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Abstract

Background Diabetes self-management education is an
essential part of diabetes care, but its impact on all-cause
mortality risk of type 2 diabetes patients is unclear. A
systematic review and meta-analysis aiming to elucidate the
impact of diabetes self-management education on all-cause
mortality risk of type 2 diabetes patients was performed.
Methods Randomised controlled trials were identified though
literature search in Medline, Embase, CENTRAL, conference
abstracts, and reference lists. Only randomised controlled trials
comparing diabetes self-management education with usual
care in type 2 diabetes patients and reporting outcomes after a
follow-up of at least 12 months were considered eligible. Risk
ratios with 95 %CIs were pooled. This study was registered at
PROSPERO with the number of CRD42016043911.

Results 42 randomised controlled trials containing 13,017
participants were included. The mean time of follow-up was
1.5 years. There was no heterogeneity among those inclu-
ded studies (I*=0%). Mortality occurred in 159 partici-
pants (2.3 %) in the diabetes self-management education
group and in 187 (3.1 %) in the usual care group, and
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diabetes self-management education significantly reduced
risk of all-cause mortality in type 2 diabetes patients (pooled
risk ratios : 0.74, 95 %CI 0.60-0.90, P =0.003; absolute
risk difference: —0.8 %, 95 %CI —1.4 to —0.3). Both mul-
tidisciplinary team education and nurse-led education could
significantly reduce mortality risk in type 2 diabetes
patients, and the pooled risk ratios were 0.66 (95 %CI
0.46-0.96, P=0.02; *=0%) and 0.64 (95% CI 0.47-
0.88, P =0.005; I* =0 %), respectively. Subgroup analyses
of studies with longer duration of follow-up (21.5 years) or
larger sample size (2300) also found a significant effect of
diabetes self-management education in reducing mortality
risk among type 2 diabetes. Significant effect of diabetes
self-management education in reducing mortality risk was
also found in those patients receiving diabetes self-
management education with contact hours more than 10 h
(pooled risk ratio: 0.60, 95 %CI 0.44-0.82, P=0.001;
P=0%), those receiving repeated diabetes self-
management education (pooled RR: 0.71, P=0.001;
IP=0%), those receiving diabetes self-management edu-
cation using structured curriculum (pooled risk ratio: 0.72,
P=001; P=0 %) and those receiving diabetes self-
management education using in-person communication
(pooled risk ratio: 0.75, P=0.02; F=0 %). The quality of
evidence for the effect of diabetes self-management edu-
cation in reducing all-cause mortality risk among type 2
diabetes patients was rated as moderate according to the
Grading of Recommendations Assessment, Development,
and Evaluation method, and the absolute risk reduction of
all-cause mortality of type 2 diabetic patients by diabetes
self-management education was estimated to be 4 fewer per
1000 person-years (from 1 fewer to 6 fewer).

Conclusions The available evidence suggests that diabetes
self-management education can reduce all-cause mortality risk
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in type 2 diabetes patients. Further clinical trials with longer
time of follow-up are needed to validate the finding above.

Keywords Diabetes self-management education * Type 2
diabetes - All-cause mortality * Meta-analysis

Introduction

Type 2 diabetes is a serious issue for public health world-
wide and its global pandemic is still obviously increasing
[1]. The incidence rate of type 2 diabetes in the United
States was 7.1 per 1000 persons in 2012, and the estimated
prevalence of type 2 diabetes among adults in the United
States was 14 % in 2012, both of which had increased
obvious since 1980s [2, 3]. There are approaching 400
million people suffering from diabetes worldwide, which
largely results from high prevalent obesity and sedentary
lifestyle changes in recent decades and has become a ser-
ious burden of public health worldwide [4]. Patients with
types 2 diabetes are also at high risk of cardiovascular
diseases and all-cause mortality [5—-8]. High quality medical
care and multifactorial risk-reduction interventions are
needed to reduce the burden of microvascular and cardio-
vascular diseases, and improve the outcomes of types 2
diabetes patients [9, 10].

Diabetes self-management education (DSME) is an
essential part of diabetes care [11, 12]. Guidelines for the
treatment of diabetes recommend that all diabetes patients
should take part in DSME to improve clinical outcomes and
quality of life [11-13]. DSME can help types 2 diabetes
patients improve the knowledge, skills, and ability of self-
management in a cost-effective manner [12]. Several sys-
tematic reviews have suggested that DSME can improve
patients’ self-management and blood glucose control, and it
should be regarded as a crucial element in the treatment of
diabetes [14-20]. DSME could lead to more than 0.4 %
reduction in hemoglobin Alc (HbAlc) of type 2 diabetes
patients, more than 5 mg/dl reduction in total cholesterol,
and more than 1 mmol/L reduction in fasting blood glucose
[14-19]. However, these systematic reviews focused on
short-term outcomes, but the impact of DSME on long-term
outcomes, such as all-cause mortality, had not been suffi-
ciently assessed. The impact of DSME on all-cause mor-
tality risk in type 2 diabetes patients is critical but is still
unclear. A systematic review and meta-analysis was thus
carried out to elucidate this question. The aim of this sys-
tematic review was to assess the effect of DSME in redu-
cing risk of all-cause mortality among type 2 diabetes
patients compared with usual care. This systematic review
was registered at International Prospective Register of
Systematic Reviews (PROSPERO) with the number of

CRD42016043911. This study was reported by PRISMA
statement [21].

Methods
Search strategy and selection criteria

Randomised controlled trials were identified though litera-
ture search in Medline, Embase and Cochrane Central
Register of Controlled Trials (CENTRAL) (from inception
to June 2016). The conference abstracts from American
Diabetes Association were also searched. In addition, the
reference lists of relevant systematic reviews or relevant
reviews were further searched [14-20, 22-31]. Both key
words and Medical Subject Heading (MESH) terms were
used, and the search strategies for Medline were: (“Self
Care’[Mesh] OR “Health Behavior’[Mesh] OR “Educa-
tion"[Mesh] OR “Behavior Therapy’[Mesh] OR self-care
OR self-management OR educational OR education OR
educator* OR lifestyle OR management program OR
behavioral intervention* OR behavior intervention* OR
case management) AND (“Diabetes Mellitus, Type
2"[Mesh] OR diabetes mellitus OR diabetes OR diabetic
OR T2DM OR NIDDM) AND (“Randomized Controlled
Trial” [Publication Type] OR random OR randomly OR
randomized OR randomised OR double blind OR placebo
controlled OR randomized controlled trial). No language
restriction was applied in the literature search.

The inclusion criteria in the meta-analysis were: (1)
randomised controlled trial; (2) individuals with type 2
diabetes; (3) compared DSME with usual care; (4) had a
follow-up or intervention duration of at least 12 months; (5)
reported events of all-cause mortality in each treatment
groups. Studies were excluded if they were non-random
trials, used an active comparator, used minimal intervention,
compared the effect of different types of DSME, or had a
follow-up of less than 12 months.

Data extraction and quality assessment

The primary outcome of interest was the risk ratio (RR) of
all-cause mortality. The secondary outcome of interest was
the absolute risk difference of all-cause mortality between
two groups. Two investigators independently extracted data
by using a structured form, and differences were settled by
reaching consensus. Data extracted from included studies
were as following: family name of first author, publication
year, study design, newly-diagnosed or previously treated
diabetes, types of DSME, duration of DSME, primary
instructors, delivery methods (Group, individual, or mixed),
communication methods (in person, through telephone, or
mixed), use of structured curriculum or not, participants’
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characteristics (age, sex, number, and disease duration),
duration of follow-up, rate of drop-out, and events of
mortality between two groups. The Cochrane Collabora-
tion’s tool was used to assess the risk of bias of those
included studies, which included selection bias, detection
bias, performance bias, attrition bias, reporting bias, ade-
quacy of follow-up, and bias from other possible sources
[32].

Statistical analysis

The pooled RRs or risk difference with corresponding 95 %
CIs were used to compare treatment effects. Both
Cochrane’s Q test and P test were used to evaluate the
degree of heterogeneity, and I* > 50 % indicated high het-
erogeneity [33, 34]. For the existence of obvious hetero-
geneity, the random-effects model was used to pool data by
DerSimonian—Laird method [35]; otherwise, the fixed-
effects model was used to pool data by Mantel-Haenszel
method [36]. Sensitivity analyses were performed by using
alternative pooling methods, including Peto’s method and
random-effect model [37]. Subgroup analyses were carried
out by number of participants (2300 vs. <300), follow-up
(21.5 years vs. <1.5 years), contact hours (210 vs. <10 h),
primary instructors (multidisciplinary team, nurses, or oth-
ers), types of diabetes (newly diagnosed vs. previously
treated), delivery methods (group only, individual delivery,
or mixed), communication methods (in-person, through
technology, or mixed), types of DSME (repeated courses vs.
single course), structured curriculum (yes vs. unclear), study
design (randomised controlled trial vs. cluster randomised
controlled trial). Subgroup analysis of patients with sec-
ondary diseases was also performed. Publication bias was
assessed by funnel plot, Begg’s test and Egger’s test [37-
39]. Statistical analyses were carried out using Review
Manager (Version 5.1.0) and Stata (Version 12.0). P value
<0.05 indicated statistically significant difference. The
quality of evidence was rated from very low to high by the
Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) method, which reflected the
confidence that the pooled effect estimate was correct [40].

Results
Characteristics of included studies

Of 10,559 studies identified through literature searches,
306 studies were retrieved for detailed assessment for fur-
ther assessment (Fig. 1). A total of 264 full-text articles
excluded, including 181 studies without outcomes on
mortality, 61 studies for not relevant to DSME, 19 studies
for not using usual care as control, and three studies with

@ Springer

overlapping data (Supplementary material). Therefore, 42
randomised clinical trials were eligible for inclusion in
meta-analysis [41-82]. The characteristics of these studies
were described in Table 1 (Table 1). There were 37 ran-
domised controlled trials [41-43, 45-55, 57, 59, 60, 62-77,
79-82] and 5 cluster randomised controlled trials [44, 56,
58, 61, 78] with a total of 13,017 participants (Table 1).
Among these 42 trials, 34 studies were performed in
previously treated diabetes patients, five were performed in
newly diagnosed diabetes patients (Table 1). The time of
follow-up ranged from 12 months to 5 years, and the mean
time of follow-up was 1.5 years (Table 1). 40 studies were
performed in developed countries, while the other studies
were performed in Argentina and India (Table 1). The
sample sizes ranged from 58 to 1146, with a mean of 310.
There was lack of clear definitions of “usual care” in most
included studies, and there were also obvious differences in
the methods of DSME interventions in different studies
(Table 1). Among those 42 included trials, only 6 trials
studied type 2 diabetes patients with comorbidities or dia-
betic complications, and the other trials included newly
diagnosed or treated type 2 diabetes patients but didn’t focus
on type 2 diabetes patients with specific comorbidities or
complications (Table 1). Most included studies used routine
hypoglycemic medications to treat diabetes (Table 1).
Nurses were the primary instructors in 18 trials, and

Records from database searching (n = 21,406)
(Pubmed, n = 8717; Embase, n= 8104; CENTRAL; n = 4585)

37 additional studies
identified through other |————
searches \

[No. of records after duplicates removed (n = 10,559)]

10,253 articles excluded; i.e.
studies not relevant to clinical
question and animal studies.
A 4

[ No. of full-text articles assessed for eligibility (n = ]
306)

264 full-text articles
excluded; i.e. 181 studies
without outcomes on mortality,
61 studies not relevant to
DSME, 19 studies without using
usual care as control, and 3
studies with overlapping data.

A 4

No. of studies included in meta-analysis (n = 42)
37 randomised controlled trials
5 cluster randomised controlled trials

Fig. 1 Flow chart of study selection in the meta-analysis
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multidisciplinary team was the primary instructors in 13
trials (Table 1). The primary instructors in other studies
were trained professional educators, pharmacists or com-
munity health workers (Table 1). Only 11 studies provided
DSME with contact hours more than 10h, and 18 studies
reported they used structured curriculums (Table 1).

The outcomes of bias assessment of these 42 included
studies were shown in Fig. 2 (Fig. 2). There was no obvious
risk of selection bias (Fig. 2). However, owing to the nature
of DSNE intervention, few of the interventions were blind
and there was obvious risk of performance bias across most
included studies (Fig. 2). In addition, some studies also had
high drop-out rates (Fig. 2, Table 1). The proportion of
patients lost to follow-up was reported in most studies,
ranging from 0.3 to 19.7 % (Table 1).

Meta-analysis

Table 2 summarized the main findings of the meta-analysis
(Table 2). There was no heterogeneity among those inclu-
ded studies (*=0%). Mortality occurred in 159 partici-
pants (2.3 %) in the DSME group and in 187 (3.1 %) in the
usual care group, and DSME significantly reduced risk of
all-cause mortality in type 2 diabetes patients (pooled RR:
0.74, 95 % CI 0.60-0.90, P =0.003; absolute risk differ-
ence: —0.8 %, 95 % CI —1.4 to —0.3) (Fig. 3). When using
random-effect model, the pooled RR of all-cause mortality
in the DSME group compared with the usual care group
was 0.74 (95% CI 0.60-0.91, P=0.005). When using
Peto’s method, the pooled Peto’s odds ratio of all-cause
mortality in the DSME group compared with the usual care
group was 0.72 (95 % CI 0.58-0.89, P =0.003; I* =0 %).

Meta-analysis of 20 trials with longer duration of follow-
up (21.5 years) also suggested that DSME could obviously
reduce all-cause mortality risk in type 2 diabetes patients
(pooled RR: 0.72, 95 % CI 0.57-0.92, P =0.007; absolute
risk difference: —1.1 %, 95 % CI -1.8 to —0.3) (Fig. 4,
Table 2). Meta-analysis of 13 studies with larger sample
size (2300) further suggested that DSME was obviously
associated with decreased mortality risk in type 2 diabetes
patients (pooled RR: 0.73, 95 % CI 0.56-0.96, P =0.02;
absolute risk difference: —0.8 %, 95 % CI —1.6 to —0.1)
(Fig. 4, Table 2).

Both multidisciplinary team education and nurse-led
education could reduce mortality risk, and the RRs were
0.66 (95% CI 0.46-0.96; P=0.02; =0%) and 0.64
95% CI 0.47-0.88; P=0.005; F=0 %), respectively
(Fig. 4, Table 2). Further subgroup analyses revealed sig-
nificant effects of DSME in reducing all-cause mortality
risk among type 2 diabetes patients receiving DSME with
contact hours more than 10h (pooled RR: 0.60, 95 % CI
0.44-0.82; P=0.001; P=0 %), repeated DSME (pooled
RR: 0.71, 95 % CI 0.57-0.87; P =0.001; > =0 %), DSME

@ Springer

using structured curriculum (pooled RR: 0.72, 95 % CI
0.55-0.93; P=0.01; 12=O%), or DSME using in-person
communication (pooled RR: 0.75, 95 % CI 0.58-0.96; P =
0.02; > =0 %) (Fig. 4, Table 2).

There were only two randomised controlled trials
reporting risk of cardiovascular mortality [41, 42], and there
was no heterogeneity between those two studies (I* =0 %).
Meta-analysis suggested that DSME was not significantly
associated with reduced risk of cardiovascular mortality
(pooled RR: 0.56, 95 % CI 0.19-1.65, P =0.29).

The shape of funnel plots did not show evidence of
asymmetry (Fig. 5). The P values of Begg’s test and Egger’s
test in the meta-analysis of total 42 studies were 0.34 and
0.11, respectively. In the subgroup analysis of 13 studies
with larger sample size (2300), the P values of Begg’s test
and Egger’s test were 0.99 and 0.67, respectively. There-
fore, there was no obvious risk of publication bias.

Most studies did not report mortality as primary out-
comes of interest and there was possible risk of performance
bias (Fig. 2). In addition, since the mean time of follow-up
was 18 months, the rates of mortality in patients receiving
DSME or usual care were 2.3 and 3.1 % respectively, which
were relatively low. Taking into account the above factors,
the quality of evidence for the effect of DSME in reducing
all-cause mortality risk among type 2 diabetes patients was
rated as moderate according to GRADE method. The inci-
dences of all-cause mortality in patients receiving DSME
and those receiving usual care were 12 and 16 events per
1000 person-years, respectively. The absolute risk reduction
in all-cause mortality in type 2 diabetes by DSME was
estimated to be 4 fewer per 1000 person-years (from 1 fewer
to 6 fewer).

Discussion

DSME is believed to be an essential element of diabetes
care, but its impact on all-cause mortality risk in type 2
diabetes patients has not been systematically assessed. We
thus did a systematic review and meta-analysis to elucidate
the impact of DSME on all-cause mortality risk in type 2
diabetic patients. This study systematically reviewed 42
randomised controlled trials comparing DSME with usual
care in type 2 diabetic patients. There was no heterogeneity
among those included studies (I* =0 %). Meta-analysis of
total 42 trials suggested that DSME significantly reduced
risk of all-cause mortality more than usual care in type 2
diabetes patients (pooled RR: 0.74, 95 % CI 0.60-0.90;
P=0.003; > =0 %) (Fig. 3). Subgroup analyses of studies
with longer duration of follow-up (21.5 years) or larger
sample size (2300) also found a beneficial effect of DSME
in reducing mortality risk among type 2 diabetes (Table 2,
Fig. 4). Significant effect of DSME in reducing mortality
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Table 2 Effect of DSME in

: < < 2
reducing risk of all-cause Comparison groups No. .of Evept§/ RR (95 % CI) P values P, I (%)
o . studies Participants

mortality in type 2 diabetes

patients Total studies 42 346/13,017 0.74 (0.60, 0.90) 0.003 096 0
Participants (2300) 13 202/7831 0.73 (0.56, 0.96) 0.02 087 0
Participants (<300) 29 144/5186 0.75 (0.54, 1.02) 0.06 086 0
Follow-up (1.5 years) 20 266/8272 0.72 (0.57, 0.92) 0.007 0.88 0
Follow-up (<1.5 years) 22 80/4745 0.78 (0.51, 1.18) 0.23 082 0
Contact hours (210 h) 11 156/4284 0.60 (0.44, 0.82) 0.001 089 0
Contact hours (<10 h) 31 190/8733 0.86 (0.65, 1.13) 0.27 093 0
Multidisciplinary team 13 112/4487 0.66 (0.46, 0.96) 0.02 0.63 0
education
Nurse-led education 18 151/5624 0.64 (0.47, 0.88) 0.005 094 0
Previously treated diabetes 34 269/9860 0.75 (0.59, 0.95) 0.01 090 O
Newly diagnosed diabetes 5 4172461 0.76 (0.48, 1.21) 0.24 052 0
Patients with secondary 26/1261 0.85 (0.40-1.78) 0.66 084 0
diseases
Delivery by group only 13 10073229 0.99 (0.68, 1.45) 0.96 0.69
Individual delivery 21 172/7520 0.66 (0.49, 0.89) 0.006 0.88 0
Combing group with 8 74/2268 0.62 (0.39, 0.98) 0.04 098 0
individual
Communication through in- 26 231/7763 0.75 (0.58, 0.96) 0.02 081 0
person
Communication through 11 83/4450 0.72 (0.47, 1.09) 0.12 073 0
technology
Combing in-person with 5 32/804 0.67 (0.33, 1.33) 0.25 087 0
technology
Repeated DSME 41 320/12,193 0.71 (0.57, 0.87) 0.001 096 0
Single DSME 1 26/824 1.21 (0.56, 2.60) 0.62 -
Using structured curriculum 18 207/6642 0.72 (0.55, 0.93) 0.01 083 0
No definite structured 24 139/6375 0.76 (0.55, 1.05) 0.10 087 0
curriculum
Randomised controlled trial 37 288/11,016 0.72 (0.58, 0.90) 0.005 098 0
Cluster randomised controlled 5 58/1999 0.80 (0.48, 1.33) 0.39 0.13 44

trial

NA not applicable, RR risk ratio, 95 % CI 95 % confidence interval, Py, the P value of Cochrane’s Q test, 12,

the value of I, * not available

risk was also found in those patients receiving DSME with
contact hours more than 10h, those receiving repeated
DSME, those receiving DSME using structured curriculum
and those receiving in-person communication (Table 2,
Fig. 4). Therefore, the findings from the meta-analysis
suggest that DSME can reduce risk of all-cause mortality in
type 2 diabetes patients when compared with usual care,
which supports the practice of DSME in type 2 diabetes to
improve patients’ outcomes.

DSME is a cost-effective intervention which can help
types 2 diabetes patients improve their self-management,
and the short-term effect of DSME on HbA1c and BMI has
been well established [14—18]. The finding from our study
suggests that DSME can also effectively reduce mortality
risk in type 2 diabetes patients. The absolute risk reduction

@ Springer

in all-cause mortality by DSME was estimated to be 4 fewer
per 1000 person-years (from 1 fewer to 6 fewer). The
finding above is important, because DSME is a cost-
effective method of reducing mortality risk in diabetes
patients. Our findings also suggest the necessity and
importance of DSME in the medical care for type 2 diabetes
patients. Guidelines for the treatment of diabetes also
recommend that all diabetes patients should take part in
DSME to improve clinical outcomes and quality of life [11—
13]. However, recent studies have shown that a large part of
diabetes patients do not receive any diabetes education, and
fewer than 50 % have participated in DSME, which is a
serious problem that should be avoided [83, 84]. Therefore,
to achieve better self-management and improve patients’
survival, it's urgent for all diabetes patients to receive
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DSME Usual care Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
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Ali MK 2016 12 575 14 &7 6.9% 0.851[0.40,1.82] T

Andrews RC 2011 0 246 1 99 1.0% 0.13[0.01, 3.28]

Blackberry ID 2013 4 236 4 237 2.0% 1.00[0D.25, 3.97] - 1

Bloomgarden ZT 1987 5 145 6 1487 2.8% 0.90[D.28, 2.89] -1

Clark M 2004 1 a0 2 50 1.0% 0.50[0.05, 5.34] —
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Piette JD 2000 1 124 4 124 2.0% 0.251[0.03, 2.21] I

Piette JD 2001 5 146 1 146 0.5% 5.00[0.59, 42.27] ]

Rothman RL 2005 2 112 4 1058 2.0% 0.47 [0.09, 2.51] - =1

Rygg L 2012 1 73 1 73 0.5% 1.00[0.06, 15.69]
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Taylor CB 2003 2 a4 1 85 0.5% 2.02[0.19, 21.90] ]

Thoolen B 2007 0 119 1 108 0.8% 0.30[0.01, 7.35]

Thoolen BJ 2009 0 89 1 108 0.7% 0.401[0.02,9.79]

Wakefield BJ 2011 0 93 1 107 0.7% 0.38[0.02,9.29)]

Weinberger M 1995 8 204 B 71 4.4% 0.46[0.17,1.29] - I
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Fig. 3 Effect of DSME in reducing risk of all-cause mortality in type 2 diabetes patients

effective and structured DSME. In addition, quality
improvement strategies aiming to increase access to DSME
for type 2 diabetes patients are also needed in clinical
practice [85, 86].

There is also some evidence from observational studies
which supports the effect of DSME in reducing all-cause

mortality risk among type 2 diabetes. Wong et al. performed
a propensity-matched observational study of 27,278 type 2
diabetes patients and found that participants receiving
structured diabetes education had a lower risk of all-cause
mortality (Hazard ratio [HR]: 0.564, P <0.001) [87].
Kornelius et al. also carried out a propensity-matched
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Analyses Participants RR (95% CI)

Total studies 42(346/13,017) —_— 0.74 (0.60, 0.90)
Participants (jY 300) 13(202/7,831) _— 0.73 (0.56, 0.96)
Participants (< 300) 29(144/5,186) —_— 0.75 (0.54, 1.02)
Follow-up (jY 1.5 years) 20(266/8,272) —_— 0.72 (0.57,0.92)
Follow-up (< 1.5 years) 22(80/4,745) * 0.78 (0.51, 1.18)
Contact hours (jY 10 h) 11(156/4,284) —_— 0.60 (0.44, 0.82)
Contact hours (< 10 h) 31(190/8,733) —_— 0.86 (0.65, 1.13)
Multidisciplinary team education 13(112/4,487) —— 0.66 (0.46, 0.96)
Nurse-led education 18(151/5,624) —_— 0.64 (0.47, 0.88)
Previously treated diabetes 34(269/9,860) _— 0.75 (0.59, 0.95)
Newly diagnosed diabetes 5(41/2,461) * 0.76 (0.48, 1.21)
Patients with secondary diseases 6(26/1,261) * 0.85 (0.40, 1.78)
Delivery by group only 13(100/3,229) —_— 0.99 (0.68, 1.45)
Individual delivery 21(172/7,520) —_— 0.66 (0.49, 0.89)
Combing group with individual 8(74/2,268) * 0.62 (0.39, 0.98)
Communication through in-person  26(231/7,763) _— 0.75 (0.58, 0.96)
Communication through technology 11(83/4,450) * 0.72 (0.47, 1.09)
Combing in-person with technology  5(32/804) *> 0.67 (0.33, 1.33)
Repeated DSME 41(320/12,193) _— 0.71 (0.57, 0.87)
Single DSME 1(26/824) & 1.21 (0.56, 2.60)
Using structured curriculum 18(207/6,642) —_— 0.72 (0.55, 0.93)
No definite structured curriculum 24(139/6,375) —_— 0.76 (0.55, 1.05)
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Fig. 4 Effect of DSME in reducing risk of all-cause mortality in type 2 diabetes patients in the subgroup analyses

0T ,:\
iy
oy
PR
;o8
05 T /ool TN
1’ 0 fe) ‘\
= 5 G
& / i i
o , @ Q N\
= 1 / 0@ o0 %
o ! ¥
= e} I o <2
i} o \
@ / E o \
/ o
15 o |
/ o @ ! o 5
# i i
'
3 : iy " '
0.001 0.1 1 10 1000
RR

Fig. 5 Funnel plot assessing risk of publication bias in the meta-
analysis of total 42 trials

observational study of 8916 type 2 diabetes patients and
found that participants receiving integrated diabetes edu-
cation had a significantly lower risk of all-cause mortality
(HR 0.78, 95% CI 0.63-0.95) [88]. However, another

@ Springer

propensity-matched observational study of 16,520 type 2
diabetes patients failed to find a beneficial effect of DSME
in reducing all-cause mortality risk among patients (HR
0.97; P=0.48) [89]. A retrospective cohort study by Per-
man et al. found that patients attending self-management
education workshop had 33 % lower risk of all-cause crude
mortality, but the effect estimate decreased after adjustment
(HR 0.82; 95 % CI: 0.61-1.08) [90]. Despite there was
obvious heterogeneity among those four observational stu-
dies [87-90] (I* =89 %), meta-analysis of those four studies
using random-effect model suggested that DSME was
independently associated with decreased risk of all-cause
mortality in type 2 diabetes patients (Pooled HR: 0.778,
96 % CI 0.607-0.998; P =0.048). Therefore, there is also
evidence from observational studies which supporting the
effect of DSME in reducing all-cause
mortality risk in type 2 diabetes, and DSME can be a
significant contributor to long-term positive outcomes. The
findings from observational studies also further validate the
results of our meta-analysis of randomised controlled trials.
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GRADE is a well-known system for rating the quality of
evidence and strength of recommendations [40]. In present
meta-analysis, GRADE was also used to assess the quality
of evidence for the effect of DSME in reducing all-cause
mortality risk among type 2 diabetes. Generally, there was
moderate quality evidence for the effect of DSME in
reducing mortality risk in type 2 diabetes patients, and the
reasons for the decrease of evidence quality from high to
moderate were the possible of risk of performance bias and
the short time of follow-up in most included studies. Risk of
performance bias is ineluctable because blinding of parti-
cipants and personnel with respect to study design is almost
impossible in clinical trials involving behavioral interven-
tions. However, it’s feasible for clinical trials to prolong the
duration of DSME or time of follow-up. Therefore, rando-
mised controlled trials with a longer time of follow-up are
urgently needed to identify the long-term beneficial effect of
DSME in reducing mortality risk in type 2 diabetes patients
[20, 22, 91].

Previous studies and meta-analyses have shown that
DSME can improve patients’ self-management and blood
glucose control when compared to usual care, and it has
been considered a crucial element in the treatment of type 2
diabetes [14-20]. However, there is little evidence regard-
ing the potential effect of DSME in reducing the risks of
complications and mortality among type 2 diabetes patients.
As is reported, our meta-analysis of 42 randomised con-
trolled trials provides some evidence for the benefit of
DSME in reducing the risk of mortality among type 2
diabetes patients, which further proves the importance of
delivering a structured DSME to type 2 diabetic patients.
Owing to the limited number of randomised controlled trials
providing data on the impact of DSME on diabetic com-
plications in type 2 diabetes patients, we didn’t perform a
meta-analysis to assess the impact of DSME on diabetic
complications in type 2 diabetes patients. However, several
cohort studies have found that DSME may have a positive
impact on the prevention of diabetic complications [22, 92,
93]. Therefore, DSME may also be an essential tool to
reduce the occurrence of complications in type 2 diabetes
patients [22]. On the contrary, an omission in delivering
DSME in type 2 diabetes patients may have negative effects
on the occurrence of complications and mortality [22].

There are a wide variety of self-management education
programs for patients with chronic diseases [94-99], and it
is the same with for DSME in type 2 diabetes patients [11,
16, 100]. At the moment, the ideal characteristics of DSME
to provide the best benefit in type 2 diabetes patients have
not been well defined [20, 22]. Structured DSME involving
multiple topics usually provide more comprehensive inter-
ventions and benefits when compared with other simple
DSME [12, 22]. However, although guidelines for the
treatment of diabetes recommend structured DSME to type

2 diabetes patients, it is not always perceived by both health
professionals and diabetes patients. In addition, there are
many good models for DSME, but which type of DSME is
the best cost-effectiveness intervention is still unclear and
need future studies [12, 22]. In present meta-analysis, there
were obvious variations in educational interventions used
among included studies (Table 2).

In the subgroup analyses, significant effect of DSME in
reducing all-cause mortality risk among type 2 diabetes was
found in those patients receiving DSME with contact hours
more than 10h, those receiving repeated DSME, those
receiving DSME using structured curriculum, and those
receiving DSME using in-person communication (Table 2,
Fig. 4). In structured DSME involving more or longer
sessions, diabetes patients will have more opportunities to
learn useful messages and gain more benefits from DSME,
which may explain the significant findings in above sub-
group analyses. On the contrary, DSME with shorter
intervention durations or fewer topics may provide little
benefit for type 2 diabetes patients.

There were several limitations in the meta-analysis.
Firstly, there was lack of clear definitions of “usual care” in
most included studies, and there were also obvious differ-
ences in the methods of DSME in different studies. Despite
the obvious differences in the diabetes care provided for
those patients involved in different trials, it's no doubt that
patients allocated to DSME groups received more diabetes
education than those in control groups. Secondly, primary
instructors in most included studies were multidisciplinary
team or nurses. This non-significant finding in the subgroup
analysis of studies involving other diabetes educators, such
as community health workers and pharmacists, didn’t imply
that interventions led by those educators were ineffective. It
may arise from the limited number of included trials
involving community health workers or pharmacists.
Thirdly, the finding in the meta-analysis may not be gen-
eralized to all type 2 diabetes patients. The eligibility cri-
teria for recruiting type 2 diabetes patients were different
among those included studies, and there were obvious dif-
ferences in the background of type 2 diabetes patients
among those included in trials. Though we performed
subgroup analysis by newly-diagnosed diabetes or pre-
viously treated diabetes, we were unable to performed fur-
ther subgroup analyses by more characteristics in details,
such as diabetes duration, diabetic complications, education
levels, and socioeconomic status. The effect of DSME on
risk of mortality in type 2 diabetes patients with specific
secondary diseases is also interesting, but few relevant
studies are available now. More studies are needed to fur-
ther assess the effect of DSME in mortality risk in type 2
diabetes patients with different disease duration, diabetic
complications, comorbidities, glycemic control status, edu-
cation levels, and socioeconomic status, and find who will
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benefit more from DSME and who should receive it.
Fourthly, the cost-effectiveness of DSME in type 2 diabetes
patients has not been well evaluated, and future studies are
also needed to determine the most effective and cost-
effective model of DSME. Finally, our meta-analysis only
assessed the impact of DSME on mortality risk, but the
impact of DSME on risks of cardiovascular mortality, car-
diovascular diseases, infectious diseases and diabetic com-
plications is still unclear. The impact of DSME on life
quality in type 2 diabetes patients also has not been well
studied. More clinical trials with a large number of recruited
patients and longer time of follow-up are needed to solve
these unanswered questions.

In conclusion, the available evidence suggests that
DSME can reduce risk of all-cause mortality in type 2
diabetes patients. Further clinical trials with outcomes of
longer time of follow-up are needed to validate the finding
above and to determine the most cost-effective format of
DSME in type 2 diabetes patients. Such clinical trials will
provide clinicians with a stronger evidence for the clinical
practice of DSME in type 2 diabetes patients.
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