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Abstract: Excessive gestational weight gain (GWG) and postpartum weight retention (PPWR) may
predispose women to the development of obesity. The objective of this systematic review was
to evaluate the effectiveness of lifestyle interventions in overweight or obese pregnant and/or
postpartum women for managing postpartum weight up to 2 years after giving birth. Eighteen
randomised controlled trials were included (2559 participants) and divided into three categories
according to the timing of the intervention: pregnancy only (n = 3), postpartum only (1 = 12) and
pregnancy and postpartum (1 = 3). The intervention duration varied from 10 weeks to 10 months and
included diet only (# = 5) or diet and physical activity (1 = 13). Seven postpartum only interventions
reported significant improvements in postpartum weight when compared to the control group. Most
of these interventions were short and intensive, lasting 10-16 weeks. One pregnancy only and
one pregnancy and postpartum intervention reported reduced PPWR at 6 months. Nine trials did
not report an effect of the intervention on postpartum weight. However, of these, four reported
associations between GWG and PPWR. This review suggests that successful postpartum weight
management is achievable with intensive lifestyle interventions starting in the postpartum period;
however, there is insufficient evidence to conclude whether interventions starting in pregnancy
are effective. Larger trials utilising comparative methodologies in the pregnancy and postpartum
periods are required to inform the development of targeted strategies preventing PPWR or reducing
postpartum weight.
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1. Introduction

Obesity is a global epidemic. In the UK, over 60% of adults are categorised as overweight or
obese [1] and cumulative prevalence is predicted to reach 70% by 2034 [2]. Of Particular concern,
is the fact that 49.6% of pregnant women in England are categorised as overweight or obese [3]. It is
established that obesity reduces fertility and in pregnancy increases the risk of adverse maternal, fetal
and neonatal outcomes, but it is less well appreciated that pregnancy per se is a major contributor to
the development of obesity, through the retention of weight gained during pregnancy [4,5].
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Estimates of postpartum weight retention (PPWR) vary, with as many as 20% of women reported
to retain more than 5 kg after one year postpartum [6,7]. Excessive gestational weight gain (GWG),
above that recommended by the Institute of Medicine (IOM) guidelines, has consistently been reported
as a predictor of PPWR [8-11] and a contributor to the obesity epidemic among women [12-15].
Furthermore, pre-pregnancy body mass index (BMI) also contributes to PPWR; women who enter
pregnancy overweight or obese are at greater risk of exceeding the IOM GWG [16-18] and are less likely
to return to their pre-pregnancy weight compared to their normal weight counterparts [19]. One study
reported that between the first two pregnancies, an increase of BMI >4 kg/m? occurred in 7.5% of
normal weight women, 10.5% of overweight women, and 13.4% of obese women [20]. Importantly,
PPWR has been associated with an increased risk of many adverse outcomes in a subsequent pregnancy
independent of the woman’s initial BMI [21-23].

In the UK, the current NICE guidelines for weight management after pregnancy recommend
breastfeeding as a strategy for promoting weight loss [24], but findings from studies of women with
heterogenous BMI are mixed, as reported in a systematic review [25] in which it was suggested that
pre-pregnancy BMI and GWG may have greater influence on postpartum weight.

Given the increase in prevalence of overweight and obesity among women of reproductive age,
placing them at an increased risk of PPWR, it is important to investigate the impact of interventions
in this group during the pregnancy and/or postpartum period in this at-risk group. The antenatal
and postnatal periods are well established windows of opportunity for public health interventions,
due to the increased contact with healthcare professionals [26]. Earlier systematic reviews of women
of heterogenous BMI showed that lifestyle interventions based on diet and/or physical activity are
effective at either preventing excessive GWG [27,28] or reducing PPWR [12,29,30]. This study was
undertaken to update the previous reviews and to consider the timing of the intervention in women
who are overweight or obese, which has not previously been addressed. Furthermore, there is
inadequate data to support the implementation of any specific approach which can be translated and
implemented into clinical practice. Our aim was to systematically evaluate the effectiveness of lifestyle
interventions initiated during the antenatal and/or postnatal period in overweight or obese pregnant
women to manage postpartum weight.

2. Methods

This review paper has been reported in accordance with the PRISMA guidelines for reporting
a systematic review [31] and registered on 5 June 2018 on the PROSPERO database for systematic
reviews (PROSPERO 2018: CRD42018096480).

2.1. Literature Search

A literature search was conducted by two independent reviewers using three databases:
MEDLINE, Embase and the Cochrane Central Register of Controlled Trials. The search strategy,
listed in Appendix A, of keywords and Medical Subject Headings (MeSH) terms was adapted to each
database. All randomised controlled trials published in English between 1 January 2000-23 January
2018 were included. The timeframe was selected to reflect up to date knowledge for overweight and
obesity in the antenatal and postnatal period. A hand search of reference lists in identified articles and
review articles was performed to identify additional relevant studies.

2.2. Inclusion and Exclusion Criteria

The inclusion and exclusion criteria were developed using the PICOS [32] (population,
intervention, comparison, outcomes and study design) approach, summarised in Table 1. Inclusion
criteria included: (1) randomised controlled study design, (2) diet or diet and physical activity
intervention initiated anytime during pregnancy or up to 2 years postpartum, including trials which
aimed to manage gestational diabetes mellitus (GDM), (3) the inclusion of participants with a BMI >
25 kg/m? and, if applicable, these being analysed separately to women with a healthy BMI, (4) outcome
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data collected after a minimum of 3 months postpartum to ensure GWG did not influence follow-up
weight, and (5) changes in the mother’s body composition up to 2 years after giving birth (e.g., change
in weight from baseline, reduction in postpartum weight retention or changes to BMI). Studies were
excluded if they were non-randomised trials, observational studies and cohort analyses of maternal
outcomes, or if they included women with underlying disorders diagnosed pre-pregnancy, such as
type 1 diabetes or hypertension, women with multiple pregnancies, interventions in women with a
BMI < 25 kg/m?, or if women younger than 18 years of age were included.

Table 1. Summary of population, intervention, comparison, outcomes and study design (PICOS)
criteria for the inclusion of interventions.

Selection Criteria Inclusion Criteria
. . > 2

Participants Pregnant or postpartum (up to 2 years after birth) women, with a BMI > 25 kg/m
and >18 years old

Intervention Diet or diet and physical activity initiated during pregnancy, postpartum or both

Comparison Standard care

Outcomes Materna'l postpartum weight or body composition data >3 months and <2 years
after delivery
Studies Randomised controlled trials

2.3. Study Selection and Data Extraction

Following the removal of duplicates, titles and abstracts were independently screened against
the inclusion/exclusion criteria by two researchers. Data extraction was completed separately but
systematically by two reviewers and included general characteristics (title, authors, date and place of
publication), recruitment strategy, number of participants, intervention details (type, duration and
frequency) and relevant outcome measures, including primary and secondary outcomes relating to
body composition and weight and breastfeeding outcomes. Data extraction from the retrieved papers
was carried out between March 2018 and August 2018.

2.4. Data Synthesis

Data was analysed using quantitative and qualitative techniques, through a narrative summary
approach to aid the interpretation of trial results. A meta-analysis was precluded due to the
heterogeneity of the studies with regards to study design, intervention methodologies and outcome
measures [33]. Studies were partitioned into three groups depending on the timing of the intervention
(1) pregnancy only, (2) pregnancy and postpartum and (3) postpartum only. This grouping enabled the
exploration of the association between intervention initiation and postpartum weight reduction.

2.5. Assessment of Validity and Bias

The Cochrane Handbook for Systematic Reviews of Interventions tool [34] was used to assess the
validity and bias of each included publication. The domains used included randomisation selection
(selection bias), allocation concealment (selection bias) and participant drop-out between recruitment
and follow-up period (attrition bias). Performance bias was not included due to the nature of the
interventions. The studies were scored in each of these domains as having a ‘high’, ‘low’, or “unclear’
risk of bias and an overall risk was subsequently determined following the Cochrane guidelines.
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3. Results

A total of 2733 titles were identified in the initial database search (Medline and Embase 2456,
Cochrane 277) and five additional titles were identified from hand searches (Figure 1). Following the
removal of duplicates, 2251 titles and abstracts were screened and the full texts of 35 studies were
assessed for eligibility; 18 met the inclusion criteria. Five studies were excluded as they failed to
provide a separate overweight (OW) or obese (OB) subgroup analysis; six studies had no standard
antenatal control arm; a further two studies were excluded as they were non-randomised trials, one trial
included twin pregnancies, one included participants under 18 years of age, one intervention was of
physical activity only and one publication was a protocol for an ongoing trial.

Records identified through database Additional records identified through
searching hand searches
Jan 2000 - Jan 2018 (n=5)
(n=2733)

All studies following searches Duplicates removed
(n=2738) (n=487)

\ 4

\ 4

Records screened
(n=2251)

\ 4

Full-text articles excluded (n=17):

Full-text articles assessed for

A 4

eligibility All BMI categories included -5
(n =35) No standard antenatal control - 6
Non-randomised trial - 2
Participants < 18 years of age -1
Twin pregnancies included - 1
Study protocol of an on-going trial -1
Physical activity intervention only - 1

Studies included in systematic
review
(n=18)

Figure 1. Flowchart of study selection.

The characteristics of the trials are summarised in Table 2. The eighteen studies (n = 2559) are
divided into three categories according to the timing of the intervention: pregnancy only (n = 3) [35-37],
pregnancy and postpartum (n = 3) [38—40] or postpartum only (n = 12) [41-52].
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Table 2. Characteristics of the antenatal / postnatal interventions.

5 0f 26

Author/Year Reported
Trial Name Aims Timing of Intervention Primary/Secondary Study Population Intervention
Country Outcomes
Pregnancy only
To determine if a I: Diet and physical activity
behavioural intervention N = 401 all BMI - Standard care plus a behavioural lifestyle
initiated during Proportion of women at _I' n =201 intervention which involved one face-to-face
Phelan etal.  pregnancy could decrease or below pre-pregnancy 26.32 ) L 5_ 6 ke /m? visit with an interventionist; weekly mailed
2013 [35] the proportion of women  Commenced 10-16 weeks weight at 6 months PP ’ Cin - 20% materials that promoted appropriate weight
Fit for who exceeded the gestation Secondary outcome: 26.48 :t 5_9 ke /m? gain, healthy eating (20 kcal/kg) and exercise
Delivery recommendations for Ended at birth Proportion of women Sub 'rou ahal gsis was (30 min of walking most days/week);
USA GWG and increase the who exceeded 1990 IOM rovige d fI:;r woi,nen with individual graphs of weight gain; and
proportion of women who recommended GWG II;MI >25.0 kg/m?: 1 = 200 telephone-based feedback
retumed to pre-pregnancy B C: Usual care included nutrition counselling in line
weight by 6-month PP with the WIC program
I: Diet and physical activity
- Two individual dietary counseling sessions with
an interventionist
- Weekly group meetings
Vesco et al. To determine if women . N =114 OBwomen only Da1ly food and activity diaries
. R Weight change at 1-year oo (reviewed weekly)
2016 [36] who received a weight Commenced <20 weeks . . I:n=56 o . s
. . . PP, defined as weight at 2 - Target: Maintain weight within 3% of
Healthy management intervention gestation : BMI 36.7 + 5.2 kg/m . .
. . . 12-months PP minus randomisation weight by 12 months pp
Moms Trial during pregnancy Ended at birth . . C:n =58 o LY o
USA weighed less at 1-year PP weight at randomisation BMI36.8 £ 52kg/m?>  ° Keep calorie intake within an individual goal

and adopt a sodium-restricted diet
- Exercise daily (goal of 30 min moderate activity
per day or 10,000 steps per day on pedometer)

C: Usual care included a single dietary advice session
with a dietitian.
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Author/Year Reported
Trial Name Aims Timing of Intervention Primary/Secondary Study Population Intervention

Country Outcomes

I: Diet and physical activity
. - Four individual dietary counselling sessions

Vinter et al Tol'?etterlm l.ni the egect 0 f 304 OB women only with a dietitian

nier et al. a lestyle fntervention m Commenced <14 weeks PPWR, defined as I:n =150 - Counselling on postpartum diet, nutritional

2014 [37] pregnancy on PPWR at 6 . . . 2 . . .

. gestation 6-month PP weight minus 33.4 kg/m~ (31.7-36.5) requirements during breastfeeding and
LiP study months and the . . ? . :
. Ended at birth weight at study inclusion C:n=154 weight loss
Denmark association between 333 kg/m? (31.7-36.9) 1h/week bic cl
breastfeeding and PPWR 28 ' ’ ) week aerobic classes

- Free fitness membership

C: Usual care

Pregnancy and postpartum

Ferrara et al.

2011 [38]
DEBI study
USA

To evaluate the feasibility
of a prenatal /postpartum
intervention to modify
diet and physical activity

Commenced at diagnosis
of GDM
Ended 12 months PP

Proportion of women
who reached their weight
goal by 12 months PP,
(reduction to 5% below
their pre-pregnancy
weight)

N =197 all BMI
Subgroup analysis was
provided for women with
BMI >25.0 kg/m? n = 114
I: n =96 All BMI
OW =24% (n = 23)
OB = 35% (n = 34)
C:n=101
OW =22% (n = 22)
OB =35% (n = 35)

I: Diet and physical activity
3 intervention phases delivered by dietitians
Prenatal: GDM diagnosis to 6 weeks PP

- 1 in-person session, 2 telephone calls

- Encouraged to follow the ADA diet

- Engage in moderate intensity physical activity
for 150 min/week.

- Advice on breastfeeding for 6 months

Postpartum: 6 weeks to 7 months PP

- Goal of a 5% reduction in pre-pregnancy weight
by 12 months PP

- 2 individualised in-person sessions and
telephone calls

- 150 min of moderate or vigorous physical
activity /week.

- Consume 25% or less of total calories from fat
per day.

Maintenance phase: 7 to 12 months PP

- 3 telephone calls to reinforce the behavioral
changes and address relapses.

C: Usual care received materials on GDM, infant
safety and general health
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Author/Year Reported
Trial Name Aims Timing of Intervention Primary/Secondary Study Population Intervention
Country Outcomes

Herring et al.

2017 [39]
USA

To determine whether an
early pregnancy
behavioral intervention
could increase the
proportion of obese
African American women
who were at or below
their early pregnancy
weights by 6- and
12-months PP

Commenced <20 weeks
gestation
Ended 6 months PP

Number of women at or
below their early
pregnancy weights by 6-
and 12-months PP

N =66 OW /OB African
American women
Ln=33
BMI 33.5 + 5.8 kg/m?
C:n=33
BMI 32.2 + 5.4 kg/m?

I: Diet and physical activity

Behavioural lifestyle intervention designed to:

(1) Prevent excessive GWG (delivered from baseline
to 36 weeks’ gestation)

(2) Promote weight loss postpartum (delivered
between 10 weeks and 6 months PP)

Behaviour change goals included ‘limit junk and high
fat foods to no more than 1 per day’, “walk 5000 steps
daily’ and ‘weigh yourself weekly’. Delivered via
three mechanisms:

- Daily text messages tailored to a
behavioural goal

- Weekly Facebook posts with links to websites
and videos

- Weekly to monthly scripted calls with a
health coach

- Participants were provided with digital scales,
pedometers, water bottles and portion plates.

C: Usual care

Peccei et al.
2017 [40]
USA

To assess the effect of a
culturally-appropriate
nutritional intervention
on GWG and PPWR

Commenced <16 weeks
gestation
Ended 6 months PP

Weight retention at 6
months PP from baseline

N =300 OW /OB women

I: n =200
n =850W
n=1150B

White: 36%, Black: 8%,
Hispanic: 49%, Other: 7%
C:n =100
n =43 OW
n =57 OB
White: 46%, Black: 3%,
Hispanic: 43%, Other: 8%

I: Diet only

- Pregnancy: culturally appropriate, 10-30 min
bi-monthly counselling on a low carbohydrate
diet with a dietitian either in person or by phone

- Pregnancy-specific individualised meal plans,
weight gain trajectory assessments, counselling
on food labels, shopping for healthy foods,
calorie comparisons and supplement advice

- Postpartum (6 weeks to 6 months): nutritional
assessment and individualised meal plans for
postpartum period; adjusted according
to breastfeeding

C: Standard prenatal and postnatal care
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Author/Year Reported
Trial Name Aims Timing of Intervention Primary/Secondary Study Population Intervention
Country Outcomes
Postpartum only
I: Diet and physical activity
N =68 OW/OBwomen  Individual behaviour modification face to face
(calculated from counseling totaling 5 h.
To evaluate whether a pre—pre%nar_lcgflwelght) D: Reduction of 500 kcal/day
12-week dietary, physical L n= - Limit sweets and snacks to 100 g/week
exercise or COI,nbined To measure changes (by Diet only: n = 17 - Substitute low-fat and low-sugar alternatives for
Bertz et al. . . Commenced 10-14 weeks . BMI 30.0 £ 2.6 kg/m?
dietary and physical DXA scan) from baseline X regular foods
2012 [41] exercise behaviour PP in body weight and bod Exercise only: n = 18 C half of the plate with tabl
Sweden e Duration 12 weeks Y WEIH: y BMI 30.4 + 3.1 kg/m?  ~ over one-hatl of the plate with vegetables
modification reduces composition at lunch

body weight in lactating
women

Diet and exercise: n =16
BMI 29.9 + 2.2 kg/m?

- Reduce portion sizes

Cn=17 E: 45-min brisk walk 4 day/week at 60-70% of the
BMI 30.2 + 3.4 kg/m? maximum heart rate.
BMI data from baseline ~ Women were contacted biweekly with text messages.
C: Usual care
I: Diet and physical activity
- A 16-week intervention using MyPyramid to
Pri t T estimate energy needs based on age, weight,
An intervention rimary oticome: 10 N =310W/OB height, and lactation status.

examining the effects of
energy restriction and
exercise on body
composition in
overweight/obese
lactating women

Colleran et al.
2012 [42]
USA

Commenced < 4 weeks PP
Ended 20 weeks after
recruitment

improve total diet or
overall pattern of food
consumptionAdditional
outcomes: Changes in
anthropometric and body
composition, including
BMI

(calculated at baseline)
Data available for n = 27

Ln=14
BMI 29.7 £ 3.6 kg/m?
C:n=13

BMLI: 28.0 & 3.3 kg/m?

- Printout generated which graphically displayed
their recommended energy needs and food
group servings Research assistants travelled to
participants’ homes up to three times/week to
facilitate the exercise session and
dietary counselling

C: Usual care group were asked not to participate in
structured exercise or decrease their energy intake
during the 16-week intervention

Craigie etal.  To evaluate the feasibility

2011 [43] of a weight loss
WeighWell intervention in socially
UK disadvantaged women

Commenced 6-18 months
PP
Duration 12 weeks

To assess changes in body
composition (weight, WC
and skinfolds), dietary
intake and physical
activity

Socially disadvantaged
women. N =52 OW/OB
calculated at baseline
I:n=29BMI31.6 +
4.7 kg/ m?2
C:n=23BMI31.6 +
5.4 kg/m?

I: Diet and physical activity

- 3 x monthly face-to-face consultations with a
trained lifestyle counselor

- 3 structured telephone calls

- 500 kcal/day reduction

- 150 min of moderate-vigorous activity per week

C: Written information on weight loss and usual care
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Author/Year Reported
Trial Name Aims Timing of Intervention Primary/Secondary Study Population Intervention
Country Outcomes
I: Diet only
- Mothers received 4 x 60 min education sessions
T luate th Primary outcome: with a nutrition professional and 8-month
Falciglia et al effecti?zeer‘::s: 2fea d?etar Maternal dietary intake N =104 OW/OB follow-up phone calls.
8 ' . . . Y Commenced 6 weeks PP Additional outcomes: calculated at baseline - Sessions were tailored to SES of the participant
2017 [44] intervention to increase . - . . .
. . Duration 12 months Changes in body In=52 and included advice on vegetable intake for the
USA target vegetable intake in 2 . .
composition, including C:n=52 mother and her infant
OW PP women . 1 .
BMI - Dietary guidelines were based on MyPyramid
C: Usual care with standard educational material on
MyPyramid
I: Diet and physical activity
- The participants were given access to the
SmartLoss phone application and an iPhone
- The application included real-time weight and
activity monitoring, scheduled delivery of
health information, and interventionist feedback
- . - To track weight and activity, participants were
P t :
Cr;r:s;z iOI’lllV\(;ZiIglii N =400W/OB provided a BodyTrace scale and a Fitbit Zip
E-Moms: A personalized Additional outcome: Di?f;}:;filaet ‘;)Oars;elh_ngS acceI.e rﬁmetceir. Weight EEI? stegs Wie g lotte]ci on
Gilmore etal. mHealth intervention for ~Commenced <8 weeks PP Changes in body fat B a weight and step graph found in the SmartLoss

2017 [45]

health and weight loss in
postpartum women

Duration 16 weeks

. I:n=19BMI31.3 +
percentage, waist

circumference, hi; 3.2kg/ m?
circumference,ang Cin=16BMI327 +
2.8kg/ m?

waist-to-hip ratio

App and interventionist web portal once daily

Target goals included weight loss of 10 + 3% of
enrolment weight at 16 weeks. An initial step goal
was 500 steps/day which increased by 500 steps per
day each week.

16 SmartTips were automatically sent each week and
included tips on diet, physical activity and behaviour
modification

C: Standardised advice and services for postpartum
nutrition and weight management through their
WIC clinic
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Author/Year Reported
Trial Name Aims Timing of Intervention Primary/Secondary Study Population Intervention
Country Outcomes
I: Diet and physical activity
Daily text messages and biweekly calls on energy
deficit, setting personal goals around behaviour
. o N = 18 OW/OB change strategies
. To examine the feasf?lhty, calculated from - Limit sugary drinks to no more than 1 per day
Herring etal.  acceptability and efficacy 1 onced 2 weeks-12 Change in body weight pre-pregnancy weight - Limit junk and high fat foods to no more than 1
Hei(ljtllily[:lglaby V\?efigl:fic}:;oilr?tge};;beisteign months PP from baseline to the end I:n=9BMI36.9 + per day
USA for arban, low-income Duration 14 weeks of the intervention 6.1kg/ m?2 - Aim for 1200-1500 kcal/day,
m(,) thers C:n=9BMI36.9 + - Walk 30 min or 5000 steps every day
6.1kg/m? - Self-monitoring texts 3/4 x week to probe

about adherence to behavioral strategies
- Calls conducted biweekly

C: Usual care

Huseinovic et
al. 2016 [47]
LEVA in Real
Life Study
Sweden

To evaluate short and
long-term effectiveness of
diet behaviour
muodification for weight
loss in women

Commenced 6-15 weeks
PP
Duration 12 weeks

Change in body weight
from baseline. Additional
outcomes include BMI,
WC, HC, body fat %,
dietary intake and
physical activity at the
end of the intervention
and 1-year PP

N =110 OW/OB
Baseline BMI > 27 kg/ m?2
I:n=54BMI31.8 +
4.0 kg/m2
C:n =56 BMI 31.6 +
3.4kg/m?

I: Diet only

- 1.5 h face-to-face visit with the dietitian

- Reduction of 500 kcal/day

- Limit sweets, salty snacks, and caloric drinks to

1 day/week and a max of 100 g/week

Substitute regular foods with low-fat and/or

low-sugar alternatives

- Cover one-half of the plate with vegetables

- Reduce portion sizes

- Phone calls and text messages were used
throughout the trial to keep in contact

- Weight loss goal of 0.5 kg /week; final loss of
6 kg after 12 weeks

C: Usual care and a brochure on healthy eating
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Author/Year Reported
Trial Name Aims Timing of Intervention Primary/Secondary Study Population Intervention
Country Outcomes
I: Diet and physical activity
- Energy intake reduction of 500 kcal/d
- Aerobic exercise (4 x /week of 45-min sessions at
N = 40 OW onl 65-80% maximal heart-rate)
Primary outcome: growth B_aseline BI(\)/IIIIY - Weight loss goal: 0.5 to 1.0 kg/ week
Lovelady et al. To .deterrnme whether . .of infant. 25-30 kg,/m? C: Instructed to:
weight loss by women Commenced 4 weeks PP Additional outcomes o
2000 [48] : ; . . ) Ln=27 N . intak
USA during lactation affects Duration 10 weeks include: maternal weight, 27.6 4 2.4 ke /m? - ot restrict energy intake
the growth of their infants BMI, body fat % and ’ C: n.— Zgl - Not perform vigorous aerobic exercise more
skinfolds 280 + 2.1 kg/m? than once per week
All women were given a multivitamin supplement to
take which contained at least 50 percent of the
recommended dietary allowances for
lactating women
I: Diet and physical activity
Web-based lifestyle modification program, including
To test the feasibility and advice on how to achieve the following:
Nicklas et al. effectiveness of a Change in body weight at N=750W/OB _ Lower glycemic index
2014 [49] . 12 months from (a) In=36 . .
web-based lifestyle Commenced 6 weeks PP R 5 - Higher fibre
Balance after . . R baseline visit and (b) 31.2 £58kg/m . .
intervention for women Duration 24 weeks - Controlled portion sizes
Baby with recent GDM to self-reported C:n=39 Graduallv i . hvsical activi
USA pre-pregnancy weight 31.6 + 5.5kg/m? . radually increasing physical activity to

reduce weight retention

>150 min/week
- Weight goal: return to pre-pregnancy weight

C: Usual care plus distribution of a handout
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Author/Year Reported
Trial Name Aims Timing of Intervention Primary/Secondary Study Population Intervention
Country Outcomes

I: Diet and physical activity
- 8 healthy-eating classes
- 10 physical-activity classes
Delivered by a health counsellor

Dstbye et al. N = 450 OW /OB at 6 telephone-counseling sessions covering:

2009 [50] To promote a reduction in Changes from baseline to baseline - Reducing total caloric intake (decrease in
Active BMI up to 24-months PP Commenced 6 weeks PP 1-month post-intervention I:n=225 calorie-dense foods)
mothers via sustainable lifestyle Duration 9 month in: diet, physical activity BMI 33.1 + 6.7 kg/m? - An increase in fruit and vegetable consumption
postpartum changes and weight Cin=225 - Increasing physical activity to 30 min/day x
USA BMI 32.9 + 6.0 kg/m? 5,/ week

6-months postpartum, a sport stroller was provided to
encourage walking for exercise outside of class and
after the end of the intervention.
C: Received biweekly newsletters with general tips for
postpartum mothers
I: Diet only
6-month intervention 36 weeks gestation: 1-h
face-to-face nutrition assessment with a dietitian,

Wilkinson et ‘ Weight loss from N=810W/OB goal—se.ttmg 1nt.r9duct10n and counselling session

To evaluate a PP weight Ln=40 regarding nutrition post-pregnancy
al. 2015 [51] Commenced 6-weeks PP pre-pregnancy to 6 2 .
. management programme BMI 33.5 £ 5.9 kg/m 6 weeks until 3 months postpartum: Every 2 weeks
TRIM . Ended 6 months PP months PP and from 6 . . .
Australia on weight loss weeks PP to 6 months PP C:n=41 information and goal-setting sheets posted
BMI 33.5+x6.4 kg /m? 3 months until 6 months postpartum: monthly

information and goal-setting sheets posted
C: Usual care, at 36 weeks gestation received nutrition
for breastfeeding resource
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Table 2. Cont.

Author/Year Reported
Trial Name Aims Timing of Intervention Primary/Secondary Study Population Intervention
Country Outcomes

I: Diet only

- 8 monthly educational kits via mail
- Kits focused specifically on changing dietary

. n =392 OW/OB habits, appropriate portion size, ways to
Primary outcomes: . . . ;
S . . I . calculated from increase fruit and vegetable intake, ideas for
Wiltheiss et al. To improve diet and Changes in diet quality "
. . . Commenced 2-7 months pre-pregnancy BMI nutritious snacks, how to read food labels and
2013 [52] physical activity habits of and reduced energy : . . .
PP . . Available for analysis: sample grocery lists with meal plans
KAN-DO mothers, to promote PP . intake from baseline o . X
. Duration 10 months ) Ln=131 - Participants received a 20-30 min phone call
USA weight loss Secondary outcomes: . "
weight loss from baseline Cin=145 with a health coach to discuss the content and
weight: 87.5 kg + 15.7 address motivations and barriers

C: Participants in the control arm received monthly
newsletters focusing on reading skills and enjoyment
of the preschooler.

Abbreviations: %: percentage; ADA: American Diabetes Association; BMI: body mass index; C: control; DXA; dual energy X-ray absorptiometry; E: exercise; GDM: gestational diabetes
mellitus; HC; hip circumference; GWG: gestational weight gain; I: intervention; IOM; Institute of Medicine; kcal: kilocalories; n: number; kg: kilograms; OB: obese; OW: overweight; PP:
postpartum; PPWR: postpartum weight retention; SES: socioeconomic status; WC: waist circumference; WIC: Women, Infant and Children; wk: week.
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The primary aim of each study was variable. The majority of the studies aimed to
reduce postpartum weight (n = 14) [35-41,43,45-47,49-51], three studies aimed to improve diet
quality [42,44,52] and one trial aimed to determine whether weight loss affected infant growth [48].
In those studies where the assessment of postpartum weight management was not included as a
primary aim, it was reported as a secondary outcome [42,44,48,52]. All trials initiated during pregnancy
(n = 6) reported changes in weight from pre-pregnancy weight to 6 [35,37,39,40] and/or 12 months
postpartum [36,38,39]. One of these trials set individual weight reduction goals of 5% lower than
pre-pregnancy weight [38]. The postpartum-only trials (n = 12) reported on changes in weight from
baseline to the end of the intervention [41-48,50-52] or a subsequent follow-up [49], with two trials
also reporting on changes in weight at follow-up from reported pre-pregnancy weight [49,51].

With regards to the study populations, the sample size ranged from 18 [46] to 450 participants [50].
Recruitment ranged from the first trimester [37] of pregnancy to 18 months postpartum [43].
Two trials focused on women with GDM [38,49], two focused on socially disadvantaged or
low-income women [43,46], one on African—American women [39] and three recruited lactating
women only [41,42,48].

Intervention content included a combined approach of diet and physical activity (n = 13) [35-39,
41-43,45,46,48-50] or diet only (n = 5) [40,44,47,51,52]. The type of contact during the interventions
ranged from face-to-face (n = 4) [36,37,40,51], technology-based (n = 4) [39,45,46,49], both face-to-face
and technology-based (n = 8) [35,38,41-44,47,50] or postal delivery of educational kits (n = 1) [52].
One trial did not detail the type of contact during the intervention [48]. The intensity of the face-to-face
interventions varied from one session at the start intervention [35,47,51] to at least three contact times
per week [42] throughout the intervention period. The interventions using technology-only and
educational kits also varied from daily [45,46] to monthly contact [52]. The intervention duration
varied from 10 weeks [48] to 10 months [52] both of these trials were from the postpartum period only.

The studies used a variety of strategies to modify dietary intake. The approaches included
dietary counselling [35-37,44,45,51], the American Diabetes Association (ADA) diet [38], diet-focused
behaviour change goals (e.g., to limit junk food intake) [39], a low-carbohydrate diet [40],
an energy-restrictive diet [41,43,46—48], a low-GI/high-fibre diet [49], decrease in calorie-dense foods
and increase in fruit and vegetables [50], access to the MyPyramid website [42] and educational
kits which focused on dietary habits, including portion sizes, fruit and vegetable intake, nutritious
snacks and reading food labels [52]. Of the 13 trials which included a physical activity component,
strategies to modify activity included advice to exercise daily for 30 min per day or a step count [36,45],
exercise classes [37,42,48,50], weekly exercise goals of 150 min per week [38,43,49] and daily
walking [35,39,41,46]. Four trials provided the participants with weight loss goals, which were
either weekly [48], end of intervention [38,47,49] or personalised to each participant [45,46].

The standard care group advice was diverse: eight studies reported that the control group received
‘standard care’ [35,37—41,44,46]. Five studies reported that the control group received ‘standard care’
with the additional specification of routine interventions for overweight or obese women, including
one session with a dietitian [36], advice and services as part of the Women, Infant and Children
(WIC) program [45], written information on weight loss [43] or the provision of healthy eating
brochures [47,49] and information on nutrition for breastfeeding [51]. For the remaining four studies,
the control groups were given instructions not to restrict energy intake or perform structured exercise
throughout the intervention [42,48] or received bi-weekly [50] and monthly newsletters on reading
skills and enjoyment for the preschooler [52].
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The earliest assessment of postpartum weight occurred at 14 weeks postpartum [48] and the
latest assessment was performed at 2 years following birth [43]. Breastfeeding outcomes were also
reported in 12 studies [35,37,38,41,42,44-46,48,49,51,52]. Interventions were delivered by individuals
with varying qualifications, ranging from dietitian [37,38,40-42,45,47,49,51], lifestyle counsellor [43,50],
health coach [39,46,52], nutrition professional [44] or an interventionist [35,36,45]. One trial did not
provide details on who delivered the intervention [48].

3.1. Effect of Interventions on Postpartum Weight Retention

Of the 18 trials, nine reported a significant effect on PPWR weight when compared to controls
(Table 3). The largest reduction in postpartum weight of 6.1 kg (—8.4 to —3.2 kg) followed a
12-week postpartum diet-only intervention [47]. Of these nine effective trials, one focused on a
diet-only approach [47] and eight focused on diet and physical activity [41-43,45,46,48-50]. The nine
trials include seven postpartum interventions (total OW /OB participants n = 390) [41-43,46—49],
one intervention initiated during pregnancy (total OW /OB participants n = 200) [35] and one
which commenced in pregnancy and continued to 6 months postpartum (total OW /OB participants
n = 66) [39]. The one effective pregnancy only intervention did not show a difference between the
intervention and control groups for GWG at the end of pregnancy in OW/OB women, but did
demonstrate an increase in the percentage of women who returned to their pre-pregnancy weight:
I = 25.6%, C = 16.7% at 6 months postpartum [35]. In the only study which showed an effect
from a combined pregnancy and postpartum intervention, there was significant improvement in
the percentage of women who were at their pre-pregnancy weight at the end of the intervention
(6 months postpartum) I = 56% vs. C = 29%, however this was not maintained by the 12-months
follow-up [39].The remaining nine trials did not show an effect of the intervention on changes in
postpartum weight when compared to control groups [36-38,40,44,45,50-52].

For the effective interventions, dietary strategies incorporated reducing calorie intake by up
to 500 kcal/day [41-43,46-48], individualised weight loss goals [46], returning to pre-pregnancy
weight [49], weekly weight loss of 0.5-1.0 kg/week [48], end of intervention weight loss goals of
—6.0 kg [47] and healthy eating with nutritional counselling [35]. Successful interventions included
technology-based strategies in three trials [39,46,49] or both face-to-face and technology-based
approaches in eight trials [35,41-43,47]. One trial did not detail the type of contact during the
intervention [48].

Four trials (pregnancy only n = 2 [36,37]; pregnancy and postpartum n = 2 [38,39]) reported
on significant associations between GWG and PPWR; two studies reported a positive association
between GWG and PPWR [36,39]. Two studies reported an association between appropriate GWG
within in the IOM guidelines [53] and lower PPWR [37,38]. Two studies reported that breastfeeding
influenced postpartum weight retention [35,37]. Vinter et al. [37] reported that exclusive breastfeeding
significantly negatively influenced PPWR (regression coefficient: —2.64, p = 0.002) and Phelan et al. [35]
reported that breastfeeding was related to higher odds of achieving 6-month preconception weight or
below (OR: 2.4; 95% CI: 1.4, 4.2; p = 0.002).

3.2. Study Quality

The overall quality of the included studies varied and is summarised in Table 4. Nine trials were
classified as having a low risk of bias [35,38,39,41,42,46—49]. Seven trials were categorised as having
a moderate risk of bias [36,37,40,43,45,50,51] and two trials as having a high risk [44,52]. The main
source of bias across all the studies was participant attrition, with eight trials reporting at least a 30%
drop-out from recruitment to the reported outcomes [36,37,40,43,44,50-52].
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Table 3. Impact of interventions on maternal body composition.

16 of 26

Reference

Postpartum Weight Outcome

Additional Outcomes

Follow-Up

Pregnancy only

Phelan et al. 2013 [35]

The percentage of NW and OW /OB women who returned to
their pre-pregnancy weight or below by 6 months PP was
significantly greater in the I vs. C group (OW/OB = 1: 25.6%,

The intervention had no effect on GWG for OW /OB women
The I and C groups had similar rates of breastfeeding at 6
months. Breastfeeding was related to higher odds of

N =177 OW/OB

€167 (0’ P= O'OOS) achieving 6-month preconception weights or below (OR: 2.4; 6-months PP
Net weight retention at 6 months PP for all women I and C: 95% CI: 14, 4.2; p = 0.002)
37+£59kgvs. 43 + 62kg oMt A RSP =T
There was no significant difference between I and C in
change in weight from randomisation to 1-year PP, mean GWG was positively associated with PPWR (b = 0.8 kg, 95% N =89
Vesco et al. 2016 [36] change: —0.5 (—4.0 to 3.1). CI: 04 to 1.3, p < 0.001) I-vear PP
56% and 58% of the I and C were at or below their o st y
pre-pregnancy weight
There was significantly lower PPWR in women with GWG N =238
. . . . <9 kg in line with the IOM recommendations (p = 0.001) I: 46%,
Vinter et al. 2014 [37] There was no significant difference in PPWR between I and C Breastfeeding significantly negatively influenced PPWR C: 58%
(regression coefficient —2.64, p = 0.002) 6 months PP
Pregnancy and Postpartum
At 12 months PP women in the intervention with GWG
Percentage of women reaching PP weight goal was not within IOM recommendations were more likely to reach
Ferrara et al. 2011 [38] significantly different between the I and C groups at7-and ~ weight goals (p = 0.04) compared to women who exceeded N =110
’ 12-months PP (32.5% vs. 22.0%, p = 0.41) and (30.0% vs. the IOM guidelines during their pregnancy. 12 months PP
14.6%, p = 0.15) Intervention participants showed higher, but not significant,
rate of partial or exclusive breastfeeding (p = 0.09)
At 6 months PP the I group were significantly more likely to ~ GWG was positively associated with postpartum weight ?];_562)9
Herring et al. 2017 [39] be at or below their pre-pregnancy weight (56% vs. 29%, change at 6 months, (p = 0.006). This association was not C n_— 2%
p = 0.04), there was no difference at 12 months PP (p = 0.83) maintained by 12 months PP (p = 0.30) 12 months PP
OW women in the intervention group had a significantly N =104
. At 6 months PP, there was no significant difference between o © o, Ln=63
Peccei et al. 2017 [40] the I and C groups for PPWR lower percent of initial BMI at 6 months PP (p = 0.026) (101% Cin=4l

compared with 106%)

6 months PP
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Reference Postpartum Weight Outcome Additional Outcomes Follow-Up
Postpartum only
Treatment group D, and not treatment group E, caused a 115121 f 1= 615
Bertz et al. 2012 [41] significant reduction in weight and fat mass at the end of the = No significant associations between treatment groups DE ;_ 16
' intervention (both p < 0.001) and 1-year follow-up (p <0.001  and breastfeeding C: n __1 5
and p = 0.002, respectively) 12 months PP
Significant differences in energy intake (—613 kcal vs. =171  The Intervention group lost significantly more weight In=14
Colleran et al. 2012 [42] kcal; p = 0.03), saturated fat intake (p < 0.01), and % of energy = between baseline and the end of the intervention (—5.8 C n_— 13
’ from added sugars (p < 0.01) were found between I and [3.5] kg) than the C group (—1.6 [5.4] kg) (p = 0.03) -
. . 20 weeks PP
C groups All women were breast feeding throughout the trial
The I group had a significantly lower BMI and body fat Ln=22
Craigie et al. 2011 [43] percentage at follow-up compared to baseline (p = 0.009 and  No relevant additional outcomes reported C:n=14
p = 0.029, respectively) 2 years PP
. . . Ln=32
.o From baseline there was no difference in BMI for I and C at Mothers m the I group had a higher reported consumption of C:n=35
Falciglia et al. 2017 [44] . . vegetable intake at 6, 12- and 18-months PP
the end of the intervention and subsequent follow-up 2. . 12-and
Similar breastfeeding rates between the groups (p = 0.42)
18-months PP
From week 0 to week 16 there was no difference in body Ln=19
Gilmore et al. 2017 [45] weight change, WIC Moms vs. E-Moms; +1.8 £ 0.9 vs. —0.1 Weight changg did not significantly differ between those who  C: n = 16
breastfed during the study 4 months from
+ 0.9 kg; p=0.10. .
baseline
Intervention participants had significantly greater weightloss ~ Greater reduction was observed in sugary drink, fast food In=9
Herring et al. 2014 [46] between baseline and the end of the trial (—3.2 kg, 95% CI: and chip consumption in the intervention arm Cn=9
—6.2, —0.1kg, p =0.04) 22% of the cohort breastfed 12 months PP
At the end of the intervention the I group weight was 6.1 kg  The difference was maintained at the 1-year follow-up for the I:n =47
Huseinovic et al. 2016 [47]  lower (—8.4, —3.2 kg) compared with 1.6 kg lower (—3.5, I group, —10.0 kg (—11.7, —5.9 kg) compared with —4.3 kg C:n=53
—0.4 kg) in the C group (p < 0.001) (—10.2, —1.0 kg) in the C group (p = 0.004) 12 months PP
The DE group lost more weight (4.8 £ 1.7 kg vs. 0.8 = 2.3 kg, A greater percentage of women in the DE group were within I: n =21
Lovelady et al. 2000 [48] p <0.001) and fat mass (4.0 =2.0 kg vs. 0.3 £ 1.8 kg, p < 1 kg of their pre-pregnancy weight at 1-year follow up; Cn=19
0.001) than the control group. All women were breast-feeding throughout the trial 12 months PP
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Reference Postpartum Weight Outcome Additional Outcomes Follow-Up
The I group lost a mean of 2.8 kg from 6 weeks to 12 months ~ Women in the intervention were closer to pre-pregnancy Ln=236
Nicklas et al. 2014 [49] PP. Women in the control group gained an average of 0.5 kgs = weight at 12 months PP than women in the C group. C:n=39
’ (—1.4 to +2.4 kg). This was a statistically significant difference  (p = 0.035) 12 months from
(p =0.022) There were no differences in breastfeeding rates baseline
From 6 weeks PP to 1-month post intervention there wasno  Class participation was significantly associated with weight  I:n =171
Ostbye et al. 2009 [50] significant difference between mean weight loss in the I change (p = 0.01), but not with change in diet or C:n =160
group and C group physical activity 12 months PP
There was a low amount of data collected at various time
L . points; therefore, the study was underpowered to detectany L. n =24
Wilkinson et al. 2015 [51] li?tcsclf:éfslcant differences were observed between any difference between the study arms. C:n=17
Women in the I arm breastfed for half a month longer (180 vs. 6 months PP
164 days, p = 0.10)
Diet quality was significantly related to weight change from 5 I:n =131
Wiltheiss et al. 2013 [52] From 5 months PP to 10 months follow-up, the intervention  to 15 months postpartum (p < 0.01) C:n=145
' . did not result in significant weight loss No significant relationship was found between lactation score 10 months from
and weight change baseline

Abbreviations: BMI: body mass index; C: control; D: diet only; DE: diet and exercise; E: exercise only; GWG: gestational weight gain; I: intervention; IOM; Institute of Medicine; kcal:
calories; n: number; kg: kilograms; NW: normal weight; OB: obese; OR: odds ratio; OW: overweight; PP: postpartum; PPWR; postpartum weight retention.
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Table 4. Summary of incomplete data and sources of bias for all included studies.

Author Randomization Allocation Attrition Overall Risk of Bias
Phelan et al. 2013 [35] LOW LOW LOW LOW
Vesco et al. 2016 [36] LOW UNCLEAR HIGH MODERATE
Vinter et al. 2014 [37] LOW LOW HIGH MODERATE
Ferrara et al. 2011 [38] LOW LOW LOW LOW
Herring et al. 2017 [39] LOW LOW LOW LOW
Peccei et al. 2017 [40] LOW LOW HIGH MODERATE
Bertz et al. 2012 [41] LOW LOW LOW LOW
Colleran et al. 2012 [42] LOW UNCLEAR LOW LOW
Craigie et al. 2011 [43] LOW LOW HIGH MODERATE
Falciglia et al. 2017 [44] UNCLEAR UNCLEAR HIGH HIGH
Gilmore et al. 2017 [45] UNCLEAR UNCLEAR LOW MODERATE
Herring et al. 2014 [46] LOW LOW LOW LOW
Huseinovic et al. 2016 [47] LOW LOW LOW LOW
Lovelady et al. 2000 [48] LOW UNCLEAR LOW LOW
Nicklas et al. 2014 [49] LOW LOW LOW LOW
Ostbye et al. 2009 [50] LOW UNCLEAR HIGH MODERATE
Wilkinson et al. 2015 [51] LOW LOW HIGH MODERATE
Wiltheiss et al. 2013 [52] UNCLEAR UNCLEAR HIGH HIGH

4. Discussion

The aim of this study was to systematically summarise the effectiveness of lifestyle interventions,
initiated during the antenatal and/or postnatal period, in OW /OB pregnant women up to 2 years after
birth. The findings suggest that interventions which commenced during the postpartum period were
effective in reducing postpartum weight; however, due to the small number of trials, we are unable to
draw a conclusion about the effect of interventions which start during pregnancy. Therefore, we are
unable to comment on the best intervention timing for the management of postpartum weight. Larger
trials, with similar and comparable methodologies within the antenatal and postnatal periods, are
required to inform the development of targeted strategies aimed at preventing PPWR and/or reducing
postpartum weight.

Previous studies have shown that weight retention between pregnancies is associated with the
development of obesity [54,55] and the postpartum period has been positioned as an opportune
time to engage women in promoting healthy weight and lifestyle changes [56]. This observation is
particularly important in overweight and obese women, who are more likely to remain obese one year
after giving birth, compared to women of normal weight [57]. Furthermore, an increase in weight
and BMI between pregnancies is associated with significantly higher maternal and fetal /neonatal
complications in subsequent pregnancies [58].

In this systematic review, seven of the 12 studies from the postpartum period were successful
at reducing postpartum weight. However, there was significant heterogeneity in the timing of the
initiation of the interventions, which ranged from 2 weeks [46] to 18 months [43] postpartum. It is
clear from these results that there is no consensus on the optimal time to engage women in postpartum
weight management, but interventions initiated during the postpartum period are effective. Another
commonality of successful interventions was intervention intensity; successful studies generally
included dietary and physical activity components and target goals with frequent contact either text
message or phone call [41-43,47] and, in most cases, face-to-face interaction [41-43,47] and or interval
contact via web application [42,45,49]. This is in line with a previous systematic review of lifestyle
interventions of postpartum women with heterogenous BMI [13].

Within this systematic review, the trial reporting the greatest average loss of postpartum weight
was a diet-only intervention which included a calorie reduction of 500 kcal/day, and a weekly and
end-of-trial weight loss goal of 0.5 kg and 6 kg, respectively. A diet-only approach is reflective
of successful weight loss interventions in general [59] and weight management interventions in
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pregnancy [60]. Of the successful trials, six were of a short duration (10-16 weeks) during the
postpartum period [41-43,46-48] and one was a web-based intervention of 6 months [49]. Whilst the
short intervention approach was successful in the short term, only three of these trials reported weight
loss maintenance at follow-up visits of 12 months postpartum/post-intervention [41,47,48]. Future
interventions should therefore focus on the optimal period for initiation or the duration and intensity
of the intervention in order to assess the biggest impact on weight reduction and consider meaningful
retention. They should also include weight loss maintenance follow-up beyond 12 months, which is
the key to longer-term clinical outcomes for the mother [61].

Interventions were delivered by individuals with varying qualifications. This contrasts with a
recent review which summarised successful interventions focusing on lower gestational weight gain
in overweight and obese women, where the majority of interventions were delivered by primary
care providers (e.g., GPs and midwives) [62]. In the postpartum period, routine appointments with
healthcare professionals are less frequent, than in the antenatal period. Future studies should explore
the mechanism of delivery of the intervention and consider who is best placed to deliver interventions
during the postpartum period.

Interestingly, only one effective intervention reported the use of a lifestyle app [45], other
successful trials used an online platform, MyPyramid, which provided individualised advice on
weight loss and dietary management [42]. or a web-based lifestyle modification programme [49].
In four studies, participants received individualised dietary prescriptions, personalised feedback
via inter-visit telephone calls [41,47,52] and individualised positive-reinforcement messages through
cell-phone texts [39]. New technology presents a novel method to tailor lifestyle advice during the
postpartum period. Previous research has shown that individualising an intervention was more likely
to be associated with efficacy [63,64]. Future trials should consider the use of app-based technology
as an additional technique to aid weight loss, particularly in light of a previous systematic review
which highlighted that app-based interventions have the potential to support women throughout their
pregnancy [65]. Together, this suggests that a flexible approach to interventions with sustained contact
is advisable in the postpartum period as it may facilitate wider engagement and adherence to the
intervention; similar findings have recently been reported in a literature review on weight loss after
pregnancy [58].

One limitation of this systematic review was the level of missing information in the published
reports due to the drop-out rates from randomisation to the study end points. Attrition is a particular
issue for postpartum women [66] and in randomised controlled trials in general [67]. In this review,
only one of the trials reporting on an effective intervention described a high dropout rate [43]. In this
case, it was attributed to a proportion of women becoming pregnant again, and to women in the
control arm being dissatisfied with their intervention allocation [43]. For the nine unsuccessful trials
reported here, the attrition rate was high in seven; therefore, the non-significant results of these
trials may have been due to the high dropout rate. Disparities were notable across the studies,
particularly regarding participant characteristics and also the type, setting, intensity and duration
of the intervention. Furthermore, a small number of studies reported on the association between
breastfeeding and PPWR. Future trials should consider reporting this association, as it may be a
successful strategy to promote weight management in overweight and obese postpartum women.
This review was limited by the heterogeneity between the study designs and intervention types,
precluding meta-analysis. Further limitations include the small sample sizes of the included studies,
which can affect power and reliability of the data [68]. Another limitation of this review was that only
studies published in English were analysed.

5. Conclusions

Effective strategies to support the management of postpartum weight are warranted to support
weight regulation in overweight and obese women of reproductive age and beyond. Evidence from this
review suggests that in order to reduce postpartum weight, short, intensive interventions including diet
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or diet and physical activity, commencing in the postpartum period, may be effective. Further research
is needed to understand methods of long-term weight maintenance, intervention type and duration.
There was insufficient evidence in this review to conclude the effectiveness of interventions targeting
postpartum weight retention which were initiated during the antenatal period. Future intervention
trials, with comparable study designs and trials comparing pregnancy-only to postpartum-only
interventions, are required to determine the ideal approach to support healthy weight attainment in
overweight and obese women in the postpartum period.
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Appendix A

Table A1. MEDLINE (1946-23 January 2018) and EMBASE (194623 January 2018). (P) Patient.

#1 pregnancy/
#2 pregancy.mp.
#3 pregnan*.tw.
#4 gestation/
#5 maternal.mp.
#6 exp postpartum/
#7 exp puerperium/
#8 postnatal care.mp
#9 weight gain/
#10 exp body composition/
#11 exp body mass index/
#12 body size/

(I) Intervention
#13 exp animals/not humans.sh.
#14 exp Diet/
#15 intervention studies/
#16 education.mp.
#17 counceling/or counseling.mp.
#18 Energy Intake/or dietary intake.mp.
#19 nutrition* advice/or diet* advice.mp.
#20 low energy/or low calorie.mp.
#21 glyc?emic index/or glyc?emic load.mp.
#22 low carbohydrate.mp.
#23 low fat.mp.
#24 dietitian/or dietician/or nutritionist.mp.
#25 dietary assessment/or dietary report.mp.
#26 diet* recall. mp.
#27 food frequency questionnaire.mp.
#28 food diary/or food record/or diet record.mp.
#29 health* eating.mp.

(O) Outcome

#30 exp Weight Gain/
#31 body weight management.mp.
#32 weight reduction.mp.
#33 weight change.mp
#34 skinfold.mp.

#35 body mass index.mp.
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Table A1. Cont.

#36 body composition.mp.

#37 exercise.mp.

#38 #1 OR #2 OR #3 OR #4 OR #5

#39 #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12

#40 #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR
#25 OR #26 OR #27 OR #28 OR #29

#41 #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37
#42 #38 AND #39 AND #40 AND #41
#43 #42 NOT #13
#44 #43 and 2000:current
Total: 2456

Table A2. Cochrane Central Register of Controlled Trials (CENTRAL) in the Cochrane Library.

#1 pregnan*

#2 postpartum

#3 gestation

#4 Weight gain

#5 body mass index
#6 diet

#7 lifestyle

#8 Physical activity
#9 intervention

#10 Follow up

#11 Weight retention
#12 skinfold

#13 animal not human
#14 #1 OR #2 OR #3
#15 #4 OR #5

#16 #6 OR #7 OR #8 OR #9
#17 #10 OR #11 OR #12
#18 #14 AND #15 AND #16 AND #17
#19 #18 NOT #13

Articles cited: 277

References

1. NHS. Statistics on Obesity, Physical Activity and Diet—England, 2018. Available online: https://files.digital.
nhs.uk/publication/0/0/obes-phys-acti-diet-eng-2018-rep.pdf (accessed on 20 August 2018).

2. UK Health Forum. Risk Factor Based Modelling for Public Health England, 2014. Available online: http:
/ /www.ukhealthforum.org.uk/prevention/pie/?entryid43=38207 (accessed on 28 August 2018).

3. NMPA Project Team. National Maternity and Perinatal Audit: Clinical Report 2017, RCOG: London, UK, 2018.

4. Endres, LK, Straub, H.; McKinney, C.; Plunkett, B.; Minkovitz, C.S.; Schetter, C.D.; Ramey, S.; Wang, C.;
Hobel, C.; Raju, T.; et al. Postpartum weight retention risk factors and relationship to obesity at 1 year.
Obstet. Gynecol. 2015, 125, 144-152. [CrossRef] [PubMed]

5. Bello, J.K.; Bauer, V.; Plunkett, B.A.; Poston, L.; Solomonides, A.; Endres, L. Pregnancy weight gain,
postpartum weight retention, and obesity. Curr. Cardiovasc. Risk Rep. 2016, 10, 4. [CrossRef]

6. Olson, C.M.; Strawderman, M.S.; Hinton, P.S.; Pearson, T.A. Gestational weight gain and postpartum
behaviors associated with weight change from early pregnancy to 1 y postpartum. Int. ]. Obes. Related
Metab. Disord. 2003, 27, 117-127. [CrossRef] [PubMed]

7. Keppel, K.G.; Taffel, S.M. Pregnancy-related weight gain and retention: Implications of the 1990 institute of
medicine guidelines. Am. J. Public Health 1993, 83, 1100-1103. [CrossRef] [PubMed]

8.  Siega-Riz, A.M,; Deierlein, A.; Stuebe, A. Implementation of the new institute of medicine gestational weight
gain guidelines. |. Midwifery Women’s Health 2010, 55, 512-519. [CrossRef] [PubMed]

9.  Viswanathan, M,; Siega-Riz, A.M.; Moos, M.K; Deierlein, A.; Mumford, S.; Knaack, J.; Thieda, P,; Lux, L.].;

Lohr, K.N. Outcomes of maternal weight gain. Evid. Rep. Technol. Assess 2008, 168, 223.


https://files.digital.nhs.uk/publication/0/0/obes-phys-acti-diet-eng-2018-rep.pdf
https://files.digital.nhs.uk/publication/0/0/obes-phys-acti-diet-eng-2018-rep.pdf
http://www.ukhealthforum.org.uk/prevention/pie/?entryid43=38207
http://www.ukhealthforum.org.uk/prevention/pie/?entryid43=38207
http://dx.doi.org/10.1097/AOG.0000000000000565
http://www.ncbi.nlm.nih.gov/pubmed/25560116
http://dx.doi.org/10.1007/s12170-016-0483-8
http://dx.doi.org/10.1038/sj.ijo.0802156
http://www.ncbi.nlm.nih.gov/pubmed/12532163
http://dx.doi.org/10.2105/AJPH.83.8.1100
http://www.ncbi.nlm.nih.gov/pubmed/8342716
http://dx.doi.org/10.1016/j.jmwh.2010.04.001
http://www.ncbi.nlm.nih.gov/pubmed/20974413

Nutrients 2018, 10, 1704 23 of 26

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Linne, Y.; Neovius, M. Identification of women at risk of adverse weight development following pregnancy.
Int. J. Obes. 2006, 30, 1234-1239. [CrossRef] [PubMed]

Linne, Y.; Dye, L.; Barkeling, B.; Rossner, S. Long-term weight development in women: A 15-year follow-up
of the effects of pregnancy. Obes. Res. 2004, 12, 1166-1178. [CrossRef] [PubMed]

Van der Pligt, P.; Willcox, J.; Hesketh, K.D.; Ball, K.; Wilkinson, S.; Crawford, D.; Campbell, K. Systematic
review of lifestyle interventions to limit postpartum weight retention: Implications for future opportunities
to prevent maternal overweight and obesity following childbirth. Obes. Rev. Off. ]. Int. Assoc. Study Obes.
2013, 14, 792-805. [CrossRef] [PubMed]

Amorim, A.R,; Rossner, S.; Neovius, M.; Lourenco, PM.; Linné, Y. Does excess pregnancy weight gain
constitute a major risk for increasing long-term bmi? Obesity 2007, 15, 1278-1286. [CrossRef] [PubMed]
Rong, K.; Yu, K;; Han, X.; Szeto, LM.; Qin, X.; Wang, J.; Ning, Y.; Wang, P.; Ma, D. Pre-pregnancy
BMI, gestational weight gain and postpartum weight retention: A meta-analysis of observational studies.
Public Health Nutr. 2015, 18, 2172-2182. [CrossRef] [PubMed]

Kac, G.; Benicio, M.H.; Velasquez-Melendez, G.; Valente, ].G.; Struchiner, C.J. Gestational weight gain and
prepregnancy weight influence postpartum weight retention in a cohort of brazilian women. J. Nutr. 2004,
134, 661-666. [CrossRef] [PubMed]

Restall, A.; Taylor, R.S;; Thompson, ]JM.D.; Flower, D.; Dekker, G.A.; Kenny, L.C.; Poston, L.;
McCowan, L.M.E. Risk factors for excessive gestational weight gain in a healthy, nulliparous cohort. J. Obes.
2014, 148391. [CrossRef] [PubMed]

McWhorter, K.L.; Bowers, K.; Dolan, L.M.; Deka, R.; Jackson, C.L.; Khoury, J.C. Impact of gestational weight
gain and prepregnancy body mass index on the prevalence of large-for-gestational age infants in two cohorts
of women with type 1 insulin-dependent diabetes: A cross-sectional population study. BMJ Open 2018, 8,
€019617. [CrossRef] [PubMed]

Chu, S.Y,; Callaghan, W.M.; Bish, C.L.; D’Angelo, D. Gestational weight gain by body mass index among
us women delivering live births, 2004-2005: Fueling future obesity. Am. ]. Obstet. Gynecol. 2009, 200,
271.e1-271.e7. [CrossRef] [PubMed]

Ketterl, T.G.; Dundas, N.J.; Roncaioli, S.A.; Littman, A.].; Phipps, A.I. Association of pre-pregnancy bmi and
postpartum weight retention before second pregnancy, washington state, 2003-2013. Matern. Child. Health ].
2018, 22, 1339-1344. [CrossRef] [PubMed]

Sumithran, PH.C.; Shub, A.; Churilov, L.; Pritchard, N.; Price, S.; Ekinci, E.; Proietto, J.; Permezel, M. How
common is substantial weight gain after pregnancy? Obes. Res. Clin. Pract. 2018, 12, 139-145. [CrossRef]
[PubMed]

Ehrlich, S.F. Change in body mass index between pregnancies and the risk of gestational diabetes in a second
pregnancy. Obstet Gynecol. 2011, 117, 1323-1330. [CrossRef] [PubMed]

Luke, S.; Kirby, R.S.; Wright, L. Postpartum weight retention and subsequent pregnancy outcomes. J. Perinat.
Neonatal Nurs. 2016, 34, 292-301. [CrossRef] [PubMed]

Wallace, ].M.; Bhattacharya, S.; Campbell, D.M.; Horgan, G.W. Inter-pregnancy weight change and the risk
of recurrent pregnancy complications. PLoS ONE 2016, 11. [CrossRef] [PubMed]

NICE. Weight Management before, during and after Pregnancy (ph27), 2010. Available online: https:
/ /www.nice.org.uk/guidance/ph27 (accessed on 1 September 2018).

Neville, C.E.; McKinley, M.C.; Holmes, V.A.; Spence, D.; Woodside, J.V. The relationship between
breastfeeding and postpartum weight change—A systematic review and critical evaluation. Int. J. Obes.
2014, 38, 577-590. [CrossRef] [PubMed]

Arabin, B.; Baschat, A.A. Pregnancy: An underutilized window of opportunity to improve long-term
maternal and infant health—An appeal for continuous family care and interdisciplinary communication.
Front. Pediatr. 2017, 5, 69. [CrossRef] [PubMed]

Walker, R.; Bennett, C.; Blumfield, M.; Gwini, S.; Ma, J.; Wang, F.; Wan, Y.; Truby, H. Attenuating pregnancy
weight gain-what works and why: A systematic review and meta-analysis. Nutrients 2018, 10, 944. [CrossRef]
[PubMed]

Streuling, I.; Beyerlein, A.; von Kries, R. Can gestational weight gain be modified by increasing physical
activity and diet counseling? A meta-analysis of interventional trials. Am. . Clin. Nutr. 2010, 92, 678—687.
[CrossRef] [PubMed]


http://dx.doi.org/10.1038/sj.ijo.0803258
http://www.ncbi.nlm.nih.gov/pubmed/16505836
http://dx.doi.org/10.1038/oby.2004.146
http://www.ncbi.nlm.nih.gov/pubmed/15292482
http://dx.doi.org/10.1111/obr.12053
http://www.ncbi.nlm.nih.gov/pubmed/23773448
http://dx.doi.org/10.1038/oby.2007.149
http://www.ncbi.nlm.nih.gov/pubmed/17495204
http://dx.doi.org/10.1017/S1368980014002523
http://www.ncbi.nlm.nih.gov/pubmed/25411780
http://dx.doi.org/10.1093/jn/134.3.661
http://www.ncbi.nlm.nih.gov/pubmed/14988464
http://dx.doi.org/10.1155/2014/148391
http://www.ncbi.nlm.nih.gov/pubmed/24995130
http://dx.doi.org/10.1136/bmjopen-2017-019617
http://www.ncbi.nlm.nih.gov/pubmed/29602844
http://dx.doi.org/10.1016/j.ajog.2008.09.879
http://www.ncbi.nlm.nih.gov/pubmed/19136091
http://dx.doi.org/10.1007/s10995-018-2514-1
http://www.ncbi.nlm.nih.gov/pubmed/29512055
http://dx.doi.org/10.1016/j.orcp.2017.10.007
http://www.ncbi.nlm.nih.gov/pubmed/29170078
http://dx.doi.org/10.1097/AOG.0b013e31821aa358
http://www.ncbi.nlm.nih.gov/pubmed/21606742
http://dx.doi.org/10.1097/JPN.0000000000000160
http://www.ncbi.nlm.nih.gov/pubmed/26866522
http://dx.doi.org/10.1371/journal.pone.0154812
http://www.ncbi.nlm.nih.gov/pubmed/27145132
https://www.nice.org.uk/guidance/ph27
https://www.nice.org.uk/guidance/ph27
http://dx.doi.org/10.1038/ijo.2013.132
http://www.ncbi.nlm.nih.gov/pubmed/23892523
http://dx.doi.org/10.3389/fped.2017.00069
http://www.ncbi.nlm.nih.gov/pubmed/28451583
http://dx.doi.org/10.3390/nu10070944
http://www.ncbi.nlm.nih.gov/pubmed/30037126
http://dx.doi.org/10.3945/ajcn.2010.29363
http://www.ncbi.nlm.nih.gov/pubmed/20668049

Nutrients 2018, 10, 1704 24 of 26

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Tanentsapf, I.; Heitmann, B.L.; Adegboye, A.R.A. Systematic review of clinical trials on dietary interventions
to prevent excessive weight gain during pregnancy among normal weight, overweight and obese women.
BMC Pregnancy Childbirth 2011, 11, 81. [CrossRef] [PubMed]

Amorim Adegboye, A.R.; Linne, Y.M. Diet or exercise, or both, for weight reduction in women after childbirth.
Cochrane Database Syst. Rev. 2013, 7, cd005627. [CrossRef] [PubMed]

Moher, D,; Liberati, A.; Tetzlaff, J.; Altman, D.G.; Group, P. Preferred reporting items for systematic reviews
and meta-analyses: The prisma statement. PLoS Med. 2009, 6, e1000097. [CrossRef] [PubMed]

Booth, A.; Sutton, A.; Papaioannou, D. Systematic Approaches to a Successful Literature Review; Sage:
Newcastle upon Tyne, UK, 2016.

Ioannidis, ].P.A.; Patsopoulos, N.A.; Rothstein, H.R. Reasons or excuses for avoiding meta-analysis in forest
plots. BM]J 2008, 336, 1413-1415. [CrossRef] [PubMed]

Higgins, ].P.T.; Altman, D.G.; Getzsche, P.C.; Jiini, P.; Moher, D.; Oxman, A.D.; Savovi¢, J.; Schulz, K.F;
Weeks, L.; Sterne, J.A.C. The cochrane collaboration’s tool for assessing risk of bias in randomised trials. BM]
2011, 343. [CrossRef] [PubMed]

Phelan, S.; Phipps, M.G.; Abrams, B.; Darroch, F.; Grantham, K.; Schaffner, A.; Wing, R.R. Does behavioral
intervention in pregnancy reduce postpartum weight retention? Twelve-month outcomes of the fit for
delivery randomized trial. Am. J. Clin. Nutr. 2013, 99, 302-311. [CrossRef] [PubMed]

Vesco, K.; Leo, M.; Karanja, N.; Gillman, M.; McEvoy, C.; King, J.; Eckhardt, C.; Smith, K.; Perrin, N.;
Stevens, V. One-year postpartum outcomes following a weight management intervention in pregnant
women with obesity. Obesity 2016, 24, 2042-2049. [CrossRef] [PubMed]

Vinter, C.; Jensen, D.; Ovesen, P.; Beck-Nielsen, H.; Tanvig, M.; Lamont, R.; Jergensen, J. Postpartum weight
retention and breastfeeding among obese women from the randomized controlled lifestyle in pregnancy
(lip) trial. Acta Obstet. ET Gynecol. Scand. 2014, 98, 794-801. [CrossRef] [PubMed]

Ferrara, A.; Hedderson, M.; Albright, C.; Ehrlich, S.; Quesenberry, C.; Peng, T.; Feng, J.; Ching, J.; Crites, Y.
A pregnancy and postpartum lifestyle intervention in women with gestational diabetes mellitus reduces
diabetes risk factors: A feasibility randomized control trial. Diabetes Care 2011, 34, 1519-1525. [CrossRef]
[PubMed]

Herring, S.J.; Cruice, ].F; Bennett, G.G.; Darden, N.; Wallen, ].J.; Rose, M.Z.; Davey, A.; Foster, G.D.
Intervening during and after pregnancy to prevent weight retention among african american women.
Prevent. Med. Rep. 2017, 7, 119-123. [CrossRef] [PubMed]

Peccei, A.; Blake-Lamb, T.; Rahilly, D.; Hatoum, L; Bryant, A. Intensive prenatal nutrition counseling in a
community health setting. Obstet. Gynecol. 2017, 130, 423-432. [CrossRef] [PubMed]

Bertz, F,; Brekke, H.; Ellegard, L.; Rasmussen, K.; Wennergren, M.; Winkvist, A. Diet and exercise weight-loss
trial in lactating overweight and obese women. Am. |. Clin. Nutr. 2012, 96, 698-705. [CrossRef] [PubMed]
Colleran, H.L.; Lovelady, C.A. Use of mypyramid menu planner for moms in a weight-loss intervention
during lactation. J. Acad. Nutr. Diet. 2012, 112, 553-558. [CrossRef] [PubMed]

Craigie, A.M.; Macleod, M.; Barton, K.L.; Treweek, S.; Anderson, A.S.; WeighWell, T. Supporting postpartum
weight loss in women living in deprived communities: Design implications for a randomised control trial.
Eur. J. Clin. Nutr. 2011, 65, 952-958. [CrossRef] [PubMed]

Falciglia, G.; Piazza, J.; Ollberding, N.J.; Spiess, L.; Morrow, A. A theory-based dietary intervention
for overweight, postpartum mothers and their children improves maternal vegetable intake. Open J.
Obstet. Gynecol. 2017, 7, 679. [CrossRef]

Gilmore, A.; Klempel, M.; Martin, C.; Myers, C.; Burton, J.; Sutton, E.; Redman, L. Personalized mobile
health intervention for health and weight loss in postpartum women receiving women, infants, and children
benefit: A randomized controlled pilot study. J. Womens Health 2017, 26, 719-724. [CrossRef] [PubMed]
Herring, S.; Cruice, J.; Bennett, G.; Davey, A.; Foster, G. Using technology to promote postpartum weight loss
in urban, low-income mothers: A pilot randomized controlled trial. . Nutr. Educ. Behav. 2014, 46, 610-615.
[CrossRef] [PubMed]

Huseinovic, E.; Winkvist, A.; Bertz, F.; Brekke, H. Effectiveness of a weight loss intervention in postpartum
women: Results from a randomized controlled trial in primary health care. Am. J. Clin. Nutr. 2016, 104,
362-370. [CrossRef] [PubMed]


http://dx.doi.org/10.1186/1471-2393-11-81
http://www.ncbi.nlm.nih.gov/pubmed/22029725
http://dx.doi.org/10.1002/14651858.CD005627.pub3
http://www.ncbi.nlm.nih.gov/pubmed/23881656
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://dx.doi.org/10.1136/bmj.a117
http://www.ncbi.nlm.nih.gov/pubmed/18566080
http://dx.doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
http://dx.doi.org/10.3945/ajcn.113.070151
http://www.ncbi.nlm.nih.gov/pubmed/24284438
http://dx.doi.org/10.1002/oby.21597
http://www.ncbi.nlm.nih.gov/pubmed/27670399
http://dx.doi.org/10.1111/aogs.12429
http://www.ncbi.nlm.nih.gov/pubmed/24834792
http://dx.doi.org/10.2337/dc10-2221
http://www.ncbi.nlm.nih.gov/pubmed/21540430
http://dx.doi.org/10.1016/j.pmedr.2017.05.015
http://www.ncbi.nlm.nih.gov/pubmed/28660118
http://dx.doi.org/10.1097/AOG.0000000000002134
http://www.ncbi.nlm.nih.gov/pubmed/28697099
http://dx.doi.org/10.3945/ajcn.112.040196
http://www.ncbi.nlm.nih.gov/pubmed/22952179
http://dx.doi.org/10.1016/j.jand.2011.12.004
http://www.ncbi.nlm.nih.gov/pubmed/22709705
http://dx.doi.org/10.1038/ejcn.2011.56
http://www.ncbi.nlm.nih.gov/pubmed/21559034
http://dx.doi.org/10.4236/ojog.2017.77068
http://dx.doi.org/10.1089/jwh.2016.5947
http://www.ncbi.nlm.nih.gov/pubmed/28338403
http://dx.doi.org/10.1016/j.jneb.2014.06.002
http://www.ncbi.nlm.nih.gov/pubmed/25069621
http://dx.doi.org/10.3945/ajcn.116.135673
http://www.ncbi.nlm.nih.gov/pubmed/27413127

Nutrients 2018, 10, 1704 25 of 26

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Lovelady, C.A.; Garner, K.E.; Moreno, K.L.; Williams, J.P. The effect of weight loss in overweight, lactating
women on the growth of their infants. N. Engl. |. Med. 2000, 342, 449-453. [CrossRef] [PubMed]

Nicklas, J.; Zera, C.; England, L.; Rosner, B.; Horton, E.; Levkoff, S.; Seely, E. A web-based lifestyle intervention
for women with recent gestational diabetes mellitus: A randomized controlled trial. Obstet. Gynecol. 2014,
124, 563-570. [CrossRef] [PubMed]

Ostbye, T.; Krause, K.; Lovelady, C.; Morey, M.; Bastian, L.; Peterson, B.; Swamy, G.; Brouwer, R.; McBride, C.
Active mothers postpartum: A randomized controlled weight-loss intervention trial. Am. J. Prevent. Med.
2009, 37, 173-180. [CrossRef] [PubMed]

Wilkinson, S.; Pligt, P.; Gibbons, K.; McIntyre, H. Trial for reducing weight retention in new mums:
A randomised controlled trial evaluating a low intensity, postpartum weight management programme.
J. Hum. Nutr. Diet. 2015, 28 (Suppl. 1), 15-28. [CrossRef] [PubMed]

Wiltheiss, G.; Lovelady, C.; West, D.; Brouwer, R.; Krause, K.; Ostbye, T. Diet quality and weight change
among overweight and obese postpartum women enrolled in a behavioral intervention program. J. Acad.
Nutr. Diet. 2013, 113, 54-62. [CrossRef] [PubMed]

Institute of Medicine. The national academies collection: Reports funded by national institutes of health.
In Weight Gain during Pregnancy: Reexamining the Guidelines; Rasmussen, K.M., Yaktine, A.L., Eds.; National
Academies Press: Washington, DC, USA, 2009.

Gunderson, E.P. Childbearing and obesity in women: Weight before, during, and after pregnancy.
Obstet. Gynecol. Clin. N. Am. 2009, 36, 317-332. [CrossRef] [PubMed]

Gore, S.A.; Brown, D.M.; West, D.S. The role of postpartum weight retention in obesity among women:
A review of the evidence. Ann. Behav. Med. Public Soc. Behav. Med. 2003, 26, 149-159. [CrossRef] [PubMed]
Ohlendorf, ].M.; Weiss, M.E.; Ryan, P. Weight-management information needs of postpartum women.
MCN Am. . Matern. Child. Nurs. 2012, 37, 56-63. [CrossRef] [PubMed]

Jain, A.P.,; Gavard, J.A ; Rice, ].J.; Catanzaro, R.B.; Artal, R.; Hopkins, S.A. The impact of interpregnancy
weight change on birthweight in obese women. Am. J. Obstet. Gynecol. 2013, 208, 205.e1-205.€7. [CrossRef]
[PubMed]

McKinley, M.; Allen-Walker, V.; McGirr, C.; Rooney, C.; Woodside, J. Weight loss after pregnancy: Challenges
and opportunities. Nutr. Res. Rev. 2018, 1-14. [CrossRef] [PubMed]

Olson, K. Behavioral approaches to the treatment of obesity. Rhode Island Med. ]. 2017, 100, 21.
Thangaratinam, S.; Rogoziniska, E.; Jolly, K.; Glinkowski, S.; Roseboom, T.; Tomlinson, ] W.; Kunz, R.;
Mol, B.W.; Coomarasamy, A.; Khan, K.S. Effects of interventions in pregnancy on maternal weight and
obstetric outcomes: Meta-analysis of randomised evidence. Brit. Med. ]. 2012, 344. [CrossRef] [PubMed]
Sniehotta, EF,; Simpson, S.A.; Greaves, C.]. Weight loss maintenance: An agenda for health psychology. Br. J.
Health Psychol. 2014, 19, 459-464. [CrossRef] [PubMed]

Yeo, S.; Walker, ].S.; Caughey, M.C.; Ferraro, A.M.; Asafu-Adjei, ].K. What characteristics of nutrition and
physical activity interventions are key to effectively reducing weight gain in obese or overweight pregnant
women? A systematic review and meta-analysis. Obes. Rev. 2017, 18, 385-399. [CrossRef] [PubMed]

Jones, E.J.; Fraley, H.E.; Mazzawi, ]. Appreciating recent motherhood and culture: A systematic review
of multimodal postpartum lifestyle interventions to reduce diabetes risk in women with prior gestational
diabetes. Matern. Child. Health | 2017, 21, 45-57. [CrossRef] [PubMed]

Guo, J.; Chen, J.L.; Whittemore, R.; Whitaker, E. Postpartum lifestyle interventions to prevent type 2 diabetes
among women with history of gestational diabetes: A systematic review of randomized clinical trials.
J. Womens Health 2016, 25, 38-49. [CrossRef] [PubMed]

O’Brien, O.A.; McCarthy, M.; Gibney, E.R.; McAuliffe, EM. Technology-supported dietary and lifestyle
interventions in healthy pregnant women: A systematic review. Eur. J. Clin. Nutr. 2014, 68, 760-766.
[CrossRef] [PubMed]

Berger, A.A.; Peragallo-Urrutia, R.; Nicholson, W.K. Systematic review of the effect of individual and
combined nutrition and exercise interventions on weight, adiposity and metabolic outcomes after delivery:
Evidence for developing behavioral guidelines for post-partum weight control. BMC Pregnancy Childbirth
2014, 14, 319. [CrossRef] [PubMed]


http://dx.doi.org/10.1056/NEJM200002173420701
http://www.ncbi.nlm.nih.gov/pubmed/10675424
http://dx.doi.org/10.1097/AOG.0000000000000420
http://www.ncbi.nlm.nih.gov/pubmed/25162257
http://dx.doi.org/10.1016/j.amepre.2009.05.016
http://www.ncbi.nlm.nih.gov/pubmed/19595557
http://dx.doi.org/10.1111/jhn.12193
http://www.ncbi.nlm.nih.gov/pubmed/24267102
http://dx.doi.org/10.1016/j.jand.2012.08.012
http://www.ncbi.nlm.nih.gov/pubmed/23146549
http://dx.doi.org/10.1016/j.ogc.2009.04.001
http://www.ncbi.nlm.nih.gov/pubmed/19501316
http://dx.doi.org/10.1207/S15324796ABM2602_07
http://www.ncbi.nlm.nih.gov/pubmed/14534032
http://dx.doi.org/10.1097/NMC.0b013e31823851ee
http://www.ncbi.nlm.nih.gov/pubmed/22157342
http://dx.doi.org/10.1016/j.ajog.2012.12.018
http://www.ncbi.nlm.nih.gov/pubmed/23246318
http://dx.doi.org/10.1017/S0954422418000070
http://www.ncbi.nlm.nih.gov/pubmed/29984681
http://dx.doi.org/10.1136/bmj.e2088
http://www.ncbi.nlm.nih.gov/pubmed/22596383
http://dx.doi.org/10.1111/bjhp.12107
http://www.ncbi.nlm.nih.gov/pubmed/25041477
http://dx.doi.org/10.1111/obr.12511
http://www.ncbi.nlm.nih.gov/pubmed/28177566
http://dx.doi.org/10.1007/s10995-016-2092-z
http://www.ncbi.nlm.nih.gov/pubmed/27435732
http://dx.doi.org/10.1089/jwh.2015.5262
http://www.ncbi.nlm.nih.gov/pubmed/26700931
http://dx.doi.org/10.1038/ejcn.2014.59
http://www.ncbi.nlm.nih.gov/pubmed/24781682
http://dx.doi.org/10.1186/1471-2393-14-319
http://www.ncbi.nlm.nih.gov/pubmed/25208549

Nutrients 2018, 10, 1704 26 of 26

67. Tierney, J.F; Stewart, L.A. Investigating patient exclusion bias in meta-analysis. Int. ]. Epidemiol. 2004, 34,
79-87. [CrossRef] [PubMed]

68. Faber, J.; Fonseca, L.M. How sample size influences research outcomes. Dental Press ]. Orthod. 2014, 19, 27-29.
[CrossRef] [PubMed]

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1093/ije/dyh300
http://www.ncbi.nlm.nih.gov/pubmed/15561753
http://dx.doi.org/10.1590/2176-9451.19.4.027-029.ebo
http://www.ncbi.nlm.nih.gov/pubmed/25279518
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Literature Search 
	Inclusion and Exclusion Criteria 
	Study Selection and Data Extraction 
	Data Synthesis 
	Assessment of Validity and Bias 

	Results 
	Effect of Interventions on Postpartum Weight Retention 
	Study Quality 

	Discussion 
	Conclusions 
	
	References

