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ABSTRACT

Introduction: Epidemiological evidence suggests that physical activity has a positive
effect of reducing glycosylated haemoglobin Alc (HbAlc) levels not only in diabetics,
but also in healthy adults. Moreover, a positive association of HbAlc levels with
cardiovascular disease and mortality in non-diabetic populations has recently been
reported. This is a protocol for a systematic review and meta-analysis aiming to
estimate the effects of physical activity on glycaemic control measured by HbAlc levels
in general and non-diabetic populations; and to determine which type of physical

activity has a greater influence on glycaemic control.

Methods and analysis: The search will be conducted using MEDLINE, EMBASE,
Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic
Reviews and Web of Science databases from inception to mid-2017. Randomised
controlled trials, non-randomized experimental studies and controlled pre—post studies
written in English, Portuguese or Spanish will be included. The Cochrane
Collaboration’s tool and The Quality Assessment Tool for Quantitative Studies will be
used to assess the risk of bias for the studies included in the systematic review.
Standardised pre—post intervention mean differences of HbAlc with 95% confidence
intervals will be calculated as primary outcome. Subgroup analyses will be performed
based on the type of physical activity intervention, the type of population included in

the studies and the age of the participants.

Ethics and dissemination: This systematic review will synthesise evidence on the
association of physical activity and HbAlc levels in general and non-diabetic
populations. The results will be disseminated by publication in a peer-reviewed journal.
Ethics approval will not be required because the data used for this systematic review

will be obtained from published studies and there will be no concerns about privacy.
Trial registration number: PROSPERO CRD42016050991.

Key words: HbA Ic, physical activity, meta-analysis
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Strengths and limitations of this study

- This study presents a comprehensive methodology for analysing the effect of
physical activity interventions on glycaemic control measured using HbAlc

levels in general and non-diabetic populations.

- Two researchers will independently perform study selection, data extraction and

quality assessment.

- The assessment of risk of bias of the selected studies and heterogeneity among
studies included, with particular reference to study design and sample

characteristics, is a featured point in this evidence review.

- The differences among physical activity interventions could be a source of
variable quality and heterogeneity among studies, and may limit the quality of

the evidence of this meta-analysis.
INTRODUCTION

Currently, guidelines from the American Diabetes Association (ADA)' and the World
Health Organization (WHO)? propose glycosylated haemoglobin Alc (HbAlc) levels
greater than 6.5% for the diagnosis of diabetes. Also, recent meta-analyses have
reported an increase for all-cause mortality with HbAlc levels around 5.7% in non-
diabetic and around 7.5% in diabetic populations.>* HbAlc is a biochemical test useful
to identify people with subclinical diabetes at the onset of clinical symptoms. Since
micro vascular complications of diabetes are present in the early stages of the disease,

controlling HbA lc levels should not be restricted to the diabetic population.

Substantial evidence supports that physical activity reduces the risk of dying
prematurely because of its positive influence on a variety of health conditions, such as
cardiovascular disease, diabetes and other disorders of metabolism, as well as
neurological diseases, sarcopenia, osteoporosis and cancer.®” In the case of diabetes, up
to 46% of the incidence could be reduced by engaging in physical activity programs®;
moreover, these programs have revealed improvements in glycaemic control and
metabolic profile among both diabetic and non-diabetic populations.’ One meta-analysis
concluded that structured physical activity such as aerobic exercise, resistance training,

or the combination of both may be associated with HbAlc reduction in patients with
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type 2 diabetes.'’ Additionally, evidence has suggested that structured physical activity

could substantially reduce the incidence of type 2 diabetes.''

Thus, physical activity is widely perceived to be beneficial for preventing type 2
diabetes and for controlling glycaemic levels in patients with type 2 diabetes, but
evidence supporting a positive effect in the control of glycaemic levels in healthy
people is rather weak."> Therefore, considering the increasing incidence of type 2
diabetes in industrialized countries, determining the effect of physical activity
interventions to control HbA lc levels in non-diabetic populations is an important public

health issue.

The purpose of this protocol is to provide the methodology for a review of intervention
studies addressing the effectiveness of physical activity interventions in reducing

HbAlc levels in general and non-diabetic populations.
OBJECTIVE

This systematic review and meta-analysis protocol presents an objective and clear
procedure for the extraction of information from experimental studies (randomised
controlled trials [RCTs], non-randomized experimental studies and controlled pre—post
studies), in which data on changes in HbAlc levels have been reported as an outcome,
in order to: i) estimate the effects of physical activity on glycaemic control measured by
HbAlc levels in the general population and in non-diabetic populations; and ii)
determine which type of physical activity (based on qualitative or quantitative

characteristics) has a greater positive influence on glycaemic control.
METHODS AND ANALYSIS

This systematic review and meta-analysis protocol is based on the Preferred Reporting
Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P)'® and the
Cochrane Collaboration Handbook.'” This protocol has been previously registered in

PROSPERO (registration number: CRD42016050991).
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Inclusion/exclusion criteria for study selection
Type of studies

Randomised controlled trials, non-randomized experimental studies and controlled pre—

post studies written in English, French, Portuguese or Spanish.
Type of participants

Studies assessing the effect, in general and non-diabetic populations, of physical activity
interventions on glycaemic control measured by HbAlc levels will be selected. Studies
will be selected regardless of the age of the participants included. Studies will be
excluded when they include: i) exclusively subjects who have been diagnosed with
diabetes; and ii) more than 8.5% of diabetics in the sample (diabetes global prevalence
according to WHO)'® and/or when the prevalence of diabetes in the sample is unknown.
When more than one study provides data referring to the same sample, we will choose

the one presenting the most detailed results or providing the largest sample size.
Type of interventions

Studies reporting any type of intervention consisting mainly of physical activity,
understood as repeated bouts of exercise over time involving multiple sessions during a
number of weeks, will be eligible for inclusion. Studies comparing different types of
physical activity interventions or examining a specific physical activity intervention
with or without a control group will be eligible for inclusion. Also, studies consisting of
advice on physical activity will be included. Nevertheless, studies combining physical
activity with other health interventions, such as nutritional interventions, will be
excluded when data concerning the effectiveness of physical activity programmes on

glycaemic control measured by HbA lc levels cannot be extracted separately.
Type of outcome assessment

Studies in which glycaemic control is an outcome measured using any of the different

methods certified by the National Glycohemoglobin Standardization Program (NGSP)
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for testing HbAlc will be included. Studies will be included regardless of the unit in

which HbAlc levels were measured, for instance percentage (%) or mmol/mol.
Search methods for the identification of studies
Electronic search

The literature search will be conducted in MEDLINE, EMBASE, Cochrane Central
Register of Controlled Trials, Cochrane Database of Systematic Reviews and Web of
Science databases from inception to 31% June, 2017. The searches will be re-done just
before the final analyses, in order to search for further potential studies. Study records

will be managed using the Mendeley reference manager.

The following search terms will be combined by Boolean operators for conducting the

literature search: “physical activity”, “physical fitness”, “physical exercise”, exercise,

“intense exercise”, “exercise training”, “glycemic control”, “metabolic outcomes”,
2 (3

“HbAlc”, “haemoglobin level”, “glycated haemoglobin”, “randomised control trial”,

RCT, “quasi-experimental study”, non-RCT and “controlled pre—post study” (Table 1).

Previous reviews and meta-analyses, and relevant references cited in the selected

studies will be screened as supplemental sources.
Data collection and analysis
Selection of studies

The title and abstract of retrieved articles will be independently evaluated by two
reviewers in order to identify eligible studies according to the inclusion criteria. Then,
full manuscripts of the identified studies will be examined. Finally, the two reviewers
will review the included and excluded studies in order to verify the reasons for
inclusion/exclusion (Figure 1). Abstracts not providing enough information regarding
the inclusion/exclusion criteria will be selected for full-text evaluation. The reviewers
will not be blinded to the authors, institutions or manuscript journals of the reviewed
papers. Disagreements will be solved by consensus; when disagreements persist after

discussion, a third reviewer will be required.
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Two authors will independently extract information from the included studies regarding
the main study characteristics: author, year of publication, country, study design,
number and age of participants, population characteristics (healthy or with any specific
disease), prevalence of diabetes, methods certified by the NGSP used for HbAlc
testing, HbA1c mean values before the intervention, and type and characteristics of the
physical activity intervention (Table 2). In order to avoid double counting of patients
because they have been included in more than one report by the same author or working
group, the recruitment periods will be evaluated. When necessary, corresponding
authors of the potentially included studies will be contacted to obtain any missing

information.
Any disagreements will be resolved by discussion to reach a consensus.
Assessment of visk of bias in the included studies

Two researchers will independently conduct a quality assessment according to the
Cochrane Collaboration Handbook recomendations.'” Any disagreements will be
resolved by discussion and a third reviewer will solve the disagreements if consensus is

not reached.

Methodological quality of the RCTs will be assessed using The Cochrane
Collaboration’s tool for assessing risk of bias."” This tool evaluates the risk of bias
according to six domains: selection bias, performance bias, detection bias, attrition bias,

reporting bias and other bias.

The Quality Assessment Tool for Quantitative Studies™ is proposed to assess the
quality of pre—post studies and non-RCTs. This tool evaluates seven domains: selection
bias, study design, confounders, blinding, data collection method, withdrawals and

drop-outs.

In both quality assessment tools, each domain could be considered as strong, moderate
or weak, and studies could be classified as low risk of bias (with no weak ratings),
moderate risk of bias (with one weak rating) and high risk of bias (with two or more
weak ratings). The agreement rate between reviewers will be reported by calculating

kappa statistics.

Data synthesis
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The researchers will create ad hoc tables to summarise the characteristics of the
included studies and any important questions related to the aim of this systematic
review. The reviewers will determine whether a meta-analysis is possible after data
extraction. At least five observations addressing the same specific outcome will be
required to conduct a meta-analysis; where a meta-analysis is not feasible, we will
undertake a narrative synthesis. Studies providing insufficient data to perform the

analyses will be omitted from data syntheses.

If a meta-analysis is possible, STATA 14 software will be used to combine the pooled
mean differences with 95% confidence intervals (CI). A fixed-effects model will be

used if there is no evidence of heterogeneity; otherwise, a random-effects model will be

used. Study heterogeneity will be assessed with an Izstatistic. I? values are considered
as: might not be important (0% to 40%); may represent moderate heterogeneity (30% to
60%); may represent substantial heterogeneity (50% to 90%) and considerable
heterogeneity (75% to 100%), the corresponding p-values will also be taken into

account. 17

Data from intention-to-treat analyses will be considered whenever available in RCTs.
The HbAlc pre—post intervention mean difference will be the primary indicator of the
intervention outcome. Standardised mean differences (standard deviation (SD)) will be
calculated for HbAlc levels. For example, when the standard error (SE) is provided, the
SD will be calculated according to the following formula: SD = SE x n. Finally,
publication bias will be assessed using a contour-enhanced funnel plot of each effect
size against the standard error. Funnel plot asymmetry will be visually evaluated, as
well as with the method proposed by Egger,”' and a significant publication bias will be
considered to be present if the p-value is less than 0.10.** The trim-and-fill computation

will be used to assess the effect of publication bias on the interpretation of results.”
Subgroup analysis and meta-regression

Subgroup analyses and meta-regression will be performed based on the type of physical
activity intervention (leisure-time physical activity, physical activity programme or
physical activity counselling), type of population included in the studies (general
population and non-diabetic population), type of studies design (RCT, non-RCT and

controlled pre—post studies), age of participants (children and/or adolescents, young
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adults aged 18-35 years, middle-aged adults aged 36-55 years or older adults aged
above 55 years), because these are the potential major factors causing heterogeneity.
Furthermore, the methodological quality of studies included will be considered for

additional subgroup analyses.

Sensitivity analysis

Sensitivity analyses will be conducted excluding studies from the analysis one by one.
These will be performed to prove that the findings from the meta-analysis do not

depend on arbitrary or unclear decisions.
DISCUSSION

An association between physical activity interventions and glycaemic control measured
by HbAlc levels has been reported by recent systematic reviews and meta-analyses in

2**2% and type 1 diabetic populations.”*° One meta-analysis® reported no

both type
significant benefits of glycaemic control in non-diabetic populations, but included only
three intervention studies divided in two subgroups (healthy and chronic disease). No
previous systematic review or meta-analysis has included studies in the general
population or in non-diabetics. Therefore, the aim of this protocol is to present a clear
and reliable methodology to estimate the effects of physical activity on glycaemic

control measured by HbAlc levels in general and non-diabetic populations.

There are some sources of heterogeneity that will be controlled in this systematic review
and meta-analysis. Those sources of variability will be determined by analysing the
design (type of study, type of intervention and control group, sample size, and length of
intervention) and the sample characteristics (type of population, age range and gender

distribution) of the included studies.

As different study designs will be considered for inclusion, we will use two quality
assessment tools: The Cochrane Collaboration’s tool for assessing risk of bias'’ and
Quality Assessment Tool for Quantitative Studies.”* Both tools are rigorously

developed, evidence-based, valid, reliable and easy to use.’!
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Random-effects meta-regression will be used to evaluate whether the relationship
between physical activity and glycaemic levels could differ according to certain sample
characteristics and whether those characteristics could be considered major sources of
heterogeneity.*® Additionally, subgroup analyses in this meta-analysis will be designed
to control for heterogeneity between the studies. To determine the level of
heterogeneity, we will use the definition suggested by the Cochrane Collaboration

Handbook."”

Potential limitations of this research may be publication bias, information bias, poor
statistical analyses, and inadequate reporting of methods and findings of the primary
studies.”” However, it is important to summarise the information available on this issue.
To overcome these limitations, we will follow the recommendations included in the

PRISMA?*? and the Cochrane Collaboration Handbook.'’

Numerous meta-analyses synthesizing the effects of physical activity on glycaemic
control measured by HbAlc levels in diabetic populations have already been conducted.
However, there is no meta-analysis in the general population and/or non-diabetic
populations relating physical activity with glycaemic control measured by HbAlc
levels, despite the increasing number of intervention studies on this association.
Therefore, it seems necessary to conduct a systematic review that could provide a global
overview of the current literature and could also improve future research on this topic.
This protocol provides a clear and structured procedure for maximising the extraction
and summarising of relevant information on the association of physical activity and

HbAlc levels.
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Figure 1. PRISMA flow diagram of identification, screening, eligibility and inclusion

of studies.
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Table 1. Search strategy for MEDLINE.
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“physical activity”
OR
“physical fitness”

OR

“physical exercise”

OR
exercise
OR
“intense exercise”
OR

“exercise training”

AND

“glycemic control”
OR
“metabolic outcomes”
OR
HbAlc
OR
“haemoglobin level”

OR

“glycated haemoglobin”

AND

“randomised control trial”
OR
RCT
OR
“quasi-experimental study”
OR
non-RCT
OR

“controlled pre—post study”
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Table 2. Characteristics of studies included in the systematic review and/or meta-analysis.

Population characteristics Outcome

Intervention characteristics

HbAlc
method

Study Age Type of Diabetes HbAlc

Country Sample size

Design  distribution population prevalence levels

Physical activity

intervention

Physical activity

characteristics

18
194uthor

gginformation
22and year o
o3nd y f
24publication

25
26
27
28
29
30
31
32
33
34

Number of Methods HbAlc
with certified by

NGSP
for

Country  Design  Age (years) of Number of Population

of
study

mean value

before and
after

the the participants characterist cases

diabetes the

(%)

participants ics (healthy

used the

HbAlc

range or mean or with any

+SD intervention

specific

disease) testing

Type of physical
activity
intervention
(leisure-time
physical activity,
physical  activity
programme  or
physical  activity

counselling)

Definition

of
physical  activity
intervention
(duration of
intervention,

of

and

number
sessions
duration of each

session)

35
36
37
38
39
40
41
42
43
44
45
46
47

48
10

HbA1c: Glycosilated haemoglobin Alc; SD: Standard deviation; NGSP: National Glycohemoglobin Standardization Program.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

17

"ybuAdod Ag paosioid 1sanb Ag 20z ‘6T [Mdy uo jwod fwg uadolwg//:dny woiy papeojumoq “2T0Z AINC 0Z U0 TO8STO-9TOZ-uadolwag/9ETT 0T Sk paysiignd 1s1y :usdo CING


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

e
[Ny

ADDBADIMDPMDEDRMDDOWWWWWWWWWNDNNNNNNNNNRERRERRPERERRER
~NOUOBRARWNRPOOONOOOPRWNRPOOONOUAWNPEPOOONOOOUIRAWN

> D
O

BMJ Open

Page 18 of 20

PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) 2015 checklist: recommended items to
address in a systematic review protocol*

Section and topic

Item
No

ChecKklist item

Page number

ADMINISTRATIVE INFORMATION

Title:
Identification la (Identify the report as a protocol of a systematic review Page 1; line 1-
2
Update 1b |If the protocol is for an update of a previous systematic review, identify as such NA
Registration 2 |If registered, provide the name of the registry (such as PROSPERO) and registration number Page 2; line 50
Authors:
Contact 3a |Provide name, institutional affiliation, e-mail address of all protocol authors; provide physical mailing address of Page 1; line 3-
corresponding author 22
Contributions 3b [Describe contributions of protocol authors and identify the guarantor of the review Page 10; line
270-274
Amendments 4  |If the protocol represents an amendment of a previously completed or published protocol, identify as such and list changes; NA
otherwise, state plan for documenting important protocol amendments
Support:
Sources S5a [Indicate sources of financial or other support for the review Page 10; line
275-276
Sponsor 5b  |Provide name for the review funder and/or sponsor NA
Role of sponsor or Sc  |Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol NA
funder
INTRODUCTION
Rationale 6 |Describe the rationale for the review in the context of what is already known Page 3-4; line
67-94
Objectives 7  [Provide an explicit statement of the question(s) the review will address with reference to participants, interventions, Page 4; line
comparators, and outcomes (PICO) 96-103
METHODS
Eligibility criteria 8 |Specify the study characteristics (such as PICO, study design, setting, time frame) and report characteristics (such as years | Page 5; line
considered, language, publication status) to be used as criteria for eligibility for the review 112-139
Information sources 9 |Describe all intended information sources (such as electronic databases, contact with study authors, trial registers or other Page 6; line
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PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) 2015 checklist: recommended items to
address in a systematic review protocol*

grey literature sources) with planned dates of coverage 140-153
Search strategy 10 |Present draft of search strategy to be used for at least one electronic database, including planned limits, such that it could be Table 1
repeated
Study records:
Data management 11a |Describe the mechanism(s) that will be used to manage records and data throughout the review Page 6; line
155-164
Selection process 11b |State the process that will be used for selecting studies (such as two independent reviewers) through each phase of the Page 6-7; line
review (that is, screening, eligibility and inclusion in meta-analysis) 165-174
Data collection 11c [Describe planned method of extracting data from reports (such as piloting forms, done independently, in duplicate), any Page 6-7; line
process processes for obtaining and confirming data from investigators 165-174
Data items 12 |List and define all variables for which data will be sought (such as PICO items, funding sources), any pre-planned data Page 6-7; line
assumptions and simplifications 165-174
Table 2
Outcomes and 13 |List and define all outcomes for which data will be sought, including prioritization of main and additional outcomes, with Table 2
prioritization rationale
Risk of bias in individual | 14 [Describe anticipated methods for assessing risk of bias of individual studies, including whether this will be done at the Page 7; line
studies outcome or study level, or both; state how this information will be used in data synthesis 175-190
Data synthesis 15a |Describe criteria under which study data will be quantitatively synthesised Page 7-8; line
191-198
15b |If data are appropriate for quantitative synthesis, describe planned summary measures, methods of handling data and Page 8; line
methods of combining data from studies, including any planned exploration of consistency (such as I?, Kendall’s 1) 199-215
15¢ |Describe any proposed additional analyses (such as sensitivity or subgroup analyses, meta-regression) Page 8-9; line
216-230
15d [If quantitative synthesis is not appropriate, describe the type of summary planned Page 7-8; line
194-197
Meta-bias(es) 16 |Specify any planned assessment of meta-bias(es) (such as publication bias across studies, selective reporting within studies)| Page 8; line
212-215
Confidence in cumulative | 17 [Describe how the strength of the body of evidence will be assessed (such as GRADE) NA

evidence

* It is strongly recommended that this checklist be read in conjunction with the PRISMA-P Explanation and Elaboration (cite when available) for important
clarification on the items. Amendments to a review protocol should be tracked and dated. The copyright for PRISMA-P (including checklist) is held by the
PRISMA-P Group and is distributed under a Creative Commons Attribution Licence 4.0.

From: Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart L, PRISMA-P Group. Preferred reporting items for systematic review and
meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015 Jan 2;349(jan02 1):g7647.
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ABSTRACT

Introduction: Epidemiological evidence suggests that physical activity has a positive
effect on reducing glycated haemoglobin Alc (HbAlc) levels not only in diabetics, but
also in healthy subjects. Moreover, a positive association of HbAlc levels with
cardiovascular disease and mortality in non-diabetic populations has recently been
reported. This is a protocol for a systematic review and meta-analysis aiming to
estimate the effects of physical activity on glycaemic control measured by HbAlc levels
in non-diabetic populations; and to determine which type of physical activity has a

greater influence on glycaemic control.

Methods and analysis: The search will be conducted using MEDLINE, EMBASE, the
Cochrane Library and Web of Science databases from inception to mid-2017.
Randomised controlled trials, non-randomised experimental studies and controlled pre—
post studies written in English, Portuguese, French or Spanish will be included. The
Cochrane Collaboration’s tool and The Quality Assessment Tool for Quantitative
Studies will be used to assess the risk of bias for studies included in the systematic
review. Standardised pre—post intervention mean differences of HbAlc will be
calculated as the primary outcome. Subgroup analyses will be performed based on the

characteristics of physical activity intervention and population included in the studies.

Ethics and dissemination: This systematic review will synthesise evidence on the
association of physical activity and HbAlc in non-diabetic populations. This study is
important from the clinical and public health point because it will estimate the effect of
physical activity on the glycemic control, and it will also examine which is the type of
physical activity that should be recommended for preventing type 2 diabetes and its
complications. The results will be disseminated by publication in a peer-reviewed
journal. Ethical approval will not be required because the data used for this systematic
review will be obtained from published studies and there will be no concerns about

privacy.
Trial registration number: PROSPERO CRD42016050991.
Key words: HbA Ic, physical activity, meta-analysis

Strengths and limitations of this study
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- This study presents a comprehensive methodology for analysing the effect of
physical activity interventions on glycaemic control measured using HbAlc

levels in general and non-diabetic populations.

- Two researchers will independently perform study selection, data extraction and

quality assessment.

- The assessment of risk of bias of the selected studies and heterogeneity among
studies included, with particular reference to study design and sample

characteristics, is a featured point in this evidence review.

- The differences among physical activity interventions could be a source of
variable quality and heterogeneity among studies, and may limit the quality of

the evidence of this meta-analysis.
INTRODUCTION

Currently, guidelines from the American Diabetes Association (ADA)' and the World
Health Organization (WHO)® propose glycated haemoglobin Alc (HbAlc) levels
greater than 6.5% (48.0 mmol/mol) for the diagnosis of diabetes. Also, recent meta-
analyses have reported an increase for all-cause mortality with HbAlc levels around
5.7% (39.0 mmol/mol) in non-diabetic and around 7.5% (58.0 mmol/mol) in diabetic
populations.®* HbAlc is a biochemical test useful to identify people with subclinical
diabetes at the onset of clinical symptoms.” Since micro vascular complications of
diabetes are present in the early stages of the disease, controlling HbAlc levels should

not be restricted to the diabetic population.

Substantial evidence supports that physical activity reduces the risk of dying
prematurely because of its positive influence on a variety of health conditions, such as
cardiovascular disease, diabetes and other disorders of metabolism, as well as
neurological diseases, sarcopenia, osteoporosis and cancer.”” The Surgeon General’s
Report on Physical Activity and Health® underscores the pivotal role physical activity
plays in health promotion and disease prevention. It recommends that individuals
should accumulate 30 min of moderate physical activity on most days of the week.
Research suggests that more than 60% of adults do not achieve the recommended

amount of physical activity and 25% of adults are not physically active at all. Among
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young people, almost 50% do not regularly practice vigorous physical activity. A
previous meta-analysis showed that higher levels of physical activity (3000-4000 MET
minutes/week) were significantly associated with lower risk for breast cancer, colon
cancer, diabetes, ischemic heart disease and ischemic stroke events.’ In the case of
diabetes, up to 46% of the incidence could be reduced by engaging in physical activity
programs;'® moreover, these programs have revealed improvements in glycaemic
control and metabolic profile among both diabetic and non-diabetic populations.'' One
meta-analysis concluded that structured physical activity such as aerobic exercise,
resistance training or the combination of both may be associated with HbAlc reduction
in patients with type 2 diabetes. This study showed that aerobic exercise, resistance
training and both combined were associated with HbAlc reductions of 0.73%, 0.57%
and 0.51%, respectively. Also, structured exercise lasting more than 150 minutes per
week was associated with HbAlc reductions of 0.89%.'* Additionally, evidence has
suggested that structured physical activity could substantially reduce the incidence of

13-16

type 2 diabetes.

In most industrialized countries, there is an alarming increase of the incidence of type 2
diabetes in children and adolescents with low levels of physical activity. This growing
incidence parallels the childhood obesity pandemic.'” A previous meta-analysis has
proven the effectiveness of a high intensity physical activity intervention on reducing
adiposity, and also on mitigating the risk of type 2 diabetes and its cardiovascular

complications in adulthood."®

Thus, physical activity is widely perceived to be beneficial for preventing type 2
diabetes and for controlling glycaemic levels in patients with type 2 diabetes, but
evidence supporting a positive effect in the control of glycaemic levels in healthy
people is rather weak."” Therefore, considering the increasing incidence of type 2
diabetes in industrialized countries, determining the effect of physical activity
interventions to control HbAlc levels in non-diabetic populations is an important public

health issue.

The purpose of this protocol is to provide the methodology for a review of intervention
studies addressing the effectiveness of physical activity interventions in reducing

HbA ¢ levels in general and non-diabetic populations.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml 4

Page 4 of 23

‘yBuAdoo Ag palosloid 1sanb Ag 20z ‘6T IMdy uo /woo fwg uadolwa)/:dny wouy papeojumod *2T0Z AINC 0Z U0 TO8STO-9T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

Page 5 of 23

©CoO~NOUITA,WNPE

117

118
119
120
121
122
123
124
125

126

127
128
129
130

131

132

133
134

135

136
137
138
139
140
141

142

143
144

BMJ Open

OBJECTIVE

This systematic review and meta-analysis protocol presents an objective and clear
procedure for the extraction of information from experimental studies (randomised
controlled trials [RCTs], non-randomised experimental studies and controlled pre—post
studies), in which data on changes in HbAlc levels are reported as an outcome, in order
to: 1) estimate the effects of physical activity on glycaemic control measured by HbAlc
levels in non-diabetic populations; and ii) determine which type of physical activity
(based on qualitative or quantitative characteristics) has a greater positive influence on

glycaemic control.
METHODS AND ANALYSIS

This systematic review and meta-analysis protocol is based on the Preferred Reporting
Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P)* and the
Cochrane Collaboration Handbook.?' This protocol has been previously registered in

PROSPERO (registration number: CRD42016050991).
Inclusion/exclusion criteria for study selection
Type of studies

Randomised controlled trials, non-randomised experimental studies and controlled pre—

post studies written in English, French, Portuguese, French or Spanish.
Type of participants

Studies assessing the effect, in general and non-diabetic populations, of physical activity
interventions on glycaemic control measured by HbAlc levels will be selected. Studies
will be selected regardless of the age of the participants included. Studies will be
excluded when they include exclusively subjects who have been diagnosed with
diabetes. When more than one study provides data referring to the same sample, we will

choose the one presenting the most detailed results or providing the largest sample size.
Type of interventions

Studies reporting any type of intervention consisting mainly of physical activity

(endurance, resistance or alternative exercise [such as yoga or pilates]), understood as
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repeated bouts of exercise over time involving more than two sessions/week with a
duration of at least 3 weeks, will be eligible for inclusion. Studies comparing different
types of physical activity interventions or examining a specific physical activity
intervention with or without a control group will be eligible for inclusion. Also, studies
consisting of advice on physical activity will be included. Nevertheless, studies
combining physical activity with other health interventions, such as nutritional
interventions, will be excluded when data concerning the effectiveness of physical
activity programmes on glycaemic control measured by HbAlc levels cannot be

extracted separately.
Type of outcome assessment

Studies in which glycaemic control is an outcome measured using any of the different
methods certified by the National Glycohemoglobin Standardization Program (NGSP)
and standardised by the International Federation of Clinical Chemistry Working Group
(IFCC) for testing HbAlc will be included. Studies will be included regardless of the

unit in which HbA1c levels were measured, for instance percentage (%) or mmol/mol.
Search methods for the identification of studies
Electronic search

The literature search will be conducted in MEDLINE, EMBASE, Cochrane Central
Register of Controlled Trials, Cochrane Database of Systematic Reviews and Web of
Science databases from inception to June 31, 2017. The searches will be re-done just
before the final analyses, in order to search for further potential studies. Study records

will be managed using the Mendeley reference manager.

The following search terms will be combined by Boolean operators for conducting the

literature search: “physical activity”, “physical fitness”, “physical exercise”, exercise,

“intense exercise”, “exercise training”, “glycemic control”, “metabolic outcomes”,
2 (13

“HbAlc”, “haemoglobin level”, “glycated haemoglobin”, “randomised control trial”,

RCT, “quasi-experimental study”, non-RCT and “controlled pre—post study” (Table 1).

Previous reviews and meta-analyses, and relevant references cited in the selected

studies will be screened.
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Data collection and analysis
Selection of studies

The title and abstract of retrieved articles will be independently evaluated by two
reviewers in order to identify eligible studies according to the inclusion criteria. Then,
full manuscripts of the identified studies will be examined. Finally, the two reviewers
will review the included and excluded studies in order to verify the reasons for
inclusion/exclusion (Figure 1). Abstracts not providing enough information regarding
the inclusion/exclusion criteria will be selected for full-text evaluation. The reviewers
will not be blinded to the authors, institutions or journals of the reviewed papers.
Disagreements will be solved by consensus; when disagreements persist after

discussion, a third reviewer will be required.

Two authors will independently extract information from the included studies regarding
the main study characteristics: author, year of publication, country, study design,
number and age of participants, population characteristics (healthy or with any specific
disease), prevalence of diabetes, methods certified by the NGSP and standardised by the
IFCC used for HbA lc testing, HbAlc mean values before the intervention, and type and
characteristics of the physical activity intervention (Table 2). In order to avoid double
counting of patients because they have been included in more than one report by the
same author or working group, the recruitment periods will be evaluated. When
necessary, corresponding authors of the potentially included studies will be contacted to

obtain any missing information.
Any disagreements will be resolved by discussion to reach a consensus.
Assessment of visk of bias in the included studies

Two researchers will independently conduct a quality assessment according to the
Cochrane Collaboration Handbook recomendations.”’ Any disagreements will be
resolved by discussion and a third reviewer will solve disagreements if consensus is not

reached.

The methodological quality of the RCTs will be assessed using The Cochrane

Collaboration’s tool for assessing risk of bias.** This tool evaluates the risk of bias
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according to six domains: selection bias, performance bias, detection bias, attrition bias,

reporting bias and other bias.

The Quality Assessment Tool for Quantitative Studies® assesses the quality of pre—post
studies and non-RCTs. This tool evaluates seven domains: selection bias, study design,

confounders, blinding, data collection method, withdrawals and drop-outs.

In both quality assessment tools, each domain will be considered as strong, moderate or
weak, and studies will be classified as low risk of bias (with no weak ratings), moderate
risk of bias (with one weak rating) and high risk of bias (with two or more weak
ratings). The agreement rate between reviewers will be reported by calculating kappa

statistics.
Data synthesis

The researchers will create ad hoc tables to summarise the characteristics of the
included studies and any important questions related to the aim of this systematic
review. The reviewers will determine whether a meta-analysis is possible after data
extraction. At least five observations addressing the same specific outcome will be
required to conduct a meta-analysis; where a meta-analysis is not feasible, we will
undertake a narrative synthesis. Studies providing insufficient data to perform the

analyses will be omitted from data syntheses.

If a meta-analysis is possible, STATA 14 software will be used to combine the pooled
mean differences with 95% confidence intervals (CI). A fixed-effects model will be

used if there is no evidence of heterogeneity; otherwise, a random-effects model will be

used. Study heterogeneity will be assessed with the Izstatistic. I’ values will be
considered as: might not be important (0% to 40%); may represent moderate
heterogeneity (30% to 60%); may represent substantial heterogeneity (50% to 90%) and
considerable heterogeneity (75% to 100%), the corresponding p-values will also be

taken into account.?'

Data from intention-to-treat analyses will be considered whenever available in RCTs.
The HbAlc pre—post intervention mean difference will be the primary indicator of the
intervention outcome. Standardised mean differences (standard deviation [SD]) will be

calculated for HbAlc levels. Finally, publication bias will be assessed using a contour-
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enhanced funnel plot of each effect size against the standard error. Funnel plot
asymmetry will be visually evaluated, as well as with the method proposed by Egger,**
and significant publication bias will be considered to be present if the p-value is less
than 0.10.” The trim-and-fill computation will be used to assess the effect of

publication bias on the interpretation of results.”
Subgroup analysis and meta-regression

Subgroup analyses and meta-regression will be conducted by age of participants
(children and/or adolescents, young adults aged 1835 years, middle-aged adults aged
3655 years or older adults aged above 55 years), type of physical activity intervention
(leisure-time physical activity, active commuting, physical activity programme or
physical activity counselling), type of exercise (endurance, resistance or alternative
exercises), length of physical activity intervention (above or below 12 weeks), physical
activity duration per week (above or below 150 minutes), type of study design (RCT,
non-RCT and controlled pre—post studies), because these may be the potential major
factors to cause heterogeneity. Furthermore, the methodological quality of studies

included will be considered for additional subgroup analyses.
Sensitivity analysis

Sensitivity analyses will be conducted excluding studies from the analysis one by one.
These will be performed to prove that the findings from the meta-analysis do not

depend on arbitrary or unclear decisions.
ETHICS AND DISSEMINATION

An association between physical activity interventions and glycaemic control measured
by HbAlc levels has been reported by recent systematic reviews and meta-analyses in

2*73! and type 1 diabetic populations.’**®> One meta-analysis®' reported no

both type
significant benefits of glycaemic control in non-diabetic populations, but included only
three intervention studies divided in two subgroups (healthy and chronic disease). No
previous systematic review or meta-analysis has included studies in non-diabetics.
Therefore, the aim of this protocol is to present a clear and reliable methodology to
estimate the effects of physical activity on glycaemic control measured by HbAlc levels

in general and non-diabetic populations.
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There are some sources of heterogeneity that will be controlled in this systematic review
and meta-analysis. Sources of variability will be determined by analysing the design
(type of study, type of intervention and control group, sample size, and length of
intervention) and the sample characteristics (type of population, age range and gender

distribution) of the studies included.

As different study designs will be considered for inclusion, we will use two quality
assessment tools: the Cochrane Collaboration’s tool for assessing risk of bias** and the
Quality Assessment Tool for Quantitative Studies.”> Both tools were rigorously

developed, and are evidence-based, valid, reliable and easy to use.**

Random-effects meta-regression will be used to evaluate whether the relationship
between physical activity and glycaemic levels could differ according to certain sample
characteristics and whether those characteristics could be considered major sources of
heterogeneity.* Additionally, subgroup analyses in this meta-analysis will be conducted
to control for heterogeneity between the studies. To determine the level of
heterogeneity, we will use the definition suggested by the Cochrane Collaboration

Handbook.?!

Therefore, some aspects of physical activity that currently seem to be controversial will
be deeply studied in this meta-analysis, such as the effect that each type of physical
activity could produce on glycemic control measured by HbAlc in non-diabetic
populations. The evidence of the effect of each type of physical activity might help to
establish physical activity programs tailored to the characteristics of each subject and
the aimed objectives. Moreover, whether physical activity counseling interventions that
involve written advice by a health professional are capable of increasing the daily
amount of time that patients spend on physical exercise-related activities should be
clarified.*® Finally, another important issue to take into account in this meta-analysis
will be whether complying with The Surgeon General’s Report on Physical Activity and
Health recommendations has beneficial effects on glycemic control in non-diabetic

populations.

Potential limitations of this research may be publication bias, information bias, poor
statistical analyses, and inadequate reporting of methods and findings of the studies

included.” However, it is important to summarise the information available on this
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issue. To overcome these limitations, we will follow the recommendations included in

the PRISMA®” and the Cochrane Collaboration Handbook.>!

Numerous meta-analyses synthesizing the effects of physical activity on glycaemic
control measured by HbAlc levels in diabetic populations have already been conducted.
However, there is no meta-analysis in non-diabetic populations relating physical activity
with glycaemic control measured by HbAlc levels, despite the increasing number of
intervention studies on this association. Therefore, it seems necessary to conduct a
systematic review that may provide a global overview of the current literature and could
also improve future research on this topic. This protocol provides a clear and structured
procedure for maximising the extraction, and summarising of relevant information on
the association of physical activity and HbAlc levels. This study will have important
clinical and public health implications, because it could provide support to recommend
physical exercise in non-diabetic subjects as this may be useful for preventing type 2
diabetes and its complications. According to the findings of this systematic review and
meta-analysis, suggestions for future research will be made, and recommendations for
evidence-based physical activity interventions for glycaemic control and prevention of

diabetes mellitus in healthy subjects will be implemented.

Authors’ contributions: VMV and ICR designed the study. VMV was the principal
investigator and guarantor. ICR and VMV were the main coordinators of the study. BP,
CAB and VMV conducted the study. ICR, BP, EA and CAB gave statistical and
epidemiological support. ICR wrote the article with the support of EA and BP. All

authors revised and approved the final version of the manuscript.

Funding statement: This research received no specific grant from any funding agency

in the public, commercial or not-for-profit sectors.
Competing interests: None
REFERENCES

1. American Diabetes Association. (2) Classification and diagnosis of diabetes.

Diabetes Care 2015;38(Supplement 1):S8-16.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml 11

‘yBuAdoo Ag paloaloid 1sanb Agq 20z ‘6T Idy uo /woo fwg uadolwg//:dny wouy papeojumod *2T0Z AINC 0Z U0 TO8STO-9T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

323
324
325

326
327
328

329
330
331
332

333
334

335
336

337
338

339

340

341

342

343
344
345
346

347
348
349

10.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

World Health Organization. Use of glycated haemoglobin (HbAlc) in the
diagnosis of diabetes mellitus: abbreviated report of a WHO consultation.

Geneva: WHO;2011.

Arnold LW, Wang Z. The HbAlc and all-cause mortality relationship in
patients with type 2 diabetes is J-shaped: a meta-analysis of observational

studies. Rev Diabet Stud 2014;11(2):138-152.

Zhong GC, Ye MX, Cheng JH, Zhao Y, Gong JP. HbAlc and Risks of All-
Cause and Cause-Specific Death in Subjects without Known Diabetes: A
Dose-Response Meta-Analysis of Prospective Cohort Studies. Scientific
reports 2016;6.

Lyons TJ, Basu A. Biomarkers in diabetes: hemoglobin Alc, vascular and

tissue markers. Transl Res2012;159(4):303-312.

Hardman AE, Stensel DJ. Physical activity and health: The evidence
explained. Routledge, 2009.

World Health Organization. Global Recommendations on Physical Activity
for Health. Geneva; WHO:2010.

US Department of Health and Human Services. Physical activity and health:
a report of the surgeon general. Atlanta GA: US Department of Health and
Human Services, Centers for Disease Control and Prevention, National
Center for Chronic Disease Prevention and Health Promotion, 1996.

Kyu HH, Bachman VF, Alexander LT, et al. Physical activity and risk of
breast cancer, colon cancer, diabetes, ischemic heart disease, and ischemic

stroke events: systematic review and dose-response meta-analysis for the

Global Burden of Disease Study 2013. BMJ 2016;354:13857.

Li G, Zhang P, Wang J, et al. The long-term effect of lifestyle interventions
to prevent diabetes in the China Da Qing Diabetes Prevention Study: a 20-
year follow-up study. The Lancet 2008;371(9626):1783-1789.

12

Page 12 of 23

‘yBuAdoo Ag palosloid 1sanb Ag 20z ‘6T IMdy uo /woo fwg uadolwa)/:dny wouy papeojumod *2T0Z AINC 0Z U0 TO8STO-9T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

Page 13 of 23

©CoO~NOUITA,WNPE

350
351

352
353
354
355

356
357
358

359
360
361
362

363
364
365

366
367
368

369
370
371

372
373
374
375
376

377
378

11.

12.

13.

14.

15.

16.

17.

18.

19.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

Festa A, Williams K, D’Agostino JrR, et al. The insulin resistance
atherosclerosis study. Diabetes 2006;55.

Umpierre D, Ribeiro PA, Krame CK, et al. Physical activity advice only or
structured exercise training and association with HbAlc levels in type 2
diabetes: a systematic review and meta-analysis. JAMA 2011;305(17):1790-
1799.

Helmrich SP, Ragland DR, Leung RW, et al. Physical activity and reduced
occurrence of non-insulin-dependent diabetes mellitus. N Engl J Med

1991;325:147-152.

Lynch J, Helmrich SP, Lakka TA, et al. Moderately intense physical
activities and high levels of cardiorespiratory fitness reduce the risk of non-

insulin-dependent diabetes mellitus in middle-aged men. Arch Intern Med

1996;156:1307-1314.

Hu FB, Sigal RJ, Rich-Edwards JW, et al. Walking compared with vigorous
physical activity and risk of type 2 diabetes in women: a prospective study.

JAMA 1999;282:1433—-1439.

Laaksonen DE, Lindstrom J, Lakka TA, et al. Physical activity in the
prevention of type 2 diabetes the Finnish Diabetes Prevention Study.
Diabetes 2005;54(1):158--65.

Biddle SJ, Gorely T, Stensel DJ. Health-enhancing physical activity and
sedentary behaviour in children and adolescents. Journal of sports sciences

2004;22(8):679-701.

Garcia-Hermoso A, Cerrillo-Urbina AJ, Herrera-Valenzuela T, Cristi-
Montero C, Saavedra JM, Martinez-Vizcaino V. Is high-intensity interval
training more effective on improving cardiometabolic risk and aerobic
capacity than other forms of exercise in overweight and obese youth? A

meta-analysis. Obesity Reviews 2016.

Gay JL, Buchner DM, Schmidt MD. Dose-response association of physical
activity with HbAlc: Intensity and bout length. Prev Med 2016;86:58-63.

13

‘yBuAdoo Ag palosloid 1sanb Ag 20z ‘6T IMdy uo /woo fwg uadolwa)/:dny wouy papeojumod *2T0Z AINC 0Z U0 TO8STO-9T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

379
380
381

382
383
384

385
386

387
388
389

390
391
392

393
394

395
396
397

398
399
400
401
402

403
404
405
406

20.

21.

22.

23.

24.

25.

26.

27.

28.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement.

Syst Rev 2015;4:1.

Higgins JP, Green S, eds. Cochrane handbook for systematic reviews of
interventions. 5.1.0 [Updated March 2011]. The Cochrane Collaboration,
2011. http:/handbook.cochrane.org.

Higgins JP, Altman DG, Getzsche PC, et al. The Cochrane Collaboration’s
tool for assessing risk of bias in randomised trials. BMJ 2011;343:d5928.

National Collaborating Centre for Methods and Tools. Quality assessment
tool for quantitative studies. Hamilton, ON: McMaster University;2008
[Updated 13 April, 2010].

Sterne JA, Egger M, Smith GD. Systematic reviews in health care:
investigating and dealing with publication and other biases in meta-analysis.

BMJ 2001;323:101-5.

Egger M, Smith GD, Schneider M, MinderC. Bias in meta-analysis detected
by a simple, graphical test. BMJ 1997:315(7109):629-634.

Duval S, Tweedie R. Trim and fill: a simple funnell Iplot-based method of
testing and adjusting for publication bias in metallanalysis. Biometrics

2000:56(2):455-463.

Byme H, Caulfield B, De Vito G. Effects of Self-directed Exercise
Programmes on Individuals with Type 2 Diabetes Mellitus: A Systematic
Review Evaluating Their Effect on HbAlc and Other Metabolic Outcomes,
Physical Characteristics, Cardiorespiratory Fitness and Functional

Outcomes. Sports Med2016:H7.

Pai LW, Li TC, Hwu Y/, et al. The effectiveness of regular leisure-time
physical activities on long-term glycemic control in people with type 2
diabetes: A systematic review and meta-analysis. Diabetes Res Clin

Pract2016;113:77-85.

14

Page 14 of 23

‘yBuAdoo Ag palosloid 1sanb Ag 20z ‘6T IMdy uo /woo fwg uadolwa)/:dny wouy papeojumod *2T0Z AINC 0Z U0 TO8STO-9T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

Page 15 of 23

©CoO~NOUTA,WNPE

407
408
409
410

411
412
413
414

415
416
417

418
419
420

421
422
423

424
425
426

427
428

429

430

431

432

433

434

29.

30.

31.

32.

33.

34.

35.

36.

37.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

Ishiguro H, Kodama S, Horikawa C, et al. In Search of the Ideal Resistance
Training Program to Improve Glycemic Control and its Indication for
Patients with Type 2 Diabetes Mellitus: A Systematic Review and Meta-
Analysis. Sports Med. 2016;46(1):67-77.

Schwingshackl L, Missbach B, Dias S, et al. Impact of different training
modalities on glycaemic control and blood lipids in patients with type 2
diabetes: a systematic review and network meta-analysis. Diabetologia

2014;57(9):1789-1797.

Jelleyman C, Yates T, O'Donovan G, et al. The effects of highllintensity
interval training on glucose regulation and insulin resistance: a metal]

analysis. Obes Rev.2015;16(11):942-961.

Yardley JE, Hay J, Abou-Setta AM, et al. A systematic review and meta-
analysis of exercise interventions in adults with type 1 diabetes. Diabetes

Res Clin Pract2014;106(3):393-400.

Quirk H, Blake H, Tennyson R, et al. Physical activity interventions in
children and young people with type 1 diabetes mellitus: A systematic
review with metallanalysis. Diabet Med2014;31(10):1163-1173.

Sanderson S, Tatt ID, Higgins JP. Tools for assessing quality and
susceptibility to bias in observational studies in epidemiology: a systematic

review and annotated bibliography. Int J Epidemiol2007;36(3):666-676.

Thompson SG, Sharp SJ. Explaining heterogeneity in metallanalysis: a
comparison of methods. Stat Med1999;18(20):2693-708.

NICE.A rapid review of the effectiveness of exercise referral schemes to
promote physical activity in adults. London: Public Health Collaborating
Centre-Physical Activity, 2006.

www.nice.org.uk/nicemedia/pdf/PAExercise Referral Review Final May

2006.pdf

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for

15

‘yBuAdoo Ag palosloid 1sanb Agq 20z ‘6T Idy uo /woo fwg uadolwg//:dny wouy papeojumod *LT0Z AINC 0Z U0 TO8STO-9T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

435
436

BMJ Open

systematic reviews and meta-analyses: the PRISMA statement. J Clin

Epidemiol 2009;62(10):1006—1012.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml 16

Page 16 of 23

‘yBuAdoo Ag palosloid 1sanb Agq 20z ‘6T Idy uo /woo fwg uadolwg//:dny wouy papeojumod *2T0Z AINC 0Z U0 TO8STO-9T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

Page 17 of 23

©CoO~NOUITA,WNPE

BMJ Open

Table 1. Search strategy for MEDLINE.

“physical activity”
OR
“physical fitness”

OR

“physical exercise”

OR
exercise
OR
“intense exercise”
OR

“exercise training”

AND

“glycemic control”
OR
“metabolic outcomes”
OR
HbAlc
OR
“haemoglobin level”

OR

“glycated haemoglobin”

AND

“randomised control trial”
OR
RCT
OR
“quasi-experimental study”
OR
non-RCT
OR

“controlled pre—post study”
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Table 2. Characteristics of studies included in the systematic review and/or meta-analysis.

Population characteristics

Outcome

Page 18 of 23

Intervention characteristics

Study Age Type of

Sample size
distribution

Design population

Diabetes

prevalence

HbAlc
method

HbAlc

levels

Physical activity

intervention

Physical activity

characteristics

18
19luthor

ggnformation
22nd year o
23 Y /
2publication

25
26
27
28
29
30
31
32
33
34

Country  Design Age (years) of Number of Population

of
study

the the participants  characterist

participants ics (healthy

range or mean or with any

+SD specific

disease)

Number
cases
diabetes
(%)

of Methods
with certified by
the  NGSP
and
standardised
by IFCC used
for  HbAlc

testing

HbAlc

mean value
before and
after the

intervention

Type of physical
activity
intervention
(leisure-time
physical activity,
physical  activity
programme  or
physical  activity

counselling)

Definition of

physical  activity
intervention
(duration of
intervention,
number of
sessions and
duration of each

session)

35
36
37
38
39
40
41
42
43
44
45
46
47

48
10

HbAlc: Glycated haemoglobin Alc; SD: Standard deviation; NGSP: National Glycohemoglobin Standardization Program; IFCC: International

Federation of

Clinical
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FIGURE CAPTIONS

Figure 1. PRISMA flow diagram of identification, screening, eligibility and inclusion

of studies.
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Figure 1. PRISMA flow diagram of identification, screening, eligibility and inclusion of studies.
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PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) 2015 checklist: recommended items to
address in a systematic review protocol*

Section and topic

Item
No

ChecKklist item

Page number

ADMINISTRATIVE INFORMATION

Title:
Identification la (Identify the report as a protocol of a systematic review Page 1; line 1-
2
Update 1b |If the protocol is for an update of a previous systematic review, identify as such NA
Registration 2 |If registered, provide the name of the registry (such as PROSPERO) and registration number Page 2; line 50
Authors:
Contact 3a |Provide name, institutional affiliation, e-mail address of all protocol authors; provide physical mailing address of Page 1; line 3-
corresponding author 24
Contributions 3b [Describe contributions of protocol authors and identify the guarantor of the review Page 11; line
306-310
Amendments 4  |If the protocol represents an amendment of a previously completed or published protocol, identify as such and list changes; NA
otherwise, state plan for documenting important protocol amendments
Support:
Sources S5a [Indicate sources of financial or other support for the review Page 11; line
311-312
Sponsor 5b  |Provide name for the review funder and/or sponsor NA
Role of sponsor or Sc  |Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol NA
funder
INTRODUCTION
Rationale 6 |Describe the rationale for the review in the context of what is already known Page 3-4; line
67-113
Objectives 7  [Provide an explicit statement of the question(s) the review will address with reference to participants, interventions, Page 4-5; line
comparators, and outcomes (PICO) 115-122
METHODS
Eligibility criteria 8 |Specify the study characteristics (such as PICO, study design, setting, time frame) and report characteristics (such as years | Page 5-6; line
considered, language, publication status) to be used as criteria for eligibility for the review 129-156
Information sources 9 |Describe all intended information sources (such as electronic databases, contact with study authors, trial registers or other Page 6; line
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PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) 2015 checklist: recommended items to
address in a systematic review protocol*

grey literature sources) with planned dates of coverage 159-170
Search strategy 10 |Present draft of search strategy to be used for at least one electronic database, including planned limits, such that it could be Table 1
repeated
Study records:
Data management 11a |Describe the mechanism(s) that will be used to manage records and data throughout the review Page 6-7; line
171-181
Selection process 11b |State the process that will be used for selecting studies (such as two independent reviewers) through each phase of the Page 7; line
review (that is, screening, eligibility and inclusion in meta-analysis) 182-192
Data collection 11c [Describe planned method of extracting data from reports (such as piloting forms, done independently, in duplicate), any Page 6-7; line
process processes for obtaining and confirming data from investigators 171-192
Data items 12 |List and define all variables for which data will be sought (such as PICO items, funding sources), any pre-planned data Page 7; line
assumptions and simplifications 182-192
Table 1
Outcomes and 13 |List and define all outcomes for which data will be sought, including prioritization of main and additional outcomes, with Table 2
prioritization rationale
Risk of bias in individual | 14 |[Describe anticipated methods for assessing risk of bias of individual studies, including whether this will be done at the Page 7-8; line
studies outcome or study level, or both; state how this information will be used in data synthesis 193-208
Data synthesis 15a |Describe criteria under which study data will be quantitatively synthesised Page 8-9; line
209-233
15b |[If data are appropriate for quantitative synthesis, describe planned summary measures, methods of handling data and Page 8; line
methods of combining data from studies, including any planned exploration of consistency (such as I?, Kendall’s 1) 217-224
15¢ |Describe any proposed additional analyses (such as sensitivity or subgroup analyses, meta-regression) Page 9; line
234-244
15d [If quantitative synthesis is not appropriate, describe the type of summary planned Page 8; line
214-215-9
Meta-bias(es) 16 |Specify any planned assessment of meta-bias(es) (such as publication bias across studies, selective reporting within studies)| Page 8; line
229-233
Confidence in cumulative| 17 [Describe how the strength of the body of evidence will be assessed (such as GRADE) NA

evidence

* It is strongly recommended that this checklist be read in conjunction with the PRISMA-P Explanation and Elaboration (cite when available) for important
clarification on the items. Amendments to a review protocol should be tracked and dated. The copyright for PRISMA-P (including checklist) is held by the
PRISMA-P Group and is distributed under a Creative Commons Attribution Licence 4.0.

From: Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart L, PRISMA-P Group. Preferred reporting items for systematic review and
meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015 Jan 2,349(jan02 1):g7647.
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ABSTRACT

Introduction: Epidemiological evidence suggests that physical activity has a positive
effect on reducing glycated haemoglobin Alc (HbAlc) levels not only in diabetics, but
also in healthy subjects. Moreover, a positive association of HbAlc levels with
cardiovascular disease and mortality in non-diabetic populations has recently been
reported. This is a protocol for a systematic review and meta-analysis aiming to
estimate the effects of physical activity on glycaemic control measured by HbAlc levels
in non-diabetic populations; and to determine which type of physical activity has a

greater influence on glycaemic control.

Methods and analysis: The search will be conducted using MEDLINE, EMBASE, the
Cochrane Library and Web of Science databases from inception to mid-2017.
Randomised controlled trials, non-randomised experimental studies and controlled pre—
post studies written in English, Portuguese, French or Spanish will be included. The
Cochrane Collaboration’s tool and The Quality Assessment Tool for Quantitative
Studies will be used to assess the risk of bias for studies included in the systematic
review. Standardised pre—post intervention mean differences of HbAlc will be
calculated as the primary outcome. Subgroup analyses will be performed based on the

characteristics of physical activity intervention and population included in the studies.

Ethics and dissemination: This systematic review will synthesise evidence on the
association of physical activity and HbAlc in non-diabetic populations. This study is
important from the clinical and public health point because it will estimate the effect of
physical activity on the glycemic control, and it will also examine which is the type of
physical activity that should be recommended for preventing type 2 diabetes and its
complications. The results will be disseminated by publication in a peer-reviewed
journal. Ethical approval will not be required because the data used for this systematic
review will be obtained from published studies and there will be no concerns about

privacy.
Trial registration number: PROSPERO CRD42016050991.
Key words: HbA Ic, physical activity, meta-analysis

Strengths and limitations of this study
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- This study presents a comprehensive methodology for analysing the effect of
physical activity interventions on glycaemic control measured using HbAlc

levels in general and non-diabetic populations.

- Two researchers will independently perform study selection, data extraction and

quality assessment.

- The assessment of risk of bias of the selected studies and heterogeneity among
studies included, with particular reference to study design and sample

characteristics, is a featured point in this evidence review.

- The differences among physical activity interventions could be a source of
variable quality and heterogeneity among studies, and may limit the quality of

the evidence of this meta-analysis.
INTRODUCTION

Currently, guidelines from the American Diabetes Association (ADA)' and the World
Health Organization (WHO)® propose glycated haemoglobin Alc (HbAlc) levels
greater than 6.5% (48.0 mmol/mol) for the diagnosis of diabetes. Also, recent meta-
analyses have reported an increase for all-cause mortality with HbAlc levels around
5.7% (39.0 mmol/mol) in non-diabetic and around 7.5% (58.0 mmol/mol) in diabetic
populations.®* HbAlc is a biochemical test useful to identify people with subclinical
diabetes at the onset of clinical symptoms.” Since micro vascular complications of
diabetes are present in the early stages of the disease, controlling HbAlc levels should

not be restricted to the diabetic population.

Substantial evidence supports that physical activity reduces the risk of dying
prematurely because of its positive influence on a variety of health conditions, such as
cardiovascular disease, diabetes and other disorders of metabolism, as well as
neurological diseases, sarcopenia, osteoporosis and cancer.”” The Surgeon General’s
Report on Physical Activity and Health® underscores the pivotal role physical activity
plays in health promotion and disease prevention. It recommends that individuals
should accumulate 30 min of moderate physical activity on most days of the week.
Research suggests that more than 60% of adults do not achieve the recommended

amount of physical activity and 25% of adults are not physically active at all. Among
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young people, almost 50% do not regularly practice vigorous physical activity. A
previous meta-analysis showed that higher levels of physical activity (3000-4000 MET
minutes/week) were significantly associated with lower risk for breast cancer, colon
cancer, diabetes, ischemic heart disease and ischemic stroke events.’ In the case of
diabetes, up to 46% of the incidence could be reduced by engaging in physical activity
programs;'® moreover, these programs have revealed improvements in glycaemic
control and metabolic profile among both diabetic and non-diabetic populations.'' One
meta-analysis concluded that structured physical activity such as aerobic exercise,
resistance training or the combination of both may be associated with HbAlc reduction
in patients with type 2 diabetes. This study showed that aerobic exercise, resistance
training and both combined were associated with HbAlc reductions of 0.73%, 0.57%
and 0.51%, respectively. Also, structured exercise lasting more than 150 minutes per
week was associated with HbAlc reductions of 0.89%.'* Additionally, evidence has
suggested that structured physical activity could substantially reduce the incidence of

13-16

type 2 diabetes.

In most industrialized countries, there is an alarming increase of the incidence of type 2
diabetes in children and adolescents with low levels of physical activity. This growing
incidence parallels the childhood obesity pandemic.'” A previous meta-analysis has
proven the effectiveness of a high intensity physical activity intervention on reducing
adiposity, and also on mitigating the risk of type 2 diabetes and its cardiovascular

complications in adulthood."®

Thus, physical activity is widely perceived to be beneficial for preventing type 2
diabetes and for controlling glycaemic levels in patients with type 2 diabetes, but
evidence supporting a positive effect in the control of glycaemic levels in healthy
people is rather weak."” Therefore, considering the increasing incidence of type 2
diabetes in industrialized countries, determining the effect of physical activity
interventions to control HbAlc levels in non-diabetic populations is an important public

health issue.

The purpose of this protocol is to provide the methodology for a review of intervention
studies addressing the effectiveness of physical activity interventions in reducing

HbA ¢ levels in general and non-diabetic populations.
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OBJECTIVE

This systematic review and meta-analysis protocol presents an objective and clear
procedure for the extraction of information from experimental studies (randomised
controlled trials [RCTs], non-randomised experimental studies and controlled pre—post
studies), in which data on changes in HbAlc levels are reported as an outcome, in order
to: 1) estimate the effects of physical activity on glycaemic control measured by HbAlc
levels in non-diabetic populations; and ii) determine which type of physical activity
(based on qualitative or quantitative characteristics) has a greater positive influence on

glycaemic control.
METHODS AND ANALYSIS

This systematic review and meta-analysis protocol is based on the Preferred Reporting
Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P)* and the
Cochrane Collaboration Handbook.?' This protocol has been previously registered in

PROSPERO (registration number: CRD42016050991).
Inclusion/exclusion criteria for study selection
Type of studies

Randomised controlled trials, non-randomised experimental studies and controlled pre—

post studies written in English, French, Portuguese, French or Spanish.
Type of participants

Studies assessing the effect, in general and non-diabetic populations, of physical activity
interventions on glycaemic control measured by HbAlc levels will be selected. Studies
will be selected regardless of the age of the participants included. Studies will be
excluded when they include exclusively subjects who have been diagnosed with
diabetes. When more than one study provides data referring to the same sample, we will

choose the one presenting the most detailed results or providing the largest sample size.
Type of interventions

Studies reporting any type of intervention consisting mainly of physical activity

(endurance, resistance or alternative exercise [such as yoga or pilates]), understood as
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repeated bouts of exercise over time involving more than two sessions/week with a
duration of at least 3 weeks, will be eligible for inclusion. Studies comparing different
types of physical activity interventions or examining a specific physical activity
intervention with or without a control group will be eligible for inclusion. Also, studies
consisting of advice on physical activity will be included. Nevertheless, studies
combining physical activity with other health interventions, such as nutritional
interventions, will be excluded when data concerning the effectiveness of physical
activity programmes on glycaemic control measured by HbAlc levels cannot be

extracted separately.
Type of outcome assessment

Studies in which glycaemic control is an outcome measured using any of the different
methods certified by the National Glycohemoglobin Standardization Program (NGSP)
and standardised by the International Federation of Clinical Chemistry Working Group
(IFCC) for testing HbAlc will be included. Studies will be included regardless of the

unit in which HbA1c levels were measured, for instance percentage (%) or mmol/mol.
Search methods for the identification of studies
Electronic search

The literature search will be conducted in MEDLINE, EMBASE, Cochrane Central
Register of Controlled Trials, Cochrane Database of Systematic Reviews and Web of
Science databases from inception to June 31, 2017. The searches will be re-done just
before the final analyses, in order to search for further potential studies. Study records

will be managed using the Mendeley reference manager.

The following search terms will be combined by Boolean operators for conducting the

literature search: “physical activity”, “physical fitness”, “physical exercise”, exercise,

“intense exercise”, “exercise training”, “glycemic control”, “metabolic outcomes”,
2 (13

“HbAlc”, “haemoglobin level”, “glycated haemoglobin”, “randomised control trial”,

RCT, “quasi-experimental study”, non-RCT and “controlled pre—post study” (Table 1).

Previous reviews and meta-analyses, and relevant references cited in the selected

studies will be screened.
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Data collection and analysis
Selection of studies

The title and abstract of retrieved articles will be independently evaluated by two
reviewers in order to identify eligible studies according to the inclusion criteria. Then,
full manuscripts of the identified studies will be examined. Finally, the two reviewers
will review the included and excluded studies in order to verify the reasons for
inclusion/exclusion (Figure 1). Abstracts not providing enough information regarding
the inclusion/exclusion criteria will be selected for full-text evaluation. The reviewers
will not be blinded to the authors, institutions or journals of the reviewed papers.
Disagreements will be solved by consensus; when disagreements persist after

discussion, a third reviewer will be required.

Two authors will independently extract information from the included studies regarding
the main study characteristics: author, year of publication, country, study design,
number and age of participants, population characteristics (healthy or with any specific
disease), prevalence of diabetes, methods certified by the NGSP and standardised by the
IFCC used for HbA lc testing, HbAlc mean values before the intervention, and type and
characteristics of the physical activity intervention (Table 2). In order to avoid double
counting of patients because they have been included in more than one report by the
same author or working group, the recruitment periods will be evaluated. When
necessary, corresponding authors of the potentially included studies will be contacted to

obtain any missing information.
Any disagreements will be resolved by discussion to reach a consensus.
Assessment of visk of bias in the included studies

Two researchers will independently conduct a quality assessment according to the
Cochrane Collaboration Handbook recomendations.”’ Any disagreements will be
resolved by discussion and a third reviewer will solve disagreements if consensus is not

reached.

The methodological quality of the RCTs will be assessed using The Cochrane

Collaboration’s tool for assessing risk of bias.** This tool evaluates the risk of bias
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according to six domains: selection bias, performance bias, detection bias, attrition bias,

reporting bias and other bias.

The Quality Assessment Tool for Quantitative Studies® assesses the quality of pre—post
studies and non-RCTs. This tool evaluates seven domains: selection bias, study design,

confounders, blinding, data collection method, withdrawals and drop-outs.

In both quality assessment tools, each domain will be considered as strong, moderate or
weak, and studies will be classified as low risk of bias (with no weak ratings), moderate
risk of bias (with one weak rating) and high risk of bias (with two or more weak
ratings). The agreement rate between reviewers will be reported by calculating kappa

statistics.
Data synthesis

The researchers will create ad hoc tables to summarise the characteristics of the
included studies and any important questions related to the aim of this systematic
review. The reviewers will determine whether a meta-analysis is possible after data
extraction. At least five observations addressing the same specific outcome will be
required to conduct a meta-analysis; where a meta-analysis is not feasible, we will
undertake a narrative synthesis. Studies providing insufficient data to perform the

analyses will be omitted from data syntheses.

If a meta-analysis is possible, STATA 14 software will be used to combine the pooled
mean differences with 95% confidence intervals (CI). A fixed-effects model will be

used if there is no evidence of heterogeneity; otherwise, a random-effects model will be

used. Study heterogeneity will be assessed with the Izstatistic. I’ values will be
considered as: might not be important (0% to 40%); may represent moderate
heterogeneity (30% to 60%); may represent substantial heterogeneity (50% to 90%) and
considerable heterogeneity (75% to 100%), the corresponding p-values will also be

taken into account.?'

Data from intention-to-treat analyses will be considered whenever available in RCTs.
The HbAlc pre—post intervention mean difference will be the primary indicator of the
intervention outcome. Standardised mean differences (standard deviation [SD]) will be

calculated for HbAlc levels. Finally, publication bias will be assessed using a contour-
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enhanced funnel plot of each effect size against the standard error. Funnel plot
asymmetry will be visually evaluated, as well as with the method proposed by Egger,**
and significant publication bias will be considered to be present if the p-value is less
than 0.10.” The trim-and-fill computation will be used to assess the effect of

publication bias on the interpretation of results.”
Subgroup analysis and meta-regression

Subgroup analyses and meta-regression will be conducted by age of participants
(children and/or adolescents, young adults aged 1835 years, middle-aged adults aged
3655 years or older adults aged above 55 years), type of physical activity intervention
(leisure-time physical activity, active commuting, physical activity programme or
physical activity counselling), type of exercise (endurance, resistance or alternative
exercises), length of physical activity intervention (above or below 12 weeks), physical
activity duration per week (above or below 150 minutes), type of study design (RCT,
non-RCT and controlled pre—post studies), because these may be the potential major
factors to cause heterogeneity. Furthermore, the methodological quality of studies

included will be considered for additional subgroup analyses.
Sensitivity analysis

Sensitivity analyses will be conducted excluding studies from the analysis one by one.
These will be performed to prove that the findings from the meta-analysis do not

depend on arbitrary or unclear decisions.
ETHICS AND DISSEMINATION

An association between physical activity interventions and glycaemic control measured
by HbAlc levels has been reported by recent systematic reviews and meta-analyses in

2*73! and type 1 diabetic populations.’**®> One meta-analysis®' reported no

both type
significant benefits of glycaemic control in non-diabetic populations, but included only
three intervention studies divided in two subgroups (healthy and chronic disease). No
previous systematic review or meta-analysis has included studies in non-diabetics.
Therefore, the aim of this protocol is to present a clear and reliable methodology to
estimate the effects of physical activity on glycaemic control measured by HbAlc levels

in general and non-diabetic populations.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘yBuAdoo Ag palosloid 1sanb Ag 20z ‘6T IMdy uo /woo fwg uadolwa)/:dny wouy papeojumod *2T0Z AINC 0Z U0 TO8STO-9T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

263
264
265
266
267

268
269
270
271

272
273
274
275
276
277
278

279
280
281
282
283
284
285
286
287
288
289
290

291
292
293

BMJ Open

There are some sources of heterogeneity that will be controlled in this systematic review
and meta-analysis. Sources of variability will be determined by analysing the design
(type of study, type of intervention and control group, sample size, and length of
intervention) and the sample characteristics (type of population, age range and gender

distribution) of the studies included.

As different study designs will be considered for inclusion, we will use two quality
assessment tools: the Cochrane Collaboration’s tool for assessing risk of bias** and the
Quality Assessment Tool for Quantitative Studies.”> Both tools were rigorously

developed, and are evidence-based, valid, reliable and easy to use.**

Random-effects meta-regression will be used to evaluate whether the relationship
between physical activity and glycaemic levels could differ according to certain sample
characteristics and whether those characteristics could be considered major sources of
heterogeneity.* Additionally, subgroup analyses in this meta-analysis will be conducted
to control for heterogeneity between the studies. To determine the level of
heterogeneity, we will use the definition suggested by the Cochrane Collaboration

Handbook.?!

Therefore, some aspects of physical activity that currently seem to be controversial will
be deeply studied in this meta-analysis, such as the effect that each type of physical
activity could produce on glycemic control measured by HbAlc in non-diabetic
populations. The evidence of the effect of each type of physical activity might help to
establish physical activity programs tailored to the characteristics of each subject and
the aimed objectives. Moreover, whether physical activity counseling interventions that
involve written advice by a health professional are capable of increasing the daily
amount of time that patients spend on physical exercise-related activities should be
clarified.*® Finally, another important issue to take into account in this meta-analysis
will be whether complying with The Surgeon General’s Report on Physical Activity and
Health recommendations has beneficial effects on glycemic control in non-diabetic

populations.

If the study confirms the positive effects of physical activity on controlling or
decreasing HbAlc levels in non-diabetic population, this would mean that promoting

physical activity should be a useful strategy not only in the prevention of diabetes
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mellitus, but also its micro- and macrovascular complications such as retinopathy,
nephropathy, arterial stiffness or cardiovascular diseases. Thus, synthesizing the
evidence in the effectiveness of different types of physical activity on HbAlc levels
might provide support for the inclusion of the physical activity in population-based
prevention interventions in different population groups (i.e. children, adults, elderly ...).
This study would also evidence the weaknesses of the available evidence supporting the
relationship between HbAlc levels and glycaemic related disorders, therefore this study

could suggest future research areas regarding these issues.

Potential limitations of this research may be publication bias, information bias, poor
statistical analyses, and inadequate reporting of methods and findings of the studies
included.” However, it is important to summarise the information available on this
issue. To overcome these limitations, we will follow the recommendations included in

the PRISMA®” and the Cochrane Collaboration Handbook.?!

Numerous meta-analyses synthesizing the effects of physical activity on glycaemic
control measured by HbAlc levels in diabetic populations have already been conducted.
However, there is no meta-analysis in non-diabetic populations relating physical activity
with glycaemic control measured by HbAlc levels, despite the increasing number of
intervention studies on this association. Therefore, it seems necessary to conduct a
systematic review that may provide a global overview of the current literature and could
also improve future research on this topic. This protocol provides a clear and structured
procedure for maximising the extraction, and summarising of relevant information on
the association of physical activity and HbAlc levels. This study will have important
clinical and public health implications, because it could provide support to recommend
physical exercise in non-diabetic subjects as this may be useful for preventing type 2
diabetes and its complications. According to the findings of this systematic review and
meta-analysis, suggestions for future research will be made, and recommendations for
evidence-based physical activity interventions for glycaemic control and prevention of

diabetes mellitus in healthy subjects will be implemented.
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Table 1. Search strategy for MEDLINE.

“physical activity”
OR
“physical fitness”

OR

“physical exercise”

OR
exercise
OR
“intense exercise”
OR

“exercise training”

AND

“glycemic control”
OR
“metabolic outcomes”
OR
HbAlc
OR
“haemoglobin level”

OR

“glycated haemoglobin”

AND

“randomised control trial”
OR
RCT
OR
“quasi-experimental study”
OR
non-RCT
OR

“controlled pre—post study”
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Table 2. Characteristics of studies included in the systematic review and/or meta-analysis.

Population characteristics

Outcome

Page 18 of 23

Intervention characteristics

Study Age Type of

Sample size
distribution

Design population

Diabetes

prevalence

HbAlc
method

HbAlc

levels

Physical activity

intervention

Physical activity

characteristics

18
19luthor

ggnformation
22nd year o
23 Y /
2publication

25
26
27
28
29
30
31
32
33
34

Country  Design Age (years) of Number of Population

of
study

the the participants  characterist

participants ics (healthy

range or mean or with any

+SD specific

disease)

Number
cases
diabetes
(%)

of Methods
with certified by
the  NGSP
and
standardised
by IFCC used
for  HbAlc

testing

HbAlc

mean value
before and
after the

intervention

Type of physical
activity
intervention
(leisure-time
physical activity,
physical  activity
programme  or
physical  activity

counselling)

Definition of

physical  activity
intervention
(duration of
intervention,
number of
sessions and
duration of each

session)

35
36
37
38
39
40
41
42
43
44
45
46
47

48
10

HbAlc: Glycated haemoglobin Alc; SD: Standard deviation; NGSP: National Glycohemoglobin Standardization Program; IFCC: International

Federation of

Clinical
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FIGURE CAPTIONS

Figure 1. PRISMA flow diagram of identification, screening, eligibility and inclusion

of studies.
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Figure 1. PRISMA flow diagram of identification, screening, eligibility and inclusion of studies.
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Section and topic

Item
No

ChecKklist item

Page number

ADMINISTRATIVE INFORMATION

Title:
Identification la (Identify the report as a protocol of a systematic review Page 1; line 1-
2
Update 1b |If the protocol is for an update of a previous systematic review, identify as such NA
Registration 2 |If registered, provide the name of the registry (such as PROSPERO) and registration number Page 2; line 50
Authors:
Contact 3a |Provide name, institutional affiliation, e-mail address of all protocol authors; provide physical mailing address of Page 1; line 3-
corresponding author 24
Contributions 3b [Describe contributions of protocol authors and identify the guarantor of the review Page 11; line
306-310
Amendments 4  |If the protocol represents an amendment of a previously completed or published protocol, identify as such and list changes; NA
otherwise, state plan for documenting important protocol amendments
Support:
Sources S5a [Indicate sources of financial or other support for the review Page 11; line
311-312
Sponsor 5b  |Provide name for the review funder and/or sponsor NA
Role of sponsor or Sc  |Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol NA
funder
INTRODUCTION
Rationale 6 |Describe the rationale for the review in the context of what is already known Page 3-4; line
67-113
Objectives 7  [Provide an explicit statement of the question(s) the review will address with reference to participants, interventions, Page 4-5; line
comparators, and outcomes (PICO) 115-122
METHODS
Eligibility criteria 8 |Specify the study characteristics (such as PICO, study design, setting, time frame) and report characteristics (such as years | Page 5-6; line
considered, language, publication status) to be used as criteria for eligibility for the review 129-156
Information sources 9 |Describe all intended information sources (such as electronic databases, contact with study authors, trial registers or other Page 6; line
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grey literature sources) with planned dates of coverage 159-170
Search strategy 10 |Present draft of search strategy to be used for at least one electronic database, including planned limits, such that it could be Table 1
repeated
Study records:
Data management 11a |Describe the mechanism(s) that will be used to manage records and data throughout the review Page 6-7; line
171-181
Selection process 11b |State the process that will be used for selecting studies (such as two independent reviewers) through each phase of the Page 7; line
review (that is, screening, eligibility and inclusion in meta-analysis) 182-192
Data collection 11c [Describe planned method of extracting data from reports (such as piloting forms, done independently, in duplicate), any Page 6-7; line
process processes for obtaining and confirming data from investigators 171-192
Data items 12 |List and define all variables for which data will be sought (such as PICO items, funding sources), any pre-planned data Page 7; line
assumptions and simplifications 182-192
Table 1
Outcomes and 13 |List and define all outcomes for which data will be sought, including prioritization of main and additional outcomes, with Table 2
prioritization rationale
Risk of bias in individual | 14 |[Describe anticipated methods for assessing risk of bias of individual studies, including whether this will be done at the Page 7-8; line
studies outcome or study level, or both; state how this information will be used in data synthesis 193-208
Data synthesis 15a |Describe criteria under which study data will be quantitatively synthesised Page 8-9; line
209-233
15b |[If data are appropriate for quantitative synthesis, describe planned summary measures, methods of handling data and Page 8; line
methods of combining data from studies, including any planned exploration of consistency (such as I?, Kendall’s 1) 217-224
15¢ |Describe any proposed additional analyses (such as sensitivity or subgroup analyses, meta-regression) Page 9; line
234-244
15d [If quantitative synthesis is not appropriate, describe the type of summary planned Page 8; line
214-215-9
Meta-bias(es) 16 |Specify any planned assessment of meta-bias(es) (such as publication bias across studies, selective reporting within studies)| Page 8; line
229-233
Confidence in cumulative| 17 [Describe how the strength of the body of evidence will be assessed (such as GRADE) NA

evidence

* It is strongly recommended that this checklist be read in conjunction with the PRISMA-P Explanation and Elaboration (cite when available) for important
clarification on the items. Amendments to a review protocol should be tracked and dated. The copyright for PRISMA-P (including checklist) is held by the
PRISMA-P Group and is distributed under a Creative Commons Attribution Licence 4.0.

From: Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart L, PRISMA-P Group. Preferred reporting items for systematic review and
meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015 Jan 2,349(jan02 1):g7647.
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