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Aim:  This  systematic  review  and  meta-analyses  of  randomised  controlled  trials  (RCTs)  investigated  the
effectiveness  of interventions  to reduce  sedentary  behaviour  amongst  people  with  overweight  or obesity.
Secondarily,  it aimed  to investigate  the  effectiveness  of  these  interventions  on  body  mass  index  (BMI),
time  spent  in  moderate-to-vigorous  physical  activity  (MVPA)  and  health-related  quality  of  life  (HRQoL).
Methods:  A  search  of six  databases  (CENTRAL,  PubMed,  Embase,  PEDro,  CINAHL  and  PsycINFO)  was
conducted  from  inception  to  July 2018.  RCTs  in  which  sedentary  behaviour  was  measured  by  accelerom-
etry  or  inclinometry,  with  participants  of any  age  with  overweight  or obesity  were  included.  Subgroup
analyses  were  undertaken  comparing  studies  that included  adults  versus  children  and  studies  with  an
active component  (e.g.,  treadmill  desk,  physically  active  breaks)  versus  no  active  component  to  their
intervention.
Results:  Nine  studies  (n = 1859)  were  included.  Compared  to the control  group,  the  interventions  sig-
nificantly  reduced  time  spent  in  sedentary  behaviour  (standardised  mean  difference  [95%  confidence
interval]  −0.33 [−0.59 to  −0.08]  overall;  −0.53  [−0.95  to −0.11]  in  adults).  Subgroup  analyses  demon-
strated that  only interventions  that  included  active  components  reduced  time  spent  in  sedentary
behaviour  (−0.54  [−0.88  to  −0.20]) and  increased  time  spent  in  MVPA  (1.29  [0.02  to 2.56]).  Subgroup  anal-
yses  demonstrated  that  interventions  only  reduced  BMI  in  studies  of children  (−0.09  [−0.18  to  −0.00])  and

in those  with  no  active  component  (−0.09  [−0.18 to −0.01]).  There  were  insufficient  data  to  investigate
the  effectiveness  of  these  interventions  on HRQoL.
Conclusions: This  novel  systematic  review  and  meta-analyses  suggests  interventions  aiming  to  effectively
reduce  objectively-measured  sedentary  behaviour  need  to specifically  include  an  active component.

© 2018  Asia  Oceania  Association  for the  Study  of  Obesity.  Published  by Elsevier  Ltd.  All  rights
reserved.
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ntroduction

According to the World Health Organization, the prevalence of
besity worldwide has tripled since 1975 [1]. Of note, more than
.9 billion adults were classified as overweight in 2016, of which,
50 million were obese [1]. In 2014–2015, 63.4% of Australian
dults were overweight, with 27.9% of these classified as obese
2]. The main causes of obesity include increased time in sedentary
ehaviour and increased intake of energy-dense, micronutrient-
oor food [3]. People with overweight or obesity are at increased
isk of chronic health conditions, including cardiovascular disease
nd type 2 diabetes mellitus [4]. Overweight or obesity are also
ssociated with significant economic costs. For example, the obe-
ity cost of overweight and obesity to Australia in 2011–2012
as estimated to be $8.6 billion (in 2014–15 dollars) [5]. Given

he detrimental health effects and economic costs associated with
verweight and obesity, as well as the association between obesity
nd sedentary behaviour, there has been increased interest on the
ffects of interventions aimed at reducing sedentary behaviour in
his population.

Sedentary behaviour is defined as any waking behaviour involv-
ng an energy expenditure of equal to or less than 1.5 metabolic
quivalents (METs) when in a sitting or reclining posture (e.g.,
itting, television viewing, computer use) [6,7]. With modern
ifestyles and advances in technology, people are spending more
ime in sedentary behaviour [8]. Previous research found that, on
verage, Australian adults spend more than 50% of waking time in
edentary behaviour [9] and more than 40% of Australian’s occu-
ations involve mostly sitting [10]. An overview of 27 systematic
eviews concluded that there is strong evidence supporting a pos-
tive association between sedentary behaviour and chronic health
onditions and all-cause mortality in the general population [11].
etrimental health effects may  be even higher in people with over-
eight or obesity, since they were found to spend more time in

edentary behaviour, when compared to those with normal-weight
12–14].

It is important to differentiate between sedentary behaviour and
hysical inactivity. Physical inactivity is characterised by inade-
uate amounts of moderate-to-vigorous intensity physical activity
MVPA) (i.e., physical activity characterised by an energy expen-
iture >3 METs) [15]. Even if people accumulate recommended
mounts of MVPA [16], and are considered physically active, they
ay also accrue large amounts of sedentary behaviour [7], which

an have a negative impact on their health [12,17]. A systematic

eview and meta-analysis examining the effectiveness of inter-
entions aimed at reducing time in sedentary behaviour amongst
dults found that increasing time spent in physical activity alone
oes not necessarily equate to a clinically meaningful reduction
 .  . .  . . . .  . . .  . . . . .  .  . . . . .  . .  .  .  . . .  . . .  . . . . . . .  .  . . .  .  . . . .  .  .  . . . . .  . . . . . . .  .  .  .  . . .  .  . .  . . . .  .  127

in time spent in sedentary behaviour [18]. Sedentary behaviour
is associated with obesity and other chronic health conditions,
independent of physical activity [9,10,12,19,20]. This highlights the
importance of targeting time spent in sedentary behaviour, as well
as physical activity, when aiming to reduce sedentary behaviour.

Different types of interventions have been used to reduce time
in sedentary behaviour; a previous systematic review suggested
interventions targeting sedentary behaviour and lifestyle interven-
tions could reduce sedentary time in the general adult population
[21]. Meta-analysis of 34 studies showed an overall reduction of
22 min/day in sedentary time favouring the intervention group
(95% confidence interval [CI] −35.8 to −8.9 min/day, p = 0.001,
I2 = 71%, n = 5868). Previous systematic reviews investigating the
effectiveness of physical activity and sedentary behaviour inter-
ventions suggest that those that include education regarding
the negative health consequences associated with sedentary
behaviour, self-monitoring behaviour (via the use of activity mon-
itors) and environmental modification (such as standing desks)
appear to be the most effective [18,22]. Considering the association
between sedentary behaviour, obesity and other health conditions,
independent of physical activity [11], interventions that aim to
reduce sedentary behaviour in people with overweight or obesity
appear highly relevant. As yet, there has not been a systematic
review of the effects of interventions aimed at reducing sedentary
behaviour in people with overweight or obesity.

Therefore, the primary aim of this systematic review and meta-
analysis is to assess the effectiveness of interventions aimed at
reducing objectively-measured sedentary behaviour (i.e., mea-
sured by accelerometry or inclinometry) amongst people with
overweight or obesity. The secondary aim is to investigate the
effects of these interventions on body mass index (BMI), time spent
in MVPA and health-related quality of life (HRQoL).

Methods

Types of studies

Randomised controlled trials (RCTs) investigating the effec-
tiveness of interventions aimed at reducing objectively-measured
sedentary behaviour in people with overweight or obesity
were included. This systematic review was  registered at
PROSPERO (https://www.crd.york.ac.uk/prospero/display record.
asp?ID=CRD42017069373).
Types of participants

This review included RCTs in which participants of any age are
overweight or obese as defined by their BMI  (in adults) or by BMI

https://www.crd.york.ac.uk/prospero/display_record.asp?ID=CRD42017069373
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J. Zabatiero et al. / Obesity Researc

ross-referenced with the World Health Organisation Growth Ref-
rence median (in children) [23]. Eligible studies with any sample
ize were included in this review. In studies with mixed cohorts
f participants with normal-weight and overweight or obesity,
he authors were contacted for data relevant to participants with
verweight or obesity. If the data requested were provided, the
tudy was also included in the review. Studies that investigated
articipants who underwent bariatric surgery, were pregnant or
iagnosed with diabetes, cancer or other known medical conditions
ere excluded.

ypes of intervention

Any intervention (or combination of interventions) aimed at
educing sedentary behaviour in people with overweight or obesity
ere included. These included, but were not limited to, educa-

ion regarding the negative health consequences associated with
itting, self-monitoring behaviour (via the use of activity mon-
tors) and environmental modification (such as standing desks)
22]. Interventions of any length were included. Due to the variety
f interventions, all characteristics of the interventions includ-
ng type, time frame, intensity, frequency, duration and attrition

ere recorded. Control groups received usual care in the form of
tandard curriculum or education regarding the negative health
onsequences associated with sitting or were waitlisted.

ypes of outcome measures

The primary outcome measure of this review was time spent in
edentary behaviour as measured by accelerometry or inclinom-
try. Studies using scales or questionnaires to measure sedentary
ehaviour were excluded. Secondary outcome measures included
MI, time spent in MVPA (measured using accelerometer or incli-
ometer) and HRQoL [15]. The decision to only include studies that
easured sedentary behaviour using accelerometers or inclinome-

ers was made because these devices can objectively differentiate
etween sedentary behaviour and physical activity [9,24], and self-
eported sedentary behaviour may  not be an accurate reflection of
verall sedentary time [25].

earch methods for identification of studies

Studies were identified by searching six electronic databases,
ublished from each database inception until July 2018: CENTRAL
the Cochrane registry of controlled trials), PubMed, Embase (via
vid), PEDro, CINAHL and PsycINFO. The search terms and strategy
sed were: #1 – overweight OR obes* OR high body mass OR high
ody mass index OR high BMI; #2 − sedentary behavi* OR seden-
ar* OR sitting OR underactiv* OR physical inactiv* OR inactiv*; #3

 #1 AND #2; #4 – acceleromet* OR, inclinomet* OR, actigraph*
R, activity monitor* OR GPS; #5 – #3 AND #4. A search of the

eference lists of accepted studies, review articles and registered
CTs was completed. Duplicates were identified and removed using
ndNote (EndNote X7.7.1). The EndNote library was  then uploaded
o Covidence (http//www.covidence.org). Two review authors (SM,
K) independently reviewed the titles and abstracts of all stud-

es identified, with any disagreement being resolved by a third
eview author (VC). Two review authors (SM, RC) then indepen-
ently reviewed the full text of all included studies and determined
he inclusion of acceptable studies. Any disagreement was resolved

y a third review author (VC). Abstracts from conference presenta-
ions and study protocols were excluded. Where necessary, authors
f potentially eligible studies were contacted regarding missing or
npublished data of participants with overweight or obesity.
inical Practice 13 (2019) 115–128 117

Data extraction and quality assessment

Three review authors (RC, KK, SM)  extracted data using a stan-
dardised form and data was assessed for accuracy by the other
four review authors (MH, VC, LN, JZ). Then, meta-analyses were
conducted by four review authors (RC, KK, VC, JZ) for primary and
secondary outcomes using Review Manager (RevMan version 5.3.
Copenhagen: the Nordic Cochrane Centre, The Cochrane Collabo-
ration 2014).

The Cochrane collaboration’s ‘seven evidence based domains’
table was used to assess the risk of bias within the included studies
[26]. Risk of bias was  assessed by three review authors (RC, SM,  KK)
and cross-checked by four review authors (MH, VC, LN, JZ). A review
of protocols of RCTs published in clinical trials registries (ANZCTR.
gov.au and ClinicalTrials.gov) was conducted to identify reporting
bias.

Data synthesis and analysis

Standardised mean difference (SMD) and 95% CI were calculated
for continuous outcomes to account for the variance in reporting for
outcomes. Where the standard deviation (SD) of the within-group
difference from baseline to post-intervention was not reported
in the included studies, it was calculated (in RevMan) based on
95% CIs. For those studies that did not report within-group dif-
ference from baseline to post-intervention, post-intervention data
were used in the meta-analysis, as long as no significant difference
between the control group and intervention group was reported at
baseline.

Clinical heterogeneity within all included trials was examined
and reported. Heterogeneity was investigated by visual assessment
of forest plots and calculation of the I2 statistic. The I2 provided
an estimate of the percentage of variability due to heterogeneity
rather than to chance alone. Heterogeneity was considered to be
substantial if I2 > 50% [26]. In the case of substantial heterogene-
ity, sensitivity analysis was  undertaken to investigate if clinical or
methodological heterogeneity were the potential causes.

Meta-analyses were conducted using the inverse variance Der-
Simonian and Laird method [27]. A random-effect model was
utilised in order to calculate summary estimates. If the studies
were shown to be homogeneous, a fixed-effect model was  used.
Subgroup analysis was  conducted to investigate possible differ-
ences in findings of RCTs that included (i) adults vs children and (ii)
interventions with an active component vs no active component.

Results

Flow of studies through the review

The initial search identified 1391 records from all databases and
no additional records were found through hand search of reference
lists of included studies. Nine RCTs were included in this systematic
review [28–36]. The study flow diagram is presented in Fig. 1.

Characteristics of studies

Characteristics of included studies are presented in Table 1. All
nine studies included participants with overweight or obesity. The
total number of participants across the nine RCTs was 2884, rang-
ing between 10 and 2221 [28–36]. However, only data from the
participants with overweight or obesity were included in the anal-

yses, with a total number of 1859 participants, ranging between
10 and 1252 in individual studies. Five studies included adults
aged between 18 and 65 years [28–32] and the other four studies
included children aged between 6 and 12 years [33–36].

http://http//www.covidence.org
http://http//www.covidence.org
http://http//www.covidence.org
http://http//www.covidence.org
http://ANZCTR.gov.au
http://ANZCTR.gov.au
http://ANZCTR.gov.au
http://ClinicalTrials.gov
http://ClinicalTrials.gov
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Table 1
Characteristics of included studies (data for participants with overweight or obesity only).

Author Participants BMI  Age Sex Intervention Control Duration of
study

Accelerometry/
inclinometry
protocol

Analysis type
and Attrition

Outcome
Measures

Time point for
data extraction

Mean  (SD) n M/F n(%)
n

Biddle et al. [28] n = 187 adults
with
overweight or
obesity with
one or more risk
factor for T2DM

I: 34.9 (4.9) I: 32.4 (5.45) I: 28/66 n = 94 n = 93 12 months Actigraph GT3X
accelerometer
worn for 10
consecutive
days during
waking hours
including
bathing
activities

ITT analysis I:
94, C: 93

ST (hours/day) 12 months

C:  34.5 (5.0) C: 33.3 (5.8) C: 31/62 Group-based
education
workshop
(single 3-h
session),
self-monitoring
device to aid
behaviour
change ‘Gruve’
MUVE 4,
motivational
phone call

Information
leaflet focusing
on education
about T2DM,
importance of
PA and reducing
SB, negative
health benefits
associated with
sitting

Attrition I:
30/94 (32%)

BMI  (kg/m2)

C:  25/93 (27%) MVPA
(min/day)

25%
non-attendance
at education
workshop

HRQoL (EQ-5D)

Carr  et al. [29] n = 49 adults
with
overweight,
working in full
time sedentary
desk dependent
occupations

I: 31.7 (4.9) I: 42.6 (8.9) I: 3/20 n = 25 n = 24 12 weeks StepWatch
activity monitor
worn for 7
consecutive
days during
waking hours

Per-protocol
analysis I: 23, C:
17

ST (min/day) 12 weeks

C:  33.2 (4.5) C: 47.6 (9.9) C: 1/16 Portable pedal
machine,
pedometer
(Omron
HJ-150),
web-based
motivation
(Walker
Tracker), no
specific
guidelines for
use of pedal
machine

Wait-list,
maintained
behaviours for
12 weeks at
which time they
were given the
option to
receive the
intervention

Attrition I: 2/25
(8%)

BMI  (kg/m2)

C:  7/24 (29%) Light intensity
PA (min/day)
Moderate
intensity
PA (min/day)
Vigorous
intensity PA
(min/day)

Carr  et al. [30] n = 60 adults
with
overweight or
obesity,
physically
inactive,
working in full
time sedentary
jobs

I: 34.5 (6.8) I: 45.2 (10.90) I: 8/19 n = 30 n = 30 16 weeks GENEActiv
original, worn
for 5 continuous
working days
during all
non-bathing
hours

Per-protocol
analysis I: 27, C:
27

ST (%
occupational
work day)

16 weeks

C:  33.0 (5.6) C: 45.0 (10.70) C: 8/19 Portable seated
under-desk,
elliptical
machine
(activeLife
Trainer), iPod
Touch tracker,
pedalling goal
sheet
(progressed
from
30 min/day to
80 min/day at
week 16)

Equivalent
protocol to
what the
intervention
group received
(ergonomic
workstation
optimization
intervention,
emails
prompting rest
breaks and
posture
variation) but
no active work
station

Attrition I: 3/30
(10%)

Light intensity
PA (% work day)

C: 3/30 (10%) Moderate
intensity
PA (% work day)
Vigorous
intensity PA (%
work day)
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Schuna et al.
[31]

n = 41 adults
with
overweight or
obesity office
workers, whose
job descriptions
required
continuous desk
work

I: 36.1 (8.7) I: 40.0 (9.5) I: 0/21 n = 21 n = 20 3 months ActiGraph
GT3X+
accelerometer
worn for at least
4 working days
(weekdays) for
24 h

Per-protocol
analysis I: 15, C:
16

ST (min/h) 3 months

C:  35.6 (8.2) C: 40.3 (10.9) C: 1/19 Shared-
treadmill desk
intervention,
90 min/day
(2 × 45 min
sessions),
automated
reminder for
participants
10 min  prior to
their scheduled
session

No formal
intervention
(usual working
conditions)

Attrition I: 6/21
(29%)

BMI  (kg/m2)

C: 4/20 (20%) MVPA (min/h)

Judice  et al. [32] n = 10 adults
with
overweight or
obesity,
employed in a
full-time
academic or
administrative
role that
involved greater
than 7 h/day
computer-based
work

Cross-over
design: 32.6
(5.5)

Cross-over
design: 50.4
(11.5)

Cross-over
design: 5/5

n = 10 n = 10 2 weeks (1 week
intervention
and 1 week
control)

ActivPAL Paired analysis
(as it was a
cross-over RCT)

Sitting time
(hours/day)

Post I (7 days)

Workplace
intervention to
reduce sitting
time. A software
program
(Workrave,
GitHub) gave
hourly alerts to
break-up
sitting-time for
approximately
7 min through
taking part in
walking. Step
goal-setting was
also used.

Participants
were told to
maintain their
habitual
physical activity
levels and
sedentary
patterns in both
working and
non-working
hours

Professional
worn 24 h per
day for 7 days

Attrition Standing-time
(hours/day)

All participants
completed the
study

Stepping time
(hours/day)

Grydeland  et al.
[33]a

n = 96 11-year-old
adolescents

I: 23.6 (1.8) I: 11.2 (0.3) I: 6/20 n = 28 n = 68 20 months Actigraph
7164/GT1M
worn for 5
consecutive
days during all
non-bathing
waking hours
(data from the
first day not
included)

Per-protocol
analysis I: 26, C:
67

ST (min/day) Post I (20
months)

C:  23.0 (2.1) C: 11.2 (0.3) C: 31/36 School-based
intervention
(HEIA study)
consisting of
class
components
(pedometer,
10-min PA
break weekly),
parent
education,
activity box

Normal
curriculum,
wore
accelerometers

Attrition BMI  (kg/m2)
Reports high
dropout and not
enough valid
accelerometry
data across the
full cohort of
participants
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Table 1 (Continued)

Author Participants BMI  Age Sex Intervention Control Duration of
study

Accelerometry/
inclinometry
protocol

Analysis type
and Attrition

Outcome
Measures

Time point for
data extraction

Mean  (SD) n M/F n(%)
n

Kipping et al.
[34]a

n = 2221 8–9
year-old
children in year
4

Not provided by
authors

I: 9.5 (0.3) I: 544/520 n = 1064 n = 1157 Not reported in
detail –
delivered
during school
year 5

Actigraph
GT3X+
accelerometer
worn for 5 days
(3 week day, 2
weekend)
during all
non-bathing
hours

ITT analysis ST (min/day) Post I (end of
year 5)

C:  9.5 (0.3) C: 549/608 School-based
intervention
(active for Life
Year 5)
including 16
lessons, 10
parent–child
interactive
homework
activities

Normal
curriculum

ST I: 603, C:649 BMI (z-score)
BMI  I: 880,
C:953

MVPA
(min/day)

Serra-Paya  et al.
[35]

n = 113 6–12
year-old
children with
overweight or
obesity engaged
in low levels of
activity
( <2 h/week of
outside of
school hours)

I: 25.22 (3.35) I: 10.1 (1.98) Not provided by
authors

n = 54 n = 59 8 months ActiGraph
GT3X+
accelerometer
worn for 8
consecutive
days during
waking hours

ITT analysis I:
54, C: 59

ST (% awake
time)

8 months

C:  24.65 (3.18) C: 9.73 (1.97) Family-based
multi-
component
behavioural
intervention
(Nereu
Program),
including 90 1-h
PA sessions (3
per week) and
60 min
counselling
sessions (one
per week for
60 min)

Usual advice
from
Pediatrician on
healthy eating
and PA

Attrition I:
10/54 (19%)

BMI  (sd)

C: 14/59 (24%) MVPA (% awake
time)
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Wafa et al. [36] n = 107 7–11
year-old
children with
obesity, with at
least one parent
who  perceived
their child’s
weight as a
problem

I: 27.6 (3.4) I: 9.7 (1.4) I: 28/24 n = 52 n = 55 26 weeks CSA/MTI GT1 M
accelerometer
worn for 5 days
during waking
hours

Per-protocol
analysis I: 34, C:
45

ST (% monitored
daytime)

6 months

C:  28.0 (7.0) C: 9.9 (1.6) C: 26/29 Group-based
intervention
aiming to
change child’s
SB, PA and diet.
Largely lead by
a  dietician,
including 8
sessions, total of
8  contact hours

Wait-list, did
not receive
treatment until
at least 6
months had
elapsed after
the study had
ended

Attrition I:
18/52 (35%)

BMI  (z-score)

C: 9/55 (16%) MVPA (%
monitored
daytime)
HRQoL (Peds
QL)

BMI, body mass index; BMI  (sd), BMI  standard deviation according to lambda-mu-sigma (LMS) method for constructing normalised growth standards; C, control group; ED 5Q, EuroQol 5 Dimensions; HEIA, health in adolescents
study;  HRQoL, health-related quality of life; I, intervention group; ITT, intention to treat; MVPA, moderate-to-vigorous intensity physical activity; n, number of participants; PA, physical activity; Peds QL, Pediatric Quality of Life
Inventory; SB, sedentary behaviour; SD, standard deviation; ST, sedentary time; T2DM, type 2 diabetes mellitus.

a Data provided by authors.
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Fig. 1. Stud

The interventions varied across the nine studies included in this
eview. Intervention groups were provided with active components
uch as a treadmill desk [31], portable pedal machine [29], seated
nder desk elliptical machine [30], physical activity sessions [35],
hysical activity break/activity box [32,33], whereas three stud-

es focused on an educational intervention and encouragement to
ecrease time spent in sedentary behaviour (without including an
ctive component to the intervention) [28,34,36]. Control groups
eceived no formal intervention (i.e., maintained their normal
ehaviours for the duration of the intervention [31,32], received
ormal curriculum [33,34], wait-list control [29,36], equivalent
rotocol to what the intervention group received except for active
omponent [30]), usual advice from pediatrician on healthy eat-
ng and physical activity [35] or information leaflet regarding the
egative health benefits associated with sitting [28]. The duration
f interventions varied between 2 weeks and 12 months, and total
osages of intervention between a single 3-h group session to 90
ne-hour sessions.

isk of bias in included studies

A summary of the risk of bias across the included studies
s shown in Fig. 2. Eight studies were assessed as having low
isk of selection bias (randomisation) [28–30,32–36]. Five studies
eported adequate allocation concealment (low risk of selection
ias) [29,32,34–36]. The other four studies did not explicitly state
he method of the allocation concealment (unclear risk on alloca-
ion concealment) [28,30,31,33]. All included studies were assessed
s having a high risk of performance bias (no blinding of partici-

ants and personnel).

In five studies outcome assessors were blinded to group allo-
ation (low risk of performance bias) [29,30,34–36]. Two  studies
escribed the outcome assessors were not blinded (high risk of
 diagram.

performance bias) [28,33], and two studies did not report sufficient
information on blinding outcome assessors (unclear risk of perfor-
mance bias) [31,32]. Six studies were assessed as having low risk of
attrition bias [29–32,34,35], whereas three studies were assessed
as having high risk of attrition bias, due to (i) high dropout rates
[28]; (ii) no intention to treat analysis, without clear description of
missing data [33]; and (iii) having the primary outcome measured
in 34/52 (65%) in the experimental group and 46/55 (84%) in the
control group, which was  not balanced between groups, and the
lack of intention to treat analysis [36].

Four studies were assessed as having low risk of selective report-
ing bias [29,30,32,34] whereas two studies were assessed as having
high risk of reporting bias [28,35]. Three studies were not able to
be assessed because of insufficient information provided regarding
reporting bias [31,33,36]. Five studies revealed a high risk of other
bias that included a control group starting six months later due to
(i) being on a waiting list (could have been affected by a waiting list
effect) [36]; (ii) poor adherence to the intervention (51% of adher-
ence) [35]; and (iii) attention bias towards the treatment group
[28,29,31]. The remaining four studies were evaluated as either
having a low risk of other bias [30,32,34] or having an unclear risk
since insufficient information was provided [33].

Effect of interventions

Outcome: time spent in sedentary behaviour
Based on pooled data from the nine included studies, overall,

time spent in sedentary behaviour was  significantly reduced in the
intervention group when compared to the control group (SMD [95%

CI] −0.33 [−0.59 to −0.08]) (Fig. 3).

Adults vs children. Pooled data of the five studies that investigated
time spent in sedentary behaviour in adults who are overweight
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all, time spent in MVPA was not different between the intervention
ig. 2. Risk of bias summary: review authors’ judgement about each risk of bias
tem  for each included study.

r obese [28–32] demonstrated that, on completion of interven-
ion, time spent in sedentary behaviour was significantly reduced
n the intervention group when compared to the control group
SMD [95% CI] −0.53 [−0.95 to −0.11], I2 62%) (Fig. 3A). Substan-
ial heterogeneity was observed in the subgroup of studies that
ncluded adults (I2 = 62%). Sensitivity analysis was therefore under-
aken excluding the study by Biddle et al. [28] which was  the only
tudy in adults in which the intervention did not include an active
omponent. Further, 24% of participants allocated to the interven-
ion group did not attend the structured education workshop and a
igh attrition rate at 12 months was reported (32% attrition in the

ntervention group). The exclusion of the study by Biddle et al. [28]
ielded a more favourable point estimate for the reduction in time
pent in sedentary behaviour in adults that received interventions

SMD [95% CI] −0.71 [−1.05 to −0.37]), without substantial het-
rogeneity (I2 = 0%), based on data from the remaining four studies
29–32].
inical Practice 13 (2019) 115–128 123

Pooled data of the four studies that investigated time spent
in sedentary behaviour in children who are overweight or obese
[33–36] demonstrated that, on completion of intervention, there
was no significant difference between the intervention and con-
trol groups (SMD [95% CI] −0.19 [−0.54 to 0.16]) with substantial
heterogeneity (I2 = 78%) (Fig. 3A). Due to significant methodologi-
cal differences across the four studies, sensitivity analysis was not
undertaken.

Active component vs no active component. Pooled data from the
six studies that included interventions with an active component
[29–33,35] demonstrated that, on completion of intervention, time
spent in sedentary behaviour was  significantly reduced in the inter-
vention group when compared to the control group (SMD [95% CI]
−0.54 [−0.88 to −0.20], I2 = 52%) (Fig. 3B). Due to substantial hetero-
geneity in the subgroup of studies that included interventions with
an active component, sensitivity analysis was undertaken exclud-
ing the study by Grydeland et al. [33], for which the intervention
components predominantly targeted increasing overall MVPA to
reduce sedentary behaviour. The exclusion of the study by Schuna
et al. [31] resulted in a more favourable point estimate for the
reduction in time spent in sedentary behaviour in the intervention
group (SMD [95% CI] −0.69 [−0.94 to −0.43]), without substan-
tial heterogeneity (I2 = 0%), based on data from the remaining five
studies [29–32,35]. Pooled data of the three studies that included
interventions without an active component [28,34,36] demon-
strated that, at completion of intervention, there was no significant
difference between groups (SMD [95% CI] 0.00 [−0.11 to 0.12])
(Fig. 3B).

Outcome: body mass index
Based on pooled data from seven studies [28,29,31,33–36], over-

all, BMI  was  significantly reduced in the intervention group when
compared to the control group (SMD [95% CI] −0.09 [−0.17 to
−0.01], I2 = 0%) (Fig. 4).

Adults vs children. Pooled data of the three studies that inves-
tigated BMI  in adults who are overweight or obese [28,29,31]
demonstrated that, on completion of intervention, there was no
significant difference between the intervention and control groups
(SMD [95% CI] −0.07 [−0.32 to 0.17], I2 = 28%) (Fig. 4A). Pooled
data of the four studies that investigated BMI  in children who are
overweight or obese [33–36] demonstrated that, on completion of
intervention, there was a significant reduction in BMI  in the group
that received intervention, without substantial heterogeneity (SMD
[95% CI] −0.09 [−0.18 to −0.00], I2 = 0%) (Fig. 4A).

Active component vs no active component. Pooled data from the four
studies that investigated BMI  and included interventions with an
active component [29,31,33,35], demonstrated that, on comple-
tion of intervention, there was  no significant difference between
the intervention and control groups (SMD [95% CI] −0.07 [−0.31 to
0.18], I2 = 39%) (Fig. 4B). Pooled data of the three studies that investi-
gated BMI  and included interventions without an active component
[28,34,36] demonstrated that, at completion of intervention, there
was a significant reduction in BMI  in the group that received inter-
vention, without substantial heterogeneity (SMD [95% CI] −0.09
[−0.18 to −0.01], I2 = 0%) (Fig. 4B).

Outcome: time spent in moderate-to-vigorous physical activity
Based on pooled data from five studies [28,31,32,35,36], over-
group and the control group (SMD [95% CI] 0.72 [−0.02 to 1.47],
I2 = 91%). This high heterogeneity may  have occurred due to strong
positive results of the studies by Judice et al. [32] and Serra-Paya
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ig. 3. Forest plot of comparison: effect of intervention on time spent in sedenta
omponent.

t al. [35] (Supplementary material – Fig. S1) and clear method-
logical differences between these studies and the other three
tudies [28,31,36]. Subgroup analysis did not demonstrate differ-
nces between adults vs children (Supplementary material – Fig.
1). However, subgroup analysis of interventions with active vs no
ctive component demonstrated that, on completion of interven-
ion with active components, time spent in MVPA was significantly
ncreased in the intervention group when compared to the control
roup (SMD [95% CI] 1.29 [0.02 to 2.56]) with substantial hetero-
eneity (I2 = 89%) (Supplementary material – Fig. S2). Sensitivity

nalyses were undertaken omitting one of the three studies at a
ime, with substantial heterogeneity (86 ≤ I2 ≤ 94) maintained for
ll combinations of two studies.
haviour overall, for (A) adults vs children and (B) active component vs no active

Outcome: health-related quality of life
Meta-analysis was not undertaken for this outcome as only

two studies reported HRQoL, using different questionnaires (the
EuroQol 5 Dimensions [28] and the Pediatric Quality of Life Inven-
tory [36]). One of these studies included adults [28] and the other
included children [36]. There was no statistically significant differ-
ence in HRQoL between the intervention and control groups in any
of the two studies (SMD [95% CI] −0.09 [−0.38 to 0.19] [28]; SMD
[95% CI] 0.44 [−0.01 to 0.89] [36]).
Discussion

Nine RCTs have been included in this systematic review with
a total of 1859 participants with overweight or obesity. The
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Fig. 4. Forest plot of comparison: effect of intervention on body-mass index o

eta-analyses demonstrated that interventions aimed at reducing
edentary behaviour are, overall, effective at reducing time spent
n sedentary behaviour (SMD [95% CI] −0.33 [−0.59 to −0.08]) and
MI  (SMD [95% CI] = −0.09 [−0.17 to −0.01]) in people with over-
eight or obesity. Overall, there was no statistically significant
ifference between intervention and control groups in time spent in
VPA. There were insufficient data to investigate the effectiveness

f these interventions on HRQoL.
Even though the types of intervention, duration of the inter-

ention, and time points at which outcome measures were
ssessed varied amongst studies, pooled analyses demonstrated
hat interventions were effective at reducing objectively-measured
edentary behaviour. This finding is supported by previous system-
tic reviews that suggested sedentary behaviour interventions can
e effective at reducing the amount of time adults spend seden-
ary [18,21,37]. However, these reviews did not focus on people

ith overweight or obesity, and included studies that used sub-

ective measures of sedentary time, which can result in inaccurate
stimates of time spent in sedentary behaviour [25]. However, sub-
roup and sensitivity analyses revealed that the effectiveness of
, for (A) adults vs children and (B) active component vs no active component.

such interventions rely on the inclusion of an active component.
That is, analysis of the subgroup of studies that included an active
component as part of their intervention (four studies in adults
[29–32] and two  studies in children [33,35]), demonstrated that
participants that underwent interventions with an active compo-
nent significantly reduced their time spent in sedentary behaviour
compared to a control group. Conversely, participants that under-
went interventions with no active component did not reduce
their time spent in sedentary behaviour compared to a control
group. These findings suggest that interventions based on edu-
cation alone are not effective at changing sedentary behaviour.
As proposed in one of the included RCTs [28], education alone
as an intervention may  not be sufficient to reduce time spent in
sedentary behaviour, and an environmental modification may  be
required. Environmental modifications such as computer locking
software, treadmill desk or under desk elliptical/pedal machine

may  maximise opportunity (prompt/make the behaviour possible)
and influence motivation to limit or restrict sedentary behaviour
[22]. Michie et al. [38] proposed that three essential conditions
including capability, opportunity and motivation are required for
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ehaviour change interventions. Interventions with an active com-
onent (i.e., treadmill desk, pedal machine, physical activity breaks)
ot only provide the idea to move, but also make the activity
ccessible (opportunity) and visible (motivation), whereas educat-
ng participants about the importance of decreasing time spent
n sedentary behaviour does not necessarily provide them with
pportunity and motivation.

Heterogeneity for interventions that included an active compo-
ent may  be explained by the fact that the intervention components

n the study by Grydeland et al. [33] predominantly targeted
ncreasing overall physical activity to reduce sedentary behaviour
plus dietary advice). A systematic review and meta-analysis has
hown that interventions focusing on physical activity or those
ncluding both a physical activity and sedentary behaviour compo-
ent, resulted in smaller reductions in sedentary time in adults [18].
nother review found that interventions combining an increase of
hysical activity with a reduction in sedentary behaviour, when
ompared with studies just focussing on reducing time spent in
edentary behaviour did not reduce sedentary time in adults [21].
hese findings highlight the importance of increasing knowledge
egarding the difference between sedentary behaviour and phys-
cal inactivity and the detrimental health effects associated with
ncreased time spent in sedentary behaviour [21]. Consistent with
revious systematic reviews [18,21], the findings of this study
uggest that strategies specifically focused on reducing sedentary
ehaviours should be used in order to effectively decrease time
pent sedentary.

In addition to reducing sedentary time, interventions aimed
t reducing sedentary behaviour were effective at reducing BMI
n people with overweight or obesity. However, subgroup analy-
is demonstrated that this effect is mainly seen in children with
verweight or obesity. This may  be because studies that included
hildren conducted multi-component behavioural interventions,
ocusing on not only decreasing sedentary time, but also changing
heir diet and encouraging them to increase their physical activ-
ty levels, while those studies including adults were focused on
educing time spent in sedentary behaviour. Azevedo et al. [39]
onducted a systematic review and meta-analysis investigating the
ffectiveness of sedentary behaviour interventions for reducing
ody mass index amongst children and adolescents. Their find-

ngs indicated that multi-component interventions, which targeted
edentary behaviours and other behaviours (e.g., diet and physical
ctivity) appear to favour BMI  reduction. Additionally, studies that
ncluded children also employed involvement of children’s family
nd teachers as a key strategy. Of note, children’s diet and time
pent in physical activity and sedentary behaviours is highly con-
rolled by their parents or carers. Therefore, the fact that children

ay  lose weight in response to such interventions is likely due to
he high level of influence adults have on children’s diet and activity
evels, thereby leading to behaviour change [40]. Previous studies
ighlighted parent’s influential role in supporting and managing
hildren’s behaviours, and the importance of having parents and
arers as targets in interventions [41,42]. The finding that inter-
entions with an active component did not significantly reduce BMI
espite a reduction in sedentary behaviour and increase in MVPA
as somewhat unexpected. A possible rationale could be that the

eduction in sedentary behaviour and increase in MVPA may  be
ssociated with small changes in body composition (i.e., increase
n lean body mass and decrease in fat mass) that are not reflected by
ignificant change in body weight, and consequently no significant
hange in BMI  [43,44].

There was no overall difference in time spent in MVPA between

ntervention and control groups. This finding may  be explained
y the fact that studies included in this systematic review were
imed at reducing sedentary behaviour. Previous work has shown
hat time spent in sedentary behaviour is mostly replaced by more
inical Practice 13 (2019) 115–128

time performing light-intensity physical activities (e.g., standing,
walking slowly and doing light house chores), rather than MVPA
[45,46]. Two  studies [29,30] included portable under-desk pedal
or elliptical machine as the active component in the interventions.
Although pedalling activity may  not be accurately measured due
to accelerometer placement (e.g., accelerometer wore on the hip),
these studies used ankle-worn devices with superior ability for
detecting pedalling time when compare to hip-worn accelerome-
ters. The effectiveness of numerous physical activity interventions
to increase MVPA has been previously established [47,48]. Although
substantial heterogeneity was  found, the subgroup analysis of the
current review, supports the previous studies findings by demon-
strating that interventions with active components increased time
spent in MVPA. Our findings also reinforce that increasing time
spent in MVPA and reducing time spent in sedentary behaviour
must be treated as separate, however, complementary aims of
interventions.

Meta-analysis was  not undertaken for HRQoL as only two  stud-
ies reported HRQoL data, one in children [36] and one in adults
[28]. There studies used different questionnaires to assess HRQoL
and there was insufficient data to draw a conclusion. Health-related
quality of life can be broadly divided into two  main components,
related to psychosocial and physical health aspects. The impact
of prolonged time spent in sedentary behaviour on psychosocial
health remains less clear than its impact on physical health out-
comes [49]. Sedentary behaviour, defined as higher amounts of
prolonged sitting for greater than 8 h/day, has been shown to be
associated with poorer self-rated health in adults [50] and may
negatively impact HRQoL, particularly the physical health aspects
[51]. Further, an Australian study that included adolescents, found
an inverse relationship between HRQoL and time spent using
screen-based media [52]. These findings highlight the importance
of further research into the impact of prolonged time spent in
sedentary behaviour and interventions aimed at reducing time
spent in sedentary behaviour on HRQoL.

Strengths and limitations

This is the first systematic review to assess the effectiveness
of interventions aimed at reducing sedentary behaviour in peo-
ple with overweight or obesity. Other key strengths of the current
review are the use of a comprehensive search strategy across six
databases [53] and the inclusion of RCTs only. Additionally, only
studies that measured sedentary behaviour and MVPA using objec-
tive measures (i.e., accelerometry or inclinometry) were included
in this review. Objective measures have been shown to be more
accurate in estimating time spent in sedentary behaviour and
MVPA when compared to subjective measures (e.g., scales and
questionnaires) [25]. This is of particular importance amongst peo-
ple with overweight or obesity, as adults with overweight appear
to report significantly higher vigorous physical activity on self-
reported measures when compared to accelerometry [54], and
those with obesity have been found to incorrectly classify physical
activity intensity [55].

Limitations of this review include the exclusion of four stud-
ies, despite meeting inclusion criteria, as either the authors did not
have access to the missing data that they were requested or the
authors did not reply to requests for data. Three studies included in
this review that measured time spent in MVPA were not included
in the meta-analysis of time spent in MVPA as the authors did
not respond to requests for missing data. Additionally, risk of per-

formance bias (i.e., blinding of participants and personnel) was
rated as high in all nine included studies. This is due to the obvi-
ous nature of interventions aimed at reducing sedentary behaviour
[55].
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onclusion

Interventions aimed at reducing sedentary behaviour in a non-
urgical population with overweight or obesity are effective at
educing time spent in sedentary behaviour and BMI. The find-
ngs of this review suggest that interventions aimed at reducing
edentary behaviour need to specifically include an active compo-
ent such as a treadmill desk, under desk elliptical/pedal machine
r environmental modification such as sports equipment/altering
chool playground to stimulate activity, physical activity ses-
ion/breaks during school or work hours, or active commuting.
ducation alone may  not necessarily be adequate to reduce seden-
ary behaviour in this population. The findings of this review also
uggest that interventions aimed at reducing sedentary behaviour
re effective at significantly reducing BMI  in children. Future
esearch should examine the types of active components of inter-
entions that are more effective at reducing time spent in sedentary
ehaviour of people with overweight or obesity, as well as investi-
ate their impact on HRQoL.
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