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Abstract 

Background  Women with gestational weight gain (GWG) that is below or above recommendations are at risk of 
adverse perinatal outcomes. Motivational interviewing and/or cognitive behaviour therapy have demonstrated 
efficacy in initiating and sustaining behaviour change, including weight control. The objective of this review was to 
investigate the effect of antenatal interventions that include components of motivational interviewing and/or cogni-
tive behaviour therapy on gestational weight gain.

Methods  This review was designed and reported in accordance with guidelines outlined in the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. Five electronic databases were systematically 
searched to March 2022. Randomised controlled trials evaluating interventions with identified components of moti-
vational interviewing and/or cognitive behaviour therapies were included. Pooled proportions of appropriate GWG 
and GWG above or below guidelines, and standardised mean difference for total gestational weight gain, were calcu-
lated. Risk of bias in included studies was evaluated using the Risk of Bias 2 tool, and the Grades of Recommendation, 
Assessment, Development and Evaluation (GRADE) approach was used to evaluate the quality of evidence.

Results  Twenty-one studies (8030 participants) were included. Overall, MI and/or CBT interventions had a small effect 
on the total gestational weight gain (SMD: -0.18, 95% confidence interval: -0.27 to -0.09, p < 0.001) and improved 
the proportion of women achieving recommended gestational weight gain (29% versus 23% in the comparison, 
p < 0.001). The GRADE assessment indicated that overall quality of evidence is very uncertain, however sensitivity 
analyses to account for high risk of bias produced similar results to original meta-analyses. The magnitude of effect 
was greater in women with overweight or obesity when compared to women with BMI < 25 kg/m2.

Conclusion  Motivational interviewing and/or cognitive behaviour therapy techniques may be effective for promot-
ing healthy gestational weight gain. Nevertheless, a high proportion of women do not achieve recommended gesta-
tional weight gain. Future interventions should consider factors, including clinician and consumer perspectives, in the 
design and delivery of psychosocial interventions that aim to support healthy gestational weight gain.

Trial registration  The protocol for this review was registered with the PROSPERO International register of systematic 
reviews (registration number CRD42020156401).
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Background
Weight gain during pregnancy is physiologically normal 
and an expected response to the growth of the fetus, pla-
centa and amniotic fluid, and changes in body composi-
tion and metabolism [1]. However, gestational weight 
change outside of recommended guidelines is acknowl-
edged to influence a range of important perinatal out-
comes for mothers and infants [2–4]. Gestational weight 
gain [GWG] guidelines have been developed by the 
United States-based Institute of Medicine (IoM) (Table 1) 
using observational data comparing GWG with perinatal 
outcomes [2, 3]. Although evidence suggests that GWG 
patterns are similar across different populations [5], these 
guidelines have been inconsistently adopted by other 
countries [6, 7].

Weight change during pregnancy that is either above 
or below GWG guidelines is associated with serious 
short- and long-term consequences for mothers and 
infants [4, 8]. Specifically, GWG below these guidelines 
has been linked with premature birth and infants that 
are small for gestational age [4, 8, 9], and GWG above 
guidelines has been linked to maternal complications 
such as: gestational diabetes mellitus [GDM], hyperten-
sive disorders of pregnancy and caesarean birth [4, 8]. 
Gestational weight gain above guidelines is also associ-
ated with longer-term impacts on maternal weight and 
body mass index [BMI] such as increased risk of mater-
nal weight retention, future obesity, abdominal adipos-
ity and associated risk of chronic health impacts such 
as insulin resistance [10–13]. Depending on pre-preg-
nancy BMI category, those with GWG above guidelines 
are 1.5 to 3 times more likely to have an 18-month post-
partum weight retention above 2 kg [14], and to retain 
up to 4.7 kg on average after 15 years postpartum [15]. 
Postpartum weight retention is a contributor to future 
obesity, with one study finding 89% of women with a 
healthy pre-pregnancy BMI were overweight or obese 
5  years postpartum [16]. Additionally, GWG above 

guidelines has been associated with increased risk for 
morbidities in infants, including admission to neonatal 
intensive care, hypoglycaemia or respiratory distress, 
large for gestational age [LGA], low 5-min APGAR 
(Appearance, Pulse, Grimace, Activity, Respiration) 
score, and long-term risk of offspring overweight or 
higher BMI [10, 12, 17, 18]. Further, GWG above guide-
lines increases the risk of offspring obesity by 1.4 to 
1.8 times [10, 19] with increased propensity for higher 
levels of biomarkers of adverse cardio-metabolic health 
in male offspring [10]. Higher BMI and GWG above 
guidelines have been suggested to also alter maternal 
and infant gastrointestinal microbiomes, with detri-
mental consequences to many areas of health and dis-
ease [20, 21].

GWG outside recommendations has strong links 
with adverse maternal and infant health, and optimal 
GWG represents an opportunity to improve popula-
tion health [22]. Pre-pregnancy overweight or obesity, 
as categorised by the World Health Organization [23], 
amplifies the risk of adverse perinatal outcomes associ-
ated with GWG outside recommended ranges, such as 
up to two-fold increase in risk for pre-eclampsia and up 
to three-fold increase in risk for GDM [2, 11, 24]. Fur-
thermore, maternal obesity incurs an increased risk for 
a range of congenital abnormalities in the fetus [25].

Despite the likely benefits of meeting GWG guide-
lines, most women do not achieve recommended 
weight gain, with around half of women gaining weight 
above guidelines and 20–23% gaining below guide-
lines [4, 26]. Women who are overweight or obese at 
the beginning of pregnancy are more likely to have 
GWG above guidelines than women with BMI < 25 kg/
m2 [2, 8], and the proportion of pregnant women who 
are overweight or obese has increased over the past 
two decades [27]. Current recommendations for GWG 
stratified by pre-pregnancy BMI are shown in Table 1, 
and weight change outside of these recommendations 
can be considered as GWG above or below these guide-
lines [3].

Weight change during pregnancy can be influenced 
by a range of complex factors, such as biological, envi-
ronmental, economical, psychological and sociocultural 
characteristics that affect eating and activity behaviours 
[3, 28], and social context and attitudes towards weight 
in pregnancy may contribute to GWG-related health 
behaviours [29]. Further debate relating to GWG rec-
ommendations and interventions urges consideration 

Table 1  Recommended gestational weight gain stratified by 
body mass index category [3]

BMI body mass index, GWG​ gestational weight gain

Pre-pregnancy BMI Recommended GWG​

 < 18.5 kg/m2 12.5 – 18.0 kg

18.5 – 24.9 kg/m2 11.5 – 16.0 kg

25 – 29.9 kg/m2 7.0 – 11.5 kg

 ≥ 30 kg/m2 5.0 – 9.0 kg
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of likely adverse impacts on GWG from weight stigma, 
systemic racism, low income and education, such as 
the chronic stress from these that influence physiology, 
metabolism and accumulation of excess body fat [30, 
31]. Other authors argue that prescriptive interven-
tions change nothing about the participant’s way of liv-
ing once the intervention ceases, and need to account 
for individual variation in mental, emotional and living 
conditions [22].

Interventions to promote healthy GWG initially 
focused on diet and/or exercise alone, with small and 
inconsistent effects [32]. The most recent revision of 
GWG recommendations acknowledged the complex 
interplay between factors that influence GWG and advo-
cated for future research to include consideration of 
behavioural and psychosocial determinants of GWG [3]. 
Behaviour change approaches such as motivational inter-
viewing [MI] and cognitive behaviour therapy [CBT] are 
commonly used to address determinants of motivation, 
self-efficacy and self-regulation.

MI is a collaborative, guiding technique for communi-
cation that is effective for overcoming ambivalence and 
eliciting motivation for change in a person [33]. MI aims 
to elicit the desire for behaviour change from the par-
ticipant; evoking the participants own reasons and capa-
bilities to change promotes commitment to behaviour 
change [33]. MI has been used successfully for health-
related behavioural changes, including in pregnant pop-
ulations [2, 32] presumably due to the well-established 
effect MI has shown for initiating change. A previous 
meta-analysis suggested that MI intervention efficacy 
is strengthened and prolonged by the incorporation of 
behaviour maintenance therapies (e.g., CBT) once initial 
motivation for behaviour change is achieved [34].

CBT refers to a broad range of psychotherapies incor-
porating cognition therapies with behaviour therapies 
[35]. It is a facilitated, problem-oriented treatment with a 
strong evidence base that aims to assist people to under-
stand potentially problematic cognitions and behaviours 
and facilitate development of more adaptive cognitions 
and behaviours [35]. CBT has been successful for obe-
sity and weight management, with common techniques 
such as self-monitoring, goal setting, problem solving 
and relapse prevention enabling individualised treatment 
for weight control [36]. Given that cognitions and atti-
tudes can influence GWG [28], CBT techniques can be 
identified in successful GWG interventions [32, 37] and 
are effective for sustained behaviour change [38]. Coun-
ter to MI, CBT has demonstrated less efficacy in resolv-
ing ambivalence to change and is effective for behaviour 
maintenance when working with individuals that are 
motivated, incorporating relapse prevention techniques 
to sustain behaviour change [38, 39].

Traditional interventions prescribing diet and activ-
ity changes may not acknowledge or accommodate indi-
vidual barriers to behaviour change that influence GWG, 
such as sociocultural, psychological or even physical 
limitations that accompany pregnancy [3, 40]. Behav-
iour change interventions that incorporate MI and/or 
CBT techniques have the potential allow participants to 
highlight and address barriers to change and support sus-
tained behaviour change [38, 41–43]. Recent meta-anal-
yses confirm that integrated MI-CBT interventions are 
effective in initiating and maintaining behaviour change 
to moderate body mass in community dwelling adults 
and hospital outpatients [44, 45]. However, the provision 
of MI and CBT techniques to reduce overall weight gain 
in pregnancy and the likelihood of GWG above or below 
guidelines has not been systematically evaluated. There-
fore, the aim of this study was to determine the effect of 
interventions incorporating MI and/or CBT techniques 
on GWG outcomes.

Methods
Search strategy
This systematic review and meta-analysis was designed 
and reported in accordance with guidelines outlined in 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement [46]. The pro-
tocol for this review was registered with the PROSPERO 
International register of systematic reviews (registration 
number CRD42020156401).

A research librarian assisted with developing and 
undertaking the search strategy. Five electronic databases 
(CINAHL, Cochrane, PsycINFO, MEDLINE, EMBASE) 
were searched from inception to March 2022. The search 
terms were grouped into three concepts: pregnant 
women, psychosocial intervention and gestational weight 
change and entered as MeSH terms or keyword combi-
nations and searched with the ‘OR’ operator; resulting 
search constructs were combined using the ‘AND’ opera-
tor (Additional Table S1). An example search strings 
for CINAHL is attached (Additional Table S2). We also 
screened reference lists of included papers for potentially 
relevant studies.

Screening and eligibility criteria
Following the literature search and removal of duplicates, 
four reviewers participated in a two-stage screening pro-
cess, firstly for title and abstract screening, and then full-
text articles. A unanimous decision was required from 
two reviewers to exclude any study, and disagreements 
were resolved by a third reviewer.

Only original randomised controlled trials published 
in English language scholarly journals were considered 
eligible, thus grey literature was excluded. We included 
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interventions examining the effects of MI and/or CBT 
techniques on GWG or adherence to GWG recommen-
dations. Acknowledging that some interventions may not 
explicitly identify as MI or CBT, we considered an inter-
vention as MI if it was a facilitated, collaborative therapy 
whereby initial motivation to change was elicited from 
the patient, delivered via any mode and not restricted by 
number or duration of encounters, or professional back-
ground of the facilitator [33]. CBT interventions were 
considered those with a facilitated therapy via human or 
electronic form with one or more recognised techniques 
of CBT (both cognitive and behavioural techniques). 
Intervention descriptions in full texts, supplementary 
documents and where available protocol documents were 
examined for the use of MI and CBT processes, rela-
tional components and micro-skills. We did not restrict 
by number or duration of encounters. Criteria for inclu-
sion as a MI or CBT intervention is shown in Additional 
Table S3. The comparator was standard antenatal care. 
Excluded studies were those that involved adolescent 
pregnancy, multiple pregnancy or health conditions that 
could impact on gestational weight change, and those 
without a study design measuring gestational weight 
change.

Data extraction and analysis
Data describing authors, year of publication, country, 
participant characteristics, sample size, intervention 
characteristics, and primary and secondary outcomes 
were extracted from the included studies into an Excel 
spreadsheet and exported to Stata for analyses [47]. This 
process was conducted by one member of the research 
team, and a second researcher confirmed accuracy.

Meta-analyses were conducted to assess the effect of 
the intervention on two outcomes: (1) total GWG and 
(2) adherence to GWG recommendations. To estimate 
the overall pooled effect of interventions on adherence 
to GWG guidelines and total GWG, pooled proportions 
of GWG within and outside guidelines were calculated, 
with 95% confidence intervals. The effect size for total 
GWG was estimated using random effects DerSimonian-
Laird pooled standardised mean difference (SMD) [48, 
49], where SMD of 0.2 represents a small effect, 0.5 a 
moderate effect and 0.8 a large effect [50]. Heterogene-
ity between studies was assessed using the I2 statistic, 
with values below 25% representing low heterogeneity, 
25% -75% indicating moderate heterogeneity, and val-
ues above 75% indicating high heterogeneity [51]. Meta-
regressions were performed to measure the proportion 
of between-study variance explained by covariates 
including age, risk of bias assessment, BMI, analysis type 
(intention-to-treat or per protocol), intervention mode 
of delivery, and weight measurement method. Funnel 

plots were constructed, and Egger’s test was run to assess 
for publication bias. All analyses were carried out using 
Stata/SE 16.0 [47].

Assessment of Risk of Bias in included studies
The Cochrane Collaboration Risk of Bias 2 tool was 
used to evaluate the risk of bias for GWG outcomes in 
included studies across five domains (risk of bias arising 
from the randomisation process, risk of bias due to devia-
tions from intended interventions, missing outcome data, 
risk of bias in measurement of the outcome, and risk of 
bias in selection of the reported result) [52]. Accord-
ing to predetermined criteria set by the Cochrane Col-
laboration, if a study was assessed as ‘low risk’ across all 
domains, a score of overall low risk of bias was assigned. 
If any of the domains were assessed as ‘unclear’ risk of 
bias, then studies were assigned as unclear risk of bias. 
A high risk of overall bias resulted if any of the domains 
were evaluated as high risk of bias. One researcher 
assessed all included studies for risk of bias, and a second 
researcher independently evaluated half of the studies to 
confirm consistency. All studies were included in initial 
statistical analyses, however studies identified as being 
‘high risk’ were removed during sensitivity analyses.

Quality of evidence
Strength and certainty of the overall evidence was 
assessed by the research team using the Grading of 
Recommendations, Assessment, Development and 
Evaluation [GRADE] system using GRADEpro GDT 
(GRADEpro Guideline Development Tool [Software]; 
McMaster University and Evidence Prime, USA). Quality 
of evidence for meta-analyses began at the high level and 
were downgraded to lower levels of evidence when risk of 
bias, inconsistency, indirectness, imprecision or publica-
tion bias were deemed to be present. Statements in the 
results and discussions were presented according to sug-
gested GRADE statements for communicating certainty 
of evidence [53].

Results
Study selection
The search identified 5916 studies, plus three addi-
tional studies through citation searching, of which 4656 
remained after removing duplicate articles. Of these, 
4477 title and abstract records did not meet inclusion cri-
teria and were excluded from further review. 179 full-text 
articles were assessed for eligibility and a total of 21 stud-
ies met criteria for inclusion (Fig.  1). No changes from 
the registered protocol were required.

Characteristics of the 21 studies (8030 women) 
included in this systematic review are presented in 
Table  2. The majority (n = 12) of the interventions were 
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conducted in the USA [54–65], four in Europe [66–69], 
two in Australia [70, 71] and the UK [72, 73], and one in 
Turkey [74]. Nine of the trials were considered to incor-
porate CBT techniques only [55, 58–61, 65, 68, 69, 74], 
10 trials incorporated a mix of both MI and CBT tech-
niques [56, 62–64, 66, 67, 70–73], and two interventions 
used MI techniques only [54, 57]. There was variation in 
the definition of how GWG was calculated; eight stud-
ies measured GWG as pre-pregnancy weight deducted 
from the final weight in pregnancy or at birth [57, 58, 
60, 64–66, 69, 73], four studies calculated GWG as pre-
pregnancy weight to the final trimester weight before 
37 weeks [54, 59, 61, 72], another three measured GWG 
from a baseline measurement to weight measurement in 
the final trimester [62, 67, 68]. Furthermore, three studies 
measured GWG as weight in the first trimester to weight 
measurement in the final trimester, including on the day 

of birth [55, 56, 63], one study used weight change from 
baseline to 28 weeks of pregnancy [70], one study calcu-
lated the adjusted total GWG by using a weekly rate of 
weight gain and multiplying by 40 (for the number of 
weeks of pregnancy) [71], and one study did not outline 
how GWG was calculated [74].

Intervention mode of delivery varied across the 
included trials. Eight interventions were delivered in-per-
son [55, 59, 62, 66, 69, 70, 73, 74], while four interventions 
were delivered remotely (i.e., online or via telephone) [56, 
57, 61, 63]. Nine interventions used a combination of 
in-person and remote delivery [54, 58, 60, 64, 65, 67, 68, 
71, 72]. Intervention dose varied across trials. Fourteen 
studies included at least six face-to-face or remote con-
tacts with participants [54–56, 59–65, 67, 68, 72, 73]; the 
remaining trials involved between two and five contacts 
with participants [57, 58, 66, 69–71, 74]. Interventions 

Fig. 1  PRISMA flowchart
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were delivered by a health coach in five trials [56, 67, 70–
72], midwives in two trials [66, 73], dietitians in two trials 
[54, 64] and a mix of professions, including intervention-
ists or research team members in eight trials [55, 58–60, 
62, 65, 69, 74], and delivered by phone/computer applica-
tion or website in four trials [57, 61, 63, 68].

All trials included standard antenatal care as the con-
trol; however, five trials also included an additional fea-
ture (such as a healthy eating during pregnancy brochure 
or education session) in the control arm, which were 
termed ‘Enhanced Usual Care’ [61–63, 70, 71]. Nine 

trials recruited women from at least three BMI classes 
(i.e., BMI ≥ 18.5 kg/m2) [54, 57, 58, 60, 61, 63, 69, 71, 73], 
five targeted a BMI ≥ 30.0 kg/m2 only [55, 62, 66, 67, 72], 
six included BMI ≥ 25 kg/m2 [56, 59, 64, 65, 68, 70], and 
one trial limited BMI to between 18.5 – 29.9 kg/m2 only 
[74].

Risk of Bias in included studies
The risk of bias assessment for all studies is presented 
in Fig.  2. Ten of the studies were rated with overall 
unclear risk of bias [54–61, 66, 70], nine studies were 

Fig. 2  Risk of Bias assessments for included studies
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deemed overall low risk of bias [62–65, 67, 68, 71–73], 
and two studies were determined to be potentially high 
risk due to ratings of ‘some concern’ or ‘high’ risk in 
multiple domains [69, 74].

GRADE assessment
The overall certainty of evidence for total GWG out-
comes was rated as very low due to being downgraded 
in two risk of bias domains (indirectness and strong 
likelihood of publication bias). Overall certainty of 
evidence for adherence to weight gain recommenda-
tions was assessed as very low, with the evidence being 
downgraded due to indirectness and the strong likeli-
hood of publication bias. However, sensitivity analyses 
to account for high risk of bias produced similar results 
to the initial meta-analysis. The overall certainty of evi-
dence for the effect of MI and/or CBT techniques on 

GWG outcomes is presented with further explanation 
in Additional Table S3.

Synthesis of results
Effect of intervention type on GWG​
The effect of intervention technique (MI alone, CBT 
alone, and combined MI-CBT interventions) on GWG 
outcomes is presented in Figs. 3 and 4. There was a small 
effect for total GWG combined MI-CBT interventions 
(SMD: -0.22, 95% CI: -0.35 to -0.09, p < 0.001) and in CBT 
alone interventions (SMD: -0.14, 95% CI: -0.26 to -0.01, 
p < 0.001). Combined MI-CBT interventions significantly 
reduced the proportion of participants with GWG above 
or below guidelines (76% of intervention participants ver-
sus 80% of control participants, p = 0.037), as did CBT-
alone interventions (69% of intervention participants 
versus 75% of control participants, p = 0.008). MI-alone 
interventions reduced total GWG (SMD: -0.36, 95% CI: 
-0.94 to -0.22; one study) and decreased GWG above or 

Fig. 3  Total Gestational Weight Gain by type of intervention
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below guidelines GWG (63% of intervention participants 
versus 68% of control participants, p = 0.337, two stud-
ies), although the data lacked power to show statistical 
significance.

Effect of interventions on total GWG​
Twenty trials involving 7656 women (95%), evaluated the 
effect of MI and/or CBT interventions on total weight 
gain in pregnancy. Overall, compared with women in 
the control arm, the intervention arm produced a small 
effect on total GWG (SMD: -0.18, 95% CI: -0.28 to 
-0.09, p < 0.001) (Fig.  5). There was a greater effect on 
women with a BMI ≥ 25 kg/m2 where there was a reduc-
tion in weight gain (SMD: -0.24, 95% CI: -0.36 to -0.13, 
p = 0.005) compared with studies that included all BMI 
classes (SMD: -0.05, 95% CI: -0.18 to 0.08, p = 0.082) 
or BMI < 25  kg/m2 (SMD: -0.20, 95% CI: -0.44 to 0.04, 
p = 0.989). Heterogeneity between studies was moder-
ate (I2 = 58.2%, p ≤ 0.001). Interventions with MI and/
or CBT techniques may reduce total GWG, but the evi-
dence is very uncertain.

Effect of interventions on achieving appropriate weight gain
Sixteen (76%) of the included studies (4336 women) 
evaluated the adequacy of participants’ weight gain 
against GWG recommendations. Overall, the MI and/
or CBT interventions reduced the proportion of women 
with GWG outside the GWG recommendations (71% of 

intervention participants versus 77% of control partici-
pants, p < 0.001) (Fig.  6). Analysis by BMI class showed 
the intervention significantly reduced the likelihood of 
GWG above or below guidelines in women with over-
weight or obesity (76% of intervention participants ver-
sus 81% of control participants, p = 0.006) and in women 
with a BMI < 25 kg/m2 (54% of intervention participants 
versus 67% of control participants, p = 0.027) (Additional 
Fig. S1). A similar finding was noted in interventions that 
included all BMI classes; however, the data lacked power 
to show statistical significance (66% of intervention par-
ticipants versus 68% of control participants, p = 0.421). 
Heterogeneity between studies was high (I2 = 90.0%, 
p < 0.001). Interventions with components of MI and/or 
CBT may increase the proportion of women achieving 
appropriate GWG that is important, but the evidence is 
very uncertain.

Sensitivity analysis and meta‑regression
Sensitivity analysis, where meta-analyses were performed 
after removing studies with high risk of bias, yielded sim-
ilar results to the original meta-analysis (Additional Fig. 
S2).

Meta-regressions were performed to assess propor-
tion of between-study variance explained by study char-
acteristics. Only BMI category and intervention mode 
of delivery were found to contribute significantly to 
between-study variance, explaining 30.4% and 37.2% of 

Fig. 4  Proportion of women with GWG above or below guidelines stratified by intervention type
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between study variance respectively. Consequently, a 
sub-group analysis was conducted by intervention mode 
of delivery, as sub-group analyses by BMI class were per-
formed prior to this. The forest plots were stratified by 
three different intervention delivery modes (i.e., face-
to-face delivery, remote delivery, or a combination of 
face-to-face and remote delivery) to account for this vari-
able. The intervention successfully limited total GWG in 
interventions delivered in-person (SMD: -0.31, 95% CI: 
-0.46 to -0.16) or via a combination of in-person/remote 
delivery (SMD: -0.13, 95% CI: -0.24 to -0.02), but not in 
remote delivery only interventions (SMD: -0.04, 95% CI: 
-0.46 to 0.38) (Additional Fig. S3). The intervention was 
successful in reducing GWG above or below guidelines 
when delivered in-person (p = 0.003) and in-person/
remote combinations (p = 0.003), but not when solely 
delivered remotely when compared to the control con-
dition for the respective mode of delivery (p = 0.847) 
(Additional Fig. S4).

The funnel plots of included studies show asymmetry 
(p < 0.005), indicating possible publication bias where 
studies with successful interventions were more likely to 
be published (Additional Fig. S5).

Discussion
To our knowledge, this is the first systematic review 
with meta-analyses to investigate the effect of behav-
iour change interventions using MI and/or CBT tech-
niques on GWG outcomes. Inclusion of MI-CBT 
techniques appear to be effective for improving the 
proportion of women with appropriate GWG (29% 
in the intervention participants, compared to 24% in 
standard antenatal care), an outcome that is linked 
with significant short- and long-term health outcomes 
for mothers and infants when compared with stand-
ard antenatal care, although substantial heterogene-
ity was noted. The effects were greater in women with 

Fig. 5  Total Gestational Weight Gain stratified by BMI category



Page 15 of 19Nightingale et al. BMC Public Health          (2023) 23:626 	

overweight or obesity. The finding is important given 
this cohort of women are at risk of GWG above guide-
lines and associated sequelae. The results of the meta-
analyses support the use of CBT or integrated MI-CBT 
techniques as an approach for achieving appropriate 

GWG. Due to concerns with risk of bias, indirectness 
and potential for publication bias, the overall certainty 
in the evidence is very uncertain. These findings sug-
gest that MI-CBT techniques can affect behaviour 
change that influences weight and health-related 

Fig. 6  Proportion of women with GWG above or below guidelines
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outcomes, however, data were not available to evalu-
ate for sustained behaviour change or longer-term 
outcomes such as postpartum weight retention, which 
would present additional benefits to pregnant people 
from these interventions.

Interventions including CBT-alone, or integrated MI 
and CBT techniques significantly reduced total GWG 
and the proportion of participants with GWG outside 
recommendations. This finding is consistent with exist-
ing literature demonstrating significant effects from com-
bined MI-CBT interventions [43–45]. Studies indicate 
that with each 1 kg reduction in GWG there is an associ-
ated impact of reduced risk for LGA, reduced infant birth 
weight (by 17–23 g) and postpartum weight retention (by 
-0.88 kg) [3, 75], thus the finding of an overall significant 
difference with a small effect for total GWG may have a 
clinical impact in these areas. Interventions delivered 
in-person, or in-person combined with remote delivery, 
were also successful in limiting GWG and the propor-
tion of participants with GWG above or below guide-
lines. Similar effects were seen in MI-alone interventions, 
and interventions delivered exclusively through remote 
methods, however lacked statistical power. Conduct-
ing further research involving MI-only interventions, 
and/or exclusively remote-delivery interventions, would 
strengthen the evidence in relation to the effect of these 
intervention types on GWG outcomes.

Consistent with previous reviews that focus on preg-
nant women with overweight or obesity [76, 77], this 
systematic review found the intervention effect on GWG 
and proportion of women achieving adequate GWG 
was greater in women with a BMI > 25  kg/m2; reducing 
the proportion of women with GWG above or below 
guidelines compared to the control condition (76% ver-
sus 81%). These BMI categories are associated with addi-
tional risks of adverse perinatal outcomes [76], and are 
more likely to have GWG above guidelines than other 
BMI categories [77]. Given the consistently high propor-
tion of pregnant women with overweight or obesity that 
do not achieve appropriate GWG, further interventions 
are warranted that include additional considerations 
aimed at increasing maternal GWG adequacy.

The findings of this review also confirm that a substan-
tial proportion of pregnant women do not achieve target 
GWG [4, 78]. The findings confirm that GWG above or 
below guidelines during pregnancy continues to repre-
sent a significant issue for maternity care providers and 
suggests that other factors need consideration when 
designing interventions for GWG. Our findings support 
previous evidence that components of MI and CBT tech-
niques are effective for initiating and sustaining behav-
iour change, in relation to GWG.

Intervention mode of delivery influenced the inter-
vention effect. Only interventions delivered in-person, 
or remotely in combination with in-person, success-
fully reduced GWG and significantly decreased the 
proportion of women with weight gain outside of GWG 
recommendations when compared to the respective 
control. This contributes to evidence regarding opti-
mal mode of delivery, which has been inconsistent. 
A recent review of 12 studies found telephone-based 
interventions such as telephone calls and short mes-
saging service were effective for GWG control [79]. 
However, evaluation of other telephone functions 
such as smartphone applications, social networks and 
video calls were not evaluated, as studies using these 
telephone functions were not included [79]. Previous 
reviews concluded evidence was lacking to support 
or refute the use of technology-based interventions 
for GWG [80–82]. Our findings suggest that while in-
person intervention delivery is important for pregnant 
women, telephone and technology follow-up can pro-
vide adequate support to this contact and this has the 
advantage of intervention delivery that is flexible, brief, 
and cost-effective. This mode of delivery is also highly 
accessible for a diverse population of pregnant women, 
such as those living in rural and remote regions, where 
there are higher rates of obesity [83, 84].

Limitations and future recommendations
While our meta-analyses suggest there is a positive 
effect of MI and/or CBT techniques on GWG-related 
outcomes, a significant proportion of pregnant women 
do not achieve GWG within recommended ranges. 
Further research trialling psychosocial interventions to 
support behaviour change for appropriate GWG is war-
ranted because improved control of GWG will reduce 
the risk of adverse perinatal outcomes for women and 
infants.

We excluded non-English language articles, which 
could mean that some relevant studies were not included. 
Measurement of GWG varied across studies, and there-
fore the reported GWG might not reflect the total GWG 
over the course of the entire pregnancy. Most interven-
tions included in these meta-analyses involved combined 
MI and CBT, or CBT only techniques. Only two inter-
ventions trialled only MI techniques and thus MI-only 
interventions are less represented in these data. Further 
research trialling MI techniques on GWG outcomes 
would strengthen the evidence relating to the effect 
of MI techniques on GWG-related outcomes. While 
meta-regressions and sensitivity analysis did not change 
results, the complex and multi-component nature of the 
included interventions indicates notable variability exists 
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between interventions where an effect of unknown vari-
ables cannot be ruled out.

Although we evaluated GWG both above and below 
guidelines, many of the included studies focused on lim-
iting excessive GWG or total GWG only, and five of the 
included studies did not have GWG as a primary out-
come measure of their intervention. There was variation 
across included studies in how GWG was defined and/
or measured. A consistent approach to the definition and 
measurement of GWG is needed in future research. The 
training provided to intervention facilitators or meas-
ured intervention fidelity was not reported in all studies. 
As a result, the extent to which individuals were receiv-
ing MI and CBT techniques is uncertain. Future studies 
examining interventions based on MI and/or CBT should 
include a measurement of fidelity into the study design.

Conclusions
These meta-analyses show that MI and/or CBT tech-
niques can reduce total GWG and improve the pro-
portion of pregnant women with appropriate GWG. 
However, the collective evidence is very uncertain, and 
a large proportion of women still do not achieve normal 
GWG in pregnancy. These findings support existing 
evidence that MI and/or CBT techniques can be effec-
tive in initiating and sustaining behaviour change when 
delivered in-person or via a combination of remote and 
in-person delivery. Future research should consider 
and incorporate additional factors that contribute to 
maternal GWG, including exploration of clinician and 
women’s perspectives regarding intervention design 
and delivery.
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