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Objectives: The prevalence of type 2 diabetes is rising rapidly around the world. A number of

systematic reviews have provided evidence for the effectiveness of lifestyle interventions

on diabetic patients. The effectiveness of theory- and model-based education-lifestyle

interventions for diabetic patients are unclear. The systematic review and meta-analysis

aimed to evaluate and quantify the impact of theory-based lifestyle interventions on

type 2 diabetes.

Study design: A literature search of authentic electronic resources including PubMed, Sco-

pus, and Cochrane collaboration was performed to identify published papers between

January 2002 and July 2016.

Methods: The PICOs (participants, intervention, comparison, and outcomes) elements were

used for the selection of studies to meet the inclusion and exclusion criteria. Mean dif-

ferences and standard deviations of hemoglobin A1c (HbA1c [mmol/mol]) level in baseline

and follow-up measures of studies in intervention and control groups were considered for

data synthesis. A random-effects model was used for estimating pooled effect sizes. To

investigate the source of heterogeneity, predefined subgroup analyses were performed

using trial duration, baseline HbA1c (mmol/mol) level, and the age of participants. Meta-

regression was performed to examine the contribution of trial duration, baseline HbA1c
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(mmol/mol) level, the age of participants, andmean differences of HbA1c (mmol/mol) level.

The significant level was considered P < 0.05.

Results: Eighteen studies with 2384 participants met the inclusion criteria. The pooled main

outcomes by random-effects model showed significant improvements in HbA1c (mmol/

mol) �5.35% (95% confidence interval ¼ �6.3, �4.40; P < 0.001) with the evidence of het-

erogeneity across studies.

Conclusion: The findings of this meta-analysis suggest that theory- and model-based life-

style interventions have positive effects on HbA1c (mmol/mol) indices in patients with type

2 diabetes. Health education theories have been applied as a useful tool for lifestyle change

among people with type 2 diabetes.

© 2017 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
Introduction

Diabetes is a common metabolic disease with adverse impact

on the lives of patients that reduces life expectancy by up to

one-third of adults.1 The prevalence of type 2 diabetes is rising

rapidly around the world. The World Health Organization

estimates that diabetes is the 7 leading cause of death, and by

the year 2030 there will be 366 million adults with diabetes in

2030.2

To prevent acute and long-term complications of diabetes,

educational lifestyle interventions are considered as a funda-

mental aspect of care among diabetic patients. Diabetic pa-

tients' education is an ongoing process of receiving information

from clinician-educators to develop knowledge, skills and

ability for continuing self-care, and management of the dis-

eases.3 Education plays an important role in the process of care

and treatment to improve clinical outcomes, health status, and

quality of life for diabetic patients.4 A number of systematic

reviews have provided evidence for the effectiveness of

educational lifestyle interventions ondiabetic patients.5e7 Choi

et al.5 2016 has focused on the effect of different diabetes edu-

cation approaches on glycemic control for Chinese patients.

They reported that diabetes education in any format generates

glycemic improvement for Chinese patients and in studies

using information reinforcement strategies, the glycemic con-

trol was further enhanced. Different education and psycho-

logical interventions have been aimed at the management of

type 2 diabetes. A systematic reviewhas explored effectiveness

of self-management educational studies on diabetic adults,

findings show that self-management educations significantly

decrease hemoglobin A1c (HbA1c) levels.7 In a similar study,

Zhao et al.8 synthesized the effects of self-management

educational interventions on patients with type 2 diabetes.

The results indicated that patients who underwent diabetes

self-management educations significantly improved HbA1c,

self-efficacy, and knowledge levels.

Although both theories and models explain behavior and

suggest ways to achieve behavior change, there are some

differences between theories and models. A theory is a set of

broad and interrelated concepts that help to describe events

generally. Models help the understanding of a specific prob-

lem in a particular population and context. They are often

used to explain empirical findings and informed bymore than

one theory.9 Theories and models both include concepts and
constructs that help to explain individual behavior. To in-

crease the effectiveness of intervention programs, theories

and models can provide a systematic framework for

designing, implementation, and evaluation of the program.10

Despite this fact that implementing theory- and model-

based lifestyle interventions is an essential method to

change behavior and modify the consequences of the dia-

betes,11 the effectiveness of theory- and model-based educa-

tion-lifestyle interventions for diabetic patients are unclear.

This systematic review and meta-analysis aimed to identify,

evaluate, and quantify the impact of theory- andmodel-based

lifestyle interventions on type 2 diabetes.
Methods

A systematic review with meta-analysis was performed using

a prespecified protocol with reviewing the evidence to show

the effectiveness of theory- and model-based diabetes life-

style interventions for patients with type 2 diabetes. The

statement of Preferred Reporting Items for Systematic Re-

views and Meta-Analyses has been used for reporting this

study.12

Search strategy and study selection

A literature search of authentic electronic resources

including PubMed, Scopus, and Cochrane collaboration was

performed to identify published papers between January 2002

and July 2016. Publications with the combination of following

search words in the titles and abstracts or keywords of the

original studies were included: education, model, theory,

framework, intervention, lifestyle, type 2 diabetes, and dia-

betes mellitus. Also, the manual search of the references and

the bibliographies of the original studies were supplemented

for both English and Persian articles. The PICOs (participants,

intervention, comparison, and outcomes) elements were

used for selection of studies to meet the inclusion and

exclusion criteria. Each letter represents a component: the

patient population (P), the interventions or exposure (I), the

comparator group (C), the outcome (O), and the study design

chosen (S).13 Duplicate articles were removed from retrieved

studies before screening articles by title and abstract to

identify studies that met the following inclusion criteria: a)

published articles in English and Persian language, b)
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describes an education intervention based on models or

theories for diabetic patients, c) publications identified

reporting HbA1c in absolute values with at least 10-week

follow-up duration. Articles with insufficient detail in the

title and abstract to make a clear decision were included for

further review. The earliest publication was selected for

studies that have the same methodological descriptions and

results. Full-text versions of all included publications were

retrieved.

Data extraction and quality assessment

The quality control of the articles was performed indepen-

dently by two authors (PD and LD) and any disagreement

solved by discussion or help of a third author (LJ). Articles that

met the inclusion criteria were independently hand selected

by two authors using a structured extraction forms

including the study design, intervention duration, setting,

country of origin, mean age, baseline and after intervention

level of HbA1c, and number of participants in control and

intervention groups.

Jadad scale that assigns scores for reported randomization

(two items for randomization and the sequence randomiza-

tion), blinding (two items for double blind and the method of

double blind), and withdrawals (one item) was used for
Fig. 1 e Flowchart of study selection for inclusion in
evaluating the quality of studies (one point is added for a ‘yes’

answer to each items). Total quality scores can range between

0 (lowest score) and 5 (highest).14

Data synthesis and statistical analysis

Mean differences and standard deviation (SD) of HbA1c level

in baseline and follow-up measure of studies in intervention

and control groups were considered. The studies that used

more than one follow-up measure were considered as more

than one study, and if a confidence interval was reported in

place of median, it was converted to SD for analyses. Those

studies that reported HbA1c in percent units were changed to

mmol/mol according to the International Federation of Clin-

ical Chemistry unit.15 Existence of heterogeneitywas tested by

Cochran's Q-test at P< 0.05 level of significance. The I2 test was

also used to calculate the percentage of heterogeneity.16 A

random-effects model was used for estimating pooled effect

sizes. To investigate the source of heterogeneity, pre-defined

subgroup analyses were performed using trial duration,

baseline HbA1c (mmol/mol) level, and the age of participants.

Meta-regression was performed to examine the contribution

of trial duration, baseline HbA1c (mmol/mol) level, the age of

participants, and mean differences of HbA1c (mmol/mol)

level. Publication bias was analyzed by funnel plot analysis
c

the systematic review. HbA1c, hemoglobin A1c.
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and Egger's regression asymmetry test.17 All of the analyses

performed using STATA version 12.0 (Stata Corporation, Col-

lege Station, TX, USA) and P< 0.05were considered significant.
Results

Search results and study selection

The flowchart of the selection process in the meta-analysis is

shown in Fig. 1. Of 1618 studies, 97 duplicate articles were

removed. In all, 1521 articles were included for the title and

abstract screening. Of these, 1435 articles were excluded

because they did not meet the inclusion criteria and 86 were

chosen for assessing full-text eligibility, and in this step, 38

were excluded because they did not report HbA1c (mmol/mol)

value at baseline or after the intervention, 48 studies included
Table 1 e Description of the theories and models that referred

Theory name

TOE Empowerment is a pr

control over one's lif

LT Learning theories are

processed, and retain

SCT Social cognitive theo

among the environm

skills, health beliefs)

HBM It predicts that the lik

high and if the benefi

TTM Transtheoretical mo

transitions across th

PRECEDE

ePROCEED

model

An acronym for pred

and evaluation. Used

(from assessing qual

BASNEF model An acronym for belie

IMB model One who is well infor

enact the behavior a

Abbreviations: HBM, health belief model; TTM, transtheoretical model; PR

in educational/environmental diagnosis and evaluation; TOE, theory of

theory; SCT, social cognitive theory.

Table 2 e The summary of studies.

Number Source Country Intervention (n¼)

1 Afshari18 Iran 82

2 Baghianimoghadam19 Iran 40

3 Kashfi20 Iran 50

4 Kim21 Korea 120

5 Miller22 USA 45

6 Mohamed23 Qatar 215

7 Najimi24 Iran 48

8 Orsama25 Finland 24

9 Osborn26 USA 48

10 Partapsingh27 Trinidad 58

11 Salinero-Fortet28 Spain 300

12 Shamsi31 Iran 44

13 Sharifirad30 Iran 50

14 Zareban29 Iran 69

NR, not reported.
for quantitative synthesis, finally 14 articles (13 English and

one Persian)18e31 were included for meta-analysis (18 data

extraction) which were all controlled trials.

Study characteristics

The theories and models of reviewed studies were described

in Table 1. The summary descriptions of the included studies

are presented in Table 2. Publication year of these studies

were 2002e2015. Sample size of participants varied from 24 to

300 with a total sample size of 1151 and 1233 in intervention

and control groups respectively. All trials involved parallel

designs; three were reported blinding but all of them did not

mention the blinding method of the studies. Study duration

was from 10 to 96 weeks (Table 3). Six trials used the health

belief model (HBM) for intervention,19,20,24,29,31,40 two used

social cognitive theory and learning theory,22,32 two used
to the reviewed publications.

Description

ocess of transition from a state of powerlessness to a state of relative

e, destiny, and environment.23

conceptual frameworks describing how information is absorbed,

ed during learning32

ry postulates that behavior is influenced by the constant interaction

ent, the personal characteristics of an individual (e.g., knowledge,
22

elihood of action is increased if the perceived threat of the disease is

ts of behavior are thought to outweigh the barriers19

del which includes strategies to assist individuals in making

e various stages of change (SOC)27

isposing, reinforcing and enabling causes in educational diagnosis

for planning safety programs and consists of four process phases

ity of life to identifying enabling factors)21,28

fs, attitude, subjective norms, enabling factors18

med andmotivated to act is thought to develop the skills necessary to

t focus, and thus reap the health benefits of doing25,26

ECEDEePROCEED: predisposing, reinforcing, and enabling constructs

empowerment; IMB, information motivation behavior; LT, learning

Control (n¼) Mean age, (yr) Quality score

Intervention Control

82 56 57 3

40 49 49 3

50 44 45 3

130 59 58 2

47 72 73 3

215 52 55 3

48 67 67 3

24 62 61 3

43 57 58 3

61 20e69 20e69 3

300 67 67 4

44 44 45 2

50 67 67 3

69 NR NR 3
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beliefs, attitudes, subjective norms, and enabling factors

(BASNEFmodel),18,30 PRECEDEePROCEED,21,28 transtheoretical

model,27 theory of empowerment,23 and two used information

motivation behavior model.25,26 Quality assessment results

are presented in Table 2. No studies scored positive on all

quality criteria. The majority of studies lacked a concise

description on the sequence generation in randomization,

allocation concealment.

Meta-analysis

Of the 18 trials included in this meta-analysis, 16 trials

showed a significant reduction in the HbA1c (mmol/mol) level

after theory-based diabetes intervention. The forest plot with

weighted mean differences in post-trial HbA1c (mmol/mol)

between intervention and control groups and their confidence

interval (CIs) are shown in Fig. 2. As there was significant

heterogeneity between studies (test for heterogeneity:

P < 0.001 and I2 ¼ 97.8%), we used a random-effects model to

estimate the pooled mean difference (MD) in the HbA1c

(mmol/mol) level. Using the random-effectsmodel, the pooled
Table 3 e Characteristics of the interventions.

Source Model or theory Duration
(weeks)

Intervent
duratio

Afshari18 BASNEF 24 Six sessions

Baghianimoghadam19 HBM 12 Two sessions

Kashfi20 HBM 12 Three sessions

60 min

Kim21 PRECEDEe PROCEED 48 12 h (weekly 2-h

sessions over th

of 6 weeks)

Miller22 SCT, IMB 10 Six 2-h group se

Mohamed23 HBM, TOE 48 Four educationa

sessions

Najimi24 BASNEF Four Educationa

sessions in 70 m

Orsama25 IMB 40 A mobile teleph

based remote p

Osborn26 IMB 40

Partapsingh27 TTM 48 One session wit

visits in 16 wee

Salinero-Fortet28 PRECEDEePROCEED 96 Four visits aver

40 min per sess

Shamsi31 HBM 12 Six 60 min sess

Sharifirad30 HBM 24 30e45 min sess

Zareban29 HBM 24

Abbreviations: HBM, health belief model; TTM, transtheoretical model; PR

in educational/environmental diagnosis and evaluation; TOE, theory of em

attitude, subjective norms, enabling factors; SCT, social cognitive theory
effect size of theory- and model-based education in-

terventions on HbA1c (mmol/mol) level versus control was

calculated at �5.35% (95%CI ¼ �6.3, �4.40; P < 0.001).

Subgroup analyses

The results of subgroup analysis are shown in Table 4. The

analyses showed that HbA1c (mmol/mol) level decreased

more significantly after theory- and model-based in-

terventions in participants older than 50 years (�5.4 [95%

CI ¼ �5.6, �5.3]) compared with participants aged 50 years

and less (�2.6 [95%CI ¼ �5.1, �0.88]). There was a greater

reduction after interventions in participants with baseline of

HbA1c greater than 53 mmol/mol (�5.6 [95%CI ¼ �6.7, �4.6])

compared with participants with baseline of HbA1c 53

mmol/mol and less (�4.5 [95%CI ¼ �5.8, �5.2]). The results

showed that each of the pre-specified factors significantly

affected the pooled effect size and analyses of between-

group heterogeneity showed the significant source of het-

erogeneity between studies (P < 0.05). Also, when educa-

tional periods were categorized into �12 weeks and >12
ion
n

Educational strategy Types of intervention

Role playing; group

discussion

Patient education

Group discussion;

interaction

Walking

(each Not stated Exercises and jogging

e course

Feedback; role play; and

group discussions

Exercise

ssions Goal setting; self-

monitoring

Nutrition education

l Goal setting; counseling

techniques.

Food habits and health

beliefs, exercise benefits

l

in

Not explained Nutritional education

one-

atient

Feedback and counseling;

self-management

information, motivation

Diabetes education,

behavioral skills learning

Tailored education; self-

management

planning strategies

Physical activity, meal

planning strategies

h return

ks.

Consultation Diet, exercise, and

medications

age time

ion

Self-monitoring usual care

and individual

counseling

Physical exercise, diet

healthy behavior

ions Group discussion; role

playing

Walking

ions Pamphlets and face-to-face

lectures,

question and answer

Nutritional education

Lectures; playing films;

question and answer

and CD and pamphlets

Proper diet, walking, regular

drug intake

ECEDEePROCEED, predisposing, reinforcing, and enabling constructs

powerment; IMB, information motivation behavior; BASNEF, beliefs,

.
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Fig. 2 e Pooled effect size of lifestyle intervention on HbA1c (mmol/mol). HbA1c, hemoglobin A1c; CI, confidence interval;

WMD, weighted mean difference.

Table 4 e Subgroup analyses of lifestyle intervention on HbA1c (mmol/mol).

Variables Number
of data

Mean differences [95%CI] I2(%) P-value for
heterogeneity

Significancea Meta-regressionb

Total mean age

�50 years 3 �2.6 [�5.1 to �0.88] 86.4 <0.001 0.04 Reference

>50 years 13 �5.4 [�5.6 to �5.3] 94 <0.007 <0.001 0.004

Trial duration

�12 weeks 10 �4.9 [�5.2 to �4.8] 81 <0.001 0.001 Reference

>12 weeks 9 �7.4 [�7.8 to �7.0] 89 <0.001 <0.001 0.104

Baseline HbA1c

�53 mmol/mol 3 �4.5 [�5.8 to �5.2] 85.4 <0.001 <0.001 Reference

>53 mmol/mol 15 �5.6 [�6.7 to �4.6] 93.9 <0.001 <0.001 0.003

Study quality

�2 score 7 �5.0 [�5.2 to �4.8] 88.6 <0.001 0.002 Reference

>2 score 12 �6.8 [�7.1 to �6.4] 91.4 <0.001 <0.001 0.227

Country

Iran 6 �5.2 [�6.7 to �3.7] 64.9 <0.006 <0.001 0.79

Others 12 �5.4 [�5.5 to �5.2] 96 <0.001 <0.001 Reference

HbA1c, hemoglobin A1c; CI, confidence interval.
a P-values for significance of mean difference in HbA1c between intervention and control groups.
b P-values for difference in HbA1c change across strata.
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weeks, although it was significant in both categories, in the

studies with >12 week the effect was greater (�6.8 [95%

CI ¼ �7.1, �6.4]).

Fig. 3 shows the differences in HbA1c (mmol/mol) reduc-

tion according to using of theory and model in interventions.

BASNEF model shows greater significant reduction in HbA1c

level (mmol/mol) (�6.5 [95%CI ¼ �9.4, �3.6]). In comparison

with using of HBM and PRECEDePROCEEDmodel, the lifestyle

intervention programs with using of HBM model were signif-

icantly more effective (�5.8 [95%CI �9.3, �2.4], P ¼ 0.006) than

studies using of PRECED-PRODEED model (�5.2 [95%CI �6.0,

�4.3], P < 0.001.
Publication bias

The Egger's and Begg's tests showed publication bias

(P ¼ 0.001; Fig. 4).
Discussion

In this meta-analysis of the effect of theory- andmodel-based

lifestyle interventions on improving HbA1c (mmol/mol) level

including 18 trials with 2396 participants between 2002 and

2016, we found that theory- and model-based lifestyle

https://doi.org/10.1016/j.puhe.2017.11.022
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Fig. 3 e Pooled effect size of lifestyle intervention on HbA1c based on theories. HbA1c, hemoglobin A1c; CI, confidence

interval; WMD, weighted mean difference.

Fig. 4 e Funnel plot Standard error; SMD: Standardized

mean differences.
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interventions can reduce HbA1c (mmol/mol) level around

�5.35 (95% CI ¼ �6.3, �4.40; P < 0.001). Some of the hetero-

geneities between studies were accounted for by variation in

the baseline levels of HbA1c (mmol/mol). Our results are

consistent with the previousmeta-analysis that estimated the

overall weighted mean difference in HbA1c of �1.19%.5 The

meta-analysis on theory- and model-based self-management

education for patients with type 2 diabetes reported lower

pooled effect size (�0.38% [95% CI �0.51, �0.26]) than our

study and what has been previously reported.8
Lifestyle modification is the first-line treatment for the

management of type 2 diabetes through focusing on improving

dietary quality, physical activity, and medical intervention for

glycemic control and other modifiable cardiovascular risk fac-

tors.33 In fact, developing theory- and model-based lifestyle

interventions provide conditions that patients can bemanaged

and altered for the diabetic status by making certain lifestyle

changes. It means applying the theories and behavior change

techniques such as specific goal setting, relapse prevention,

and self-monitoring related to diabetes care contribute the

most to the effectiveness of the diabetes education programs.34

These specific behavioral techniques can help to specify key

determinants of the target behaviors and also provide a sup-

portive bonding that facilitates patients to arrive at the desired

health outcomes, apply them in their daily life, and particularly

adhere to medical regimens.9,35

Stratton et al.36 indicated that each 1% reduction in updated

mean HbA1c was associated with a 37% decrease in risk for

microvascular complications and a 21% decrease in the risk of

any end point or death related to diabetes. Diabetic patients in

the theory- and model-based lifestyle intervention programs

obtained more information and better self-care behavior.

HBM and PRECEDEePROCEED models were the most

frequent theoretical frameworks (n ¼ 5) with the significant ef-

fects that have been used in educational intervention for type 2

diabetic patients. Since, planning and evaluation are the key

elements for developinghealth educational programs, adequate

and appropriate application of theories andmodels is essential

https://doi.org/10.1016/j.puhe.2017.11.022
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for more effective behavior changes. In their recent review,

Hansen et al.37 have demonstrated that theories ormodelswere

used inappropriately and did not adequately address how life-

style can be changed in such interventional programs. Under-

standing concepts andconstructs for each theory andmodel are

a useful way to apply them with full recognition. In our view,

studies claiming a theoretical basis should pay much more

attention to good reporting and high quality description of the

models underlying health education interventions.

Another finding from the stratified analyses was that the

interventions with >12 weeks have a significantly greater ef-

fect than interventions �12 weeks. One supposition for these

results derived from the perception that diabetic patients in

long term are better supported by theory constructs and

behavior changes techniques like self-monitoring and feed-

back, as has been already suggested by a previous study.38,39

There were some limitations for this study. Although we

classified educational strategies, owing to multiple strategies

implied in the interventions, we were not able to determine

which strategy was more effective.

However the results should be interpreted with caution. In

particular, in three studies, the design of studies was quasi-

experimental, then these studies were of low quality and we

cannot state with absolute certainty that lifestyle in-

terventions effectively reduce HbA1c.

Conclusion

The findings of this systematic review and meta-analysis

implied that theory- and model-based lifestyle interventions

have positive effects on HbA1c (mmol/mol) indices in patients

with type2diabetes.Overall, in addition to change inconstructs

of models and theories, applying models and theories in

educational interventions has been reported to be influential.

Health models and theories have been applied as a useful tool

for changing the lifestyle among people with type 2 diabetes.
Author statements

Ethical approval

The ethics committee of Tabriz University of Medical Sci-

ences, Vice Chancellor for Research approved the study.

Funding

This study was funded by the Tabriz Health Services Man-

agement Research Center, Tabriz University of Medical

Sciences.

Competing interests

None declared.

Authors' contribution

PD designed the research data. LJ analyzed and interpreted the

research data and wrote the final manuscript draft. MAF, LD,

and LF collected and extracted the data.
r e f e r e n c e s

1. Ahmann AJ. Guidelines and performance measures for
diabetes. Am J Manag Care 2007;13:S41e6.

2. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence
of diabetes estimates for the year 2000 and projections for
2030. Diabetes Care 2004;27:1047e53.

3. Haas L, Maryniuk M, Beck J, Cox CE, Duker P, Edwards L, et al.
National standards for diabetes self-management education
and support. Diabetes Care 2013;36(Suppl. 1):S100e8.

4. Colagiuri R, Girgis S, Eigenmann C, Gomez M, Griffiths R.
National evidenced based guideline for patient education in type 2
diabetes. Canberra: Diabetes Australia and the NHMRC; 2009.

5. Choi TS, Davidson ZE, Walker KZ, Lee JH, Palermo C. Diabetes
education for Chinese adults with type 2 diabetes: a
systematic review and meta-analysis of the effect on
glycemic control. Diabetes Res Clin Pract 2016;116:218e29.

6. Schellenberg ES, Dryden DM, Vandermeer B, Ha C,
Korownyk C. Lifestyle interventions for patients with and at
risk for type 2 diabetes: a systematic review and meta-
analysis. Ann Intern Med 2013;159:543e51.

7. Loveman E, Frampton GK, Clegg A. The clinical effectiveness
of diabetes education models for Type 2 diabetes: a
systematic review. Health Technol Assess 2008;12:1e136.

8. Zhao FF, Suhonen R, Koskinen S, Leino-Kilpi H. Theory-
based self-management educational interventions on
patients with type 2 diabetes: a systematic review and meta-
analysis of randomized controlled trials. J Adv Nurs
2017;73(4):812e33.

9. Glanz K, Rimer BK, Viswanath K, editors. Health behavior and
health education: theory, research, and practice. 4th ed. San
Francisco: John Wiley & Sons; 2008.

10. Kilbourne AM, Neumann MS, Pincus HA, Bauer MS, Stall R.
Implementing evidence-based interventions in health care:
application of the replicating effective programs framework.
Implement Sci 2007;9(2):42.

11. Lippke S, Ziegelmann JP. Theory-based health behavior
change: developing, testing, and applying theories for
evidence-based interventions. Appl Psychol 2008;57:698e716.

12. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. Ann Intern Med 2009;151:264e9.

13. O'Connor D, Green S, Higgins JPT. Defining the review
question and developing criteria for including studies. In:
Cochrane handbook for systematic reviews of interventions. John
Wiley & Sons, Ltd; 2008. p. 81e94.

14. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJM,
Gavaghan DJ, et al. Assessing the quality of reports of
randomized clinical trials: is blinding necessary? Control Clin
Trials 1996;17:1e12.

15. Jeppsson JO, Kobold U, Barr J, Finke A, Hoelzel W, Hoshino T,
et al. Approved IFCC reference method for the measurement
of HbA1c in human blood. Clin Chem Lab Med 2002;40:78e9.

16. Cochran WG. The combination of estimates from different
experiments. Biometrics 1954;10:101e29.

17. Egger M, Smith GD, Schneider M, Minder C. Bias in meta-
analysis detected by a simple, graphical test. Bmj
1997;315:629e34.

18. Afshari M, Tol A, Taghdisi MH, Azam K. The effect of BASNEF-
based blended educational program on on diabetes control
among type 2 diabetic patients referred to diabetes clinic of
Samirom city. Razi J Med Sci 2015;22:56e62.

19. Baghianimoghadam MH, Hadavandkhani M, Mohammadi M,
Fallahzade H, Baghianimoghadam B. Current education
versus peer-education on walking in type 2 diabetic patients
based on Health Belief Model: a randomized control trial
study. Rom J Intern Med 2012;50:165e72.

http://refhub.elsevier.com/S0033-3506(17)30397-9/sref1
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref1
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref1
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref2
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref2
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref2
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref2
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref3
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref3
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref3
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref3
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref4
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref4
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref4
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref5
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref5
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref5
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref5
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref5
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref6
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref6
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref6
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref6
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref6
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref7
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref7
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref7
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref7
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref8
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref8
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref8
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref8
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref8
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref8
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref9
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref9
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref9
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref9
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref10
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref10
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref10
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref10
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref11
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref11
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref11
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref11
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref12
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref12
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref12
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref12
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref13
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref13
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref13
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref13
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref13
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref13
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref14
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref14
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref14
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref14
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref14
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref15
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref15
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref15
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref15
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref16
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref16
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref16
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref17
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref17
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref17
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref17
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref18
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref18
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref18
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref18
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref18
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref19
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref19
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref19
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref19
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref19
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref19
https://doi.org/10.1016/j.puhe.2017.11.022
https://doi.org/10.1016/j.puhe.2017.11.022


p u b l i c h e a l t h 1 5 5 ( 2 0 1 8 ) 1 3 3e1 4 1 141
20. KashfiS, RezaianzadehA,ShA.Theeffect ofhealthbeliefmodel
educational program and jogging on control of sugar in type 2
diabetic patients. Iran Red Crescent Med J 2012;2012:442e6.

21. Kim MT, Kim KB, Huh B, Nguyen T, Han H-R, Bone LR,
Levine D. The effect of a community-based self-help
intervention: Korean Americans with type 2 diabetes. Am J
Prev Med 2015;49:726e37.

22. Miller CK, Edwards L, Kissling G, Sanville L. Evaluation of a
theory-based nutrition intervention for older adults with
diabetes mellitus. J Am Dietetic Assoc 2002;102:1069e81.

23. Mohamed H, Al-Lenjawi B, Amuna P, Zotor F, Elmahdi H.
Culturally sensitive patient-centred educational programme
for self-management of type 2 diabetes: a randomized
controlled trial. Prim Care Diabetes 2013;7:199e206.

24. Najimi A, Azadbakht L, Hassanzadeh A, Sharifirad Gr. The
effect of nutrition education on risk factors of cardiovascular
diseases in elderly patients with type 2 diabetes: a
randomized controlled trial. Iran J Endocrinol Metab
2011;13:256e63.

25. Orsama A-L, L€ahteenm€aki J, Harno K, Kulju M, Wintergerst E,
Schachner H, et al. Active assistance technology reduces
glycosylated hemoglobin and weight in individuals with type
2 diabetes: results of a theory-based randomized trial.
Diabetes Technol Ther 2013;15(8):662e9.

26. Osborn CY, Amico KR, Cruz N, O'Connell AA, Perez-
Escamilla R, Kalichman SC, et al. A brief culturally tailored
intervention for Puerto Ricans with type 2 diabetes. Health
Educ Behav 2010;37:849e62.

27. Partapsingh V, Maharaj R, Rawlins J. Applying the Stages of
change model to type 2 diabetes care in Trinidad: a
randomised trial. J Negat Results Biomed 2011;10:1.

28. Salinero-Fort MA, Arrieta-Blanco FJ, Abanades-Herranz JC,
Martı́n-Madrazo C, Rod�es-Soldevila B, de Burgos-Lunar C.
Effectiveness of PRECEDE model for health education on
changes and level of control of HbA1c, blood pressure, lipids,
and body mass index in patients with type 2 diabetes
mellitus. BMC Public Health 2011;11:1.

29. Zareban I, Niknami S, Hidarnia A, Rakhshani F, Karimy M,
Shamsi M. The effect of education program based on health
belief model on decreasing blood sugar levels in diabetic type
2 patients in Zahedan. Health Scope 2013;2:73e8.

30. Sharifirad G, Najimi A, Hassanzadeh A, Azadbakht L.
Application of BASNEF educational model for nutritional
education among elderly patients with type 2 diabetes:
improving the glycemic control. J Res Med Sci 2011;16.

31. Shamsi M, Sharifirad G, Kachoyee A, Hassanzadeh A. The
effect of educational program walking based on health belief
model on control suger in woman by type 2 diabetics. Iran J
Endocrinol Metab 2010;11:490e9.

32. Miller CK, Edwards L, Kissling G, Sanville L. Nutrition
education improves metabolic outcomes among older adults
with diabetes mellitus: results from a randomized controlled
trial. Prev Med 2002;34:252e9.

33. Jahangiry L, Shojaeizadeh D, Montazeri A, Najafi M,
Mohammad K, Farhangi MA. Modifiable lifestyle risk factors
and metabolic syndrome: opportunities for a web-based
preventive program. J Res Health Sci 2014;14:303e7.

34. Michie S, Abraham C, Whittington C, McAteer J, Gupta S.
Effective techniques in healthy eating and physical activity
interventions: a meta-regression. Health Psychol 2009;28:690.

35. Abraham C, Michie S. A taxonomy of behavior change
techniques used in interventions. Health Psychol 2008;27:379.

36. Stratton IM, Adler AI, Neil HAW, Matthews DR, Manley SE,
Cull CA, et al. Association of glycaemia with macrovascular
and microvascular complications of type 2 diabetes (UKPDS
35): prospective observational study. Bmj 2000;321:405e12.

37. Aagaard-Hansen J, Bonde AH, Jensen BB, Andersen LB,
Hindhede AL, Maindal HT. Inadequate description of
educational and behavior change theories in lifestyle
interventions for type 2 diabetes prevention. J Diabetes Metab
2014;5:375.

38. Czupryniak L, Barkai L, Bolgarska S, Bronisz A, Broz J,
Cypryk K, et al. Self-monitoring of blood glucose in diabetes:
from evidence to clinical reality in central and eastern
Europedrecommendations from the international central-
eastern European expert group. Diabetes Technol Ther
2014;16:460e75.

39. Jahangiry L, Shojaeizadeh D, Farhangi MA, Yaseri M,
Mohammad K, Najafi M, et al. Interactive web-based lifestyle
intervention and metabolic syndrome: findings from the Red
Ruby (a randomized controlled trial). Trials 2015;16:1.

40. Sharifirad G, Hazavehie S, Mohebi S, Rahimi M,
Hasanzadeh A. The effect of educational programme based
on Health Belief Model (HBM) on the foot care by type II
diabetic patients. Iran J Endocrinol Metab 2006;8:231e9.

http://refhub.elsevier.com/S0033-3506(17)30397-9/sref20
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref20
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref20
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref20
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref21
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref21
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref21
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref21
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref21
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref22
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref22
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref22
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref22
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref23
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref23
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref23
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref23
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref23
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref24
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref24
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref24
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref24
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref24
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref24
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref25
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref25
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref25
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref25
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref25
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref25
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref25
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref25
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref26
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref26
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref26
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref26
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref26
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref27
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref27
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref27
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref28
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref28
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref28
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref28
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref28
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref28
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref28
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref29
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref29
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref29
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref29
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref29
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref30
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref30
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref30
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref30
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref31
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref31
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref31
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref31
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref31
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref32
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref32
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref32
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref32
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref32
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref33
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref33
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref33
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref33
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref33
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref34
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref34
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref34
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref35
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref35
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref36
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref36
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref36
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref36
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref36
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref37
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref37
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref37
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref37
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref37
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref38
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref38
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref38
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref38
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref38
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref38
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref38
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref38
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref39
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref39
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref39
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref39
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref40
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref40
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref40
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref40
http://refhub.elsevier.com/S0033-3506(17)30397-9/sref40
https://doi.org/10.1016/j.puhe.2017.11.022
https://doi.org/10.1016/j.puhe.2017.11.022

	The effectiveness of theory- and model-based lifestyle interventions on HbA1c among patients with type 2 diabetes: a system ...
	Introduction
	Methods
	Search strategy and study selection
	Data extraction and quality assessment
	Data synthesis and statistical analysis

	Results
	Search results and study selection
	Study characteristics
	Meta-analysis
	Subgroup analyses
	Publication bias

	Discussion
	Conclusion

	Author statements
	Ethical approval
	Funding
	Competing interests
	Authors' contribution

	References


