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ABSTRACT
Introduction Despite the increasing number of drugs and 
various guidelines on the management of type 2 diabetes 
mellitus (T2DM), several patients continue with the disease 
uncontrolled. There are several non- pharmacological 
treatments available for managing T2DM, but various of 
them have never been compared directly to determine the 
best strategies.
Objective This study will evaluate the comparative effects 
of non- pharmacological strategies in the management of 
T2DM in primary care or community settings.
Methods and analysis We will perform a systematic 
review and network meta- analysis (NMA), and will 
include randomised controlled trials if one of the 
following interventions were applied in adult patients 
with T2DM: nutritional therapy, physical activity, 
psychological interventions, social interventions, 
multidisciplinary lifestyle interventions, diabetes 
self- management education and support (DSMES), 
technology- enabled DSMES, interventions delivered only 
either by pharmacists or by nurses, self- blood glucose 
monitoring in non- insulin- treated T2DM, health coaching, 
benchmarking and usual care. The primary outcome will 
be glycaemic control (glycated haemoglobin (HbA1c) (%)), 
and the secondary outcomes will be weight loss, quality 
of life, patient satisfaction, frequency of cardiovascular 
events and deaths, number of patients in each group 
with HbA1c <7, adverse events and medication 
adherence. We have developed search strategies for 
Embase, Medline, Latin American and Caribbean Health 
Sciences Literature, Cochrane Central Register of 
Controlled Trials, Trip database, Scopus, Web of Science, 
Cumulative Index to Nursing and Allied Health Literature 
Australasian Medical Index and Chinese Biomedical 
Literature Database. Four reviewers will assess the 
studies for their eligibility and their risk of bias in pairs 
and independently. An NMA will be performed using a 
Bayesian hierarchical model, and the treatment hierarchy 
will be obtained using the surface under the cumulative 
ranking curve. To determine our confidence in an overall 
treatment ranking from the NMA, we will follow the 

Grading of Recommendations Assessment, Development 
and Evaluation approach.
Ethics and dissemination As no primary data collection 
will be undertaken, no formal ethical assessment is 
required. We plan to present the results of this systematic 
review in a peer- reviewed scientific journal, conferences 
and the popular press.
PROSPERO registration number CRD42019127856.

InTROduCTIOn
Despite the increasing number of drugs 
available and various guidelines on the 
management of type 2 diabetes mellitus 
(T2DM), an expressive number of patients 
continue with the disease uncontrolled. In 
a multicentre, cross- sectional, epidemiolog-
ical, questionnaire- based study conducted 
in nine Latin American countries, 56.8% 
of patients with T2DM had poor glycaemic 
control (haemoglobin A1c (HbA1c) ≥7%).1 

Strengths and limitations of this study

 ► Network meta- analysis (NMA) allows the simultane-
ous comparison of multiple treatment alternatives in 
a single model.

 ► NMA improves precision of treatment effect esti-
mates, ranks treatments according to their effec-
tiveness and can assess the impact of observed 
treatment effects in the evidence network.

 ► A potential limitation of this study can be missing 
outcome data, which may bias our findings. In such 
a case, valid imputation methods will be applied and 
robustness of results will be explored.

 ► Intransitivity in indirect comparisons may be another 
potential limitation, which can impact the validity of 
our NMA results. In case of intransitivity, reasons for 
this will be explored.
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In the USA, according to a survey performed between 
1998 and 2002, only 42.3% of adults had HbA1c levels 
less than 7%, and 14% had HbA1c levels greater than 
10%.2

Therefore, to increase the percentage of diabetic 
patients with the disease controlled and thereby reduce 
the number of deaths and morbidities related to this 
disease, non- pharmacological strategies that are comple-
mentary to the drug treatment have been studied in the 
management of T2DM.

Randomised clinical trials (RCTs) have shown that 
medical nutritional therapy and physical activity, consid-
ered as non- pharmacological treatments of T2DM, 
effectively improve glycaemic control and other meta-
bolic outcomes in patients with T2DM.3 4 Additionally, a 
systematic review of lifestyle weight loss interventions in 
overweight and obese adults with T2DM showed that a 
weight loss of >5% is considered necessary for its bene-
ficial effects on HbA1c, lipids and blood pressure, and 
to achieve this level of weight loss, intense interventions, 
including energy restriction, regular physical activity 
and frequent contact with healthcare professionals, are 
required.5

Meanwhile, other non- pharmacological strategies have 
been introduced in diabetes treatment. Some studies in 
T2DM have shown that programmes focused on counsel-
ling, therapy compliance, explanation of possible adverse 
events and patient empowerment are associated with 
better glycaemic and quality- of- life controls and, conse-
quently, lower follow- up costs.6–9 A systematic review of 
the effects of group- based, patient- centred training on 
clinical, lifestyle and psychosocial outcomes in patients 
with T2DM showed significant reductions in HbA1c in 
favour of group- based interventions.10 Similarly, other 
strategies with similar objectives have also been reported 
in the management of T2DM, such as psychological11 and 
social interventions.12

However, despite the evidence of effectiveness of these 
non- pharmacological strategies in T2DM metabolic 
control, in primary healthcare settings, some RCTs have 
not achieved similar results.13–15 In a pragmatic clustered 
randomised controlled trial conducted in public commu-
nity health centres in Cape Town involving 1570 adults 
with T2DM, a group diabetes education programme 
did not show greater improvement in glycaemia control 
compared with usual care.16

Since there are several different non- pharmacological 
strategies for the management of T2DM and with contra-
dictory results in some healthcare settings, we aim to 
answer the following questions: in primary care, are the 
non- pharmacological strategies effective in the glycaemic 
control of adults with T2DM? Which of these strategies 
have the best glycaemic control?

Hence, the objective of this study is to evaluate the 
comparative effects of non- pharmacological strategies in 
the management of T2DM in primary care or community 
settings.

METhOdS And dESIgn
A systematic review and network meta- analysis (NMA) 
for the assessment of the effectiveness of all non- 
pharmacological strategies available for T2DM in diabetes 
control will be performed.

NMA combines direct and indirect evidence; therefore, 
the relative effectiveness of two non- pharmacological 
strategies can be estimated even if studies that directly 
compared them did not exist.

Denoting nutritional therapy, social support and usual 
care as non- pharmacological strategies A, B and C, respec-
tively, an indirect comparison (AB) can be obtained by 
subtracting the meta- analytic estimates of all studies of 
nutritional therapy versus usual care (AC) from the esti-
mate of all studies of social support versus usual care 
(BC).17

Traditional meta- analyses are limited to the compari-
sons of two groups, failing to generate a complete picture 
of the effectiveness of non- pharmacological treatments 
for T2DM. In the current review, since there are more 
than 10 strategies of interest and for most there are no 
trials involving a direct comparison, the NMA was selected 
a substitute of the traditional meta- analysis.

The protocol of this review has been registered with the 
International Prospective Register of Systematic Reviews 
database, and it was developed following the Preferred 
Reporting Items for Systematic Review and Meta- Analysis 
Protocols.18

Patient and public involvement
We will not directly include patient- level data in this study, 
but the protocol development, priority of the research 
question, choice of outcome measures and type of inter-
vention have been informed through discussions with the 
members of the Brazilian Health Ministry and a group of 
patients with T2DM during follow- up in a tertiary Brazilian 
healthcare; both identified this study as a priority area for 
managing patients with T2DM in primary healthcare.

Eligibility criteria
RCTs meeting the ‘PICOT’ structure described below will 
be included in this study.

Participants (P)
Adult patients, over 18 years old, diagnosed with T2DM 
according to the American Diabetes Association (fasting 
glycaemia greater than or equal to 126 mg/dL, glycaemia 
greater than 200 mg/dL associated with classic DM symp-
toms, glycaemia 2 hours after overload with 75 g of glucose 
greater than or equal to 200 mg/dL, HbA1c greater than 
or equal to 6.5%) will be included in the study.6

definitions of interventions (I)
All non- pharmacological and patient- mediated strate-
gies19 aimed at promoting better control of the disease 
for diabetic patients will be considered as interventions. 
The strategies can be implemented as either standalone 
or adjunct to the pharmacotherapy of T2DM. Regarding 
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adjunct treatment, both groups must have received 
similar drug treatment.

Based on our previous search in the literature, the inter-
ventions may be (1) nutritional therapy (dietary quality 
or energy restriction),20 (2) physical activity programme 
(running, walking, bicycling, swimming, resistance 
training, yoga, Tai chi),20 (3) psychological interventions 
(emotion- focused or cognition- focused),11 (4) social 
network interventions (friends, families and peers),12 (5) 
multidisciplinary lifestyle interventions (an intervention 
that combines at least two of the following modalities: 
physical activity, nutritional therapy, social or psycholog-
ical support),21 (6) diabetes self- management education 
and support (DSMES),22 (7) technology- enabled DSMES 
(mobile phones, secure messaging, web- based infor-
mation),23(8) interventions delivered only or mainly by 
pharmacists (DSMES and/or pharmacy management),24 
(9) interventions delivered only or mainly by nurses 
(DSMES and/or pharmacy management),25 (10) self- 
blood glucose monitoring in non- insulin- treated T2DM,26 
(11) health coaching27 and (12) benchmarking.28

The intervention must have been performed at the 
primary care (or in community settings), with a minimum 
follow- up period of 6 months.

Comparison (C)
Comparator will be considered a usual care of T2DM 
(drug treatment associated with a general orientation 
regarding lifestyle changes provided by a general prac-
titioner) or another intervention described above. An 
episodic evaluation with a nutritionist, nurse, physical 
trainer or educator in diabetes, which provides a general 
orientation regarding changes in lifestyle, will be consid-
ered usual care if the patients are not provided with 
subsequent follow- up.

This protocol differs from our previous published 
protocol29 because in the current systematic review, we 
will consider all non- pharmacological strategies for T2DM 
in primary care. Additionally, here, we will perform direct 
and indirect comparisons of all strategies. In the previous 
protocol, only nutritional therapy has been evaluated 
in direct comparisons (only nutritional therapy vs usual 
care).

Type of outcomes (O)
The primary outcome will be glycaemic control (HbA1c 
(%)). The secondary outcomes will be anthropometric 
measurements (measured by weight or waist circumfer-
ence (WC), or body mass index (BMI)), quality of life, 
patient satisfaction, frequency of cardiovascular events 
and deaths, number of patients in each group with HbA1c 
<7, adverse events related to non- pharmacological strate-
gies and medication adherence.

Time-frame of outcome evaluation (T)
We will include only studies with follow- up greater than 6 
months. The outcomes will be evaluated at 6–12 months 
and greater than 12 months. For trials that had more 

than one time of outcome evaluation, we will consider the 
longest time point.

Exclusion criteria
We will exclude trials that were conducted in settings 
other than the primary care or community settings, trials 
whose aim was to compare the effectiveness of pharmaco-
logical treatments, trials in which the intervention was any 
type of surgery to lose weight, trials with follow- up period 
less than 6 months and trials that included predomi-
nantly participants with type 1 DM, gestational diabetes, 
or diabetes secondary to medication or a chronic disease.

data sources and search strategy
Search strategies have been created and adapted to the 
following electronic health databases: Embase (by Else-
vier, 1980–2019), Medline (by PubMed, 1966–2019), 
Latin American and Caribbean Health Sciences Liter-
ature (by Virtual Health Library, 1982–2019) and 
Controlled Clinical Trials of the Cochrane Collaboration 
(Cochrane Central Register of Controlled Trials). We 
have used the following index terms and their synonyms: 
Diabetes Mellitus, Type 2; Primary Health Care; Commu-
nity Health Planning. Language or year restrictions will 
not be considered in this study. We have used the vali-
dated RCT filters created by the Cochrane Collaboration 
for Medline and Embase. A draft Medline search strategy 
is included in online supplementary appendix 1.

The following databases will also be searched for 
eligible studies: Trip database, Scopus, Web of Science, 
Cumulative Index to Nursing and Allied Health Litera-
ture, Australasian Medical Index and Chinese Biomedical 
Literature Database. We will also search for studies on  
ClinicalTrials. gov and the gray literature through confer-
ences, published abstracts and dissertations.

References of relevant primary or secondary studies will 
be searched to identify additional eligible studies. We will 
use the Endnote software to download all references and 
remove duplicates. The initial screening of abstracts and 
titles will be performed using the free web application 
Rayyan QCRI.30

Study selection
Four reviewers independently will perform in pairs the 
assessment of titles and abstracts (RGOFL, LRB, JSCG, 
VdSN- N), and the studies potentially eligible for inclusion 
in the review will be selected for full reading and subse-
quently assessed for adequacy to the proposed PICOT. 
In case of disagreement, a consensus meeting before the 
final decision will be held.

data extraction
For each selected trial, the same four reviewers will use in 
pairs and independently an extraction form to record the 
year of publication, number of patients included, dura-
tion of follow- up, information regarding the inclusion and 
exclusion criteria, type of intervention (frequency, descrip-
tions, durations), baseline data (average age, gender, 
weight, BMI and WC, glycaemic control prior to the study, 
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duration of T2DM, medications in use) and all reported 
outcome measures (in all time points). To ensure consis-
tency between the reviewers, we will perform a calibration 
exercise before beginning the review. In the case of dupli-
cate publications or more reports from the primary trial, 
data extraction will be optimised using the best information 
available for all the items in the same trial.

Assessment of bias risk in the included studies
For each selected trial, the risk of bias will be assessed 
according to the criteria described in the revised 
Cochrane risk- of- bias tool for randomised trials (RoB 
2 tool),31 which considers the following five domains 
for each outcome evaluated: (1) bias arising from the 
randomisation process, (2) bias due to deviations from 
intended interventions, (3) bias due to missing outcome 
data, (4) bias in the measurement of the outcome and 
(5) bias in the selection of the reported result. Each of 
the items will be evaluated by two reviewers as having low 
risk of bias, some concerns and high risk of bias. In case of 
disagreement, a discussion between the reviewers before 
the final classification will be held.

data synthesis
Dealing with missing data
The authors of the original studies will be contacted, if 
necessary, to provide missing information for each study 
included. We will use the data available in published arti-
cles provided by their authors or registration platforms. If 
available, we will preferentially use the data from intention- 
to- treat analysis. If numerical outcome data are missing and 
they cannot be obtained from the authors, we will calcu-
late them, when possible, from other available statistics, 
such as p values.32 If an outcome value is reported without 
a measure of variance, SDs will be imputed according to the 
method suggested by Furukawa et al.33

Assessment of transitivity across treatment comparisons
The transitivity across treatment comparisons will be 
assessed using boxplots, and we are proposing the following 
seven a priori hypotheses to explain the variability between 
studies as possible effect modifiers: (1) patient character-
istics (average patient age, gender distribution, disease 
severity, time of diabetes diagnosis, presence of diabetes 
chronic complications), (2) type of pharmacological treat-
ment of T2DM, (3) study methodology quality (low risk of 
bias compared with high risk of bias), sample size (large 
vs small studies), (4) duration of follow- up (6–12 months, 
greater than 12 months), (5) frequency of sessions/visits 
with participants and (6) adherence to a healthier lifestyle. 
Usual care of T2DM will be assessed for their similarity 
across treatment comparisons.34

Network meta-analysis
We will perform an NMA for each outcome to simultane-
ously compare multiple interventions in a single model 
using the Stata Statistical Software V.16 (StataCorp LLC).

We will preferentially pool the direct evidence; however, 
in the absence of direct comparisons, the effect estimate 
will be provided by indirect comparisons.

Considering the expected between- study heterogeneity, 
we will use a random effects (RE) model for each inter-
vention comparison.

We will pool the data of each outcome using a Bayesian 
RE model separately. For dichotomous data, effect esti-
mates will be calculated using OR with a 95% credible 
interval (CrI). The continuous data will be expressed as 
means and SDs for each study, and the mean difference 
or standardised mean difference (if different metrics are 
used across studies) will be calculated with their respec-
tive 95% CrIs. For count outcomes, we will calculate the 
rate ratio with a 95% CrI. For multiarm studies, we plan 
to use data from all reported comparisons using the 
approach suggested by Rücker et al by reducing the rele-
vant weighting scheme.35

The intervention effect estimates will be presented 
along with their corresponding 95% CrIs, and we will 
obtain the treatment hierarchy using the surface under 
the cumulative ranking (SUCRA) curve, with its 95% CrI, 
and the rank- heat plot.36 37 It is expected that the best 
treatment will have high SUCRA values while the worst 
will have low values. For each comparison, we will present 
the direct, indirect and network estimates.

Assessment of statistical heterogeneity
For direct evidence, we will assess heterogeneity by esti-
mating the magnitude of the between- study variance 
using the empirical distribution as estimated by Turner et 
al38 and Rhodes et al39 and by using the I2 statistic to quan-
tify the percentage of variability due to true differences 
between studies rather than sampling error.40 41 We will 
interpret the I2 according to thresholds set forth by the 
Cochrane Collaboration,32 and it will be used as a crite-
rion for pooling or not the results and for performing 
additional subgroup analyses. For count outcomes, 
we will use a minimally informative prior distribution 
(∼Uniform[0,2]).42

If enough studies are available, we will perform 
subgroup analysis using the same potential treatment 
effect modifiers described above. Our a priori hypoth-
esis is as follows: individuals with greater than 10 years of 
T2DM, taking insulin, with a poorly controlled diabetes 
at baseline (an uninterrupted HbA1c >8.0% for ≥1 year 
despite standard care) and with more than one of the 
macro or micro chronic diabetes complications, the 
subgroups analysis may show less improvement in the 
primary and secondary outcomes. We will also perform 
a network meta- regression whenever possible (ie, when 
at least 10 studies are available) using the RE model to 
evaluate the impact of these potential effect modifiers 
(patient characteristic, study quality, intervention type, 
follow- up time, adherence).

With the combination of direct and indirect esti-
mates, violation of the transitivity assumption (described 
above) will also lead to inconsistency. We will assess loop 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-034481 on 12 January 2020. D

ow
nloaded from

 

http://bmjopen.bmj.com/


5Leite RGOF, et al. BMJ Open 2020;10:e034481. doi:10.1136/bmjopen-2019-034481

Open access

inconsistency (disagreement between direct and indirect 
estimates) using the loop- specific method and design 
inconsistency (disagreement between studies that inform 
the same treatment comparison but include a different 
number of treatment arms) using the design- by- treatment 
model based on a χ2 test.43–46

Sensitivity analysis
If sufficient studies are available, we will conduct a sensi-
tivity analysis to assess the robustness of results.38 39 This 
analysis will be performed by comparison of studies with 
high risk of selection and attrition bias versus studies with 
low risk of bias in these domains and studies with data 
published versus studies with imputed data.

Assessment of publication biases
For each treatment comparison, if more than 10 studies 
are included in the meta- analysis, we will use the funnel 
plot to investigate the presence of publication bias.32 In 
such cases, we will also perform the Begg’s rank correla-
tion47 and Egger’s regression tests.48

Quality of evidence
To determine our confidence in an overall treatment 
ranking from the NMA, we will follow the Grading of 
Recommendations Assessment, Development and Eval-
uation (GRADE) approach, with some modifications as 
described below to reflect specific issues from NMA.49 
This process will be performed in pairs and independently 
(RGOFL, LRB, JSCG, VdSN- N).

Based on the five categories (risk of bias, impreci-
sion, inconsistency and publication bias) the certainty of 
evidence of effect estimates obtained by direct compari-
sons will be rated as high, moderate, low or very low.

For indirect comparisons, the quality of evidence in 
estimates will be rated following the GRADE categories 
used for assessing the direct comparisons in addition to 
the transitivity assessment. We will focus our assessments 
on the quality of indirect evidence on the dominant 
first- order loop (loops with a single common compar-
ator connecting the two interventions of the comparison 
of interest). The quality of evidence rating for indirect 
comparisons will be the lower ratings of quality for the 
two direct estimates that contribute to the first- order 
loop of the indirect comparison. For instance, if one of 
the direct comparisons is rated as low and the other is 
rated as moderate evidence, we will rate the quality of 
indirect evidence as low.45 We will rate down the quality 
of the indirect comparison one further level for violation 
of the transitivity assumption (similarity of trials in terms 
of population, intervention (type and dosing frequency), 
settings and trial methodology).45

We will rate the confidence in each NMA effect estimate 
using the higher rating when both direct and indirect 
evidences are present. However, we may rate down confi-
dence in the network estimate if we find that the direct 
and indirect estimates have inconsistency (measured by 

the difference of point estimates and the extent of overlap 
of CrIs and of direct and indirect effect estimates).

dISCuSSIOn
With the consistent increase in the prevalence of T2DM 
together with the unsatisfactory glycaemic control by 
some individuals, the search for new and effective strat-
egies for the prevention and control of this metabolic 
disease is underway.

Since inadequate glycaemic control in diabetes is most 
often related to poor adherence to lifestyle changes and 
to the proposed treatment, initiatives have emerged 
to promote a better acceptance/understanding of the 
disease and its treatment by the patients. With this, it is 
expected that individuals have a more active participation 
in the control of his, disease, thus achieving higher rates 
of glycaemic control and fewer complications associated 
with this dysglycaemia.

Although several systematic reviews have evaluated the 
effectiveness of these strategies in the management of 
T2DM,8 50 to the best of our knowledge to date, there are 
no systematic reviews and NMA considering the direct 
and indirect effects of non- pharmacological interven-
tions targeting a greater control of T2DM.

EThICS And dISSEMInATIOn
Since primary data collection will be undertaken, no 
formal ethical assessment is required by our institution. 
We plan to present the findings of this systematic review 
in a peer- reviewed scientific journal. We also intend to 
present it, including preliminary findings, at the appro-
priate conferences.
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