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Effects of Aquatic Training on Waist Circumference and Body
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PURPOSE: Aquatic training assists in reducing the risk of exercise on joints among children. This systematic review evaluated the effec-
tiveness of aquatic training for children from the perspective of body composition.

METHODS: A meta-analysis was performed to determine the potential impact of aquatic training in children. Four databases, namely
Scopus, PubMed, Web of Science, and EBSCO, were used for the systematic search from September 2010 to November 2021. The
mean differences in the data were analyzed using Stata 15.1 software with a 95% confidence interval. Outcome measures included
weight, body mass index (BMI), fat percentage (Fat%), and waist circumference.

RESULTS: Eleven studies, comprising eight randomized controlled trials (RCT) and three non-RCT studies, evaluating the effect of
aquatic training on children were analyzed and reported. Aquatic training significantly improved the BMI (p<.01) and Fat% (p<.01) in
children (ES (95% CI)=-0.23 (-0.38, -0.08) and ES (95% CI)=-0.27 (-0.45, -0.08). However, aquatic training had no significant effect
on weight (p=.41), ES (95% CI)=-0.07 (-0.25, 0.10), and waist circumference (p=.11) in children, ES (95% CI)=-0.33 (-0.74, 0.08).

CONCLUSIONS: Aquatic training can improve children’s BMI and body fat% but nottheir weight, waist circumference, and muscle
mass. Aquatic training may be a potential exercise program for improving body composition in children.
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INTRODUCTION

Overweight and obesity are common outcomes of insufficient
amount of physical activity and improper diet in children and adoles-
cents, whereas body fat content is reduced in prepubertal children by en-
gaging in intensified physical activity [1,2]. The World Health Organisa-
tion (WHO) states that children should be encouraged to participate in
various kinds of physical activity to improve cardiorespiratory and mus-
cular fitness and reduce symptoms of anxiety and depression [3]. Fol-
lowing the WHO recommendations, American, African and European
governmental organisations have developed guidelines on the recom-
mended daily amount of physical activity for children according to re-
gional context [4,5]. In most countries, it is recommended that children

participate in moderate or vigorous-intensity exercise for a minimum of

60 minutes per day.

Regular physical activity, if performed at a sufficient intensity and
with adequate frequency, has a positive effect on musculoskeletal health
and adiposity [6]. For obese individuals, aquatic activities are considered
as exercise alternatives based on the physical properties of water, particu-
larly the fluctuation of water current [7]. Aquatic training refers to the
routine exercise with or without equipment in the water, which may be
more interesting and novel for children, and may enhance motivation
and interest [8]. These activities assist in reducing the effects on the joints
that play a vital role in supporting body weight. Furthermore, it is em-
phasised that deep-running or walking can be executed with or without
using float equipment as part of aquatic activities. Given the viscosity of
water, the drag generated in aquatic activities is relatively higher. Besides

the reduction of joint stress, higher energy expenditure is provided when
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walking in water to overcome the associated resistance [9,10].

It remains unclear if aquatic training can improve children's waist cir-
cumference and body composition. For instance, children that engaged
in aquatic training three times per week experienced an improvement in
body mass index (BMI) and body fat rate (Fat%) [11,12]; however, other
researchers reported contradicting outcomes [13,14]. Therefore, this sys-
tematic review evaluates the effectiveness of children’s aquatic training
from the perspective of body composition, especially BMI and Fat%. The
tindings will provide a theoretical basis for the application of aquatic

training in children's training,

METHODS

1. Registration and Protocol
The review protocol was registered with the International Platform of
Registered Systematic Review and Meta-Analysis Protocols on October

19, 2021 (PROSPERO registration number: CRD42021279486).

2. Study Selection and Data Sources

Four databases, namely, Scopus, PubMed, Web of Science, and EB-
SCO were used for the systematic search from September 2010 to No-
vember 2021. The search terms used were “Child”, “Training”, “Exer-
cise”, “Swim”, “Aquatic”, and “Water”. Fig. 1 and Appendix present the
detailed search strategy.

The titles and abstracts retrieved from the databases were screened in-
dependently by two investigators. Each study was summarised by ex-
tracting specific information, including the year of publication, first au-
thor, gender and age of the studied population, training programme, in-
tervention duration, main indicators and sampling method of body fat
rate. In cases where further information was required, corresponding
authors of the articles were contacted via electronic mails. In addition, a
third investigator was requested whenever the two investigators respon-
sible for extracting information from the articles experience a dispute.
Hence, the issue was resolved based on the opinion from the third inves-

tigator and further discussion with other investigators (see Table 1).

3. Inclusion and Exclusion Criteria

Several criteria were applied in deciding the articles to be included or
excluded from the systematic review. Interventional studies that involved
aquatic training in children were included. Nevertheless, a minimum of

four weeks was required for the intervention to be included. Further-
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Fig. 1. Flow diagram showing the process of identifying and selecting the
relevant studies.

more, the studies must be written in English and investigated at least ei-
ther one or a combination of the following variables: weight, BMI, Fat%
and waist circumference. All controlled trials, whether randomised
(RCT) or non-RCT, were included in this systematic review. Articles
were not considered if they were abstracts, conference presentations or

proceedings.

4. Quality Assessment

All the RCTs were checked for quality using the PEDro scale [15]. A
total of 11 questions are present in the PEDro scale. An RCT study is
considered to be of high-quality RCT if a score of six or above is ob-
tained [16]. For non-RCT studies, the "Quality Assessment Tool for Be-
fore-After (Pre-Post) was applied to assess the quality with No Control
Group' (NIH) scale [17]. Given that NIH consisted of 12 questions, the

quality of each study was categorised as “good”, “fair” or “poor”.

3. Risk of Bias Assessment

The studies were excluded one after the other to perform the sensitivi-
ty analysis. This procedure was used to determine the stability of the
meta-analysis findings. A funnel plot was applied to analyse the study

publication bias.
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Table 1. Characteristics of included studies

Study Design Age (yr) Samplesize Participants Exercise intervention Duration Outcomes SM
Bielec Cohort 11.7+£1.8  27B;19G Health  Swimming, 12.3+2.2 hrs/week, RPE 7.1£0.7, Each 12Weeks Weight, BMI,Fat% BIA
2021 course usually needs to swim 700-800 meters.
Casey Cohort 13.1£34  6B;2G Health ~ Swimming, 1 hr/session, 3 x/week. 60-80% HRmax. The 16 Weeks BMI, Fat% DXA
2010 front crawl stroke with a flutter board device.
Honorio RCT 6-12 19 Health  Swimming complemented with water walking, 6 Weeks Weight, BMI, Fat%, BIA
2018 45 min/session, 2 x/week. WC, Muscle mass
Irandoust RCT 93%13 18 Obese  Aquatic training, 1 hr/session, 3 x/week. 50-70% HRR 12 Weeks Weight, BMI NR
2020 (11-13 RPE), Jumping jacks, high knees, jab punch-
es, snap kicks, back kicks, running laps and rotate
jumps.
Kabasakalis Cohort ~ 10-11 11B;13G Health  Swimming, 75-90 min/session, 3 x/week. 23 Weeks Weight, BMI NR
2009
Kolachahi RCT 109+3.1 10B Autism  Aquatic training, 1 hr/session, 2 x/week. Breathing, 10Weeks Weight, BMI NR
2020 floating and stroke skills, group activities.
Lopera RCT 13.0+14 11B;17G Obese  Water-based training, 60 min/session, 3 x/week. Deep 16 Weeks Weight, BMI, Fat%, BIA
2016 running, immersed interval running training with WC
water-based equipments, crawl, backstroke and
diving, water polo.
Mandaric RCT 13.1+05 82G Health ~ Aquatic training, 45 min/session, 3 x/week, HR 122- 8Weeks Weight, BMI, Fat%, BIA
2018 132. Walking, running, rocking, kicking, jumping Muscle mass
and scissors.
Naczk RCT 149+24  7B4G Down  Swimming, 90 min/session, 3 x/week. 33 Weeks Weight, BMI, Fat% BIA
2021 syndrome
Sacher RCT 103%13 26B45G Obese  Water-based training, 60 min/session, 3 x/week. Non- 21Weeks  BMI, Fat%, WC, = DD
2010 competitive group play. Muscle mass
Villadat RCT 139+12 8B;7G Down  Water-based training, 50 min/session, 3 x/week, HR 36 Weeks Weight, BMI, Fat% ST
2020 syndrome  110-160. Swimming in front crawl and breaststroke

style. Exercises using technical support elements
(e.g., pull-buoy, tables, shovels, fins) increasing the
heart rate.

RCT, Randomized controlled trial; B, Boys; G, Girls; SM, Sampling method; RPE, Rating of Perceived Exertion; HRmax, Maximum heart rate; HRR, Heart rate re-
serve; HR, Heart rate; BMI, Body Mass Index; Fat%, Percentage of body fat; WC, Waist circumference; BIA, Bioimpedance analysis; DXA, Dual energy X-ray

absorptiometry; DD, Deuterium dilution; ST, Skinfold thickness.

6. Data Analysis

All data analyses were performed using Version 21 of STATA 15.1 for
Windows (College Station, TX, United States of America). Mean + stan-
dard error were computed using descriptive statistics and applied in
summarising the waist circumference and body composition. Treatment
effects were measured based on the mean difference pre-and post-inter-
vention and the estimates were presented with 95% confidence intervals
(Cls). The method outlined in the Cochrane Handbook (https://training,
cochrane.org/ handbook) was used for the calculation.

Statistical heterogeneity between the studies was assessed using the Q
test and I” statistics. These statistical tests, especially the Q test, deter-
mined the type of model to be applied. If a significant heterogeneity
(p<.05 or I’>50%) is detected, a random-effect model was used. In con-
trast, a fixed-effect model was built if considerable heterogeneity is lack-

ing. This systematic review was developed by following the Meta-Analy-
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sis Report Quality statement guidelines [18].

RESULTS

1. Eligibility of Studies

A Cohen kappa coefficient of 0.923 was obtained between the search
conducted by the two investigators. A total of 11 studies evaluating the
effect of aquatic training on children were analysed and reported, com-
prising eight RCT and three non-RCT studies (Table 1). The pre-deter-
mined inclusion criteria were met by all the studies. Due to the small
sample size of the RCT studies, this single-arm meta-analysis approach
was employed to process the data. Also, it was verified that all the in-
cluded studies obtained ethical approval from their respective institu-
tions before performing the study protocol. All the studies included BMI

as a parameter, whereas nine included weight, eight considered Fat% and
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Fig. 2. The forest plot of the effect size for studies assessing the effect of aquatic training on the weight (A), BMI (B), Fat% (C) and waist circumference (D)

among children.

Table 2. Depiction of the risk of bias assessment for included studies

six weeks to 36 weeks.

PEDro Scale 12 3 45 6 7 8 9 10 11 Total
Honorio 2018 YY NY Y NNNY Y Y 610 2. Quality Assessment
*

Irandoust. 2020 YN Y YN NNV oYY 60 All the RCT studies [11-14,19-22] were considered to have high quality,
Kolachahi 2020 Y¢Y Y Y NY Y Y Y Y Y 910
Lopera 2016 YYY NYNYNY Y Y Y 710 as the total scores obtained from the PEDro scale for each study was
Mandaric 2018 YY NY NN Y Y Y Y Y 7/10 greater than 5. For the non-RCT studies [23-25], the general quality rat-
Naczk 2021 Y¥Y Y YNYNY Y Y Y 1 . . " " .

aczk20 810 ing was classified as "‘Good" according to the NIH scale (Table 2).
Sacher 2010 YY NY NY NY Y Y Y 710
Villadat 2020 Y Y NY NN Y Y Y Y Y 710
NIHPre-PostTool 1 2 3 4 5 6 7 8 9 10 11 12 Total 3. Quantitative Synthesis
Bielec 2021 Y Y YNRY Y Y NRN Y Y NA® 811 The effects of aquatic training on children’s weight in children (n=
Casey 2010 Y Y Y NY Y YNRY Y Y NA*8/11 L . ST
Kabasakalis2009 Y Y Y N Y Y Y NR N Y Y NA* 911 164) was evaluated in nine studies. Based on the findings of the one-arm

Y, yes; N, no; NA, not applicable; NR, not reported.
*Not included in total score.

meta-analysis, aquatic training had no significant effect in improving

children’s weight (p = .41, z=0.82), ES (95% CI) =-0.07 (-0.25, 0.10) (Fig.

2A). Moreover, the studies lacked heterogeneity in accordance with the

waist circumference was reported in three studies. A total of 332 chil- findings from the heterogeneity test (p =.62, I* = 0%).

dren were included with an average age of 11.8 years. The duration of The impacts of aquatic training on BMI and Fat% in children was

training applied as an intervention in the various studies ranged from  evaluated in 11 and 8 studies, respectively (n=164). Furthermore, one-
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Fig. 3. Sensitivity analysis for the effect of aquatic training on the weight (A), BMI (B), Fat% (C) and waist circumference (D) among children.

arm meta-analysis revealed that aquatic training significantly improved
the BMI (p<.01, z=2.94) and Fat% (p <.01, z=2.84) in children, ES (95%
CI)=-0.23 (-0.38, -0.08) (Fig. 2B) and ES (95% CI)=-0.27 (-0.45, -0.08)
(Fig. 2C). The heterogeneity test results showed no heterogeneity be-
tween the studies (p=.48, I'=0% and p=.54, I = 0%).

Three articles evaluated the relationship between aquatic training and
children’s waist circumference (n=164). One-arm meta-analysis showed
that aquatic training had no significant effect on waist circumference
(p=.11,2=1.59) in children, ES (95% CI)=-0.33 (-0.74, 0.08) (Fig. 2D).
Likewise, no heterogeneity was detected between the studies as per the

heterogeneity test results (p=.12, I* =52.3%).

4, Sensitivity Analysis

A step-wise sensitivity analysis was performed by changing the analy-
sis model, selecting the effect size, and removal of individual articles.
Despite some of the studies lacked any sign of heterogeneity, the sensitiv-
ity analysis was still performed to ensure data accuracy and stability. The

findings demonstrated that no article significantly interfered with the

368 | Jianming Zhou, et al. -+ Aquatic Training on Waist Circumference and Body Composition

meta-analysis results, thereby indicating the outstanding stability of the
present study. Fig. 3 depicts the sensitivity analysis for waist circumfer-

ence and body composition, respectively.

3. Analysis of Publication Bias

A funnel plot was employed to analyse the potential publication bias
in this systematic review. As the sample size was relatively small for
aquatic training on children, only eight studies were included in the
analysis. Given that the total sample size used was close to the minimum
requirement for funnel plot analysis, the analysis is still considered capa-
ble of reflecting a certain degree of publication bias despite the minor
risks. The feasibility of using funnel analysis for small sample size studies

has been demonstrated in a previous study (Fig. 4) [26].

DISCUSSION

The purpose of this meta-analysis was to determine the effects of

aquatic training on children’s waist circumference and body composi-

https://www.ksep-es.org
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Fig. 4. Funnel plot of publication bias for the effect of aquatic training on the weight (A), BMI (B), Fat% (C) and waist circumference (D).

tion. A total of 11 studies were included in this review with three evalu-
ating the effects of aquatic training on waist circumference, whereas
nine articles investigated the effects on body weight. Furthermore, 11
and 8 articles evaluated the effects on BMI and body fat rate, respective-
ly. A meta-analysis of the current literature shows that aquatic training
signiticantly improved children’s BMI and body fat rate. It also suggests
that aquatic training may be a safe and effective exercise programme to
improve children’s body composition.

Aquatic training had no significant effect on the children’s weight in
this study. This is consistent with the outcomes from previous research.
BMI decreased significantly after aquatic training, which may be related
to the simultaneous occurrence of height gain and weight loss in chil-
dren after a long-term intervention. Nevertheless, the present results re-
vealed that no significant changes in body weight were detected before
and after the intervention. This might be related to the increase in mus-
cle mass and bone mass rather than fat mass. The results showed that

the body fat rate was significantly reduced. Higher BMI and body fat

https://www.ksep-es.org
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rate are closely related to health problems in children’s growth and devel-
opment [27].

Oxidative stress may be induced in obese children, which might be
associated with an irregular production of adipokines, thereby contrib-
uting to the onset of metabolic syndrome [28]. Aquatic exercise elicits an
easier and safer approach for children to become more active and mini-
mise body fat in line with hydrodynamic principles (resistance, buoyan-
cy, viscosity, relative density, turbulence, hydrostatic pressure, and flow)
[29]. Disabled children were also reported to experience positive effects
in terms of body composition and physical fitness following their en-
gagement in exercise programs [30,31]. A study observed that BMI of
children with autistic spectrum disorder was significantly reduced after
being exposed to aquatic exercise training and combined programme
[12]. These outcomes corroborate some of the findings by Mandaric and
Sibinovic [11], where BMI was significantly reduced in subjects who en-
gaged in weekly aquatic training thrice in 8 weeks. Obese adults (n=57)

who trained on an aquatic and conventional treadmill for 12 weeks also
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experienced similar improvements in terms of body weight, VO,max,
body mass index, fat mass (percentage and absolute values) and body
mass index [32]. In addition, in the cold environment (9°C) of the swim-
ming pool, it may further increase energy consumption during exercise
and promote fat metabolism through the loss of body heat [33]. Howev-
er, other researchers have contradicting views. Honorio et al. [19]. point-
ed out that 6-week swimming combined with aquatic training did not
affect BMI and Fat%. The whole-body fat might be reflected by BMI;
nevertheless, it does not directly measure the body composition. This
makes it not applicable to children since their lean mass is generally
higher than older adults [34]. Therefore, it is important to focus on the
change in body fat rate.

Over waist circumference has been associated with an increased risk
of death by 20% among adults [35], and contributes significantly to
health challenges [36,37]. Waist circumference is a marker of visceral adi-
posity and is considered a vital risk factor for metabolic syndrome.
Moreover, the risk of cardiovascular disorders is associated with exces-
sive abdominal fat in children. Hence, researchers are encouraged to
better evaluate the effectiveness of obesity treatment [38,39]. Despite the
reduction in participants” body fat upon using waist circumference re-
sponse is more objective and valuable than BMI, only three articles con-
sidered waist circumference in this systematic review. The reason is that
the goal of exercise intervention is physical activity, which aims to reduce
body fat and increase lean weight. Since BMI is unable to differentiate
between lean mass and fat, the increase of lean may mask the decrease of
fat. This event does not affect waist circumference because it does not
depend on lean mass [38]. Compared to BMLI, this advantage exceeds the
known disadvantages of greater waist measurement error and greater
variation over time. Although it is more accurate to use body fat rate to
reflect the effect of fat reduction, waist circumference deserves more at-
tention as a more convenient auxiliary index. In Sacher's study [20] the
waist circumference of children in the intervention group decreased by
4.1 cm, which is in line with the outcomes reported in two other ran-
domised studies [40,41] and two studies on the efficacy of obesity drugs
[42,43]. Conversely, the present results revealed that aquatic training does
not improve waist circumference, which might be due to the low num-
ber of included studies. These findings are consistent with Honorio's
study [19], which pointed out that there is no significant difference in the
change of waist circumference of healthy children after six weeks of
swimming and water walking training. Conclusively, aquatic training

may be a potential and safe fat reduction programme for children.
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There are also many limitations to this study. Firstly, a large number
of people were included in the study, but there was no subgroup analysis
due to low heterogeneity. Secondly, there is data paucity on waist cir-
cumference and muscle mass and the reliability of the results is poor.
Updated literature in future studies can be further included for analysis.
Finally, whether the effect of aquatic training is better than that of non-
aquatic training still needs to be included in more RCT studies. The un-
derlying mechanism of fat reduction by aquatic training needs to be fur-
ther explored in future studies. Because the training mode, intensity and
duration included in the study are different, it is difficult to classify and
analyze subgroups. However, the small heterogeneity (0%) of meta-anal-
ysis, all training programs are considered as aquatic training, which

eliminates the interference of training programs on the results.

CONCLUSION

Aquatic training can improve children’s BMI and body fat rate rather
than weight, waist circumference and muscle mass. Aquatic training
may be a potential exercise programme to improve body composition

among children.
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Appendix A. Search strategy

EXERC SCi

Databases Search strategy ( Appri)?ilrjrl\tz:\ tely)
Scopus  #1:Title-Abs-Key (“aquatic” or“water” or 2,800,145
“swim*")
#2:Title-Abs-Key (“exercise” or “train*")
#3:Title-Abs-Key (“child*") 1,603,396
#4:Title-Abs-Key (“fat” or“BMI” or “weight”) 1,838,226
#5:#1 and #2 and #3 and #4 1,940,169
Limiters-Published Date: 20050101-20210919 419
Pubmed #1: [Title/Abstract] “aquatic” or “water” or 634,825
“swim*”
#2: [Title/Abstract] “exercise” or “train*” 748,818
#3: [Title/Abstract] “child*” 1,558,841
#4: [Title/Abstract] “fat” or “BMI” or “weight” 814,169
#5:#1 and #2 and #3 and #4 366
Filters: Publication date from 2005/01/01 to
2021/9/19
Webof  #1:TOPIC: ("aquatic” or “water” or “swim*”) 2,336,315
Science  #2: TOPIC: (“exercise” or “train*") 1,186,681
#3: TOPIC: (“child*") 1,425,310
#4: TOPIC: (“fat” or “BMI” or “weight”) 1,338,229
#5:#1 and #2 and #3 and #4 273
Refined by: PUBLICATION YEARS: (20210919-
20050101)
Indexes = SCI-EXPANDED, SSCI, CCR-
EXPANDED,
EBSCO #1: Abstract: (“aquatic” or “water” or “swim*”) 936,036
#2: Abstract: (“exercise” or “train*") 948,789
#3: Abstract: (“child*”) 1,176,927
#4: Abstract: (“fat” or“BMI” or “weight”) 481,133
#5:#1 and #2 and #3 and #4 70

Year: 20050101-20210919

(Continued to the next page)
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EXERC SCi

Appendix A. Continued

Location
Section and Topic Item Checklist item }Nher.e
4 item is
reported
TITLE
Title 1 Identify the report as a systematic review. P1
ABSTRACT
Abstract 2 Seethe PRISMA 2020 for Abstracts checklist. P2
INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of existing knowledge. P3
Objectives Provide an explicit statement of the objective(s) or question(s) the review addresses. P3
METHODS

Eligibility criteria 5  Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. P4

Information 6  Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted P4

sources to identify studies. Specify the date when each source was last searched or consulted.

Search strategy 7  Present the full search strategies for all databases, registers and websites, including any filters and limits used. P4

Selection process 8  Specify the methods used to decide whether a study met the inclusion criteria of the review, including how P4
many reviewers screened each record and each report retrieved, whether they worked independently, and if
applicable, details of automation tools used in the process.

Data collection 9  Specify the methods used to collect data from reports, including how many reviewers collected data from each P4

process report, whether they worked independently, any processes for obtaining or confirming data from study
investigators, and if applicable, details of automation tools used in the process.

Data items 10a  List and define all outcomes for which data were sought. Specify whether all results that were compatible with P4
each outcome domain in each study were sought (e.g., for all measures, time points, analyses), and if not, the
methods used to decide which results to collect.

10b  List and define all other variables for which data were sought (e.g., participant and intervention characteristics, P5
funding sources). Describe any assumptions made about any missing or unclear information.

Study risk of bias 11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how

assessment many reviewers assessed each study and whether they worked independently, and if applicable, details of
automation tools used in the process.

Effect measures 12 Specify for each outcome the effect measure(s) (e.g., risk ratio, mean difference) used in the synthesis or P5
presentation of results.

Synthesis 13a  Describe the processes used to decide which studies were eligible for each synthesis (e.g., tabulating the study

methods intervention characteristics and comparing against the planned groups for each synthesis (item #5)).

13b  Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing
summary statistics, or data conversions.

13c  Describe any methods used to tabulate or visually display results of individual studies and syntheses.

13d  Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was P5
performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity,
and software package(s) used.

13e  Describe any methods used to explore possible causes of heterogeneity among study results (e.g., subgroup ~ P5
analysis, meta-regression).

13f  Describe any sensitivity analyses conducted to assess robustness of the synthesized results. P5

Reporting bias 14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting

assessment biases).

Certainty 15  Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. P5

assessment
RESULTS
Study selection 16a Describe the results of the search and selection process, from the number of records identified in the search to P5
the number of studies included in the review, ideally using a flow diagram.
16b  Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they
were excluded.
Study 17 Cite each included study and present its characteristics. P5-6

characteristics
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Appendix A. Continued
Location
Section and Topic Item Checklist item }Nher.e
4 item is
reported
Risk of bias in 18  Present assessments of risk of bias for each included study. P7
studies
Results of 19 For all outcomes, present, for each study: (@) summary statistics for each group (where appropriate) and (b) an P6
individual effect estimate and its precision (e.g., confidence/credible interval), ideally using structured tables or plots.
studies
Results of 20a  Foreach synthesis, briefly summarise the characteristics and risk of bias among contributing studies.
syntheses
20b  Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary
estimate and its precision (e.g., confidence/credible interval) and measures of statistical heterogeneity. If
comparing groups, describe the direction of the effect.
20c  Present results of all investigations of possible causes of heterogeneity among study results.
20d  Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. p7
Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis P7
assessed.
Certainty of 22 Presentassessments of certainty (or confidence) in the body of evidence for each outcome assessed. p7
evidence
DISCUSSION
Discussion 23a  Provide a general interpretation of the results in the context of other evidence. p7
23b  Discuss any limitations of the evidence included in the review. P8
23c  Discuss any limitations of the review processes used. P8
23d  Discuss implications of the results for practice, policy, and future research. P9
OTHER INFORMATION
Registrationand ~ 24a  Provide registration information for the review, including register name and registration number, or state that P4
protocol the review was not registered.
24b  Indicate where the review protocol can be accessed, or state that a protocol was not prepared. P4
24c  Describe and explain any amendments to information provided at registration or in the protocol.
Support 25  Describe sources of financial or non-financial support for the review, and the role of the funders or sponsorsin P10
the review.
Competing 26  Declare any competing interests of review authors. P9
interests
Availability of 27 Report which of the following are publicly available and where they can be found: template data collection

data, code and
other materials

forms; data extracted from included studies; data used for all analyses; analytic code; any other materials used

in the review.
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