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ABSTRACT
Background Globally, type 2 diabetes has continued to 
increase, now accounting for over 90% of all diabetes 
cases. Though the magnitude of uncontrolled glycaemic 
levels in patients with type 2 diabetes is steadily rising, 
evidence showed that effectively controlled glycaemic 
levels can prevent complications and improve the quality 
of life of these patients. As little is known about the 
effect of educational interventions on this population, 
this systematic review and meta- analysis evaluated the 
effectiveness of educational interventions versus standard 
care on glycaemic control and disease knowledge among 
patients with type 2 diabetes.
Methods PubMed, Google Scholar, Cochrane Library, 
Scopus, African Journals Online and Wiley Online Library 
were searched. Two authors independently assessed 
within- trial risk of bias in each included study using 
revised Cochrane risk- of- bias tool for randomised trials. 
A random- effects model was employed to estimate 
combined effect sizes. Subgroup analyses were 
employed to investigate possible sources of heterogeneity 
between studies. The overall certainty of the evidence 
was evaluated using the Grading of Recommendations 
Assessment, Development and Evaluation approach.
Results A total of 19 trials with 2708 study participants 
were included in the review. Primary outcomes (glycaemic 
control) were reported in 18 trials. The pooled estimated 
impact of educational intervention on glycaemic levels 
using the random- effects model was −0.83 (95% CI: 
−1.17 to –0.49, p<0.001). Subgroup analyses revealed 
greater A1c reductions in those studies with intervention 
duration of up to 3 months and with empirical intervention 
designs. Educational interventions led to significant 
increases in participants’ knowledge of type 2 diabetes 
(standardised mean difference: 1.16; 95% CI: 0.71 to 1.60; 
I2=93%).
Conclusion In the current review overall, educational 
interventions can potentially lead to improved glycaemic 
control levels in patients with type 2 diabetes despite 
heterogeneity across the studies. Besides, the findings 
showed that educational interventions could increase 
disease knowledge among patients with type 2 diabetes.

PROSPERO registration number CRD42020205838.

BACKGROUND
Diabetes mellitus (DM) is increasingly 
becoming an extensive non- communicable 
health problem, leading to significant 
morbidity and mortality.1 Globally, a 
recent estimate showed that approximately 
422 million adults are living with DM.2 
According to the International Diabetes 
Federation projection, approximately 
629 million people will be affected by 2045.3 
Of these, approximately 80% of affected 
individuals live in low- income countries.4 In 
particular, type 2 DM (T2DM) is responsible 
for more than 90% of all diabetes cases.5 
The increasing burden is due to several risk 
factors such as sedentary behaviours, obesity, 
unhealthy diet, lack of exercise, family history 
and age.6–8

Maintaining optimal glycaemic levels is 
vital to diabetes control.9 However, evidence 
showed that poor glycaemic control 

Strengths and limitations of this study

 ► This systematic review will provide a comprehen-
sive search of the literature, the effect of educational 
intervention on glycaemic control and knowledge of 
type 2 diabetes.

 ► An extensive search of multiple databases and 
search engines (ie, PubMed, African Journals Online, 
Web of Science, Scopus and Google Scholar) was 
performed to ensure a comprehensive review; nev-
ertheless, potentially relevant articles from other/
additional databases may be missed.

 ► We only used English- language articles, although 
our target was global, which could be in several oth-
er languages such as Spanish, French or Portuguese.
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(glycosylated haemoglobin (HbA1c) ≥7%) contributes 
to kidney failure, myocardial infarction, stroke, retinop-
athy, hypertension, increasing costs for patient care and 
reduced quality of life.10–14 The aims of T2DM manage-
ment are to attain glycaemic targets, minimise adverse 
events and prevent complications.15 16 Therefore, life-
style modifications, such as diet and exercise, have been 
reported to reduce the complications of uncontrolled 
glycaemic levels in patients with T2DM.17

Evidence has revealed that self- management education 
can reduce the glycaemic level by 30%–80%.18 Besides, 
diabetes education can improve glycaemic control, 
change people’s behaviours, promote self- care, and 
reduce complications and progression of the disease.19–21 
Moreover, numerous studies suggest that diabetes 
educational interventions can increase knowledge of 
diabetes22 23 and medication compliance,24 decrease 
readmissions,25 26 reduce length of stay and mortality 
rate,25 and improve glycaemic control.27 28 In addition, 
the American Diabetes Association (ADA) position state-
ment provides the evidence and strategies for the provi-
sion of education and support services to all adults living 
with T2DM.29 Moreover, the consensus report showed 
that there are four critical times to provide diabetes self- 
management education and support: (1) at diagnosis, (2) 
annually and/or when not meeting treatment targets, (3) 
when complicating factors develop, and (4) when transi-
tions in life and care occur.30

Though knowledge about diabetes has paramount 
benefit to patients’ self- care management, insufficient 
diabetes knowledge is unfavourable to the patients’ 
health due to most of the complications that arise can 
be prevented through self- care practice.31 32 However, 
numerous studies have shown that improving patient 
knowledge about T2DM and its complications has 
substantial benefits to maintain optimal glycaemic levels, 
enhance treatment adherence, reduce treatment cost 
and decrease the progression of disease.33–35 Previously, 
several reviews on the effect of self- management inter-
ventions for patients with T2DM exist.36–38 However, 
most reviews included inadequate number of articles, 
did not address the effects of education on knowledge 
of diabetes and included interventions which were 
poorly described. Thus, research is required to estimate 
the effects of educational interventions on sufficient 
methodological quality and substantive statistical anal-
ysis. Hence, the present review and meta- analysis aimed 
to evaluate the effect of educational interventions on 
glycaemic control and disease knowledge in patients 
with T2DM.

Review questions
 ► Does a structured educational intervention increase 

diabetes knowledge in patients with T2DM?
 ► Does a structured diabetes educational intervention 

reduce HbA1c levels among patients with T2DM?

METHODS
Protocol and registration
Initially, PROSPERO was searched to confirm for other 
reviews on the effect of educational interventions on 
glycaemic control and disease knowledge among patients 
with T2DM. But no such reviews were identified. Thus, the 
protocol was registered on PROSPERO ( www. crd. york. 
ac. uk/ PROSPERO/) as recommended by the Preferred 
Reporting Items for Systematic Review and Meta- Analysis 
(PRISMA) statement.39

Search strategy and data sources
We did a comprehensive systematic search to collect 
all relevant articles using the Peer Review of Electronic 
Search Strategies for systematic reviews.40 The search 
was limited to studies published in peer- reviewed jour-
nals from January 2000 to August 2021 (as authors were 
interested in up- to- date data). The PRISMA guidelines 
were used to conduct and report the present review.39 
The literature was searched in PubMed, Scopus, Google 
Scholar, African Journals Online, Cochrane Library and 
Wiley Online Library. The keywords used for the review 
included “educational”, “behavioral”, “knowledge”, 
“glycemic control”, “glycosylated hemoglobin”, “HbA1c”, 
“Type 2 diabetes mellitus”, “Type 2 diabetes” and “T2DM”. 
Boolean operators like ‘AND’ and ‘OR’ were used to 
combine search terms. The Medical Subject Headings 
(MeSH) terms employed in the PubMed search engine 
in various combinations are shown in table 1. To access 
all articles on this topic, we manually review all references 
to reduce publication bias. Searches were performed on 
20 August 2020. The search was restricted to full texts, 
human studies and English- language publications. In 
the present review, the Patient/Population (P); Interven-
tion (I); Comparison (C) and Outcomes (O) question 
was as follows: is educational intervention (I) in people 
with T2DM (P), when compared with people who had 
not taken part in the educational intervention or had 
standard care (C), associated with improved glycaemic 
control and disease knowledge (O)?

Eligibility criteria
Types of participants
This review takes into consideration studies that included 
adult patients (≥18 years old) with T2DM in outpatient 
health settings, primary care settings, diabetes clinics and 
hospitals within the catchment. Those articles focusing on 
or including children or those with T1DM were excluded 
from the review.

Types of interventions
The review considered any educational intervention 
provided to adult patients with T2DM in diabetes care 
settings receiving standard or routine care. Intervention 
could be provided by any healthcare provider, involved 
any medium (written, oral, video and computer), deliv-
ered at the individual or group level, focused on theory- 
based or empirical content, and of varying duration. 

www.crd.york.ac.uk/PROSPERO/
www.crd.york.ac.uk/PROSPERO/
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Studies lacking an education intervention, unclear infor-
mation respecting the intervention and insufficient data 
on the main outcome variable were considered criteria 
for exclusion.

The comparator in this study was the delivery of the 
usual care/routine care for T2DM. Routine care refers to 
diabetes care that healthcare staff usually and normally 
provides in their daily care. Articles were excluded if they 
did not implement a comparison with routine care.

Types of studies
In the present review, studies were included if they were 
randomised controlled trials. Full- text articles were 
included, whereas studies published with only abstract 
or unpublished data were excluded. Of note, non- 
randomised controlled trials, quasi- experimental, before 
and after, cohort, case–control and cross- sectional studies 
were excluded because uncontrolled trials and observa-
tional studies lead to greater risk of biased estimates of 
effect size.41

Type of outcome
This review included the following outcome measures: 
glycaemic control as the primary outcome of the meta- 
analysis, and knowledge of diabetes considered as the 
secondary outcome. A study was excluded if outcomes 
were not measured or data could not be extracted.

Study selection
After database exploration, all recognised studies were 
uploaded into EndNote V.8, and duplicate articles were 
removed. Predefined selection criteria were used to select 
relevant full- text articles during the screening process. 
Three authors (WSS, PMP and YAA) independently 
screened the title, abstract and keywords of the studies 
identified for possible eligibility in the review. Afterward, 
all full- text articles were evaluated carefully for inclusion 
and data extraction. Further screening of full text was 
done by two (TY and YAA) independent authors to select 
the studies which satisfied the eligibility standards. The 
possible justification for the exclusion of full- text studies 
was documented and reported in the systematic review. 
Any uncertainties about study eligibility were discussed 
between authors.

Data extraction
After identifying studies for eligibility, data abstraction 
was conducted by two (AMK and WSS) independent 
authors using Microsoft Excel (version 10) for Windows. 
The first author undertook the data abstraction, whereas 
the second author assumed control for the quality of 
extracted and entered data. The data extracted from 
each study included first/corresponding author, year of 
publication, study setting, education provider, duration of 
intervention, intensity of intervention, components of the 
intervention, number of participants in each arm (inter-
vention and standard care group), intervention design, 
outcome measures, before and after intervention HbA1c 
levels, and knowledge scores. The outcome measures in 
this review were reported as the variation from starting 
point to closing date of follow- up in the intervention and 
standard care groups. If the SD of mean difference (MD) 
was not reported in an included study, the values were 
recalculated according to the guideline in the Cochrane 
Handbook.42

Assessment of risk of bias in included studies
Two (MD and PMP) independent authors assessed within- 
trial risk of bias in each included study using revised 
Cochrane risk- of- bias tool for randomised trials (RoB 
2).43 The Cochrane’s RoB 2 tool evaluation domains 
used to evaluate validity and bias in studies of clinical 
trials were applied regarding randomisation, allocation 
sequence concealment, blinding, incomplete outcome 
data, selective outcome reporting and other biases. For 
this review, the overall risk of bias was rated as high/
low/some concerns, in agreement with the RoB 2 tool. 
Any disagreement was resolved through discussion and 
consensus.

Assessment of certainty of the evidence
To evaluate the quality of the evidence, the authors used 
the Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) approach.44 GRADE pro- 
GDT was employed to summarise the quality of evidence.45 
The certainty of the evidence encompasses consideration 
of the within- study risk of bias which comprises method-
ological worth, indirectness of evidence, unexplained 

Table 1 PubMed search history

Search Search terms Hits

#1 Type 2 diabetes[tw] OR Type 2 diabetes mellitus[tw] OR T2DM[tw] OR insulin non dependent 
diabetes [tw]

199 276

#2 Education [tw] OR intervention [tw] OR behavioral intervention[tw] OR self- management [tw] 1 587 693

#3 Glycemic control [tw] OR glycosylated hemoglobin[tw] OR HbA1c[tw] 65 114

#4 Knowledge [tw] OR behavioral outcomes [tw] 851 164

#5 #1 AND #2 AND #3 AND #4 5428

#6 #5; limits: studies done with humans, English language, full text, RCT and publication year 
(2000–2020)

496

RCT, randomised controlled trial.
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heterogeneity, imprecision and probability of publication 
bias. The GRADE approach has four levels of quality such 
as high- quality evidence that recommends that additional 
study is very unlikely to change our confidence in the 
estimate of effect size; moderate quality reflects further 
research as likely to have a vital impact on the estimate of 
effect size and may alter the estimate; low quality reveals 
that further research is very unlikely to have a significant 
influence on the current estimate of effect size and is 
likely to change the estimate; and very low quality suggests 
one is precise indeterminate about the estimate.

Data synthesis and analysis
The primary and secondary outcomes were reported as 
MD and standardised MD (SMD) with a 95% CI, using a 
random- effects model,46 respectively. Degree of heteroge-
neity was examined with the I2 statistic, which expresses 
the amount of heterogeneity between studies.47 To inter-
pret the effect sizes, authors followed Cohen’s guidelines 
where d≤0.2 was small, d≈0.5 was medium and d>0.8 were 
large variation among intervention and control groups.48 
We performed subgroup analyses to reduce the level of 
heterogeneity for the primary outcomes using duration 
of intervention and intervention design. Publication 
bias was visually evaluated using the funnel plot, supple-
mented by Egger’s regression test.49 50 Sensitivity analysis 
was performed due to the high degree of heterogeneity 
and risk of bias. Review Manager of the Cochrane Collab-
oration (RevMan V.5.4, Cochrane Organization) was used 
to perform the meta- analysis.

Patient and public involvement
Patients and/or the public were not involved in the 
design, or conduct, or reporting, or dissemination plans 
of this research.

RESULTS
Selection of studies
The search of the six databases yielded 1183 articles, 
and 4 articles were retrieved manually through a review 
of reference lists. After eliminating duplicates, 457 arti-
cles remained. Three hundred seventy- two studies were 
removed after reading the abstract and title, leaving 85 
articles for full screening. Following 66 exclusions at the 
full- text level (mainly due to non- randomised controlled 
trials (n=34), or reporting mixed population (type 1 and 
type 2 diabetes) (N=7)), 19 studies were incorporated in 
the final review. The flow diagram for study selection is 
shown in figure 1.

Characteristics of the included studies
In the current meta- analysis, a total of 19 articles met the 
inclusion criteria with 2708 study participants. Of these, 
nine included articles reported glycaemic control and 
knowledge of diabetes as a common outcome variable. 
Regarding location, two were from Brazil,51 52 three from 
China,53–55 two from Germany,56 57 five from Iran,58–62 two 

from Malaysia,63 64 two from Sweden,65 66 and one each 
from Thailand,67 Sri Lanka,68 and Australia.69 The sample 
size varied from 6053 to 300 participants.55 Educational 
interventions in the review were guided by the following 
theories or models: three studies used the theory of self- 
efficacy,54 63 67 three studies56 61 66 used empowerment 
theory, two studies60 68 used theory of self- efficacy and 
motivational interviewing, and one study used either 
chronic care model,55 PRECEDE- PROCEED model,62 
BASNEF model59 or behavioural theory.64 However, the 
remainder of the articles51–53 57 58 65 69 used non- theory or 
model- based approaches.

The educational interventions comprised of face‐
to‐face counselling,54 55 63 68 69 diabetes education 
sessions,51 52 55 60 63 67 group discussion,56 58–60 67 telephone 
follow‐ups,54 60 63 67 69 home visits,67 demonstrations,53 54 59 
as well as questions and responses58 59 as among the most 
common approaches. The control groups of all studies 
were the current standard of care. The duration of 
educational interventions varied from 4 weeks54 58 59 to 
12 months.52 66 Intervention groups obtained the infor-
mation by different healthcare professionals such as 
physicians,54 55 66 nurses,52 56 58 67 69 nutritionists,61 64 health 
managers,55 public health assistants55 and pharmacists.51 
In most included studies, intervention processes were 
group- based education52 54–63 65–67 and combined educa-
tion53 68 69 ; however, in the remainder, web- based64 and 
individual- based51 education approaches were used. 
The main results and features of the selected studies are 
presented in table 2.

Risk of bias in the included studies
The random sequence generation for allocation was eval-
uated as low risk of bias in 12 studies,52–54 56 57 60 61 63 64 66–68 

Figure 1 PRISMA flow chart for selection of studies. 
PRISMA, Preferred Reporting Items for Systematic Review 
and Meta- Analysis; RCT, randomised controlled trial; T1DM, 
type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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with 7 studies measured as having some concerns of 
bias.51 55 58 59 62 65 69 Allocation concealment was a low risk 
of bias in five studies.53 54 58 60 67 On the other hand, a 
high risk of allocation bias was reported in one study.59 
The remaining studies51 52 55–57 61–66 68 69 were evaluated 
to have some concerns of bias. Blinding of participants 
and educators was considered a problem in such inter-
ventions; however, one study blinded participants and 
educators.60 Outcome assessors were blinded in three 
studies.52 61 67 Regarding incomplete outcome data 
reporting, seven studies51 52 54 58 60 67 69 were evaluated as 
low risk of bias. The risk of bias due to selective reporting 
was confirmed low for 16 studies51 53–63 65 67–69; however, 
there were some concerns of bias in three studies.52 64 66 
Nine studies52–54 56 60 64 66 67 69 were evaluated as low risk 
of other potential biases, two studies58 65 were confirmed 
to be high risk of bias and eight studies51 55 57 60–63 68 were 
evaluated to have some concerns of bias. The risk of bias 
for studies overall is summarised in figure 2 and the risk 
of bias in each study is reported in figure 3.

Effect of educational intervention on glycaemic control
The effects of educational interventions on glycaemic 
(HbA1c) level reduction are presented in figure 4. The 
results of the meta- analysis using random- effects model 
revealed that educational interventions significantly 
decreased HbA1c levels (MD: −0.83%; 95% CI: −1.17% 
to –0.49%; p<0.001, I2=88%) compared with standard 
care groups. A sensitivity analysis was employed by omit-
ting three studies53 56 58 because of high risk of hetero-
geneity. When these studies were omitted, the results 
demonstrated that the pooled effect on HbA1c reduction 
remained statistically significant with an MD of −0.70% 
(95% CI: −0.96% to −0.44%, p=0.001). The I2 statistic 
among the studies was 73%, indicating a moderate risk 
of heterogeneity.

Subgroup analysis
In the present review, subgroup analysis was conducted 
based on the duration of intervention and intervention 
design (theory- based vs empirical approach) to explore 
the potential source of heterogeneity between trials. The 
results of the subgroup analysis showed that the greater 
effect size was reported in studies with intervention dura-
tion of ≤3 months (MD: −1.09, 95% CI: −1.60 to –0.57, 
p<0.00) with a significant evidence of heterogeneity A
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among studies (I2=88%) (figure 5). Additionally, the 
results of the subgroup analysis revealed that interven-
tions with an empirical approach had greater effects in 

terms of reducing glycaemic levels (MD: −1.03, 95% CI: 
−1.90 to –0.15, p<0.00). Because of a significant degree 
of heterogeneity between studies (I2=88%), a random- 
effects analysis was used (figure 6).

The effect of educational interventions on diabetes knowledge
Ten out of the 19 studies reported knowledge of diabetes 
as an outcome variable.51 52 54 56–59 62 64 67 The pooled 
effect size of the 10 trials demonstrated an improvement 
in knowledge of T2DM (SMD: 1.16, 95% CI: 0.7 to 1.60, 
p<0.001; figure 7) compared with standard care groups. 
A random- effects model was used because of significant 
heterogeneity. The Dietary Knowledge Questionnaire64 
and the Diabetes and Medication Knowledge Question-
naire52 54 57 58 67 were used to estimate the level of knowl-
edge in individuals with T2DM. The number of items 
was between 862 and 24 items.67 There was a significant 
variation in knowledge of T2DM scores across different 
studies.

Publication bias
The presence of publication bias was visually evaluated 
using a funnel plot for the primary outcome (glycaemic 
control), and the results also reported there was no publi-
cation bias (figure 8). Likewise, Egger’s test also showed 
no publication bias (p=0.732). On the other hand, there 
were insufficient data to generate funnel plots to assess 
for the potential presence of publication bias for the 
second outcome (knowledge about T2DM).

Overall quality of the evidence
The overall quality of evidence was assessed using the 
GRADE approach and the results are presented in the 
summary of findings for the main comparison. Findings 
showed that the overall certainty of the evidence for 
glycaemic control was moderate, which suggests further 
studies will increase our confidence in the estimate of 
effect size. The quality of evidence for diabetes knowl-
edge was low, which reflects that the effect size is limited 

Figure 3 Risk of bias summary: review of authors' 
judgements about each risk of bias item for each included 
study.

Figure 4 The pooled effect of education interventions on HbA1c levels in patients with T2DM. HbA1c, glycosylated 
haemoglobin; T2DM, type 2 diabetes mellitus.
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and the true effect may be substantially different from the 
estimate of the effect size (table 3).

DISCUSSION
Currently, diabetes has emerged as a public health 
problem that needs effective educational interventions 
which apply across age, ethnicities and socioeconomic 
levels. Evidence showed that appropriate self- management 
education is a vital component of clinical care to improve 
glycaemic levels and change behavioural outcomes.70 
In the current meta- analysis, to generate high- quality 
evidence, only clinical trial studies were included.

This review summarises 19 RCT studies of educational 
interventions involving 2708 study participants with 
T2DM that took place in different global regions and 
health systems. In the present meta- analysis, findings 

demonstrated that educational intervention has a prom-
ising effect on glycaemic control and diabetes knowledge. 
The finding revealed that educational interventions 
reduced HbA1c levels by 0.83% (95% CI: 1.17 % to 
0.49%) among patients with T2DM. This finding has a 
substantial degree of heterogeneity (I2=88%) indicating 
variation between included studies. However, there was 
a slight reduction of MD after sensitivity analysis, 0.70% 
(95% CI: 0.96 % to 0.44%), with a moderate degree of 
heterogeneity (I2=73%). Our findings are supported by 
previous meta- analyses, which reported that behavioural 
and self- management education have a significant 
benefit in the reduction of HbA1c levels in patients with 
diabetes.28 37 38

The improvement in glycaemic levels is considered to 
be clinically essential. The UK Diabetes Study revealed 

Figure 5 Subgroup analysis based on the duration of the intervention.

Figure 6 Subgroup analysis based on intervention design.
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that with each 1% reduction in HbA1c, there is a likeli-
hood of reducing the risk of diabetes complications by 
21%.71 Similarly, a previous study showed that achieving 
optimal glycaemic level is likely to reduce the risk of 
deaths from diabetes complications, such as cardiovas-
cular and cerebrovascular problems.72 Moreover, the 
ADA recognises that diabetes self- management has a vital 
role in improving glycaemic levels and reducing diabetes- 
related complications.73

In the current meta- analysis, a subgroup analysis was 
conducted based on the duration of the educational 
interventions. Concerning duration of interventions, 
there was a variation between <3 months, 3–6 months and 
>6 months in the reduction of HbA1c levels. In this meta- 
analysis, the pooled effect size for short educational inter-
ventions (duration ≤3 months) was better than the effect 
size of longer interventions (duration 3–6 months and 
>6 months), −1.09 (95% CI: −1.60 to –0.57, p<0.001). One 
possible explanation may be associated with the initial 
motivation of the participant to be empowered to obtain 
positive results in a short period.74 In contrast, previous 
studies reported that longer duration of interventions was 
more likely related to a significant reduction in HbA1c 
levels.28 75 76 Similarly, a meta- analysis study showed that 
more contact hours were associated with a reduction 
of HbA1c level.33 Moreover, evidence also supported 
that the duration of contact hours between trainer and 
patient has a substantial impact on HbA1c levels.18 The 
current findings reflect that the duration of interven-
tion would influence the effectiveness of the educational 

intervention among patients with T2DM. Therefore, this 
disparity should be considered when developing future 
educational interventions.

In the present review, a subgroup analysis was conducted 
based on intervention design (theory- based vs empirical 
educational). Our study indicated that educational inter-
ventions benefited all patients regardless of the interven-
tion design. In the current findings, empirical educational 
intervention showed improvement in glycaemic control 
level, −1.03 (95% CI: −1.90 to –0.15, p<0.001). Simi-
larly, evidence showed that interactive self- management 
interventions through evidence- based approaches and 
structured curricula are crucial to improve glycaemic 
control and behavioural outcomes.77 However, another 
review indicates that in patients with T2DM, theory- based 
self- management educational interventions improved 
HbA1c.36 Although one- third of the included studies used 
an empirical approach in designing interventions, and 
favourable results on glycaemic control were obtained, 
their specific role in educational interventions has been 
debated.

In this review, diabetes knowledge showed a signifi-
cantly higher standardised mean score of correct 
knowledge of diabetes among the intervention group 
as compared with the standard care group (SMD=1.16; 
95% CI: 0.71 to 1.60, p<0.001). Similarly, educational 
interventions were associated with significant improve-
ments in knowledge of diabetes being reported in the 
previous meta- analyses.78 79 Moreover, there is evidence 
that education improves knowledge and subsequently 
promotes behavioural changes among patients with end- 
stage renal disease.80 Though significant changes were 
observed in diabetes knowledge, this finding should be 
interpreted with caution due to the significant degree of 
heterogeneity among included studies.

Limitations
Our study has some limitations that need to be consid-
ered in the future. First, studies published in the English 
language were only considered for this systematic review. 
Second, there was variation in the included studies in 
terms of healthcare providers, component of interven-
tions, outcome measures and intervention methods. 
Third, global representativeness must be considered as it 
was not possible to identify evidence from all countries of 
the globe. Fourth, although all the included studies were 

Figure 7 The pooled effect of education interventions on disease knowledge in patients with type 2 diabetes.

Figure 8 Funnel plot for HbA1c results. HbA1c, 
glycosylated haemoglobin; MD, mean difference.



11Shiferaw WS, et al. BMJ Open 2021;11:e049806. doi:10.1136/bmjopen-2021-049806

Open access

Ta
b

le
 3

 
G

R
A

D
E

p
ro

 le
ve

l o
f q

ua
lit

y 
ev

id
en

ce
 a

ss
es

sm
en

t

E
d

uc
at

io
na

l i
nt

er
ve

nt
io

n 
co

m
p

ar
ed

 w
ith

 u
su

al
 c

ar
e 

fo
r 

p
at

ie
nt

s 
w

ith
 t

yp
e 

2 
d

ia
b

et
es

P
at

ie
nt

 o
r 

p
op

ul
at

io
n:

 p
at

ie
nt

s 
w

ith
 t

yp
e 

2 
d

ia
b

et
es

S
et

tin
g:

In
te

rv
en

tio
n:

 e
d

uc
at

io
na

l i
nt

er
ve

nt
io

ns
C

om
p

ar
is

on
: u

su
al

 c
ar

e

O
ut

co
m

es

A
nt

ic
ip

at
ed

 a
b

so
lu

te
 e

ffe
ct

s*
 

(9
5%

 C
I)

R
el

at
iv

e 
ef

fe
ct

(9
5%

 C
I)

N
um

b
er

 o
f 

p
ar

ti
ci

p
an

ts
(s

tu
d

ie
s)

C
er

ta
in

ty
 o

f 
th

e 
ev

id
en

ce
(G

R
A

D
E

)
C

o
m

m
en

ts
R

is
k 

w
ith

 
co

m
p

ar
is

on
R

is
k 

w
ith

 
in

te
rv

en
tio

n

G
ly

ca
em

ic
 c

on
tr

ol
 (H

b
A

1c
) 

m
ea

su
re

d
 w

ith
 d

iff
er

en
ce

 
in

 m
ea

n 
H

b
A

1c
 le

ve
l a

ft
er

 
in

te
rv

en
tio

n
S

ca
le

 fr
om

 1
 m

on
th

 t
o 

12
 m

on
th

s

–
M

D
 0

.8
3 

lo
w

er
(1

.1
7 

lo
w

er
 t

o 
0.

49
 lo

w
er

)

–
24

74
(1

9 
R

C
Ts

)
⨁
⨁
⨁
◯

M
od

er
at

ea,
b

a.
 M

aj
or

ity
 o

f s
tu

d
ie

s 
ha

d
 h

ig
h 

or
 u

nc
le

ar
 r

is
ks

 o
f b

ia
s 

fo
r 

al
lo

ca
tio

n 
co

nc
ea

lm
en

t 
an

d
 b

lin
d

in
g 

of
 p

ar
tic

ip
an

ts
 o

r 
in

ve
st

ig
at

or
s.

 O
ne

 o
ut

 o
f t

w
o 

st
ud

ie
s 

re
p

or
te

d
 lo

w
- r

is
k 

m
et

ho
d

s 
fo

r 
b

lin
d

in
g 

of
 o

ut
co

m
e 

as
se

ss
m

en
t.

b
. T

he
 c

er
ta

in
ty

 in
 t

he
 e

vi
d

en
ce

 w
as

 d
ow

ng
ra

d
ed

 d
ue

 t
o 

im
p

re
ci

si
on

 in
 t

he
 in

te
rv

en
tio

n,
 in

co
ns

is
te

nt
 w

ith
 d

ur
at

io
n 

of
 in

te
rv

en
tio

n 
an

d
 in

te
rv

en
tio

n 
d

es
ig

n.
D

ia
b

et
es

 k
no

w
le

d
ge

 a
ss

es
se

d
 

w
ith

 d
ia

b
et

es
 a

nd
 m

ed
ic

at
io

n 
kn

ow
le

d
ge

S
ca

le
 fr

om
 1

 m
on

th
 t

o 
12

 m
on

th
s

–
S

M
D

 1
.1

6 
S

D
 

hi
gh

er
(0

.7
1 

hi
gh

er
 t

o 
1.

6 
hi

gh
er

)

–
13

09
(1

0 
R

C
Ts

)
⨁
⨁
◯
◯

Lo
w

c,
d

c.
 B

ia
s 

w
as

 ju
d

ge
d

 t
o 

b
e 

at
 ‘h

ig
h 

ris
k’

 in
 t

hi
s 

tr
ia

l.
d

. H
et

er
og

en
ei

ty
 w

as
 h

ig
h 

in
 t

hi
s 

tr
ia

l.

G
R

A
D

E
 W

or
ki

ng
 G

ro
up

 g
ra

d
es

 o
f e

vi
d

en
ce

: h
ig

h 
ce

rt
ai

nt
y—

w
e 

ar
e 

ve
ry

 c
on

fid
en

t 
th

at
 t

he
 t

ru
e 

ef
fe

ct
 li

es
 c

lo
se

 t
o 

th
at

 o
f t

he
 e

st
im

at
e 

of
 t

he
 e

ffe
ct

. M
o

d
er

at
e 

ce
rt

ai
nt

y—
w

e 
ar

e 
m

od
er

at
el

y 
co

nfi
d

en
t 

in
 t

he
 e

ffe
ct

 e
st

im
at

e.
 T

he
 t

ru
e 

ef
fe

ct
 is

 li
ke

ly
 t

o 
b

e 
cl

os
e 

to
 t

he
 e

st
im

at
e 

of
 t

he
 e

ffe
ct

, b
ut

 t
he

re
 is

 a
 p

os
si

b
ili

ty
 t

ha
t 

it 
is

 s
ub

st
an

tia
lly

 d
iff

er
en

t.
 L

o
w

 c
er

ta
in

ty
—

ou
r 

co
nfi

d
en

ce
 in

 t
he

 
ef

fe
ct

 e
st

im
at

e 
is

 li
m

ite
d

. T
he

 t
ru

e 
ef

fe
ct

 m
ay

 b
e 

su
b

st
an

tia
lly

 d
iff

er
en

t 
fr

om
 t

he
 e

st
im

at
e 

of
 t

he
 e

ffe
ct

. V
er

y 
lo

w
 c

er
ta

in
ty

—
w

e 
ha

ve
 v

er
y 

lit
tle

 c
on

fid
en

ce
 in

 t
he

 e
ffe

ct
 e

st
im

at
e.

 T
he

 t
ru

e 
ef

fe
ct

 
is

 li
ke

ly
 t

o 
b

e 
su

b
st

an
tia

lly
 d

iff
er

en
t 

fr
om

 t
he

 e
st

im
at

e 
of

 e
ffe

ct
.

*T
he

 r
is

k 
in

 t
he

 in
te

rv
en

tio
n 

gr
ou

p
 (a

nd
 it

s 
95

%
 C

I) 
is

 b
as

ed
 o

n 
th

e 
as

su
m

ed
 r

is
k 

in
 t

he
 c

om
p

ar
is

on
 g

ro
up

 a
nd

 t
he

 r
el

at
iv

e 
ef

fe
ct

 o
f t

he
 in

te
rv

en
tio

n 
(a

nd
 it

s 
95

%
 C

I).
G

R
A

D
E

, G
ra

d
in

g 
of

 R
ec

om
m

en
d

at
io

ns
 A

ss
es

sm
en

t,
 D

ev
el

op
m

en
t 

an
d

 E
va

lu
at

io
n;

 H
b

A
1c

, g
ly

co
sy

la
te

d
 h

ae
m

og
lo

b
in

; M
D

, m
ea

n 
d

iff
er

en
ce

; R
C

Ts
, r

an
d

om
is

ed
 c

on
tr

ol
le

d
 t

ria
ls

; S
M

D
, 

st
an

d
ar

d
is

ed
 m

ea
n 

d
iff

er
en

ce
.



12 Shiferaw WS, et al. BMJ Open 2021;11:e049806. doi:10.1136/bmjopen-2021-049806

Open access 

randomised controlled trials, some trials had biases, such 
as lack of allocation concealment, blinding and intention- 
to- treat analysis.

CONCLUSION
This systematic review adds to the body of knowledge 
that suggests that structured diabetes self- management 
education and support contribute to improving 
glycaemic outcomes and diabetes knowledge. Therefore, 
clinicians could make an effort to provide such care to 
ensure glycaemic control and to improve knowledge 
of T2DM. Further research is needed to determine the 
clinical significance of these improvements and their 
cost- effectiveness.

Implications for practice
Overall, these data revealed that educational interventions 
provide a basic benchmark to reduce glycaemic levels and 
to improve knowledge of T2DM. Importantly, to imple-
ment a successful education intervention, it is necessary 
to consider the duration of intervention and intervention 
design (empirical education is more effective) in patients 
with T2DM. Therefore, clinicians should use educational 
interventions to improve glycaemic control and diabetes 
knowledge among patients with T2DM. However, before 
making a practice decision based on the current review, 
further information from other reviews considering how 
the role of educational intervention reduced glycaemic 
level and improved diabetes knowledge should be taken 
into account. Hence, the certainty of this evidence is not 
adequate to conclude that interventions will be effective 
among patients with T2DM.

Implications for research
Further research is likely to change the estimated effect 
size of educational interventions in glycaemic control 
and knowledge of patients with T2DM. Knowledge of 
diabetes was assessed using different tools, outcome data 
were measured in heterogeneous ways. Based on this 
review, future studies of educational interventions would 
increase our certainty of evidence whether these inter-
ventions improve knowledge of diabetes or not by over-
coming limitations of existing studies. Therefore, future 
educational intervention studies should be designed to 
evaluate individual- centred outcomes and become new 
priorities to support in clinical decision- making.
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