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Abstract

Background: Behaviour change techniques (BCTs) employed within PA intervention for pregnant women with a
healthy body mass index (BMI) have been previously identified, however, these BCTS may differ for other weight
profiles during pregnancy. The aim of this current review was to identify and summarise the evidence for effectiveness of
PA interventions on PA levels for pregnant women with overweight and obesity, with an emphasis on the BCTs employed.

Methods: A systematic review and meta-analysis of PA intervention studies using the PRISMA statement was conducted.
Searches were conducted of eight databases in January 2019. Strict inclusion/exclusion criteria were employed. The validity
of each included study was assessed using the Cochrane Collaboration’s tool for assessing risk of bias. The primary
outcome measure was change in PA levels, subjectively or objectively measured, with physical fitness as a secondary
outcome. All intervention descriptions were double coded by two authors using Michie's et al’'s BCT taxonomy
V1. Meta-analyses using random effect models assessed the intervention effects on PA. Other PA outcomes were
summarised in a narrative synthesis.

Results: From 8389 studies, 19 met the inclusion criteria 13 of which were suitable for inclusion in a meta-analysis. The
remaining 6 studies were described narratively due to insufficient data and different outcome measures reported.
In the meta-analysis, comparing interventions to a control group, significant increases were found in the intervention
group for metabolic equivalent (SMD 0.39 [0.14, 0.64], Z = 3.08 P=0.002) and physical fitness (VO, max) (SMD 0.55 [0.34,
0.75], Z=5.20 P=<0.001). Of the other six, five studies reported an increase in PA for the intervention group versus the
control with the other study reporting a significant decrease for women in their 3rd trimester (p = 0.002). ‘Self-
monitoring of behaviour’ was the most frequently used BCTs (76.5%), with ‘social support’ being newly identified
for this pregnant population with overweight or obesity.

Conclusions: This review identified a slight increase in PA for pregnant women with overweight and obesity
participating in interventions. However, due to the high risk of bias of the included studies, the results should
be interpreted with caution. PA measures should be carefully selected so that studies can be meaningfully compared
and standardised taxonomies should be used so that BCTs can be accurately assessed.

Keywords: Physical activity, Pregnancy, BMI, Intervention, Behaviour change, Behaviour change techniques, Systematic
review

* Correspondence: cflannery@ucc.ie
'School of Public Health, University College Cork, Cork, Ireland
Full list of author information is available at the end of the article

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12966-019-0859-5&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:cflannery@ucc.ie

Flannery et al. International Journal of Behavioral Nutrition and Physical Activity

Background

Overweight and obesity during pregnancy is an increas-
ing public health concern. Overweight is defined as BMI
>25kg/m” and obesity is defined as a BMI =30 kg/m>
which is assessed at the first antenatal consultation [1].
Overweight and obesity is associated with a number of
adverse maternal and neonatal outcomes including in-
creased rates of gestational diabetes mellitus (GDM),
pre-eclampsia, caesarean section, instrumental delivery
and preterm delivery [2, 3]. Additionally excessive gesta-
tional weight gain is associated with weight retention
and type 2 diabetes in the longer term [4, 5].

Physical activity has been identified as a modifiable
lifestyle factor that could help prevent pregnancy com-
plications, help with weight management and reduce the
risk of GDM for women with overweight and obesity
[6]. Previous research has found that physically active
pregnant women report better health than less physically
active women as well as an increase in functional ability
and a reduction in nausea, fatigue and stress [7-9]. Des-
pite the significant health benefits, based on self-report,
women tend to be less active in pregnancy due to fatigue
and discomfort [10, 11]. International guidelines recom-
mend 30 min of daily moderate intensity physical activity
for pregnant women [12-15]. A review which updated
the latest evidence concerning exercise during pregnancy
found that in the United States only 15.8% of women
engaged in exercise during pregnancy [16]. Similarly,
low levels of physical activity have been reported in an
Irish cohort of pregnant woman with only 21.5% of
women meeting the current recommendations [9, 11].
Furthermore, a study examining lifestyle changes using
the Pregnancy Risk Assessment Monitoring system
(PRAMS) in Ireland found that adherence to physical
activity guidelines of moderate intensity activity was low
(12.3%) but was particularly low for pregnant women with
overweight and obesity (6.4%) [17]. Therefore, pregnant
women with overweight and obesity should be encouraged
to follow an exercise programme in order to get the best
health outcomes for both mother and baby [18].

Behavioural change is complex and involves identify-
ing effective and efficient techniques to bring about
change [19]. These techniques are called behaviour
change techniques (BCTs) and are defined as ‘an active
component of an intervention designed to change behav-
iour’ pg. 145 [20]. In order to identify the intervention
content or behavioural component of an intervention,
the BCT taxonomy V1 was developed [20]. The BCT
Taxonomy V1 consisting of 93 different BCTs (16 cat-
egories) is a useful tool to extract the active components
of successful and unsuccessful behaviour change
interventions.

However, reviews of lifestyle interventions during
pregnancy are varied and results to date are conflicting
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[21-23]. Many of the interventions promoting lifestyle
changes throughout pregnancy are multidimensional
incorporating a combination of diet and physical activity
[2, 22, 24, 25]. These interventions tend to focus on
medical or obstetric outcomes such as reducing exces-
sive gestational weight gain (GWG) or GDM with less
focus on the behavioural outcomes such as physical
activity.

According to a review by Currie et al. (2013) which
evaluated the content of physical activity interventions
in pregnancy, interventions within the review were most
effective when BCTs were employed and delivered face
to face [26]. However, there is uncertainty around which
underlying BCTs are most effective. Collins et al. sug-
gested two components that need to be explored in
order to identify effective interventions. These are inter-
vention programme (employed BCTs) and intervention
delivery (intervention provider, format, setting, recipient,
intensity, duration and fidelity of the intervention) [27].
A review examining behaviour-change interventions for
obese adults with additional risk factors or co-
morbidities found suggestive evidence for an association
between greater numbers of BCTs and greater weight
loss [28]. Furthermore, a review examining intervention
features of dietary and physical activity interventions for
patients with type 2 diabetes revealed BCTs associated
with clinically significant reductions in HbA;. [29].
Previous systematic reviews in the area of pregnancy [26,
30] have assessed intervention effectiveness including
GWG [21-23, 31, 32] and GDM [33] but have not
examined the intervention programme content itself.

BCTs have been retrospectively identified in a number
of systematic reviews [24, 34]. The identification of opti-
mal BCTs necessary for increasing physical activity in a
healthy adult population found six important techniques
including: providing information on the likely conse-
quences of specific behaviour, action planning, reinforcing
effort or progress, providing instructions, facilitative social
comparison and time management [24]. However, the
techniques associated with increasing physical activity for
adults with obesity were different, using BCTs such as
‘teach to use prompts/cues’, ‘prompt practice’ or ‘prompt
rewards’ instead. Thus, to develop effective physical activ-
ity interventions it may be important to consider tailoring
intervention techniques to the target population [35]. The
significance of BCTs may be different for pregnant women
compared to non-pregnant women since pregnancy is a
unique time where women may be more receptive to
improving health behaviours [36]. In pregnancy, using the
most up-to-date BCT taxonomy, Currie et al. identified
the most common BCTs for healthy weight pregnant
women, including ‘goal setting’, ‘feedback and planning,
‘repetition and substitution’, ‘shaping knowledge’ and
‘comparison of behaviours’ [26]. Furthermore, the value of
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these techniques is likely to depend on the weight profile
of the pregnant population and successful BCTs may
differ for pregnant women with overweight and obesity
compared to pregnant women with a healthy BMI [37-40].
Therefore, the aims of this systematic review and meta-
analysis was to identify and summarise the evidence for
the effectiveness of physical activity interventions for preg-
nant women with overweight and obesity on physical
activity levels and identify which BCTs were most fre-
quently used in these interventions and determine which
were most effective in improving physical activity levels.

Methods

This systematic review and meta-analysis were reported
in accordance with the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) state-
ment [41]. The review protocol was pre-registered with
the International Prospective Register of Systematic Re-
views (PROSPERQ) database (CRD42016033423).

Eligibility criteria

Types of studies

Eligible study designs included pilot randomised controlled
trials, randomised control trials (RCTs), non-randomised
control trials, quasi RCTs, and quasi-experimental studies
of physical activity interventions, aimed at maintaining or
increasing physical activity levels conducted in any setting.
Furthermore, for inclusion, all interventions had to target
pregnant women with overweight and obesity with a body
mass index (BMI) =25 kg/m?, have at least one component
focusing explicitly on physical activity, and include a dis-
cernible BCT in the intervention description. Control
groups were classified as a comparator intervention or
usual care if stated. Usual care would indicate standard
antenatal care for pregnant women. Studies were included
regardless of treatment intensity, duration or mode of de-
livery of the intervention. Only studies published in English
were included. Studies published in the grey literature
(non-peer reviewed or without scientific credibility) were
excluded.

Types of participants

Participants included pregnant women with a pre-
pregnancy or early pregnancy BMI >25 kg/m” and singleton
pregnancies.

Types of outcome(s) measures

Studies were included that reported any of the following
primary outcome measures: change in physical activity
levels subjectively (e.g., self-report) or objectively mea-
sured (e.g., step count) at baseline and post intervention.
Secondary outcome included studies that reported VO,
max as a measure of physical fitness.
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Information sources

Searches

MEDLINE, EMBASE, PsychInfo, CINAHL, Cochrane Li-
brary, PEDro, SportDiscus and PubMed databases were
searched from inception. The searches were undertaken
in January 2019. The search strategy for each database is
available in Additional file 1. Phrases and MESH headings
for each component of the population, intervention, com-
parator and outcome framework (PICO), were combined
using OR and then using AND (maternal, pregnancy,
pregnant woman, expectant mothers; lifestyle, lifestyle
modification, health promotion, behaviour change, phys-
ical activity, exercise, fitness, activities of daily living,
human activities, group exercise, randomised controlled
trial, intervention trials and clinical trials; standard care;
physical activity, gestational weight gain and gestational
diabetes). Manual searches of reference lists were con-
ducted on all eligible articles following screening.

Study selection

One author (CF) conducted the searches and imported
citations in to a reference management software package
(Endnote version 7). Duplicates were removed. In the
first screening stage, all titles of the search results were
examined and irrelevant titles were removed if they did
not meet the inclusion criteria. In the second stage, title
and abstracts were screened. Ten percent of title and
abstracts were double screened by authors (MB, EO, PK
and FMA). Any discrepancies were resolved by consen-
sus. Cohen’s kappa (k) was calculated to determine the
extent of interrater agreement [42, 43]. In the third stage
of the screening process, relevant articles were obtained
in full and assessed against the inclusion and study qual-
ity criteria. Full text screening was conducted by (CF)
and checks were made by 2 s reviewers (MB and PK);
discrepancies were resolved by consensus. The number
of articles at each stage can be seen in the PRISMA flow
chart (Fig. 1).

Data extraction

A data form was developed based on the Workgroup for
Intervention Development and Evaluation Research
(WIDER) framework for the scientific reporting of
behaviour change interventions [44]. Data from each
included study were extracted by one reviewer (CF) and
independently checked by two others (MB and PK). In
case of discrepancies, consensus was reached through
discussion. Extracted data included detailed description
of the interventions (study design, participant informa-
tion, details of the intervention, sample size, type of con-
tact and setting) and BCTs included in the intervention.
Physical activity measures for baseline, pre and post
intervention, where possible, were extracted from studies
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.

or calculated using reported means, standard deviations,
and sample sizes at baseline, post-intervention.

Coding of BCTs

The BCT taxonomy V1 was used to identify the
behavioural components of the intervention within each
included study. This validated taxonomy consists of 93
different BCTs divided into 16 categories. A BCT was
only coded when it was explicitly mentioned in the
intervention or supporting materials (study protocols).
The BCT coding was completed independently by two
reviewers (CF and MF) who underwent training in BCT
coding using the BCT taxonomy. Inter-rater reliability
was calculated [43] and discrepancies were discussed
until 100% agreement was achieved.

Risk of bias assessment
Following the intensive screening process only RCTs
were included, therefore, the validity of each included

study was assessed using the Cochrane Collaboration’s
tool for assessing risk of bias [45]. This tool assesses key
methodological domains; sequence generation, allocation
concealment, blinding of participants, personnel and
outcome assessors, incomplete outcome data, selective
outcome reporting, other sources of bias [45]. The risk
of bias was assessed by one reviewer (CF) and in the case
of uncertainty consensus was reached through discus-
sion with two authors (MB and PK).

Strategy for data synthesis

Effect of the intervention

Results from the included studies were combined in a
meta-analysis if sufficient outcome data were available
from at least two studies. When an intervention reported
data at several time points during pregnancy, the last
measure before birth was used. Continuous data were
summarized as mean difference and standard deviations
(SD). Where possible, means and SD were calculated
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from median and interquartile range [46]. Within the
meta-analysis, primary and secondary physical activity
outcomes reported on the same scale (e.g. MET, Steps
and VO, max) were combined using standardised mean
differences (SMD). For all effect sizes, 95% Confidence
Intervals (CI) were used and results were pooled using a
random effects model (inverse-variance approach based
on weighted SMDs) using Review Manager Software
(version 5.3: Review Manger). Furthermore, the I? statis-
tic was used to indicate the percentage of total variation
[45]. If data was not available for pooling outcomes, all
other physical activity outcomes measures were com-
bined in a narrative synthesis. To test the robustness of
the findings, risk of publication bias was conducted
using Stata (version 13.1). Funnel plots were generated
and a test for statistical significance for funnel plot
asymmetry was performed using Eggers test [47].

BCTs

A BCT was only coded when there was clear evidence of
its inclusion in the intervention and it was identified as
present by both reviewers. The total number of BCTs
was recorded and the frequency of identified BCTs was
quantified. Subgroup analysis was selected as a method
to examine the effectiveness of different BCTs on out-
comes included in the meta-analysis. Subgroup analysis
would only be conducted if a meta-analysis was con-
ducted with 10 or more studies. Pearson’s r correlation
coefficient was used to investigate the relationship be-
tween the number of BCTs used and the outcome effect
sizes.

Results
Study selection
Searches conducted in January 2019 found 8389 studies.
Nineteen studies were included (Fig. 1), describing 3 pilot
randomised controlled trials [48—50] and 16 randomised
controlled trials [51-66] of which 2 were multicentre [60,
61], 2 were prospective [62, 63], 2 were parallel [64, 65]
and 1 was a nested randomised controlled trial [66].
Cohen’s kappa (k) was calculated to determine the extent
of inter-rater agreement during the screening phase and a
substantial agreement was reached (k=0.63). The total
number of participants included in all studies was 7822,
ranging from 12 [56] to 1924 [60] in individual studies.
Health outcomes measured in the interventions in-
cluded gestational weight gain, fasting insulin, fasting
glucose, gestational diabetes, gestational age (weeks),
and infant birth weight (kg). Eight studies were investi-
gations targeting physical activity promotion alone [48,
50, 53, 54, 56, 57, 64, 65] while 11 others were of inter-
ventions targeting diet and physical activity [49, 51, 52,
55, 58—63, 66]. Fourteen studies described their control
groups as receiving standard routine antenatal care.
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There was no clear definition of standard antenatal care
in these studies. Five studies described their control
group as those who were not provided with the interven-
tion [64], those who were not provided with physical activ-
ity recommendations or restricted from physical activity
participation [50, 55]. The final two studies compared the
intervention with a stretching group which included relax-
ation (respiratory exercises and light stretching) [57] or
having access to additional information from a website [59].

Characteristics of included studies

Studies were conducted in Australia [48, 56, 60, 66], the
Netherlands [54], the United States of America (USA)
[49, 50, 59], Brazil [53, 57], New Zealand [64], Ireland
[58], the United Kingdom (UK) [61], Italy [63], Finland
[52], Denmark [55, 62], Belgium [51] and Norway [65].
Twelve studies were interventions that targeted pregnant
women with overweight and obesity [49, 50, 53, 54, 57-60,
63—66] while seven studies focused on pregnant women
with obesity only [48, 51, 52, 55, 56, 61, 62] (See Table 1).

Intervention characteristics

Intervention duration ranged between 8 and 24 weeks.
An explicit theoretical basis was mentioned in 6 out
of the 19 studies, including stage theories of health
decision making, behavioural modification, the trans-
theoretical model, social cognitive theory and control
theory [49, 51, 58, 60, 61, 66]. Most of the interven-
tions were based in clinical settings [48, 49, 51, 52,
54, 55, 57-63, 65, 66], in the participants home [56,
64] or in a combination of both [50, 53]. Interven-
tions were mostly delivered face-to-face and or via
phone contact (phone calls, smartphone application)
and were commonly provided by a physiotherapist,
nutritionist/dieticians, study researchers, health educa-
tors or other health care professionals. The delivery
of interventions ranged from at least one face-to face
contact moment to phone contact throughout the
intervention. One study did not specify contact type
[56]. Table 2 provide details on the intervention com-
ponents and BCTs in the included studies.

Risk of bias assessment

Overall risk of bias was high. Three studies were rated
as having high potential risk of bias. Nine studies inad-
equately reported methodological quality indicators (e.g.
studies lacked information on randomisation, allocation
and outcome assessment concealment and inadequate
missing data handling, see Additional file 2). For most
studies, there was inadequate information to make
judgements about methodological quality and the risk of
bias. Seven studies were rated as low risk as they provided
adequate information; however, five used self-report mea-
sures for physical activity. Furthermore, overall, blinding
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Fig. 2 Risk of Bias

(performance bias and detection bias) was considered to
have the highest risk as most studies failed to document
the blinding procedures. A summary of the risk of bias
for all 19 studies is shown in Fig. 2 (and Additional
file 2). Studies were not excluded due to high risk
and /or unclear risk of bias. Instead, sensitivity ana-
lyses were carried out for MET minutes per week and
for step count data (see Additional file 3) in order to
assess the influence of methodological quality on ef-
fect size. Sensitivity analysis was not conducted for
VO, max due insufficient data.
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Publication bias

For MET min per week, the Eggers test for bias was 2.51
[CIL: 95% -3.08, 8.11] p-value = 0.314 which suggests that
publication bias could not be detected. The funnel plot
can be seen in Additional file 4. Eggers test and funnel
plots were not conducted for step count data or VO,
max as insufficient data was available.

Effectiveness of the intervention

Physical activity outcomes

A wide variety of measures was used to assess physical
activity in each of the included papers. Eight trials
assessed physical activity objectively: four trials used pe-
dometers deriving step-count [50, 59, 62, 63], one trial
used an accelerometer to create metabolic equivalent
(MET) [54], heart rate monitor data was collected to
identify the duration and intensity of physical activity
[64] and VO, max was used as an indicator for physical
fitness in two studies [55, 57]. Of the 19 included papers,
13 provided data suitable for inclusion in a meta-
analysis [48-50, 54, 55, 57, 60—63, 66] (Fig. 3).

Primary physical activity outcomes

Metabolic equivalent (MET) - minutes per week

Physical activity expressed in METS represents the
metabolic equivalent intensity levels for activities with
moderate intensity activity classified as 3-5 METS.
Therefore 150 min of moderate intensity physical activity
is equivalent to 450-750 MET/ minutes per week [67,
68]. Eight studies comparing interventions using MET's
minutes per week to a control group were combined in
a meta-analysis [48, 49, 54, 58-61, 66]. A meta-analysis
using standardised mean differences at follow up demon-
strated a significant increase in MET minutes per week
(SMD 0.39 [0.14, 0.64], Z = 3.08 P =0.002). However, the
studies were significantly heterogeneous (x> = 98.65, d.f. =
7 [P <0.0001), I” = 93%.

Step count data

Three studies comparing physical activity interventions
to a control group that used step count data at follow up
were combined (Fig. 3). One of these studies included
multiple intervention arms which were combined, how-
ever participants in the control group of this study did
not wear pedometers so step count data was not avail-
able for comparison [62]. The studies were significantly
heterogeneous ()(2 =6.36, d.f. =1 [P =0.01), I> = 84% and
demonstrated no significant difference in physical activ-
ity steps per day between the intervention and control
groups at follow up (SMD -0.08 [-1.01, 0.85], Z=0.16
P=0.87).
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MET m/wk

PA intervention group Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Callaway 2010 576 192 25 162 156 25 6.8% 2.33[1.60, 3.06] -
Dodd 2014 5850 3,955 974 5518 3845 950 15.9% 0.09[-0.00, 0.17] o
Hawkins 2015 -1,308 1,002 33 1,668 972 35 101% 0.36 [-0.12, 0.84] T
Kennelly 2018 639 436 165 469 328 170 14.5% 0.44[0.22, 0.66] -
Oostdam 2012 150 114 15 178 89 19 7.3% -0.27 [-0.95, 0.41] /T
Poston 2013 2,156 972 629 1694 786 786 15.8% 0.53[0.42, 0.64] -
Szmeja 2014 5757 4,062 541 5866 3,859 564 15.7% -0.03 [-0.15, 0.09] T
Van Horn 2018 228 121 126 180 101 124 13.9% 0.43[0.18, 0.68] -
Total (95% Cl) 2508 2673 100.0% 0.39 [0.14, 0.64] L 2
Heterogeneity: Tau? =0.10; Chiz = 98.65, df = 7 (P < 0.00001); I = 93% 2 1 ? 1 2
Test for overall effect: Z = 3.08 (P = 0.002) Favours Control Favours Intervention

Steps Count Data

PA intervention group Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
Bruno 2017 6,144 23889 69 7749 3343 62 544% -0.51-0.86,-0.16] B
Kai Ling Kong 2014 8394 1956 18 7404 2407 19 456% 044 [-0.21,1.09]
Renault 2014 6,080 2155 105 0 0 0 Not estimable
Total (95% Cl) 192 81 100.0% -0.08 [-1.01, 0.85]
Heterogenetty: Tau? = 0.38; Chi2 = 6.36, df = 1 (P = 0.01); FF = 84% I R
Test for overal effect: Z = 0.16 (P = 0.87) Favours Control  Favours Intervention
VO, max

PA intervention group

Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight [V, Random, 95% Cl IV, Random, 95% CI
Santos 2005 23 23 150 22 16 154 814% 0500028, 073 l
Vinter 2011 18.1 31 37 158 31 35 186% 0.73[0.26, 1.21] —
Total (95% CI) 187 189 100.0% 0.55[0.34, 0.75] ‘

Heterogeneity: Tau? = 0.00; Chi#=0.72, df = 1 (P =040}, P=0%
Test for overall effect Z=520(P < 0.00001)

-2 -1 0 1 2
Favours Control Favours Intervention

MET m/wk, Metabolic Equivalent minutes per week; Steps, Steps per day; VO, max, measure of
physical fitness (oxygen used during exercise)

Fig. 3 Meta-analysis of effect of interventions on physical activity outcomes

Secondary physical activity outcome
VO, max measures of physical fitness

Two studies compared VO, max to measure the
amount of oxygen used during exercise in order to

assess physical fitness compared to control at follow
up (Fig. 3). The studies were homogenous (x* = 0.72,
df = 1 [P =0.40], I>=0%) and demonstrated signifi-
cantly greater physical fitness in the intervention
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group compared to the control group (SMD 0.55
[0.34, 0.75], Z=5.20 P=<0.001).

Other physical activity interventions

Six additional trials that were not included in the meta-
analyses due to insufficient data and different outcome
measures reported varying intervention effects at follow
up. Five of these studies reported an increase in physical
activity or physical fitness for women in the intervention
group compared to control [52, 53, 56, 64, 65]. Women
who received diet and physical activity counselling in-
creased their median weekly leisure time physical activity
by 15 min (95% [C1 1-29 min] while the physical activ-
ity of women in the control group remained unchanged
(P =0.17 unadjusted) [52]. Furthermore, one home based
intervention using a stationary bicycle, found that
women in the intervention group improved their aerobic
fitness by increasing the test time taken to reach target
heart rate of 150 bpm (+48.0; P=0.019) compared to
the control group [64]. Similarly, another home based
intervention found a trend towards increased fitness
following the intervention (indicated by higher cycling
power output 75% HR,,.) (P =0.064, 57) compared to
the control. A supervised exercise programme consisting
of treadmill walking and resistance training found that
the proportion of women reporting regular exercise
training in late pregnancy was significantly higher in the
exercise group than in the control group: 77 and 23%
respectively (P < 0.01, 66). However, one study that con-
sisted of two intervention groups (passive consisting of
brochure and physical activity advice; active group con-
sisting of the same but included active counselling)
found physical activity significantly decreased from first
trimester to the third trimester by 0.62 in the control
group, by 0.33 in the active group and by 0.09 in the
passive group (p = 0.002, 52).

Effect on health outcomes

Reductions in the incidence of GDM [52, 63], GWG [52,
55, 59] and the number of new-borns with a birth
weight of >4000g was significantly lower in the inter-
vention group [63] compared to controls.

Behaviour change techniques

Presence of BCTs

A total of 19 different BCTs were applied within the 19
intervention studies, ranging between 1 and 10 in each
study (Table 2). ‘Self-monitoring of behaviour’ and ‘In-
struction on how to perform the behaviour’ were the
most frequently described across the interventions and
were identified in 13 out of the 19 studies (76.5%). Infor-
mation about health consequences was used in 8 out of
the 19 interventions (47.1%) and ‘social support (un-
specified)” was used in 7 out of the 17 interventions
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Table 3 Frequencies of behaviour change techniques used in
the interventions

Groups

BCT

Number Percent Average # of time

BCT is used within
each intervention®

Goals and
planning

Feedback and
monitoring

Social support

Shaping
Knowledge

Natural
consequences

Comparison
of behaviour

Associations

Repetition
and
substitution

Antecedents

1.1 Goal setting
(behaviour)

1.2 Problem
solving

1.3 Goal setting
outcome

1.4 Action
Planning

1.5 Review
behavioural
goals

1.7 Review
outcome goals

2.2 Feedback
on behaviour

2.3 Self-
monitoring of
behaviour

24 Self-
monitoring of
outcome of
behaviour

3.1 Social
Support
(Unspecified)

4.1 Instruction
on how to
perform
behaviour

5.1 Information
about health
consequence

6.1
Demonstration
of the
behaviour

6.2 Social
comparison

7.1 Prompt and
cues

8.1 Behavioural
practice/
rehearsal

8.2 Behaviour
substitution

8.3 Habit
formation

12.5 Adding
objects to the
environment

N

~

13

13

353

412

59

59

59

176

76.5

11.8

412

765

471

11.8

59

59

353

59

59

17.6

6

8.5

43

55

12.3

55

9.1

21

BCT behaviour change technique
%estimated number of times a BCT was potentially implemented based on
intervention description in each study and by calculating an average for

each BCT
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(41.2%), an average 11.1 times within each intervention
(Table 3). ‘Social support (unspecified)’ and ‘Instruction
on how to perform the behaviour’ were identified in one
comparator group which consisted of once-weekly sessions
of relaxation, respiratory exercises and light stretching and
focus group discussions concerning maternity [57]. Inter-
rater reliability was calculated by a chance-corrected kappa
(k = 0.65) indicating substantial agreement.

Number of BCTs and effect size

Subgroup analysis of which BCTs were associated with
changes in physical activity outcome measures was not
possible due to the small number of interventions in-
cluded in the meta-analyses. The relationship between
the total number of BCTs coded within an intervention
and its effect size was found to be non-significant for
MET (r=0.20, p =0.63) and for steps per day (r =0.89,
p=0.31). Pearson’s r correlation coefficient was not
calculated for VO, max or for the other six studies not
included in the meta-analyses due to insufficient data.

Discussion
The aim of this review was to identify and summarise
the evidence for the effectiveness of physical activity
interventions for pregnant women with overweight and
obesity on physical activity levels. Furthermore, it set out
to identify which BCT's are used in these physical activity
interventions. Following a systematic screening process,
19 physical activity intervention studies were included.
Due to the variation of physical activity outcomes, 13
studies were included in the meta-analyses. Three small
separate meta-analyses found a positive effect on MET
minutes per week and VO, max for improving physical
activity during pregnancy. As described by Currie et al.
2013, physical activity tends to decrease gradually
throughout pregnancy, therefore any outcome that dem-
onstrates greater physical activity than control is deemed
to be a desirable outcome [26]. Thus, the results of this
review suggest that physical activity interventions are to
some extent effective at increasing physical activity levels
for women with overweight and obesity. However, these
results should be viewed with caution as the pooled data
came from studies that were highly heterogeneous. Des-
pite physical activity reducing as pregnancy progresses
due to the physical impediments experienced by women
in the third trimester [69], some of the studies in this
review established some positive physical activity results
including an increase in physical fitness and a slight re-
duction in the incidence of GDM [52, 56, 64]. However,
these results should also be approached as tentative due
to small number of studies and a lack of available data.
Thirteen studies included in the three small separate
meta-analyses found a main effect on physical activity
outcomes for MET minutes per week and VO, max but
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not for steps per day which suggests that some physical
activity interventions could be a beneficial strategy for
improving physical activity during pregnancy. Addition-
ally, five other studies (not included in the meta-analysis)
reported an increase in physical activity or physical fitness
for women in the intervention group compared to control.
As physical activity guidelines recommend participation in
moderate intensity activity on ‘most days’ [8], this is a
positive finding regarding the efficacy of these physical
activity interventions. However, the low number of studies
and the inclusion of three pilot trials suggest that caution
should be applied when interpreting these results. The
wide range of physical activity measures used within the
interventions reviewed creates difficulty for researchers
and health care professionals trying to draw conclusions.
For interventions that include a self-report measure of
physical activity, social desirability bias may have led to
women over reporting their physical activity levels.
Although the majority of self-report questionnaires were
based on valid and reliable measures, objective measures
such as accelerometers have demonstrated a higher degree
of reproducibility and validity for quantifying duration and
intensity of physical activity [70, 71].

In the current review, the most commonly used BCT
categories within the interventions were ‘goals and plan-
ning’, ‘feedback and monitoring’, ‘social support’, ‘shaping
knowledge’ and ‘natural consequences’. Other studies that
have used the BCT's taxonomy to code lifestyle interven-
tions in pregnancy have also found that categories such as
‘goals and planning’ and ‘feedback and monitoring’ were
the most frequently used [31, 72, 73]. In this review, ‘self-
monitoring of behaviour’ (using items such as diaries or
workbooks to monitor physical activity) and ‘instruction
on how to perform the behaviour’ (providing participants
with descriptions for particular exercises) emerged as the
most frequently used BCT's across the interventions. Inter-
ventions which included these BCTs showed some posi-
tive effects but further research is required to examine the
link between BCTs and intervention effectiveness.
Research involving adults with overweight and obesity,
also identified ‘self-monitoring of behaviour’ as a common
BCT in physical activity interventions [74]. Furthermore, a
review examining the use of pedometers to increase phys-
ical activity, found significant increases in physical activity
in an adult population [75]. In pregnancy, women with
overweight and obesity have indicated that pedometers
and step counts could help with self-monitoring [76] with
pedometers being found as an acceptable form of self-
monitoring [77]. Therefore, based on the results from this
review and previous research, future interventions should
include some component of self-monitoring in order to
improve physical activity levels for pregnant women with
overweight and obesity. While the BCT's used to promote
physical activity in this review correspond closely to those
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found in previous antenatal interventions [31, 72], the
identification of ‘social support’ is new to this pregnant
population with overweight and obesity, with other sys-
tematic reviews of antenatal interventions failing to iden-
tify this BCT. Previous research has identified ‘social
influences’ as an enabler to physical activity for women
with overweight and obesity [76]. Furthermore, another
study which investigated women’s experiences of preg-
nancy found that physically active women faced some
criticism from family members about their active lifestyles
[78]. Thus, future interventions need to take into account
the woman’s social support network, to include family,
friends and other pregnant women in these antenatal
interventions. As previously found, this result highlights
the importance of selecting appropriate BCTs for each
population and not assuming all BCTs will be equally
effective.

Strengths and limitations

This systematic review was comprehensive in its scope
and search and was conducted in accordance with the
PRISMA (preferred reporting items for systematic re-
views and meta-analysis) statement [41]. A strength of
this study was the use of an established instrument
(BCTTv1) to systematically code the presence of BCTs
in physical activity interventions for pregnant women
with overweight and obesity.

The main limitations of this review stem from the inad-
equate reporting of physical activity data and poor inter-
vention designs. Large differences in the type of activity
measured, along with self-report measures highlights a
limitation of the literature to date, making comparisons
challenging. Also the use of physical fitness as a secondary
outcome can be difficult to interpret. The studies lacked
sufficient data to calculate pooled effect sizes for all
physical activity outcome measures. Furthermore, while
publication bias was not detected or performed for all out-
comes, the majority of studies were of high risk of bias.
Due to the small number of studies included in the meta-
analysis and the high degree of heterogeneity, caution
must be applied when generalising these findings. There-
fore, the evidence base is weak and calls for more robust
studies. Future research using robust high quality studies
will foster better data to inform policy and practice.

The majority of interventions were based in a clinical
setting which may have impacted intervention effective-
ness. Furthermore, physical activity data were assessed
using the last measure before birth (between 28 and 35
weeks’ gestation) thus reducing comparability between
studies with follow up ranging from 8 weeks’ gestation
to 12 months postpartum. Also, there were differences in
the delivery modes and person, the intensity of the inter-
ventions and how active the women were prior to the
intervention which may have also played a role in
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intervention effectiveness (and the BCTs used). As preg-
nancy progresses women tend to become less active
[79], thus, future research is required to assess trimester
(stage of pregnancy) and whether this impacts interven-
tion effectiveness and the BCT employed.

Results from this review can be considered exploratory
as no conclusions regarding the potential relationship
between intervention content and effectiveness can be
made. This was due to the paucity of intervention stud-
ies. A higher number of RCT studies of physical activity
interventions for women with overweight and obesity
during pregnancy are needed to draw firm conclusions.
Many studies failed to provide adequate information on
intervention content. As described by others, studies do
not always provide adequate intervention content [80].
Not all studies had associated methods or protocol papers
available making it possible that other BCTs were used
but not coded. This, however, is a common problem con-
ducting reviews such as these [28, 34, 81]. Furthermore,
correlation of BCTs and outcomes has previously been
identified as a methodological weakness [82]. It is difficult
to know if routine antenatal care provided a BCT or not.
In order to reliably identify the BCTs associated with
physical activity for women with overweight and obesity,
control groups identified as routine care should be
described in intervention reports and coded for BCTs.
Furthermore, as one control group contained BCTs, this
creates a potential source of bias affecting the reliability of
the data. Fidelity was poorly reported so it was impossible
to determine if BCTs were delivered or received as
intended.

Some of the BCT definitions were difficult to interpret,
in particular ‘Information about health consequence’.
This definition was not explicit about whether ‘health con-
sequences’ related to the positive or negative health out-
comes of performing or not preforming the behaviour,
respectively. Therefore, after detailed discussion ‘Informa-
tion about health consequence’ was coded for both.
Furthermore, intervention components such as free gym
membership and swimming pool vouchers were used
within two intervention studies [52, 55] and were not
coded as BCTs; however these components could have an
impact on behaviour change. In addition, contextual fac-
tors shape interventions and, therefore can influence how
BCTs are delivered. Context can include individuals,
teams, organisational structures and cultures, resources,
leadership styles and relationships [83, 84].

Future interventions need to clearly define and report
the behavioural outcome measure for physical activity
such as core outcome sets for physical activity in preg-
nancy [85, 86]. Furthermore, future intervention should
follow TIdieR guidelines for reporting intervention con-
tent [87]. Moreover, interventions need to provide more
transparent and comprehensive descriptions of BCTs
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used, and should include detail of context, fidelity, dose
and clarity regarding the theory used within the inter-
vention. Improved intervention description including the
use of recognised and standardised taxonomies would
increase ability to assess the BCTs and to examine the
relationship between technique usage and change in
physical activity. Despite these limitations, it is import-
ant to conduct such reviews enabling researchers to
describe and analyse in detail the content of interven-
tions, aiding the accuracy and communication required
to build a cumulative evidence base [88].

Conclusion

The meta-analysis and narrative description of the
included studies in this review revealed an increase in
physical activity or physical fitness for pregnant women
with overweight and obesity. A range of BCTs that could
be used to help improve physical activity levels during
pregnancy were identified, including: ‘goals and plan-
ning’, ‘feedback and monitoring’ and ‘shaping knowledge’
with ‘social support’ being newly identified for this
population. Given the importance of physical activity to
many subsequent outcomes in pregnancy, an explicit
theoretical basis is needed for intervention development.
Furthermore, interventions need to not only report the
presence and frequency of BCTs but also the intensity
and quality in which they are delivered or implemented.
As ‘social support’ was identified within this review for a
pregnant population with overweight or obesity future
interventions need to take into account woman’s social
support networks, to include family and friends. These
conclusions are tentative because of the high risk of bias
of the included studies. Therefore, future studies should
consider physical activity outcome carefully so that studies
can be meaningfully compared. Intervention developers
need to use recognised and standardised taxonomies to
describe intervention content. To enable us to identify
which BCTs are most effective for physical activity inter-
ventions with pregnant women with who are overweight
and obese.
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