52]
ZhanYQ 2017 756 157 60 671 157 60 28% 0.85[0.29,1.41]
Subtotal (95% CI) 999 1002  26.5% 1.29[0.74, 1.84]

Heterogeneity: Tau®= 0.61; Chi*=112.84, df=9 (P < 0.00001), F= 92%
Test for overall effect: Z= 4.62 (P < 0.00001)

1.2.26m

Chen 8Y 2015 116 162 30 1038 15 30 27%
Chen ZX 2017 17 37 37 92 3 40 22%
Dai GQ 2017 1034 1.41 50 826 125 50 28%
Dong YH 2018 11.23 287 59 1077 242 60 26%
Fu@ 2017 7.2 164 50 667 136 50 28%
Hu YF 2017 1011 275 60 9.08 249 60 26%
Huang P 2018 1382 1.68 70 851 134 70 29%
Huang XH 2017 1152 1.48 41 863 135 42 28%
Huang YJ 2019 19 17 50 79 15 50 28%
Jiang CL 2019 10.08 284 48 895 268 50 25%
Kang L 2017 1364 167 100 855 13 100 29%
LiuJB 2018 1016 349 140 907 357 135 27%
LiuS 2019 1021 112 56 867 1.03 56 29%
LuoJ 2016 867 065 100 768 064 100 3.0%
LuoR 2018 1311 373 50 887 318 50 23%
ShixF 2017 1047 158 80 831 136 78 29%
VWang MH 2019 83 217 30 6861 122 30 26%
Wei P 2019 1376 1.73 67 911 142 67 28%
Ye TF 2018 1042 205 60 927 186 60 28%
ZhanYQ 2017 742 136 60 667 136 60 29%
Subtotal (95% CI) 1238 1238 54.4%

Heterogeneity: Tau®= 2.77; Chi*= 739.32, df= 19 (P < 0.00001); F=97%
Test for overall effect: Z=5.82 (P < 0.00001)

1.2.312m

Bao HD 2018 1113 1.7 40 984 059 38 28%
Dong YH 2018 108 388 59 103 343 60 23%
LiYP 2019 1032 326 83 908 384 82 25%
LuoJ 2016 9.41 1.3 100 811 1.02 100 29%
RanH 2019 13.87 096 45 951 13 45 29%
ZhanYQ 2017 7.2 164 60 65 164 60 28%
Zhang JJ 2018 1321 158 48 1007 146 48 28%
Subtotal (95% Cl) 435 433 19.1%

Heterogeneity: Tau®= 2.15; Chi*= 159.09, df= 6 (P < 0.00001); F= 96%
Test for overall effect: Z= 3.18 (P = 0.001)

Total (95% Cl) 2672 2673 100.0%
Heterogeneity: Tau®= 1.66; Chi*= 1025.72, df = 36 (P < 0.00001); I*= 96%
Test for overall effect: Z=8.60 (P < 0.00001)

Test for subaroun differences: Chi*=4.03. df=2 (P=0.13). F=50.4%

1.22[0.43, 2.01]
250 [0.99, 4.01]
2.08 [1.56, 2.60]

0.46 [-0.49,1.41]
0.53 [-0.06,1.12]

1.03[0.09,1.97]
5.31 [4.81,5.81]
2,89 [2.28, 3.50]
4.00[3.37, 4.63]
113[0.04,2.22]
5,09 [4.68, 5.50]
1.09 [0.26, 1.92]
154[1.14,1.84]
0.99[0.81,1.17]
4.24[2.88, 5.60]
216[1.70, 2.62]
1,69 [0.80, 2.58]
4.65[4.11,5.19]
1.15[0.45, 1.85]
0.75 [0.26, 1.24]
2.23[1.48, 2.98]

1.29[0.73,1.85]

0.50[-0.82,1.82]

1.24[0.15,2.33]
1.30(0.98, 1.62]
4.36[3.89, 4.83]
0.70(0.11,1.29]
3.14[2.53,3.75]
1.83[0.70, 2.95]

1.91[1.48, 2.35]

IV, Random, 95% CI

-4 -2 0

Favours [traditional group] Favours WeChat group]

FIGURE 5 Forest plot depicting the mean difference of 2hPG with traditional group versus WeChat group

Significant improvement of blood glucose was an important
outcome to evaluate the effectiveness of WeChat follow-up. In our
study, FPG, 2hPG and HbA1C were significantly reduced in WeChat
group (P < .00001). Xu et al*? and Xue et al*® reported WeChat fol-
low-up reduced FPG and 2hPG relative to education at discharge
or education manual after 3 months, so did HbA1C level. Two arti-
cles™?® found, compared with telephone, WeChat follow-up could
effectively improve the blood glucose related indicators of patients
after 6 months. In the same way, WeChat follow-up could reduce
blood glucose level more than outpatient follow-up.3® The reason

why WeChat follow-up could significantly improve the blood glucose

level of patients was that it could understand the current situation of
patients through a variety of ways (such as texts, pictures, voices and

videos).”®

Compared with outpatient follow-up, it was more timely.
Meanwhile, it was more comprehensive and intuitive than telephone
follow-up. At the same time, the establishment of WeChat group
might also realize the 'one to many' follow-up mode®’ (one medical
staff corresponds to multiple patients), effectively saving time, and
patients could also support each other.

The improvement of self-management ability of diabetic patients
after discharge was also one of the advantages of WeChat follow-up.

Diet control, exercise therapy, diabetes knowledge education, blood
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traditional group WeChat group Mean Difference Mean Difference
Study or Subgrouy Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.3.13m
ChenZX 2017 8.5 22 37 7717 40 2.0%  0.80[-0.08,1.68] b
Gao CL 2019 789 1.24 50 63 1.22 50 2.8% 1.58[1.11,2.07] -
LeiC 2018 982 168 65 8.84 211 66 2.4% 0.98 [0.33, 1.63]
LiY 2019 738 1.18 95 6.78 1.13 94 3.0% 0.60[0.27,0.93] I
Liu CJ 2016 847 183 56 7.44 142 57 2.5% 1.03[0.43,1.63]
Shao Y 2018 8.07 063 20 6.24 051 20 3.0% 1.83[1.47,2.19] -
Wang LJ 2016 759 062 47 6.85 042 48  31% 0.74[0.53, 0.95] -
XiaoJH 2018 889 132 492 719 094 492 32% 1.70 [1.56, 1.84] -
Xu ZY 2018 6.98 098 50 6.62 074 50 3.0% 0.36 [0.02, 0.70) T
Zhan¥Q 2017 699 1.38 60 6.37 1.29 60  2.8% 0.62[0.14,1.10] I
Subtotal (95% Cl) 972 977 27.8%  1.03[0.64,1.43] -
Heterogeneity: Tau®= 0.35; Chi*= 122.02, df= 9 (P < 0.00001); F=93%
Test for overall effect: Z=5.11 (P < 0.00001)
1.3.26m
Chen SY 2015 832 083 30 6.53 062 30 2.9% 1.79[1.42,2.16) I
Chen Z{ 2017 7.8 2 37 69 1.2 40 2.3% 0.90[0.16, 1.64]
Dai G@ 2017 735 125 50 6.24 1.16 50 2.8% 1.11 [0.64, 1.58] E—
Dong YH 2018 872 1.7 59 835 1.75 B0  25%  0.37[-0.25,0.99] -1T-
FuQ 2017 693 1.24 50 62 117 50 2.8% 0.73[0.26,1.20] -
Hu YF 2017 8.31 2.2 60 7.42 226 60 2.2% 0.89[0.09, 1.69]
Huang P 2019 7.99 19 70 592 11 70 27% 2.07 [1.56, 2.58] I
Huang WE 2018 921 025 60 9.08 022 60 3.2% 0.13[0.05, 0.21] i
Huang XH 2017 851 1.74 41 698 1.51 42 2.4% 1.53[0.83,2.23]
Huang YJ 2019 761 082 50 6.21 1.32 50 2.8% 1.40[0.97,1.83] E—
Jiang CL 2019 76 259 48 659 212 50 1.9% 1.01 [0.07, 1.95)
Kang L 2017 935 188 100 695 118 100 2.8% 2.40[1.96, 2.84] -
Liu CJ 2016 779 1.28 56 698 1.24 57 2.8% 0.81[0.35,1.27] -
LiuJB 2018 754 261 140 658 273 135 25% 0.96 [0.33,1.59]
Liu S 2019 7.45 0.86 56 6.65 0.35 56 3.1% 0.80 [0.56, 1.04] -
ShiXF 2017 841 172 80 6.96 1.54 78 27% 1.45[0.94, 1.96] I
Wang MH 2019 7.93 213 30 6.84 1.72 30 1.9% 1.09[0.11, 2.07]
Yang SH 2015 7.5 0.5 51 69 05 51 3.2% 0.60[0.41,0.79] -
Ye TF 2018 819 1.73 60 73 15 60  2.6% 0.891[0.31,1.47]
Yuan DD 2018 5 02 110 71 03 110 32% 0.40[0.33,0.47] bt
ZhanYQ 2017 6.89 1.02 60 6.2 117 60 2.9% 0.69[0.30,1.08) I
Subtotal (95% ClI) 1298 1299 56.2% 1.03 [0.80, 1.26] L 4
Heterogeneity: Tau®= 0.23; Chi*= 298.70, df= 20 (P < 0.00001), F=93%
Test for overall effect: Z= 8.63 (P < 0.00001)
1.3.3 12m
Bao HD 2018 6.94 0.4 40 637 035 38 32% 0.57 [0.40,0.74] -
Dong YH 2018 727 124 59 6.63 1.17 60 2.8% 0.64 [0.21,1.07] -
LiYP 2019 746 261 83 658 236 82 2.2% 0.881[0.12,1.64]
RanH 2019 867 233 45 566 094 45  2.3% 3.01[2.28,3.74]
ZhanYQ 2017 693 1.24 60 6.23 1.35 60  2.8% 0.70[0.24,1.16) =
Zhang JJ 2019 1021 1.57 48 814 119 48  2.6% 2.07 [1.51, 2.63]
Subtotal (95% CI) 335 333 16.0% 1.27[0.63, 1.91] i
Heterogeneity: Tau®= 0.56; Chi*= 62.72, df= 5 (P < 0.00001); IF= 92%
Test for overall effect: Z= 3.90 (P < 0.0001)
Total (95% Cl) 2605 2609 100.0% 1.07 [0.86, 1.27] L 2
Heterogeneity: Tau?= 0.34; Chi*= 698.43, df= 36 (P < 0.00001); I*= 95% 1 . _=2 ) 2 i

Test for overall effect: Z=10.22 (P < 0.00001)
Test for subaroun differences: Chi*=0.49. df=2 (P=0.78). F=0%

Favours [traditional group] Favours WeChat group)

FIGURE 6 Forest plot depicting the mean difference of HbA1C with traditional group versus WeChat group

traditional group

WeChat group

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Ci

Dong YH 2018 487 143 59 612
Huang XH 2017 46 137 41 635
Luo R 2018 512 093 50 617
ShiXF 2017 465 131 80 628
Wang MH 2019 328 14 30 52
Ye TF 2018 407 085 B0 458
Total (95% CI) 320

Heterogeneity: Tau®= 0.26; Chi*= 29.13, df=5 (P < 0.0001); I*= 83% T

Test for overall effect: Z= 5.65 (P < 0.00001)

Mean Difference Mean Difference
IV, Random, 95% CI
1.27 60 16.7% -1.25[-1.74,-0.76) —
1.56 42 148% -1.75[-2.38,-1.12]
1.09 50 17.9% -1.05[-1.45,-0.65) —_
1.47 78 17.4% -1.63[-2.06,-1.20] ——
1.18 30 145% -1.92[-2.58,-1.26) —
0.94 60 18.8% -0.51[-0.83,-0.19) —=
320 100.0% -1.31[-1.77,-0.86] -
-4 -2 0 2

Favours [WeChat group] Favours [traditional group]

FIGURE 7 Forest plot depicting the mean difference of Diet score with traditional group versus WeChat group
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Study or Subgroup _ Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Mean Difference
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Mean Difference
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IV, Random, 95% CI

Dong YH 2018 51 285 53 568 247 60 13.0% -0.58[-1.54,0.38]

Huang XH 2017 419 108 41 607 1.44 42 184% -1.88[-2.43,-1.33 —

LuoR 2018 358 1.3 50 646 133 50 18.8% -2.87(-3.39,-2.35] —

ShiXF 2017 412 115 80 631 162 78 19.8% -2.19[-2.63,-1.75] —

Wang MH 2019 337 1.4 30 504 114 30 17.0% -1.67[-2.32,-1.02] —

Ye TF 2018 382 285 60 568 247 60 13.0% -1.86[-2.81,-0.91] —_—

Total (95% CI) 320 320 100.0% -1.92[-2.44,-1.40] i

Heterogeneity: Tau?= 0.31; Chi*= 20.85, df= 5 (P = 0.0009); = 76% _=4 _52 ) 2 i

Testfor overall efiect Z= 7.18 (P < 0.00001)

Favours WeChat group] Favours [traditional group]

FIGURE 8 Forest plot depicting the mean difference of Exercise score with traditional group versus WeChat group

traditional group WeChat group Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Dong YH 2018 725 171 59 775 08 60 16.5% -0.50[-0.98,-0.02) =
Huang XH 2017 421 1.05 41 626 147 42 157% -205[-260,-150] — "
Luo R 2018 425 036 50 612 063 50 191% -1.87[-2.07,-1.67] —
ShiXF 2017 407 1.02 80 6.09 113 78 18.0% -2.02[-2.36,-1.69] =
Wang MH 2019 556 1.34 30 6.85 1.22 30 14.6% -1.29[-1.94,-0.64) -
Ye TF 2018 544 149 60 631 14 60 16.1% -0.87[-1.39,-0.35) e —
Total (95% Cl) 320 320 100.0% -1.45[-1.94,-0.97] .’
Heterogeneity: Tau®= 0.31; Chi*= 43.04, df= 5 (P < 0.00001); I*= 88% _=2 _=1 ) 1 2

Testfor overall efiect; Z= 5.86 (P < 0.00001)

Favours WeChat group] Favours [traditional group]

FIGURE 9 Forest plot depicting the mean difference of Medication taking score with traditional group versus WeChat group

traditional group

WeChat group

Mean Difference

Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Mean Difference

IV, Random, 95% CI

Dong YH 2018 328 234 59 351 205 60 149% -0.23(-1.02,0.56]

Huang XH 2017 382 155 41 566 1.31 42 16.2% -1.84[-2.46,-1.22] =

LuoR 2018 389 151 50 542 178 50 16.0% -153(-2.18,-0.89] S

ShiXF 2017 391 153 80 616 176 78 17.0% -2.25[-2.76,-1.74] —

Wang MH 2019 086 062 30 125 056 30 18.2% -0.39[-0.69,-0.09] ——

Ye TF 2018 252 095 60 33 128 60 17.7% -0.78[-1.18,-0.38] —

Total (95% CI) 320 320 100.0% -1.17 [-1.83,-0.51] i

Heterogeneity: Tau?= 0.60; Chi*= 52.89, df= 5 (P < 0.00001); F=91% _=2 _=1 ) 1 2

Testfor overall effect Z= 3.47 (P = 0.0005)

Favours WeChat group] Favours [traditional group]

FIGURE 10 Forest plot depicting the mean difference of Monitoring of blood glucose score with traditional group versus WeChat group

glucose monitoring and drug treatment were the five elements of
self-management of diabetic patients,58 and WeChat follow-up
could effectively take into account the above aspects. Our results
showed that the scores of diet, exercise, medication taking, monitor-
ing of blood glucose and foot care of type 2 diabetes patients after
WeChat follow-up were significantly higher than those of traditional
follow-up. This was probable because the traditional follow-up
model had been unable to meet the needs of patients and their fami-
lies. WeChat follow-up could update the patient's education content
in real time and send it to the patient in time. At the same time, the
addition of multimedia forms such as pictures and videos had greatly
increased the acceptance of patients. Another advantage of WeChat
was it could communicate with patients anytime and anywhere,
answer patients' doubts in time, close the relationship between
medical personnel and patients, and gain patients' trust. Through
timely feedback of patients' problems, patients might develop good
self-management habits and improve the quality of life.

18,22,28

Some studies reported WeChat follow-up could improve

patients' satisfaction and laid a good foundation for later treatment.

However, in addition to improving blood glucose level and self-man-
agement awareness, the way to improve satisfaction would also
be reflected in better understanding of the disease. Many stud-
jes!?32:363943,54 have found after WeChat follow-up, patients had a
more comprehensive understanding of the disease. Some of them also
believed WeChat follow-up could help patients better use insulin.*”>*
Flexible communication methods and rich communication forms
might be the most prominent features of WeChat follow-up. Patients
would get information that traditional follow-up model could not get
through this method, so as to correctly understand their own diseases
and avoid the difficulties caused by cognitive errors.

Hypoglycaemia was the most frequent and dangerous adverse
drug reactions (ADR) in diabetic patients.’® Five studies?*3>36:4445
have found WeChat follow-up could reduce the incidence of hy-
poglycaemia after 6 months. In addition, the incidence of diabetic
complications, such as diabetic retinopathy, diabetic neuropathy and
diabetic nephropathy, decreased in varying degrees.3>*> Some seri-
ous acute complications such as diabetic ketoacidosis (DKA), diabetic

lactate acidosis and hyperosmolar non-ketotic diabetic syndrome



YANG ET AL.

1]
Journal of
Wl LEY— Cnlul:;ﬁ:;l Pharmacy and Therapeutics .

traditional group WeChat group

Mean Difference

Mean Difference

Study or Subgroup _Mean _ SD _Total Mean _ SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Dong YH 2018 459 179 59 652 131 60 16.0% -1.93[-2.49,-1.37) —

Huang XH 2017 378 115 41 539 123 42 17.1% -1.61[-2.12,-1.10] ——

LuoR 2018 387 132 50 503 067 50 19.4% -1.16[-1.57,-0.75] ——

ShiXF 2017 367 114 80 582 123 78 203% -215[-2.52,-1.78] ——

Wang MH 2019 116 173 30 335 17 30 106% -219[-3.06,-1.32) B a—

Ye TF 2018 327 138 60 465 159 60 16.7% -1.38[-1.91,-0.85] —_—

Total (95% CI) 320 320 100.0% -1.71[-2.08,-1.34] <

Heterogeneity: Tau®= 0.14; Chi*= 15.70, df= 5 (P = 0.008); I*= 68% _=2 _=1 ) 1 2

Test for overall effect: Z= 9.05 (P < 0.00001)

Favours WeChat group] Favours [traditional group]

FIGURE 11 Forest plot depicting the mean difference of Foot care score with traditional group versus WeChat group

(HNDS) were also reduced due to WeChat follow-up.® It could be
seen that WeChat follow-up might effectively reduce the incidence
of ADR, at the same time, reduce the hidden dangers caused by seri-
ous acute complications and ensure the health of patients.

WeChat was a new social application launched in the past de-
cade, which could realize one-to-one, many to one, one to many or
many to many communication mode through texts, pictures, voices
and videos. At the same time, the information would be collected
and shared to achieve the purpose of anytime, anywhere access and
dissemination. Although WeChat itself could not improve blood glu-
cose level and reduce the incidence of ADR and complications, it
might help medical staff and patients to establish a good habit of
self-management through information dissemination, improving
compliance and satisfaction, and bringing significant clinical effect.

Although WeChat follow-up has many advantages, it also has
disadvantages. For example, we could not know whether the patient
has actually browsed the information, or in the area without net-
work, the information could not be obtained. Therefore, the com-
bination of traditional follow-up forms and WeChat would be more
conducive to patient self-management.

This study had several limitations. First of all, the included stud-
ies were all Chinese studies, lacking data from Western countries.
Secondly, the evaluation of literature quality was not high. Third, the
sample size of most studies was small, which might have an impact
on the results. Therefore, the results of this meta-analysis needed to
be interpreted carefully. In the future, large sample and high-quality
studies were needed to confirm the reliability of the results.

4 | WHAT IS NEW AND CONCLUSION

In conclusion, this meta-analysis showed that compared with the
traditional follow-up, WeChat follow-up could significantly improve
blood glucose and self-management level, reduce the incidence of
complications and improve patient satisfaction. However, more
high-quality studies with large samples are needed in the future to

verify our results.
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