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composition and cardiorespiratory fitness in adults living with
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Dublin, Ireland Current international guidelines recommend people living with obesity should be
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Email: grainne.odonoghue@ucd.ie unknown. Thus, this network meta-analysis was conducted to assess and rank com-

parative efficacy of different exercise interventions on anthropometry, CRF and
other metabolic risk factors. Five electronic databases were searched for randomized
controlled trials (RCTs) that compared different exercise modalities to improve
anthropometry, CRF and/or metabolic health in adults living with obesity. RCTs were
evaluated using the Cochrane risk of bias tool. A random effects network meta-
analysis was performed within a frequentist framework. Of the 6663 articles
retrieved, 45 studies with a total 3566 participants were included. Results reveal that
while any type of exercise intervention is more effective than control, weight
loss induced is modest. Interventions that combine high-intensity aerobic and high-
load resistance training exert beneficial effects that are superior to any other exercise
modality at decreasing abdominal adiposity, improving lean body mass and increasing
CRF. Clinicians should consider this evidence when prescribing exercise for adults

living with obesity, to ensure optimal effectiveness.
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1 | BACKGROUND

The prevalence of obesity has tripled over the past 35 years,* and it
is estimated that it will affect over one billion people worldwide by
2030.2% Obesity has far reaching negative effects on health,
significantly increasing the risk of cardiovascular disease (CVD),
metabolic disease and certain cancers,® primarily driven by com-
orbidities such as type 2 diabetes mellitus (T2DM), dyslipidaemia
and hypertension.?

Diet, exercise and behaviour modification remain the corner-
stones of obesity management.® However, sole focus on weight loss
is not the optimal, as it fails to consider cardiorespiratory fitness
(CRF), which can, at medium to high fitness levels, attenuate the
adverse consequences of obesity on health, irrespective of body mass
index (BMI).>~7 Growing evidence suggests that improved CRF largely
neutralizes the adverse effects of increased adiposity as well as other
traditional CVD risk factors.®

Current guidelines recommend that exercise programmes for
weight loss in obesity prioritize continuous moderate intensity aerobic
exercise, and supplement this approach, where possible, with resis-
tance training.”*° However, multiple exercise modalities, with varying
intensities, feature in the obesity literature and data identifying the
relative effect of the different exercise interventions on CRF, body

.11 Sev-

composition and metabolic health are somewhat inconsisten
eral randomized controlled trials (RCTs) and systematic reviews report
improvements in maximal oxygen uptake (VOypay, Waist circumfer-
ence (WC) and BMI with aerobic and/or combined training,*~1?
whereas improvements in VO,ax and in some cases decreased BMI
and blood pressure are similarly reported by applying resistance train-
ing alone 1618-23

It is difficult in this context to determine the superiority of the
different exercise interventions using only individual RCTs or even
pairwise meta-analysis, as often these studies were designed to
compare one or more exercise interventions with data from
nonexercising control groups and therefore cannot discriminate
between exercise modalities, making it difficult to draw firm
conclusions.

Also called mixed treatments comparison or multiple treatments
comparison meta-analysis, network meta-analysis (NMA) expands the
scope of a conventional pairwise analysis by analysing simultaneously
both the direct and the indirect evidence from different studies, all-
owing for estimation of the relative effectiveness among all interven-
tions and rank ordering of the interventions, even where two
interventions comparisons are lacking.2

To date, no systematic review has pooled the effects of different
training modalities on outcomes of anthropometry, CRF and car-
diometabolic risk factors, focusing exclusively on adults living with
obesity and including only RCTs where exercise is the only interven-
tion being investigated. Therefore, this study aimed to conduct a
NMA of RCTs to (i) assess the comparative efficacy of different exer-
cise types and their intensities on anthropometry, fitness and other
metabolic markers in adults living with obesity and (ii) establish a hier-

archy of these exercise interventions.

2 | METHODS AND ANALYSIS

21 | Registration

This systematic review and NMA is reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.?® The study protocol was registered (registration
number: CRD4201811373) with the International Prospective Regis-
ter of Systematic Reviews (PROSPERO).

2.2 | Search strategy

Five electronic databases (PubMed, EMBASE, Cochrane Central Reg-
ister of Controlled Trials [CENTRAL], Cumulative Index to Nursing
and Allied Health Literature [CINAHL] and Sport Discus) were
searched. The search strategy was constructed around the PICOS
tool: (P) Population: adults living with obesity; (I) Intervention: exer-
cise; (C) Comparator: other exercise modality or no exercise control;
(O) Outcomes: anthropometry, CRF and cardiovascular risk factors
and (S) Study type: RCTs. A complete list of the search terms is avail-
able in the additional materials section (Table S1). In addition to the
databases, the reference lists of included articles were scanned for
articles that met the inclusion criteria.

2.3 | Eligibility criteria

RCTs published in scientific peer reviewed papers, written in English
and from the past 30 years (January 1998 to November 2019) were
included (conference abstracts, reports and theses were excluded).
Adult-based studies were defined by a study population aged
between 218 years and <65 years and obesity was defined as a
BMI > 30 kg m~2 or body fat > 30% in women and >25% in men. Arti-
cles where the population was reported to be taking medication
directed at excess weight or had a diagnosed pathology (e.g., type
2 diabetes) were excluded. Outcomes of interest included anthropom-
etry (body weight [BW], BMI, percentage body fat [%BF], WC), CRF
as measured by maximal oxygen uptake (VO,n..) and risk factors
associated with the metabolic syndrome (systolic and diastolic blood
pressure [BP], total high-density lipoprotein [HDL] cholesterol, triglyc-
erides (TG) and fasting blood glucose [FBG]).

24 | Exercise categories
Seven categories were used to classify the exercise interventions for
the included RCTs:

1. Aerobic exercise; vigorous intensity (AE-V)

2. Aerobic exercise; moderate intensity (AE-M)

3. Resistance training; high load (R-Hl)

4. Resistance training; low-to-moderate load (R-LM)
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5. Combined high; vigorous intensity aerobic/high-load resistance
(COM-HI)

6. Combined low-moderate; moderate intensity aerobic/low-to-
moderate load resistance (COM-LM)

7. No exercise (control group)

Each category was devised using the frequency, intensity, time
and type (F.LT.T.) principle of exercise prescription and the ACSM's
estimates of cardiorespiratory and resistance exercise intensity.?® Vig-
orous aerobic exercise intensity was defined as >65% VO, Or
>65% HRR or >75% HR.x and moderate as 45-65% VOonay OF
50-65% HRR or >65-75% HR,.,x. High-load resistance training was
defined as >75% of the one repetition max (1RM) and moderate as
50-75% 1RM. A detailed definition of each exercise category is pro-
vided in Table 1.

2.5 | Study selection

Endnote X8 literature management software was used to manage the
literature search records. The selection process consisted of three
phases. In the initial phase, three reviewers independently screened
the yielded articles based on title. In the case of doubt, the articles
were included in the abstract review phase. In Phase 2, all articles
selected from the initial phase were reviewed by abstract and
assessed for eligibility by two independent reviewers. Any disagree-
ments were resolved by discussion between reviewers and consulta-
tion with a third party from the review team. In the final phase, the
remaining articles were fully reviewed by the same two independent
reviewers that reviewed abstracts, using the predetermined inclusion
criteria. Any disagreements between reviewers in this phase were

again resolved by discussion within the wider team.

2.6 | Data extraction

A nine-item, standardized and prepiloted data extraction form was
used to record data from the included studies under the following
headings: (i) author, (ii) year of publication, (iii) country, (iv) study
period, (v) sample size, (vi) mean age, (vii) mean baseline, (viii) follow-
up BW, BMI, %BF, WC, BP, HDL, TG, FBG and VO,,.x and (ix) details
of the exercise intervention. Data were recorded for each exercise

intervention using the F.L.T.T.

2.7 | Risk of bias of individual studies

Two authors (G.O. and C.C.) independently assessed the risk of bias
(ROB), in accordance with the Cochrane Handbook version 5.1.0 tool
for assessing ROB in RCTs.2” The following seven domains were con-
sidered: (i) randomized sequence generation, (ii) treatment allocation
concealment, blinding of (iii) participants and (iv) personnel,

(v) incomplete outcome data, (vi) selective reporting and (vii) other

TABLE 1 Definition of the exercise training interventions using
the F.L.T.T. principle

Type of exercise Abbreviation  Definition

Frequency: 3-5 times per
week, each session lasting
30-60 min

Intensity: >65% VO .y OF
>65% HRR or >75%
HRI’“BX

Aerobic; vigorous AE-V
intensity

Time: 28 weeks

Type: Any mode of aerobic
only (e.g., walking, running,

cycling and swimming)
Aerobic; moderate AE-M

intensity

Frequency: 3-5 times per
week, each session lasting
30-60 min

Intensity: 45-65% VO, .y OF
>50-65% HRR or 65-75%
HR max

Time: 28 weeks

Type: Any mode of aerobic
only (e.g., walking, running,
cycling and swimming)

Resistance; high R-HI Frequency: 3 times per
load week; each session lasting
30-60 min

Intensity: Average maximum
load > 75% 1RM

Time: 28 weeks

Type: Any mode of
resistance training (e.g.,
free weights, weights
machines and resistance
bands)

Resistance; R-LM Frequency: 3 times per
low-moderate week; each session lasting
load 30-60 min

Intensity: Average maximum
load 50-75% 1RM

Time: 28 weeks

Type: Any mode of
resistance training (e.g.,
free weights, weights
machines and resistance
bands)

Combined; high
intensity

COM-HI A combination of aerobic;
vigorous intensity and

resistance; high load

Combined;
low-moderate
intensity

COM-LM A combination of aerobic;
moderate intensity and
resistance; low-moderate

intensity

Control CON No exercise

Abbreviations: F.IT.T., frequency, intensity, time and type; HR ., maxi-
mum heart rate; HRR, heart rate reserve; RM, repetition maximum;
VOsmax Maximal oxygen uptake.
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sources of bias. Trials were categorized into three levels of ROB by
the number of components for which high ROB potentially existed:
high risk (five or more), moderate risk (three or four) and low risk (two
or less). All studies would, by default, be classified as high ROB with
respect to the category ‘blinding of participants’ given it was impossi-
ble to blind participants to group assignment in exercise intervention
protocols. Therefore, this component was not included in the overall
ROB score.

2.8 | Data analysis

First, we qualitatively described included trials, their exercise interven-
tion characteristics and their relative contributions to the overall body
of evidence available. We converted outcomes to standard units and
calculated mean difference, subtracting the mean at the end of the
intervention versus baseline. End of the intervention was always at
the end of exercise participation to avoid any potential wash out. If
the standard deviation (SD) difference was missing, we calculated
using the SD formula of the difference between two means using the
following formula: .2/% + %

Omitted data (e.g., missing SDs or only p values reported), was
dealt with by using the metaeff command procedures in Stata
to calculate SMDs and 95% confidence intervals (Cls) from avail-
able data.?® When a study had multiple intervention arms and
where we defined two arms as constituting the same exercise
intervention (e.g., 30 min of continuous moderately intense aerobic
exercise versus 3 x 10-min bouts of moderately intense aerobic
exercise), the data from the intervention groups were pooled.
Where studies used the same outcome measure, we pooled mean,
SD and sample size under each of the predefined exercise catego-
ries. Regarding VO,na, When it was reported in relative terms
(ml kg™* min~Y), absolute VO,ma. Was calculated using the mean
BWs for the appropriate time points. For each exercise interven-
tion employed in a study, the absolute change in VOymay (L min~%)
was calculated, whereas the pooled SD (SDp) was calculated using
the sample size (n) and SDs from before and after in each study or
study group.??

As interventions are by definition heterogeneous and pairwise
meta-analytic estimates are usually reported in addition to the net-
work estimates,*® random effects pairwise meta-analyses were first
used to obtain pooled SMDs (with associated Cls) for weight loss,
BMI, WC, %BF and fitness, respectively, with the I? statistic used to
quantify heterogeneity. Transitivity is a key assumption of NMA and
refers to the belief that indirect comparison is a valid estimate of the
unobserved direct comparison®! and that all studies have homoge-
nous distribution of effect modifiers.>? Because duration of the exer-
cise intervention (number of weeks) had been signalled as a potential
modifier for all outcomes, we explored by pairwise meta-analyses with
duration as a covariate as to whether it modified the magnitude and
direction of the estimates. As the intervention duration did not modify
the estimates for each of the outcomes (Table S2), we proceeded
to NMA.

We used STATA software (Version 15.1) command ‘mvmeta’
to perform a multivariate NMA within a frequentist framework®® in
accordance with current PRISMA NMA guidelines.?® To allow for
between-study heterogeneity, a random effects NMA was per-
formed to calculate pooled estimates and 95% Cls. The mean dif-
ference was used as the effect estimate to analyse the results.

In addition to the pairwise meta-analysis, transitivity assumptions
were also assessed through assessment of individual studies inclusion
criteria, whether all participants in the network could have been ran-
domized to any intervention, logical inference and using consistency
models.3* Consistency, whereby the treatment effect estimated from
direct comparisons are consistent with those estimated from indirect
comparisons, was tested through the Wald test and node splitting
method.

The ‘networkplot’ function of STATA was employed to create
network plots that describe and present the geometry of the different
exercise interventions. In the plots generated, nodes represent the dif-
ferent exercise interventions and the control condition of no exercise
and lines connecting the nodes represented the direct head-to-head
comparisons between interventions. The size of each node and the
thickness of each line connecting the nodes are proportional to the
number of studies.

Intervention hierarchy was summarized and reported as a
P score.®® The P score is considered as a frequentist analogue to
surface under the cumulative ranking curve (SUCRA) values and
measures the extent of certainty that a treatment is better than
another treatment, averaged over all competing treatments. The
P score ranges from O to 1, where 1 indicates best treatment with
no uncertainty and O indicates worst treatment with no uncertainty.
While the P score or SUCRA can be usefully re-expressed as the
percentage of effectiveness or acceptability of the exercise inter-
ventions, such scores should be interpreted cautiously unless there
are actual clinically meaningful differences between interventions.®®
To check for the presence of bias due to small-scale studies, which
may lead to publication bias in NMA, a network funnel plot was
generated (Figure S8) and visually inspected using the criterion of

symmetry.s”
3 | RESULTS
3.1 | Literature selection

A total of 6663 studies were initially identified. Following review
by title and abstract, 174 studies progressed to full manuscript
review. Of these, 129 were excluded as they did not fulfil our
inclusion criteria. The remaining 45 studies were included in
this review.!3-15172138-77 The detailed process is illustrated in
Figure 1.

*References 17, 40, 45-47, 49-51, 53-58, 61, 64, 68.
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FIGURE 1 PRISMA flow
chart c
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3.2 | Characteristics of the included studies (female n = 919) were controls (no exercise). The mean length of exer-

The characteristics of the included studies are presented in Table 2.
The studies were conducted in North America (n = 16), Europe
(n = 12),f Asia (n = 9),% Australia (n = 5),'41>485960 South America
(n = 3)%92:5 and Africa (n = 1).°% A total of 3566 people with an aver-
age age of 43.3 (SD: 13.1) years, were investigated across the 45 stud-
ies. Of these, 2696 (76%) were female. Eighteen studies were women
only,* eight were men only! and the remaining 19 included both men
and women. Reported baseline demographics included mean BW
(90.5 kg [SD: 8.5]), BMI (32.3 kg m~2 [SD: 3.3]), WC (105 cm [SD:
9.3]), %BF (37.9% [SD: 6.8]) and CRF (2.46 L min~* [0.6]).

In terms of exercise categories, 622 participants (female n = 420)
were included in the AE-V category, 1212 participants (female
n = 1003) in the AE-M group, 278 participants (female n = 247) in HI-
R, 104 participants (female n = 45) in R-LM group, 107 participants
(female n = 20) in the COM-HI group and 70 participants (female
n = 42) in the COM-LM group. The remaining 1173 participants

TReferences 13, 43, 52, 53, 65, 67, 69, 72, 75-77.

*References 21, 38, 41, 44, 63, 70, 71, 73, 74.

SReferences 21, 38-41, 45, 46, 50, 51, 54-56, 64, 66, 69, 71,73, 76.
IReferences 42, 43, 47,48, 63, 70, 74, 77.

cise interventions was 20.3 weeks (SD = 13.4), ranging
from174157-60.7071 g 4 52 weeks,”0>1°434%4 with more than half
(59%) of the studies reporting exercise interventions that lasted
12 weeks in duration. The number of weekly sessions and their length
was reported in all 45 studies. The average number of sessions per
week was 3.2 (SD = 0.54), and the mean length per session was 45.4
(SD = 8.7) min. The majority of studies (82%; n = 37) prescribed three
sessions of 45-min exercise per week. Further details relating to the
interventions are reported in Table 2.

In relation to outcome measures reported, all but five
studies®1 33656 reported BW and similarly all but five reported
BM|.51:61.646573 gt of the studies (n = 23) included WC as an out-
come but less than half reported %BF (n = 19; 42%). Fitness was mea-
sured preintervention and postintervention in 25 of the 45 studies
(55.5%). In terms of other metabolic outcomes, TG and HDLs were
reported in 16 (36%) studies, FBG in 13 (29%) and systolic/diastolic
BPin 12 (27%).

#References 17, 45, 49-51, 56, 59-61, 64, 67, 68, 75.
**References 13-15, 21, 39, 43, 46-48, 52, 69, 72.
TTReferences 38, 40-42, 44, 53-55, 57, 58, 62, 63, 65, 66, 70, 71,73, 74,76, 77.



O'DONOGHUE ET AL.

6of19 | WILEY_9BESITY

dg 184% ‘DM ‘lING ‘WY31oM

o84
‘D1 “1QH ‘ssauls 1ej% ‘DM WSIDM

DM ‘IING W3

DM WSIBM

9d4 ‘OL

“1QH ‘sseull) ‘1849% ‘DM ‘IING WSIPM

1e3% ‘INg ‘WYBIBM

Ssauly ‘1e% ‘NG WYSIPM

INg ‘WSIPM

IING W31

pajiodal saanseaw awod1nQ

xew dai 9 %0071
0} xew dau GT %00T Wodj Buissaidoud i(sdas GT)
S}3S 7 S9SI049%3 [BGOI3 8 ‘UIW (9 1 _493M SAep ¢
9S1249X%d ON
J3j9wo8i9
32Ad/||lwpea.) sead COA %0S 1 _499M Uil Z6T
J1919Wo08.19
3[2Ad/|1wpeat) Yead COA %06 - H29M UlW &ET
J319wo8I9
3PAd/||lwpea.) sead COA %0S 1 _H99M ulw g/
9S1249X%d ON

1-o199M sAep € ‘ulw 09 “YHH %08-0/
1199M sAep € ‘ulw 09 “YHH %0£-09
1-199M sAep € ‘ulw 09 “¥YH %0S-0F
9s1249xa ON

1-99M shep ¢
‘UIW G ‘S9S1DU9X3 9/519S £/5dal 8 “INYT %SL-09
1-199Mm shep € tulw G **HCOA %0L-09
951249%3 ON

1-199m shep ¢ Hjead COA

9%59-09 (Suluuni/Supjjem) sdueinpus pue (sdas
Xew QT -8 JO $195 £) 92Ue3SISaU (UOISSS UIW-09
951249%d ON

(s21q0.ae-da)s) [ _Xoam sAep ¢ :ulw Og **YH

%08 8-S S}¥P9M UdY3} pue __433M shep ¢
UIW O *YH %0L-09 ‘7-T SH99M
951249%3 ON

1-199m shep € UIW 7 ((JYH %05

S 0T2) seInuiw AJaAodal 7 pue (YH %06-08
18 5 09) S|leAldUl ¥ “YYH %06 ulw 9 1 11H
951249%3 ON

1-193Mm shep ¢
“YYH %09-01 Ulw Ot ‘Sulj|em snonuiuo)
951249%3 ON

1199M shep G PPWYH %G/ -SG9 ‘UIW Of
03 dn ujwwins sINoq € ‘3uij|em JualiwIRIu|
1-1eam shep g
SCUYH %SG/£-G9 ‘Ulw Ot ‘Bubjlem snonuiuo)
951249X%d ON
("L'L'14) 9dA3 pue swiy ‘Ajsusqul ‘Aduanbaiq
UOIJUSAISIUL 351249XD JO uondLdSsp Alewwnsg

IH-d
NOD

-3V
-3V
-3V
NOD
A3V
-3V
-3V

NOD

N1-d
W-3IV
NOD

W1T-WOD
NOD

A-3IV
NOD

A3V
NOD

-3V
NOD

W-3V
-3V
NOD
A10833ed
ENRIEY e

(Te)sTe
(S1) 02T

(€9) ¥'95
(¥'9) £'95
(59) 6'£S
(6'S) T'LS
90) £'0C
) 602
) 8'TC
(080T

9
9
(90
¥0
(£0

05-G€

(§°Q) 61
(€9 T'6%

(£9)9TY
(T6) LE

) 1T6c
(£)T0e

(TTT) '6E
(901) L€

(Sé)vee
(r)1ee
(9 gve

(as)
a8e uea|p|

0/8¢/8¢
0/8/8

0/96/96
0/06/06
0/SYT/StT
0/96/96

8/¥/C1
6/€/C1
8/¥/C1
6/€/C1

62/0/6¢
8¢/0/8¢
£2/0/LT

cr/o/ct
01/0/07

0/6¢/6C
0/0¢/0¢

0/v1/¥T
(/4474 4"

0/8L/8L
0/8L/8L

0/9T/ST
0/G1/ST
0/91/ST

W/4/N
9|dwes

cl

9¢

[4%

9¢

9¢

[4%

9¢

cl

(s>29Mm)
uopeing

vsn

vsn

uemie|

puejui4

lizeig

Aaxany

vsn

lizeig

uel|

Anuno)

o € 39 suewAoud

i 1839 YNy

by 1833 INH-4IYD

o, €39 310g

2 |E 32 Sjuejuog

1yUBISIY

op 18 32 PRIV

PR CEEECIN

g¢’18 30 yspezly

Apmgs

SISAjeue 2y} Uly3m uosiiedwod 104 papodal S2INSeaW SWOJ3IN0 Y3 PUE PIsN UOIIUSAISIUL 3S1D49X3 9} Suijedipul SiSAjeue-ejaw 3}JoM3au Ul papn|aul salpn3s Jo Alewwns  z 374V1



_WI1 ]_]—:YJ7;f19

OBESITY

O'DONOGHUE ET AL.

(ssnunuo))

984 ‘D1 “1aH 1% DM ‘INgG WSIPM

ALY

ssaully ‘DM ‘IING

91 “1aH ‘ssauly ‘INg

984 ‘DL 184% ‘INg

SSaULJ “18J% ‘DM ‘IING WYSIDM

SSaUMY ‘18)% ‘lING ‘WYSIPM

SSaUMY ‘18)% ‘lING ‘WYSIPM

SSOULY 1e)% WYSIDM

g4 ‘ssaully ‘18j9% ‘WSIDM

pajiodau sainseaw swodInNo

sdal T ‘s19s 7 X S9s1249%3 [eqo|8 §
‘INYT %G/ Pue | Sj9am sAep G ‘Ulw ST *YYH %09
sdal ZT ‘s19S p X S9S1249X3 [eqOI8 G ‘INYT %S/
Supjjem 1, >99M SABP G ‘UIW OF “YUH %09
351249%3 ON

1-199M sAep ¢ ‘Ul G :[eqo|3 INHT %08-0L
9S1249XD ON

1-199Mm sAep ¢ ‘uiw 09-Gp *“YH %0L-0S
1-199m shep ¢

‘Ul 09-G1 ‘S951249x%3 eqO|3 SINYT %09

9SI2J9Xa ON

yead COA

%0L 7 >199M SAep G (W) [e2)] GZ1/(J) 189 0Z€E
yead COA

%06 ‘1 199M sAep G (W) [edX GZ1/() [B9X OTE
paquosaud Ajisuajul

ou ‘;_aam sAep G ‘(W) [e2¥ GZ17/(4) [€9X OTE

9S1249X%d ON

1-o199M SABD G lUIW G "YYH %S/-09
351049%3 ON
Alq Jo

[IWpES13 ¢ 499M SABD G ‘UIW Gl ***YH %58-0L
9SI2J9Xa ON

IWpEa13 ¢ 599M SABP G UIW T ***YH %08-0L
IWPES13 ¢ _499M SABP G ‘UIW TE **¥H %08-0L
3s1249X3 ON

[lwpessy :;_>o9M sAep G ‘ulw €9 **“YH %08-0L
[llwpea.) ;_Xo3M SAep G ‘ulwl 8 **“YH %08-0L
951249%3 ON
1-199Mm sAep ¢ ‘anoqe
SE 92Ue)SISal %G PUB SAOQE Se 2IqOJ9. %0S
1-1eam shep ¢
‘sdau QT {5395 - s951049Xa QT ‘INYT %08-S/
J1ajowosis
32A2 1, _xoam sAep ¢ ‘ulw 09-0F *“"YH %08-5/L
951249%d ON

ulw O “JH %58
03 ssa1goud | _>99M SAep ¢ ulwl O “HYH %09
951249%3 ON
(".L"L°1'd) 9dA1 pue awiy ‘Ajisusjul ‘Adusnbaly
UOIJUSAISIUL 351243XD JO uondLIdSap AJewwng

TN-WOD
TN-d
N-3IV

NOD
IH-Y
NOD

N-3IV
NT-d
NOD

A3V
-3V
-3V
NOD
-3V
NOD

A3V
NOD
A3V
A3V
NOD
A-3V
A-3V
NOD

IH-WOD
IH-Y
A3V
NOD

A-3IV
NOD

A10833ed
9s1249x3

891

9¢
€€
13
Ge
(£°9) £°09
(9°9)9°09

(S) 185
W) LS
(Le)eee
(ze)see
(re)eee
(ce)9ce
(62)9CT
(921 81C

(r'1) T9ov
(T2)L18
(LT)vsy
(9°2) 561
(7'2) €09
(S72) 829

(as)
aSe uesan

—/=/S¢
—/=/9¢
—/=/SC
—/=/1¢
0/9€/9¢€
0/v/ve

=/=/T1
=/=/11
—/=/01

81/0C/8¢
81/1¢/6€
9T/61/5€

6/6/81

0/48/L8
0/98/98

0/LTT/LTT
0/48/L8

0€/0/0€
ce/o/ce
11/0/11

0/ze/ee
0/1€/1€
0/9T/ST

cr/o/et
cr/o/et
cr/o/ct
1T/0/T1

0T/0/0T
6/0/6

W/4/N
o|dwes

¢l

(4]

[4%

9¢

4

4]

[474

[474

[4%

¢S
(QIEEIW]
uoieing

elfesysny

epeued

AN

sewusq

vsn

vsn

vsn

vsn

eljesysny

vsn
Anuno)

(ponupuo)

as71833 OH

4o[B 19 9ZIUIH

o839 BuLaH

21830 wein

1518 39 djuely

o5 [€ 3° HagNyds-193504

eqy 1832 AjUUOQ

eqy 1832 AjULOQ

o |8 39 S93U0Q

4 B39 198Usg

Apms

¢ 3ilavi



O'DONOGHUE ET AL.

8of19 | WILEY_9BESITY

ol
“1AH ‘sseulls 1.49% OM ‘IINg Y39 M

ssaully ‘D1 “1AH WYSIPM

D84 ‘ssauly ‘184% ‘NG WSIPM

D44 ‘dg ‘ssaull 1ej9% ‘OM ‘ING TSP

184% ‘DM W3IBM

o84
‘D1 “1QH ‘dg ‘sseul ‘OM ‘IINg WYSI9M

odd
‘D1 “IAH ‘dg ‘ssauly ‘DM ‘IING WSIDM

INg ‘WSIPM

SSaU ‘ING YSIOM

1e1% ‘NG W3IPM

9d4 'OL 1aH
‘dg ‘sseull) 1849 ‘OM ‘IING W39 M

dd

paniodal sainsesw awodINO

1-199M SABD € UIW G X (UIW g X CHYH
%0L ‘UIW 7 X **“YH %06) LLIH
9512J9X%3 ON

1-199M sAep G ‘UlW G “HYH %5/-09
951249%3d ON

1-199Mm sAep
‘Ui Gy Head COA %08-S/ ‘lwpealL
9s1249xa ON

ulw Qg ‘(sdad

CT ‘S19S £-) 3sI24ax® £ ‘INYT %0L Pue ajiq 1o
[llwpea.y 1, >99M sAep 1, ulw Og ““YH %08-09
951219%3 ON

1199M sAep g isda1 ZT X 39S Z {S9SIDU9XD
[BQO|S 8 pUE ;_99M SAEp # UIW O X YHH %09
951249%3 ON

1-J199M shep ¢
‘UIW 09-G7 :5951249%3 [BQO|S ‘INYT %S8-08
951249X%3 ON

1-199m sAep ¢ ‘Ul Gt Nead COA %05
1-J19dM sAep  uiw 09 Head COA %0S
1-199M shep ¢ tulw G Head COA %0L
951249X%3 ON

J1212W03I3 31242 1 _>99M sAep £

{Ulw GT = Uoljeunp [e10} sawl) 9 X AISA0D3I
ulw-g Aq pamoj|oy ‘s 9 X **HEOA 40 %0GE~
951249X%d ON

1210W0313 3|2Ad {;_X9aM shep €

{Ulw GT = uoljednp |ejo} ‘sawliy 9 X AI9A0da4
Ulw-z Ag pamojjo} ‘s 9 X **“COA JO %05E~
951249%3 ON

1-199M sAep G ‘UlW G “HYH %5/-09
ERIENENOIN|

1199M sAep G :|ed3 OOt 4NHPUAXS (£ T-GT IdY
1199M sAep G {2y 00 d4nHpuadxd ‘ZT-0T 3dY
9SI249Xd ON

sdal gT ‘s19S g X Sas124axa [eqo|8 g
INYT %GL Pue ;_>99M sAep G ‘Uulw GT “YYH %09
sdal ZT ‘S19S 1 X S951049%3 [0S G ‘INYT %S/
Supjjem £, _99M sAep G ‘ulw OF “YYH %09
951249X%3 ON
(L L°1'd) 9dA} pue awi ‘Ajisusjul ‘Adusnba.d
UOIJUDAJIDIUI 3SID49XD JO uondidsap Alewwns

A3V
NOD
-3V
NOD

A3V
NOD

WT-WOD
NOD

WT-WOD
NOD

IH-d
NOD
N-3V
-3V
A3V
NOD

A3V
NOD

NIV
NOD
-3V
NOD
A-IV
-3V
NOD

TN-WOD
IN-Y
N-3V

NOD
A10833ed
as1249x3

(6) ¥S
(6) ¥S
(99) 9'09
(£9) 509

(T9) TP
(T9T1IV

(S°G) T9v
(7'S) €51

(€T) 9Ly
(¢2) 6's1

(6'T) V'St
(82) ¢
(9°€) 9'st
(€2) S'sp
(82 Tvv
(60 16€

(ee)eee
(ee)ree

(e2)sce
(ee)1ee
(99) 9'09
(£79) 509
(6) TS
(6) 15
(6) 15

(€T) €S
(T1)2s
(¢T)8s
(8'T) 28

(as)
98e ueay

—/=/0C
—/=/0C
0/598/58
0/98/98

8/0/8
8/0/8

0€/S/S€
6¢/9/5¢

St/ct/Le
6/8/91

C/€T/ST
¢/t

€/6/C1
S/L/CT
9/9/21
€/6/C1

S/L/CT
S/L/CT

S/L/CT
S/L/CT

0/598/S8
0/98/98

0/zt/ct
0/9T/ST
0/6/6

—/=/S¢
=/=/9¢
—/=/SC
—/=/1¢
N/4/N
9|dwes

9¢

[4]

cl

cl

4

4]

91

¢l

(QIEEIN]
uoneinqg

uleds

vsn

uel|

eidoiyy3

vsn

eleysny

eljessny

epeued

epeue)

vsn

vsn

eleysny

Anuno)

(panuiuo)

co'[E 32 ZoN31poY-eoN

o'IB 32 BUBYOIN

¢’ |E 3 ISEPSEYSoN

2518 32 S1SIBUSIN

o1e 398Uy

09| 30 Sunesy|

+c 1€ 39 Buneay

5[ 39 In0qQer

> ,inoqger

oo 1B 33 UM

BB ER- VY]]

a4 32 OH

Apms

¢ 3ilavil



_WI1 ]_]—:YJ9;f19

OBESITY

O'DONOGHUE ET AL.

(ssnunuo))

1e1% ‘lINg WYSIIM

944 ‘OL 1aH
‘dg ‘ssaully 1849 ‘DM ‘ING WSIOM

dg ‘ssauny ‘DM ‘lING ‘W31

184% ‘NG ‘WSIDM

984 ‘OL “1aH
‘dg ‘sS9UMY 183% ‘DM ‘IING WSIBM

SSaUMY ‘NG WSIBM

91 1aH 184% OM ‘INg

pajodal sainseaw swodIno

1199M SAep ¢ SaSIDIOXd

[BGOI2 9 ‘NYT %08 pue ulw QT **“YH %08
1-199M sAep ¢ ‘sasioIaxd

[BGOIS 9 ‘INYT %08 Pue Ul OT **“YH %08

ESRIENCROIN|
swuwes3oud

9DUE)SISAL UIW-0E PUe 1Ok JO Ul QS
suoi3adas

|lewixew 4T -QT S39S € ‘S951049%a [eqo|3 ZT
Alq

JO [[lwpeauy _>aam sAep ¢ ‘uiw 09 **“YH %58

ENOIENEXIN]

1-19am shep
‘UIW G-QF *SaSI24aX3 [BGO|3 9 “INYT %08-0F
iq 1o peasny
>99Mm sAep G fulw GH-0€ “HYH %08-08
9S1219X%9 ON

119dm shep ¢

‘UlW Gt 's3s1219XD [eqOl8 8 [INYT %06-08
1-1eam shep ¢

‘UIW Gt 1S3S1219XD [eqO)3 8 [INYT %06-08
1199m sAep ¢ ‘uiw 09

{s9s1049Xa QT usamiaq sdas 008 :dwnd Apog

951249%3 ON

[llwpeasy ;_>3aMm sAep G :ulw Of Head COA %SL
[llwpeauy _>2aMm sAep G :ulw 8g ead COA %05
[llwpeaJ} i _399M sAep G ‘ulw T¢ Head COA %05

9SI2J9Xa ON

1939Wo03.3 3DAY/||lwpeaty
‘o199am shep G tulw £g PUCOA %0L
1912W0849 32Ad/||lwpeasy
‘199Mm shep G lulw GG PCMEOA %05
SAep G ‘ulw Gy HJOM wouy pue 03 SuiNWWo)
951219%3 ON

SH9IM 9T X ;_399M shep ¢
‘sda1 ZT-8/53195 9 :[eqo|3 INYT %0/
SH99M 9T X ;_X29m sAep ¢
‘sdal g1-8/5195 € ‘[eqo|3 INYT %0L
9S1249%d ON
("L"LI'd) 9dAy pue swn ‘Ajisusjul ‘Adusnba.q
UOIIUSAIDIUL 3S[249XD JO uodLIdSap Alewwng

IH-WOD
IH-INOD
NOD

IH-WOD
IH-d
NIV
NOD

TN-d
N-3IV
NOD

IH-d
IH-d
IH-d
NOD
A3V
-3V
-3V
NOD

A-3V
-3V
-3V
NOD

TN-Y
IN-Y
NOD
A108a3ed
9s1249X3

1) Cee
(1) cee
r1)zee

(£01)S°Th
(€oL) L'T¥
(91'9) 9'¢r

pG'S9-75

(as)
98e uean

01/0/0T
01/0/0T
01/0/0T

L/11/81
L/0T/LT
L/0T/LT
9/TT/LT

0/9¢/9¢
0/92/9¢
0/ve/ve

0/S€/5€
0/G€/S€
0/LE/LE
0/9€/9¢€

L2/6¥/9L
LC/6¥/9L
vC/6v/€L
9¢/6Y/0L

81/0C/8¢
61/0C/6€
91/61/5€

6/6/81

0/¢t/ct
0/€T/€T
0/€T/€T

W/4/N
9|dwesg

4"

[4%

9¢

9¢

91
(QIEEIN
uoneing

uel|

vsn

Axpng

AemIoN

epeue)

JJewusg

lizeig

Anuno)

o/ 18 ¥
IUBIBA-ILIB[S|OUMISYS

1|8 38 1apaouyds

.HN._m ]9 uesieg

mo._m 39 uspeisny

we._m 19 SSOY

4o 1B3238IND

99 |8 32 SSUNN

Apms

(penupuod)  z 3719VlL



O'DONOGHUE ET AL.

100729 | WILEY_9BESITY

1912w 0349 9dAd

‘;o199Mm shep € (|edx 05Z) Ulw (9) LG ““CON %0P
1919W0343 3J2Ad

‘199m sAep € {(|ea) 0ST) Ui (9) LG *HCON %01

SS9UILJ 184% ‘IING WSIDIM 9SI219X%3 ON
1-199M SAep g :S3s1219%3 3dUE)S|sal
[BGOIS pue ;_X99M Aep T ‘UIW OF ‘1 MWAZ

93 Ul paydeal AJIsualul [ewixew Mofeq %0T

SSaU DM ‘IINEG ‘WBIIM 951219X%3 ON
sAep Z X (IN-d)

92Ue)sisal pue sAep € X (IN-3V) d1qolay
1-19dM shep g

‘sdau ZT X 5195 € $951049X%2 [eqo|3 8 {NYT %08-05

1-199M sAep G ulw 09 **“YH %0L-0S

984 ‘D1 ‘d9 ‘DM ‘INg WSPeM 951219x%3 ON
1-199M SAep { ‘(panalyde

1 0¥ [13UN) AISA0DAI UIW-E ‘UIW {7 X **“COA %06
1-199M sAep {7 :A1an0d3l

aAIssed s g Y3Im juiids 3242 Ino-||le s 9 X 08

SS9UILJ 1e4% ‘IING WSIPM 3SI219x%3 ON
Alanodal

Ul X € UHM [eAIa3Ul Ul X 7 C“YH %06
JllwpeaJy Buiuuna/3upjjiem

‘1199m shep € uiw G UYH %0/

1QH ‘dg ‘ssaull) ‘DM ‘lIING WSIDM 9S[2J9X%3 ON
1199M sAep g ‘ulw G
{S9S1249%9 |eqo|3 G ‘sdau ZT-8 ‘S19S € INYT
%08 Pue ||iwpea} i _x2am Aep T (ulw Gi)

Saw {7 ‘AISA0IBI UIW-E ‘UIW { *HYH %56-06
1199M sAep ¢ ‘ulw G

{5951249X%3 |eqo|3 G ‘sdau ZT-8 ‘5195 € (INYT %08
[llwpess) :;_>29Mm sAep g {(ulw Gi7)

PISE| SaW} 7 ‘AI9A0IDI UIW-E (UIW 4 *YYH %S56-06
‘D1 “1dH ‘dg ‘ssauiy ‘DM ‘liING ‘WSIBM SSI219X3 ON
sawuwesdoid

(TIN-¥) @due)sisal ulw-gz (IN-3V) diqodae ulw-zg

1-199m shep ¢ ‘(sdai
CTT) S19S € X S9s1249X3 [BGO|3 9 ‘INYT %09-0F

3upjjem Jarem/Suluwims
L feam shep ¢ Ul G PCUYH %S/L-0F
9L “1aH 18J% ‘ING WSIPM 9S[249X3 ON
pajiodaa saunseaw swo23nO ("L'L'I'd) 2dA1 pue swn ‘Alisusiul ‘Aduanbaly
UOIJUDAJIDIUI 3SIDJ9XD JO uondidsap Alewwns

-3V
-3V
NOD

NT-WOD
NOD

TN-INOD
TN-Y
-3V

NOD

A3V
A3V
NOD

A3V
-3V
NOD

IH-INOD
IH-d
A3V
NOD

TN-WOD
IN-Y
W-3v

NOD
A1o8ajed
9s1249x3

¥9) LLE
(9°6)8CE
¥9)scy

(cT) 8
(TT) 18

(T eze
(90)eTC
(TT)eee

(L0)ze

(5T) 0T
(T ete
(T ete

(ce1) €55
(901) 28
(6) 9°6%

(9'2) 605
("0T) 625
(T'o1) 6°61
(cor) €Ly

09-5t7

(as)
98e uesa|n

0/9/9
0/L/L
0/8/8

ET/vi/Le
¥/1¢2/5¢

0t/0/01
01/0/0T
01/0/0T
01/0/01

0/81/81
0/81/81
0/81/8T

£/S/T1
G/S/0T
G/S/0T

—/=/0T
—/=/11
=/=/11
=/=/T1

0/8/8
0/8/8
0/8/8
0/8/8

N/4/N
9|dwesg

[4)

8¢

cl

(4"

9T

cl

8
(s>19am)
uoneing

‘e
9L
spuellayiaN 19 uass(197-]983y uea
Aey ¢,/ 1839 eln |
uemie| .18 39 Buas]
eulyd o/ 1839 38uU0|
AemuoN A ECETI]
AemioN 1 € 39 ploAsu)S
uel) 1/1€ 39 00s
Anuno) Apnis

(penuuod)  Z 374V1L



O'DONOGHUE ET AL.

OBESITY

—WI LEY 11 0f 19

(Continued)

TABLE 2

Summary description of exercise intervention
Frequency, intensity, time and type (F.l.T.T.)

Exercise

Mean age
(SD)

Sample

Duration
(weeks)

Outcome measures reported

category

N/F/M
8/0/8
8/0/8
8/0/8

Country

Study

Weight, BMI, %fat, fitness

No exercise
40% VO amax; 57 (8) min (350 kcal); 3 days week™%;

CON

43.3(5.4)

12

Netherlands

van Aggel-Leijssen et

AE-M

434 (6.3)
40 (6.3)

277

cycle ergometer
70% VOomax; 33 (2)

AE-V

min (350 kcal); 3 days week™%;

cycle ergometer

Note: -/-, gender not reported for specific groups.

Abbreviations: %fat, percentage body fat; 1RM, one repetition maximum; 2kmWT, 2-km walk test; AE-M, aerobic moderate intensity; AE-V, aerobic vigorous intensity; BMI, body mass index; BP, blood pressure;

COM-HI, combination of high-intensity aerobic and high-load resistance exercise; COM-LM, combination of low-moderate intensity aerobic and low-moderate load resistance exercise; CON, control group, no

exercise; FBG, fasting blood glucose; FIT, fitness; HDL, high-density lipoprotein; HITT, high-intensity interval training; HR ., heart rate maximum; HRR, heart rate reserve; R-HlI, resistance high load; R-LM, resis-

tance low-moderate load; RPE, rate of perceived exertion; TG, triglycerides; VO,, oxygen uptake; WC, waist circumference.

2Donnelly—same study but results for men and women reported separately.
PHo—same study but outcomes measures reported in two separate papers.

“Jabbour—same study but outcome measures reported in two separate papers.

dAge range for entire study sample not mean (SD).

3.3 | Results of ROB assessment

Details of the ROB assessment in each study included are provided in
Table S3. Overall, 13 articles were judged to be of low ROB,* 12 of
moderate ROB™" and the remaining 20 rated as at high ROB.'T In
terms of each ROB domain, 21 studies showed high or unclear ROB in
adequate sequence generation.** Nine studies showed low ROB in

allocation concealment?”:4%:56:59-6167-69

and 13 reported blinding of
outcome assessment.** Only 12 studies reported an intention-to-treat
analysisT with the remaining 33 studies judged as being either at high
or unclear risk of selective reporting. Finally, 14 of the 45 articles

included showed high ROB in the domain of risk of other bias.**

3.4 | Network meta-analysis

Four measures of anthropometry, BW (kg), BMI, WC (cm) and %BF,
and one of CRF (absolute maximal oxygen uptake [L min~]) were
included in the NMA. Table S4 details the pre-post data for all out-
comes included in NMA. All networks held the principles of coher-
ency, transitivity and consistency. Due to the small numbers of
studies reporting pre-post intervention levels and/or change in TG,
HDL, FBG and BP, it was not possible to include them in a NMA
(Table S5). Figure 2 illustrates NMA maps of the studies examining
the efficacy of exercise interventions on BW, BMI, WC, %BF and
CRF. The size of the nodes relates to the number of participants in
that intervention type, and the thickness of lines between interven-
tions relates to the number of studies for that comparison. Further
information relating to exercise intervention types contributing to
each NMA and the direct and indirect comparisons can be found in
Tables S6 and S7. Table 3 details the complete matrix of results, and
Table 4 ranks the exercise interventions based on their likelihood of

having the desired effect on the outcome being measured.

341 | Body weight

Thirty-four studies, with 2064 participants and six intervention cate-
gories contributed to the NMA assessing BW. Aerobic exercise (AE-V
and AE-M) contributed 37.2% of the data, resistance training (R-HI
and R-LM) 12.8%, combined training (COM-HI and COM-LM) 11.5%
and the control the remaining 38.5% (Table S6). Overall, weight loss
was minimal, with mean values ranging from —0.05 to —1.01 kg. Inter-
ventions that included an aerobic component (COM-HI: -1.01
[Cl = -2.71, —0.4]; COM-LM: —-0.83 [Cl = —2.03, —0.36]; AE-V: —0.65
[Cl = -1.08, —0.17]; and AE-M: —0.75 [CIl = —1.24, —0.26]) were more
effective in decreasing BW than control and were superior to

#References 17, 45, 49-51, 56, 59-61, 64, 67, 68, 75.

**References 13-15, 21, 39, 43, 46-48, 52, 69, 72.

TtReferences 38, 40-42, 44, 53-55, 57, 58, 62, 63, 65, 66, 70, 71, 73, 74,76, 77.
*References 21, 39-42, 44, 47, 48, 51, 54, 55, 57, 58, 62, 63, 65, 66, 70, 71, 74, 77.
$References 13, 17, 45, 46, 49, 50, 56, 61, 64, 67, 68, 72, 75.

T1References 17, 45, 48, 49, 51, 56, 59-61, 64, 67, 68.

##References 13, 38, 40, 42, 44, 46, 48, 54, 63, 65, 66, 70, 71, 77.
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high

low-to-moderate resistance

high resistance| control

low-to-moderate resistance

low to moderate resistance low combined

high combined

vigorous aerobic

low combined

low combined

high combined

FIGURE 2 Network meta-analysis maps of the studies examining the efficacy of exercise intervensions in people living with obesity on
(A) weight loss, (B) body mass index, (C) waist circumference, (D) percentage body fat and (E) fitness. The size of the nodes relates to the number
of participants in that intervention type, and the thickness of lines between the interventions relates to the number of studies for that

comparison

resistance only interventions (Table 3). Table 4 illustrates the ranking
of the exercise interventions based on their likelihood of being the
best or worst for affecting weight loss. COM-HI had the highest likeli-
hood of achieving weight loss considering both direct and indirect

comparison (P score = .83).

3.4.2 | Body massindex

Twenty-seven studies, including 1543 participants and all six exer-
cise interventions categories, contributed to this analysis. The major-
ity of the data analysed came from aerobic interventions (39.3%).
Resistance and combined training contributed 12.7% and 10.0%,
respectively (Table S5). The control group accounted the remainder
(38%). All four exercise interventions with an aerobic component
(COM-HI: =2.79 [CI = =5.95, —0.36]; COM-LM: —-1.56 [CI = -2.71,
-041]; AE-V: -0.94 [ClI = -1.72, -0.15] and AE-M: -1.76
[Cl = —2.58, —0.95]) were found to be significantly more effective in
reducing BMI than control and were superior to resistance only
interventions. Table 3 illustrates the complete matrix. COM-HI was
the best intervention in the network comparison for decreasing BMI
(P score = .85) (Table 4).

3.4.3 | Waistcircumference
Eighteen studies, including 1393 participants and five of the six exer-
cise intervention categories, were included in the NMA for

WC. Aerobic exercise interventions contributed over one third of the

data to this analysis (35.4%), as did the control group (37.5). The
remainder came from resistance (16.7%) and combined (10.4%) train-
ing programmes. No study investigated COM-HI training reported this
outcome. While all five exercise interventions reduced WC, COM-LM
(-=2.76 [Cl = —4.52, —1.00]), AE-M (-2.31 [CI = -3.61, —1.02]) and
AE-V (-2.03 [CI = -3.55, —0.52]) were superior to resistance inter-
ventions and achieved the best results compared with control
(Table 2). COM-LM (P score = 0.82) was the best exercise intervention

in the network comparison for reducing WC (Tables 3 and 4).

3.44 | Percentage body fat
Twenty studies, including 1480 participants, reported %BF and were
included in the NMA. Over 40% of the data included in the NMA was
from the control group (40.1%). Resistance and combined training
contributed 12.5% each and aerobic exercise the remaining 34.9%.
The interventions that were found to significantly reduce body
fat when compared with control were COM-HI (-2.82 [CI = —5.50,
—-0.14]), COM-LM (-2.15 [Cl = -4.06, —0.25]) and AE-M (-1.70
[CI = =3.16, —0.25]). The exercise intervention with the highest likeli-
hood (P score = 0.80) of decreasing %BF was a combination of high-
intensity aerobic and high-load resistance training (COM-HI).

3.4.5 | Cardiorespiratory fitness

Twenty-one studies with 1689 participants and all six intervention

categories contributed to the NMA assessing CRF. Aerobic exercise
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TABLE 4 Ranking of exercise interventions in order of effectiveness

Weight loss P score?® BMI P score Waist circumference
COM-HI .83 COM-HI .85 COM-LM

COM-LM .66 AE-M .78 AE-M

AE-M .65 COM-LM .69 AE-V

AE-V .55 AE-V 45 R-HI

R-HI .50 R-HI 44 R-LM

R-LM .16 R-LM 21

P score Percentage body fat P score Fitness P score

.82 COM-HI .80 COM-HI 73

.69 COM-LM .68 AE-M .64

.59 R-HI .58 AE-V .39

45 AE-M .55 COM-LM .39

42 AE-V 48 R-HI 37
R-LM 40 R-LM .18

Abbreviations: AE-M, aerobic moderate intensity; AE-V, aerobic vigorous intensity; COM-HI, combination of high-intensity aerobic and high-load resis-
tance exercise; COM-LM, combination of low-moderate intensity aerobic and low-moderate load resistance exercise; R-HI, resistance high load; R-LM,

resistance low-moderate load.

2P score ranges from O to 1, where 1 indicates best treatment with no uncertainty and O indicates worst treatment with no uncertainty.

interventions contributed the majority of data to this NMA (Table S6),
accounting for 45%. Control data contributed 37.2%, resistance train-
ing 8.9% and combined the remaining 8.9%. Although all interventions
resulted in an increase in absolute VO, .., there were no statistically
significant improvements in fitness found (Table 3). In accordance
with the P score, COM-HI was the intervention in the network com-

parison most likely to increase VO, .y (Table 4).

4 | DISCUSSION

This NMA represents the most comprehensive analysis of currently
available data regarding exercise interventions for people living with
obesity. We combined direct and indirect evidence from 45 RCTs
comparing six different intervention arms in over 3566 adults classi-
fied as having obesity. Our main findings indicate that in subjects with
a BMI 2 30 kg m™2, a combined exercise intervention consisting of
aerobic and resistance training (COM-HI or COM-LM) is the most
promising for reducing WC and %BF, as well as increasing CRF,
despite no substantial weight loss. Out of the six interventions investi-
gated, low-to-moderate load resistance training was deemed to be
the least effective. The p-score ranking revealed that, when prescrib-
ing exercise to improve body composition and fitness, COM-HI,
COM-LM and AE-M are the top three exercise intervention for this
population. Physiologically, these findings are supported, as while
there is some cross-over between the benefits of aerobic and resis-
tance training, each also contributes specifically to the body's
response to exercise. Aerobic training instigates changes in aerobic
capacity, improves lipid profiles and increases insulin sensitivity. In
addition, particularly in adults with obesity, it can lead to a decrease
leptin production, which in turn contributes to a reduction of adipose
tissue accumulation. It also increases growth hormone and
adiponectin levels, which play a role in lowering abdominal fat and cir-
culating free fatty acids.”®”? Resistance training has the potential to
change the metabolic properties of skeletal muscles. It results in an
increase in lean body mass, lowers exercise-induced oxidative stress
in the overweight and those with obesity and decreases glycated

haemoglobin levels in people with an abnormal glucose metabolism.?®

Hence, it is reasonable to suggest that both types of training together
can contribute to greater improvements in both CRF and body com-
position, and in turn, enhance overall health.

Although weight loss and by association, reduction of BMI, is
often the main goal in the treatment of obesity, our results indicate
that exercise as an independent intervention, irrespective of which
prescription, induced at best, a small reduction in weight loss (mean
weight loss ranged from —0.05 to —1.01 kg). Interventions containing
aerobic components, whether isolated or as part of a combination
training (AE-V, AE-M, COM-HI and COM-LM), were more effective
than resistance training as a single modality. These findings are similar
to those reported in previous meta-analyses exploring the effect of
isolated aerobic exercise!® and combined exercise interventions*® on
weight loss, with both authors reporting, that for weight loss, exercise
alone is not an effective therapy, a hypocaloric balance is necessary.
Hence, dietary intake is key to weight loss and exercise should be
combined with diet to optimize its effectiveness for the management
of obesity.8°

Several studies have reported %BF to be more responsive to
exercise than BW, and because body fat is the most metabolically
harmful tissue type, it may be a more meaningful measure of health
change for evaluating exercise interventions.®! A recent meta-analysis
reported exercise to have a significantly greater effect on mean
change in %BF (-0.39% [ClI = —-0.5, —0.3]) than on BW (-0.3 kg
[Cl = —0.5, —0.2]).582 However, the effect size reported for both out-
comes was small, and as exercise was reported as a single modality
irrespective of the mode, frequency or intensity, it is difficult to deci-
pher which specific exercise prescription/s resulted in these
changes.? Our NMA goes one step further by providing detailed
breakdown by exercise intervention type. We found that the optimal
exercise intervention for decreasing %BF is a COM-HI training pro-
gramme. This intervention resulted in a much greater reduction in %
BF (-2.15 [Cl = —4.0%, —0.3%]) than previously reported by Kim
et al.®2 and was shown to be significantly more effective than either
isolated aerobic or resistance training.

Beyond total body fat, abdominal adiposity is independently
associated with all-cause mortality and is recognized as a better pre-

dictor of obesity-related conditions than either BW or BM|.83-85
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WC is often used as a surrogate marker of abdominal fat mass, as
changes in WC are associated with changes in intra-abdominal fat
and in turn changes in health risk profile.®* Findings from a large
meta-regression analysis exploring WC as a predictor of CVD
reported an increase of 1 cm in WC resulted in a 2% increase in
CVD risk.2* Using these findings in reverse and the fact that even
modest reductions in WC (<2 cm) confer improvements in all meta-
bolic risk factors,® it is evident from this NMA that COM-LM exer-
cise was most effective when it came to reducing WC and this is
associated with a 5.5% decrease in CVD risk, followed by AE-V and
AE-M with a 4.5% and 4% decrease, respectively. Furthermore,
COM-LM was more than twice as effective in changing CVD risk
compared with either low or moderate load resistance training, a

h®” and contradictory® to previously

finding that both consistent wit
published meta-analyses.

Until recently, CRF has been overlooked as a potential modifier
of the inverse association between obesity and mortality. Despite a
growing body of evidence that demonstrates that CRF exerts more
influence on morbidity and mortality than %BF and its distribution,%8
even the most recent meta-analyses investigating the effectiveness of
different exercise interventions for adults living with obesity continue
to exclusively focus on anthropometric measures to establish efficacy

or effectiveness®8?

and do not include CRF in their analyses. Others
that have included CRF as a primary outcome are not specific to
populations with obesity, do not distinguish between exercise types
and report fitness in relative terms.

Reporting a change in relative (ml kg™* min~%) as opposed to
absolute (L min~1) VO,max has been shown to hamper interpretation
of the data in studies of people with increased body mass.”® It can
result in overestimated level of fitness as any loss in body mass auto-
matically increases fitness expressed in relative terms, often without
the desired underlying metabolic changes.

Although our findings in relation to fitness were statistically insig-
nificant, all exercise interventions brought about an increase in abso-
lute VO,max Of between 7% and 15% (Table S4). Previous research
has shown an improvement in fitness of between 8% and 10% is asso-
ciated with a 12% decrease in mortality® and is comparable with a
7-cm reduction in WC.” When applying this finding to our study, we
find that while aerobic exercise (AE-V = 12.9%; AE-M = 9.2%) out-
performed both types of resistance training (R-HI = 7.4%; R-
LM = 7.2%) as a single modality, combined low high (COM-HI = 15%)
intensity training resulted in the greatest increase in fitness and con-
sequently should be considered as the preferential exercise interven-

tion to improve CRF in this population.®”

5 | STRENGTHS AND LIMITATIONS

This study has several strengths and weaknesses. The review was sys-
tematic and exhaustive. A considerable sample size of adults living
with obesity (n = 3566) were included, thus providing the power to
detect statistically significant mean differences. Only RCTs, the gold
standard for evaluating the effectiveness of an intervention, were

included. Incorporating CRF as an outcome measure in the NMA also
strengthened this study as it is regularly omitted in obesity studies
that evaluate exercise interventions, despite its importance as a pre-
dictor and correlate of all-cause mortality.

Our review shares a number of limitations with the studies on
which it is based. Although we attempted to limit heterogeneity by
using strict inclusion and exclusion criteria, study populations
differed in several respects (age, country of recruitment and ratio
of male and female participants). Despite the fact that almost all
the included studies prescribed a 3-day week™, 45-min session
(82%; n = 37), there was more variation in the duration of the
interventions. However, when included in the analysis as a
covariable, intervention duration (number of weeks) did not explain
the variance in the effect sizes for any of the outcomes included
in the NMA. Results from a previous meta-analysis reporting the
impact of exercise intervention duration’® indicates the optimal
length differs depending on the outcome being measured and ben-
eficial effectiveness is not indicated for any anthropometric, fitness
or metabolic measures until after 8 weeks of continuous training
with peak effectiveness being noted anywhere between 12 and
32 weeks. The majority of RCTs in this NMA (82%; n = 37),
reported exercise interventions = 12 weeks with the average length
being 20 weeks (SD = 13.4).

Although the majority of the included trials reported metabolic
outcome measures as baseline data (BP, TG, HDL and FBG), they did
not report them in postintervention results. Exercise is considered as
a cornerstone in the prevention and management of the metabolic
syndrome; hence, future trials need to consider these metabolic
markers as primary rather than secondary or tertiary outcomes when
designing studies.

This NMA identified missing evidence in relation to a number
of the exercise categories we included. Aerobic exercise, was, by
far, the commonly prescribed intervention, contributing more than
half (60-68%) of the intervention data to all five of the NMA's
(Table Sé). In comparison, resistance training and combined only
contributed between 12-18% and 10-18%, respectively. Conse-
quently, due to limited data for head-to-head comparisons for
some interventions (Table S7), particularly those that compared
resistance with combined training, readers should interpret with
caution these results as sparse direct evidence can make the analy-
sis less reliable.?? This highlights the necessity for further research
focusing on resistance and combined exercise interventions in this
population.”®

Finally, 20 of the 45 included RCTs recorded a high risk and
13, a moderate ROB. This remained the case when performance
bias was excluded from the global ROB rating, which was high for
all studies due to the inability to blind participants to exercise
training. Only 12 studies (27%) used an intention-to-treat analysis,
when reporting their findings, despite this being the gold standard
for RCTs. Taken together, more than 70% (n = 33) of the included
trials were judged as being at moderate to high ROB. Therefore,
the results of this present NMA should be interpreted in a conser-

vative manner.
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6 | CONCLUSIONS

Despite its limitations, this NMA provide valuable information for the
clinical application of exercise in the management of obesity. In adults
with a BMI > 30 kg m™2 exercise, as an isolated intervention,
irrespective of its prescription components, has a minimal effect on
BW. Given the comparatively limited impact on BW and BMI, more
focus should be placed on other anthropometric measures such as
WC and %BF and perhaps, even more importantly, the measurement
of CRF. Based on the most up to date and best available evidence,
results from this review suggest the optimal exercise programme to
induce the most clinically important changes in WC, %BF and CRF in
adults living with obesity is a programme of COM-HI.

7 | CLINICAL COMMENT

Going forward, it is imperative that clinicians start to prescribe exer-
cise for adults living with obesity for what it does best: promotion of
cardiovascular, respiratory, musculoskeletal and metabolic health. If
we continue to promote it as a ‘weight loss’ intervention, it is destined
to fail. Emphasizing to clients its importance in reducing %BF and
increasing CF, and what this means for their overall health, despite no
change in BW, is a move in the right direction, towards optimal exer-
cise prescription.
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