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Weighing as a stand-alone intervention
does not reduce excessive gestational
weight gain compared to routine antenatal
care: a systematic review and meta-analysis
of randomised controlled trials
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Abstract

Background: Excessive gestational weight gain is associated with short and long-term adverse maternal and infant
health outcomes, independent of pre-pregnancy body mass index. Weighing pregnant women as a stand-alone
intervention during antenatal visits is suggested to reduce pregnancy weight gain. In the absence of effective
interventions to reduce excessive gestational gain within the real world setting, this study aims to test if routine
weighing as a stand-alone intervention can reduce total pregnancy weight gain and, in particular, excessive
gestational weight gain.

Methods: A systematic review and meta–analysis of randomised controlled trials (RCTs) was conducted between
November 2014 and January 2016, and reported using the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses. Seven databases were searched. A priori eligibility criteria were applied to published literature by
at least two independent reviewers. Studies considered methodologically rigorous, as per the Academy of Nutrition
and Dietetics Quality Criteria Checklist for Primary Research, were included. Meta-analysis was conducted
using fixed-effects models.

Results: A total of 5223 (non-duplicated) records were screened, resulting in two RCTs that were pooled
for meta-analysis (n = 1068 randomised participants; n = 538 intervention, n = 534 control). No difference in
total weight gain per week was observed between intervention and control groups (weighted mean difference
(WMD) -0.00 kg/week, 95% confidence interval (CI) -0.03 to 0.02). There was also no reduction in excessive gestational
weight gain between intervention and control, according to pre-pregnancy body mass index (BMI). However, total
weight gain was lower in underweight women (n = 23, BMI <18.5 kg/m2) in the intervention compared to
control group (−0.12 kg/week, 95% CI −0.23 to −0.01). No significant differences were observed for other
pregnancy, birth and infant outcomes.

Conclusion: Weighing as a stand-alone intervention is not worse nor better at reducing excessive gestational weight
gain than routine antenatal care.
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Background
Obesity has dramatic effects on reproductive health with
complications during pregnancy and at birth all the
more prevalent in those carrying excess weight [1].
Globally obesity is more prevalent than undernutrition
[2]. The World Health Organisation (WHO) estimates
that over 1.9 billion adults (≥18 years) are overweight
and 600 million obese [3]. In Australia, 63% of adult
women (≥18 years) are reported to have a body mass
index (BMI) in the overweight (25.0–29.9 kg/m2) or
obese (≥30.0 kg/m2) categories [4]. For women who gave
birth in Australia, the most recent Mothers and Babies
report (2013) shows that one-fifth (19%) of pregnant
woman were classified as obese at the beginning of
pregnancy with one quarter (24%) overweight [5].
The risks of entering pregnancy obese are well

documented [1, 6]. Excessive gestational weight gain
(EGWG) as defined by the American Academy of
Sciences Institute of Medicine (IOM) is also an inde-
pendent predictor of adverse pregnancy and birth out-
comes [6, 7]. The IOM weight gain guidelines devised in
1990 and revised in 2009 are the most widely cited
guidelines for gestational weight gain [8, 9]. In the
absence of Australian-based gestational weight gain
guidelines, the IOM guidelines have been largely
adopted as the standard reference [10, 11]. These guide-
lines recommend that women who are underweight at
the beginning of pregnancy gain more weight than
women who are overweight or obese [9].
Weight gain in excess of the IOM guidelines has been

associated with both short and long term health risks,
including pre-eclampsia, gestational diabetes, caesarean
section, large for gestational age infants, postpartum
weight retention and childhood obesity [12–14].
Evidence suggests that it is more common for women to
gain weight above the IOM guidelines than within or
below. In a large retrospective cohort study in the
United States (n = 20,456), Stotland et al. [14] observed
that more women gained above the IOM guidelines
(43%) compared to those that gained within (37%) or
below (20%). An Australian prospective cohort study of
pregnancy weight gain (n = 664) similarly found 38% of
women gained in excess of the IOM weight gain ranges
[15]. Fifty-six percent of women who were overweight
and obese (BMI ≥25 kg/m2) had EGWG compared to
30% of women with a BMI <25 kg/m2 [15]. Furthermore,
in the majority of studies included in a recent systematic
review, 47–72% of obese women had EGWG according
to the IOM ranges [16].
Addressing EGWG has become a public health prior-

ity. Intervention studies have primarily focused on diet
and physical activity either alone or in combination [17].
The most recent Cochrane review identified 65 rando-
mised controlled trials (RCTs) of diet and/or exercise

interventions. In an analysis of 24 included trials (n = 7096)
diet, exercise or both in combination reduced EGWG on
average by 20% (average risk ratio (RR) 0.80, 95%
confidence intervals (CI) 0.73 to 0.87). However no
differences were observed for the adverse outcomes of
pre-eclampsia, infant macrosomia (birth weight >90th

centile) or caesarean birth [17].
In the real world setting there are substantial barriers to

upscaling diet and exercise interventions at the population
level. These include limited access to specialist staff, time
constraints, financial implications and motivation to en-
gage in such interventions as part of clinical practice [18].
One gestational weight gain intervention that is feas-

ible at a population level (i.e. low cost and easy to
administer) is weighing during routine antenatal care.
The schedule of antenatal care appointments consisting
of 7–12 regular visits for low risk women with maternal
health care providers, presents an opportunity for health
promotion interventions to be trialled. The visits add-
itionally provide a window of opportunity for potential
behaviour change and lifestyle modification [19, 20]. A
recent pilot study evaluating the feasibility of regular
weighing in the context of routine antenatal care
reported that weighing took on average 1–2 min of a
midwife’s time, was simple to do, and did not signifi-
cantly add to midwives existing workloads [21]. A quali-
tative analysis of pregnant women’s experience of
routine weighing reported that weighing during ante-
natal appointments was an acceptable intervention that
when introduced did not cause distress or anxiety [22].
The stand-alone practice of weighing in the field of

weight management has been successful in aiding
non-pregnant adults achieve weight loss, weight main-
tenance and prevent weight gain as a self-monitoring/
self-regulation strategy [23–25]. However, this has not
been demonstrated in pregnancy. Weighing was
originally introduced during the 1940’s as a vital sign
of pregnancy, considered useful for the detection of
low birth weight infants and pre-eclampsia [26].
Weighing declined in practice during the 1990’s and
ceased to be recommended as a sign for adverse
pregnancy outcomes by the British National Institute
of Health and Care Excellence (NICE) in 2003, due to
a deficit in evidence that it was an effective screening
tool [26–29].
The practice of weighing is limited to the first ante-

natal visit in Australia and the United Kingdom for the
purposes of calculating an early pregnancy BMI [11, 30].
The risks and prevalence of women entering pregnancy
obese and exceeding the IOM gestational weight gain
guidelines have caused health care providers necessary
concern and led to develop the development of antenatal
care pathways, recommending a return to weighing dur-
ing all antenatal care visits [6, 31].
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Therefore, this systematic review aimed to summarise
the body of high quality evidence and determine any ef-
fect of routine antenatal weighing as a stand-alone inter-
vention to reduce pregnancy weight gain and, in
particular, prevent EGWG.

Methods
This review follows the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) [32].

Search strategy
An a priori review protocol and eligibility criteria were de-
vised, with consideration given to the research question,
study design, population, intervention and outcomes (see
Additional file 1). An electronic search of seven databases
was conducted, including Medline, Embase, Maternal and
Infant Care (via Ovid; http://www.ovid.com/), Cumulative
Index to Nursing and Allied Health Literature (CINAHL)
(via EBSCO http://www.ebsco.com/cinahl), Scopus (via
http://www.scopus.com), Web of science (http://apps.we-
bofknowledge.com) and the Cochrane library (via http://
www.cochranelibrary.com).
The initial search was conducted in November 2014

with the assistance of a research librarian (DB) using the
following keywords and Boolean operators: “pregnant”
OR “pregnancy” AND “weight gain” OR “weighing”
AND “randomised controlled trial” OR “clinical trial”
OR “random*” (see Additional file 2). All searches were
limited to English language and to human studies. No
date limits were applied. The Cochrane Library was
searched separately to identify any previously conducted
systematic reviews in the area. The search was updated
in January 2016 to ensure recent evidence was captured
(see Additional file 3). The database search results were
exported into reference management software.

Study selection
In the first round, publication titles and abstracts were
screened independently by at least two reviewers (SMF,
RMT, AJH) according to inclusion and exclusion criteria
outlined in Table 1. Articles not meeting the eligibility
criteria were screened out in the order of (i) study de-
sign, (ii) population, (iii) intervention, and (iv) outcome.
Articles that met the eligibility criteria were retrieved as
full texts and further reviewed by SMF and RMT. Any
disagreements in the selection of studies were discussed
with consensus achieved. The reference lists of retrieved
studies and relevant Cochrane systematic reviews were
hand searched for any relevant article not detected by
the primary electronic search strategy.

Quality assessment
Articles considered eligible for inclusion were assessed
for methodological quality using the Academy of

Nutrition and Dietetics Quality Criteria Checklist for
Primary Research [33]. Cochrane suggests, it is prefera-
ble to use simple approaches for assessing validity that
can be fully reported (i.e. how each trial was rated on
each criterion) [34]. Similar to the Cochrane Collaboration’s
tool for assessing risk of bias in each included study, the
Academy of Nutrition and Dietetics Quality Criteria Check-
list for Primary Research tool requires judgement about risk
of bias to be made within each domain and support for the
judgement with sufficient detail for potential sources of bias
[34]. Two independent reviewers (SMF, RMT) undertook
the assessments with a third reviewer (AJH) mentoring the
reviewers through the process.
The quality checklist for primary research includes ten

‘scientific validity’ questions; four of which must be satis-
factory to gain a positive rating (Q2 - bias, Q3 – com-
parable groups, Q6 - intervention, Q7 - outcomes) [33].
Answers were supplied as either "YES" meeting the cri-
teria, "No" not meeting the criteria, or “Unclear” if the
criteria was not clearly described. Articles were rated as
positive (+) if the validity questions 2, 3, 6, 7, and at least
one additional question were answered as “YES”; nega-
tive (−) if “No” was answered for 6 or more of the valid-
ity questions; or neutral ( ) if answers to questions 2, 3,
6, or 7 did not indicate that the study was exceptionally
strong [33]. Quality assessments of included studies are
presented in the results.

Data extraction
Relevant data were extracted by two reviewers (SMF,
AJH) and entered into a Microsoft Excel spreadsheet.
Data included: authors, year of publication, sample size,
population characteristics, intervention and duration of
the study, measures of compliance and outcomes.
Weight gain outcomes included: total gestational weight
gain (kg), gestational weight gain by pre-pregnancy BMI
(kg/wk), and EGWG according to IOM guidelines.

Table 1 Inclusion/Exclusion Criteria

Inclusion criteria Exclusion criteria

Randomised control trials with
the intervention of any weight
measurement, self-recorded or
recorded by any health
professional

Studies published in languages
other than English
Studies that are not randomised
control trials

Studies that included pregnant
women with a singleton
pregnancy, of any age, weight,
body mass index, without
date limits

Studies in animals
Multiple pregnancies

Studies that used more than one
episode of
weight measurement during
pregnancy

Poor methodological quality
studies

Neutral or good methodological
quality studies
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Pregnancy, infant and birth outcomes included: infant
birth weight, macrosomia (>90th centile), intrauterine
growth restriction (<10th centile), instrumental birth,
caesarean birth, combined pregnancy induced hyper-
tension (PIH) and pre-eclampsia (PE), gestational
diabetes mellitus (GDM), infant hypoglycaemia, and
Apgar <7 at 5 min.

Statistical analysis
Meta-analysis was conducted using the mean and stand-
ard deviation for continuous outcomes and counts for
categorical outcomes. A fixed-effects model using
inverse variance weights was conducted. Fixed-effect
models weight studies according to the amount of infor-
mation they contribute, whereas random-effects models
incorporate an estimate of between-study variation
(heterogeneity) in the weighting. The fixed-effect assump-
tion is that the true treatment effect is the same in each
study, despite any differences in study protocols [35]. We
believe a fixed effect model is appropriate as larger studies
should be given more weight than smaller ones, and as
there are few studies used in our meta-analysis, using a
random effects model would provide poor estimates of
the distribution of the intervention effects.
Forest plots with unstandardised effect size are

reported for continuous variables using weighted mean
difference (WMD) and 95% confidence intervals. Cat-
egorical outcomes are reported as odds ratios (OR). BMI
outcomes were combined across studies to form a single
outcome. Test of significance were set at the p < 0.05
level with all statistical analyses programmed using Stata
Statistical Software [36].

Results
Search results
A flowchart detailing the screening and selection of
studies is shown in Fig. 1. The broad search identified
6465 articles (n = 5223 after removal of duplicates).
Initial screening of the title and abstract excluded 4067
articles. Two full text papers were then assessed and
both were eligible for quality checking and meta-
analysis. Hand searching did not identify any further
articles for assessment.

Study characteristics
The characteristics of studies included in this review are
outlined in Table 2. Briefly, both studies were conducted
in Australia. The study populations were women of any
parity with singleton pregnancies enrolled during early
pregnancy. Two types of weighing interventions were
trialled. Jefferies et al. [37] used a self-weighing regime
where women were instructed to record and document
their own weight at 16, 20, 24, 28, 30, 32 and 36 week’s
gestation. The control group were weighed at recruitment

(≤14 week’s gestation) and at 36 week’s gestation. Both
groups received standard antenatal care [37]. The second
study by Brownfoot et al. [38] trialled the intervention of
clinician weighing of pregnant women during scheduled
antenatal care visits. The control group were weighed at
the time of recruitment into the study (<21 weeks gesta-
tion) and again at 36 weeks gestation only [38]. Both
groups received standard antenatal care following the
participating hospitals guidelines. Both studies used
an intention-to-treat analysis but had low loss to
follow-up (<9%).

Study quality
A summary of the quality assessment is presented below
in Table 3.
Both studies answered “Yes” to all relevance questions.

Of the four validity questions, the study by Jefferies et al.
[37] received a “NO” for question 6, with reviewers
questioning participant compliance with the intervention
and validity of instruments within the intervention
group. The corresponding author of the paper was
contacted seeking additional information and clarifica-
tion, however, no further information could be provided.
This paper received a neutral quality rating with a score
of 9 out of a possible 10 [18].
The second study conducted by Brownfoot et al. [38]

reported sufficient information within their publication
receiving a “YES” for all scientific validity questions. The
paper gained a total score of 10 and received a positive
quality rating.

Analysis results
Meta-analysis of continuous outcomes is displayed in
Fig. 2. There was no difference in total gestational
weight gain between the intervention (n = 494) and con-
trol groups (n = 483). In the sub-group analysis of weight
gain by BMI category a statistically significant difference
was found for underweight women. The amount of
weight gained in underweight women was 0.12 kg/week
(n = 23, p = 0.040) less in the intervention group com-
pared to control.
There were no differences in the total proportion of

women exceeding the IOM weight gain ranges between
intervention (n = 290) and control (n = 230): OR 1.10
(95%CI, 0.81 to 1.50). Data on EGWG by BMI category
are presented in Fig. 3 and show no differences in the
intervention and control groups.
For all secondary pregnancy and birth outcomes (includ-

ing birth weight on Fig. 2) no significant differences were
found between intervention and control as per Fig. 4.
We performed a post-hoc power calculation to deter-

mine the minimum detectable difference in total gesta-
tional weight gain for the pooled total of 977 participants,
distributed approximately evenly between intervention
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and control groups. The minimum detectable difference
was approximately 735 g in total gestational weight gain
(~20 g per week), with 80% power, α = 0.05, and SD±
4.1 kg [37].

Discussion
This systematic review of RCTs aimed to determine the evi-
dence base for weighing as a stand-alone intervention to
reduce pregnancy weight gain and prevent EGWG. Two
RCTs were retrieved and meta-analysed. Together they
suggest that weighing, as a stand-alone intervention during
routine antenatal care, is no better at reducing total preg-
nancy weight gain or preventing weight gain in excess of
the IOM weight gain ranges than routine antenatal care.
A statistically significant lower rate of gain (kg/wk)

was observed in women in the underweight BMI
category between intervention and control. This finding

should be interpreted with caution as it was derived
from a BMI group that only included 23 women and
due to multiple comparisons across BMI sub-groups
could be due to random chance alone. However, it is
also plausible that underweight women may be more
sensitive to weighing and this practice may have an im-
pact on their rate of weight gain.. Nohr et al. [39], in a
large Danish birth cohort study (n = 60,892), determined
that women who were categorised as underweight at the
beginning of pregnancy (BMI <18.5 kg/m2) who had
lower rates of GWG (<10kgs) were found to be more at
risk of giving birth to small for gestational age infants
(OR 1.9, 95%CI 1.7 to 2.1) [39]. Based on the existing
evidence the IOM in 2009 recommended that under-
weight women should gain towards the upper limits of
the weight gain ranges specifically to prevent small for
gestational age infants [40].

Fig. 1 Study Selection Flowchart. Flow chart adapted from Adapted From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009).
Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6 (6): e1000097. doi:10.1371/journal.pmed100
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Table 3 Summary of the quality assessment for the included studies

First author, year of publication (reference) Jefferies et al. 2009 [37] Brownfoot et al. 2016 [38]

Validity questions

1. Was the research question clearly stated? Y Y

2. Was the selection of study subjects/patients free from bias? Y Y

3. Were study groups comparable? Y Y

4. Was method of handling withdrawals described? Y Y

5. Was blinding used to prevent introduction of bias? Y Y

6. Were intervention/exposure factor or procedure and any comparison(s) described in detail? N Y

7. Were outcomes clearly defined and the measurements valid and reliable? Y Y

8. Was the statistical analysis appropriate for the study design and type of outcome indicators? Y Y

9. Were conclusions supported by results with biases and limitations taken into consideration? Y Y

10. Is bias due to study’s funding or sponsorship unlikely? Y Y

Overall quality N P

American Dietetic Association Quality Criteria Checklist for Primary Research, Y yes, N no,
P, positive rating; N neural rating

GWG per week (kg/wk)

Jefferies

Brownfoot

Subtotal

BMI UW(Kg/wk)

Jefferies

Brownfoot

Subtotal

BMI NW(Kg/wk)

Jefferies

Brownfoot

Subtotal

BMI OW(Kg/wk)

Jefferies

Brownfoot

Subtotal

BMI OB(Kg/wk)

Jefferies

Brownfoot

Subtotal

birth weight(kg)

Jefferies

Brownfoot

Subtotal

Author

-0.02 (-0.06, 0.02)

0.01 (-0.03, 0.05)

-0.00 (-0.03, 0.02)

-0.14 (-0.27, -0.01)

-0.03 (-0.27, 0.21)

-0.12 (-0.23, -0.01)

-0.01 (-0.06, 0.04)

0.02 (-0.03, 0.07)

0.01 (-0.03, 0.04)

-0.12 (-0.21, -0.03)

0.00 (-0.07, 0.07)

-0.05 (-0.10, 0.01)

0.07 (-0.04, 0.18)

0.06 (-0.04, 0.16)

0.06 (-0.01, 0.14)

-0.00 (-0.13, 0.12)

0.04 (-0.05, 0.13)

0.03 (-0.04, 0.10)

WMD (95% CI)

125, .44 (.173)

369, .54 (.28)

494

5, .33 (.104)

5, .68 (.22)

10

75, .47 (.157)

208, .56 (.26)

283

20, .42 (.153)

112, .53 (.3)

132

25, .4 (.226)

60, .48 (.26)

85

124, 3.42 (.452)

369, 3.4 (.561)

493

(SD); Intervention

N, mean

111, .46 (.156)

372, .53 (.24)

483

5, .47 (.098)

8, .71 (.21)

13

67, .48 (.149)

212, .54 (.22)

279

18, .54 (.123)

116, .53 (.24)

134

21, .33 (.145)

58, .42 (.28)

79

111, 3.42 (.505)

372, 3.36 (.624)

483

(SD); Control

N, mean

-0.02 (-0.06, 0.02)

0.01 (-0.03, 0.05)

-0.00 (-0.03, 0.02)

-0.14 (-0.27, -0.01)

-0.03 (-0.27, 0.21)

-0.12 (-0.23, -0.01)

-0.01 (-0.06, 0.04)

0.02 (-0.03, 0.07)

0.01 (-0.03, 0.04)

-0.12 (-0.21, -0.03)

0.00 (-0.07, 0.07)

-0.05 (-0.10, 0.01)

0.07 (-0.04, 0.18)

0.06 (-0.04, 0.16)

0.06 (-0.01, 0.14)

-0.00 (-0.13, 0.12)

0.04 (-0.05, 0.13)

0.03 (-0.04, 0.10)

WMD (95% CI)

125, .44 (.173)

369, .54 (.28)

494

5, .33 (.104)

5, .68 (.22)

10

75, .47 (.157)

208, .56 (.26)

283

20, .42 (.153)

112, .53 (.3)

132

25, .4 (.226)

60, .48 (.26)

85

124, 3.42 (.452)

369, 3.4 (.561)

493

(SD); Intervention

N, mean

Control  Intervention 

0-.272 0 .272

Fig. 2 Results for Continious Variables and Tests of Significance. Significance test(s) of Weighted Mean Difference (WMD= 0), Gestational Weight Gain
(GWG) per week (kg/wk) z = 0.23, p= 0.815; Body Mass Index (BMI) Underweight (UW) (Kg/wk) z = 2.06, p= 0.040; BMI Normal Weight (NW) (Kg/wk)
z = 0.36, p= 0.716; BMI Overweight (OW) (Kg/wk) z = 1.68, p= 0.094; BMI Obese (OB) (Kg/wk) z = 1.74, p= 0.081; Birth Weight (kg) z = 0.70, p= 0.481
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It is extremely interesting that only two recent trials
contributed data for this review, given the increased
prevalence of obesity and EGWG and changes in
practice over time. Additionally, weight gain is charac-
teristic of pregnancy progression and a well-recognised
determinant of fetal growth. There is convincing
evidence that GWG is associated with infant birth
weight: lower GWG is associated with low birth weight
and greater GWG is associated with large for gestational
age infants [12].
In light of this evidence it is difficult to reasonably

explain why antenatal guidelines restrict the practice of
routine antenatal weighing and not consider it as an im-
portant predictor of pregnancy outcomes, similar to
serial measures of blood pressure.
Restricting routine weighing is in direct contrast to the

IOM (2009) weight gain guidelines that specifically
advise for pregnant women to be weighed at the initial
and all subsequent antenatal visits to detect abnormal
patterns of pregnancy weight gain [9]. The guidelines
recommend that health care providers work in partner-
ship with women to set individual weight gain targets
according to their BMI and for weight gains to be

graphically documented to enable women to be aware of
their weight gains and educate them on the importance
of appropriate pregnancy weight gain [9].
Dimperio et al. [41] in response to recommendations

that routine weighing should be abandoned, argued that
weighing was more than just a stand-alone pregnancy
intervention and rather presented health care practi-
tioners with the opportunity to counsel women before
weight gains became extreme, advocating that weighing
is a valuable screening tool rather than a diagnostic tool
for adverse pregnancy outcomes [41].
Weighing as a stand-alone intervention may not be ef-

fective for reducing pregnancy weight gain and EGWG
under controlled conditions however given the preva-
lence and risks associated with weight gains outside of
the IOM guidelines it is negligent of maternity care
providers not to address weight gain in pregnancy.
Maternity care providers need to be working in partner-
ship with women to achieve the IOM weight gain in
pregnancy targets, monitoring their progress and provid-
ing feedback on that progress. Therefore, we recom-
mend further research be undertaken into the impacts
and acceptability of this intervention within various

BMI UW

Brownfoot

Jefferies

Subtotal

BMI NW

Jefferies

Brownfoot

Subtotal

BMI OW

Jefferies

Brownfoot

Subtotal

BMI OB

Jefferies

Brownfoot

Subtotal

Author

1.50 (0.14, 16.54)

(Excluded)

1.50 (0.14, 16.54)

0.52 (0.19, 1.44)

0.77 (0.49, 1.21)

0.72 (0.48, 1.09)

0.43 (0.12, 1.59)

1.06 (0.50, 2.25)

0.85 (0.45, 1.62)

1.80 (0.49, 6.57)

1.48 (0.54, 4.08)

1.60 (0.72, 3.54)

OR (95% CI)

3/5

0/5

3/10

7/75

96/152

103/227

7/20

87/104

94/124

9/25

46/56

55/81

Intervention

Events,

3/6

0/5

3/11

11/67

131/190

142/257

10/18

77/93

87/111

5/21

28/37

33/58

Control

Events,

1.50 (0.14, 16.54)

(Excluded)

1.50 (0.14, 16.54)

0.52 (0.19, 1.44)

0.77 (0.49, 1.21)

0.72 (0.48, 1.09)

0.43 (0.12, 1.59)

1.06 (0.50, 2.25)

0.85 (0.45, 1.62)

1.80 (0.49, 6.57)

1.48 (0.54, 4.08)

1.60 (0.72, 3.54)

OR (95% CI)

3/5

0/5

3/10

7/75

96/152

103/227

7/20

87/104

94/124

9/25

46/56

55/81

Intervention

Events,

Control  Intervention 
1.0605 1 16.5

Fig. 3 Proportion of weight gain exceeding the IOM ranges and tests of significance. Significance test(s) of Odds Ratio (OR) =1; Body Mass Index
(BMI) Underweight (UW) z = 0.33, p = 0.741; BMI Normal Weight (NW) z = 1.55, p = 0.122; BMI Over Weight (OW) z = 0.50, p = 0.617; BMI Obese (OB)
z = 1.15, p = 0.250
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health care settings and models of pregnancy care, using
both experimental and qualitative research methods.

Strengths
We have conducted a methodically rigorous and con-
temporary search to determine if weighing as a stand-
alone intervention can reduce EGWG. All available
experimental evidence has been assessed and reported in
accordance with the PRISMA guidelines [32] and an
appropriate methodological quality checklist [33].

Limitations
Although the included RCTs were deemed good qual-
ity, with neutral and positive quality ratings, the
following limitations need to be considered. Giving

benefit of the doubt, blinding within both studies was
rated as adequate, even though neither the participant
nor clinicians/researchers (who were also the outcome
assessors) were blinded to the intervention. This is
because the quality check question is phrased with
the qualifier “as appropriate”. Jefferies et al. [37]
reported that participants were blinded to the purpose
of the study, however, discussed that researchers
conducting the study were not blinded to treatment
groups. No participant blinding was used in the study
by Brownfoot et al. [38] because of the nature of the
intervention, and this was acknowledged in their limi-
tations. Reviewers gave consideration to each study’s
methods and concluded that true blinding would be
extremely difficult.

GWG > IOM
Jefferies
Brownfoot
Subtotal

Macrosomia (>90th centile)
Jefferies
Brownfoot
Subtotal

IUGR (<10th centile)
Jefferies
Brownfoot
Subtotal

Instrumental Birth
Jefferies
Brownfoot
Subtotal

Caesarean Birth
Jefferies
Brownfoot
Subtotal

PIH / PE
Jefferies
Brownfoot
Subtotal

GDM
Jefferies
Brownfoot
Subtotal

infant hypoglycemia
Jefferies
Brownfoot
Subtotal

Apgar <7 at 5 mins
Jefferies
Brownfoot
Subtotal

Author

0.74 (0.39, 1.38)
1.25 (0.88, 1.77)
1.10 (0.81, 1.50)

0.63 (0.24, 1.62)
0.97 (0.56, 1.68)
0.87 (0.54, 1.40)

0.65 (0.26, 1.60)
0.70 (0.44, 1.12)
0.69 (0.46, 1.04)

1.58 (0.82, 3.03)
1.23 (0.85, 1.77)
1.30 (0.95, 1.79)

1.33 (0.76, 2.34)
0.74 (0.54, 1.03)
0.86 (0.65, 1.14)

3.16 (0.85, 11.78)
1.15 (0.58, 2.28)
1.47 (0.81, 2.67)

1.18 (0.50, 2.82)
1.02 (0.55, 1.90)
1.07 (0.65, 1.78)

2.73 (0.28, 26.61)
0.93 (0.47, 1.84)
1.03 (0.54, 1.97)

0.44 (0.04, 4.95)
0.68 (0.32, 1.45)
0.66 (0.32, 1.35)

OR (95% CI)

23/125
267/355
290/480

8/124
27/369
35/493

9/124
34/369
43/493

29/124
76/369
105/493

41/124
94/369
135/493

10/124
18/391
28/515

13/124
21/389
34/513

3/124
17/370
20/494

1/124
12/370
13/494

Intervention
Events,

26/111
204/288
230/399

11/111
28/372
39/483

12/111
47/372
59/483

18/111
65/372
83/483

30/111
117/372
147/483

3/111
16/396
19/507

10/111
21/396
31/507

1/111
18/367
19/478

2/111
17/364
19/475

Control
Events,

0.74 (0.39, 1.38)
1.25 (0.88, 1.77)
1.10 (0.81, 1.50)

0.63 (0.24, 1.62)
0.97 (0.56, 1.68)
0.87 (0.54, 1.40)

0.65 (0.26, 1.60)
0.70 (0.44, 1.12)
0.69 (0.46, 1.04)

1.58 (0.82, 3.03)
1.23 (0.85, 1.77)
1.30 (0.95, 1.79)

1.33 (0.76, 2.34)
0.74 (0.54, 1.03)
0.86 (0.65, 1.14)

3.16 (0.85, 11.78)
1.15 (0.58, 2.28)
1.47 (0.81, 2.67)

1.18 (0.50, 2.82)
1.02 (0.55, 1.90)
1.07 (0.65, 1.78)

2.73 (0.28, 26.61)
0.93 (0.47, 1.84)
1.03 (0.54, 1.97)

0.44 (0.04, 4.95)
0.68 (0.32, 1.45)
0.66 (0.32, 1.35)

OR (95% CI)

23/125
267/355
290/480

8/124
27/369
35/493

9/124
34/369
43/493

29/124
76/369
105/493

41/124
94/369
135/493

10/124
18/391
28/515

13/124
21/389
34/513

3/124
17/370
20/494

1/124
12/370
13/494

Intervention
Events,

Control  Intervention 

1.0376 1 26.6

Fig. 4 Pregnancy and Birth Outcomes and Tests of Significance. Significance test(s) of Odds Ratio (OR) =1; Gestational Weight Gain (GWG) > Institute of
Medicine (IOM) z = 0.63, p= 0.532; Macrosomia (>90th centile) z = 0.58, p= 0.560; Intra Uterine Growth Restriction (IUGR) (<10th centile) z = 1.76, p= 0.079;
Instrumental Birth z = 1.62, p= 0.105; Caesarean Birth z = 1.06, p= 0.288; Pregnancy Induced Hypertension (PIH)/Pre-Eclampsia (PE) z = 1.26, p= 0.206;
Gestational Diabetes Mellitus (GDM) z = 0.27, p= 0.787; Infant hypoglycemia z = 0.10, p= 0.917; Apgar <7 at 5 mins z = 1.15, p= 0.252
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Secondary outcomes within both studies including,
proportion of women gaining weight above the IOM
recommendations, pregnancy birth and neonatal
outcomes were not pre specified within each study’s statis-
tical analysis plan. These outcomes were not adequately
powered to detect a difference between intervention and
control limiting the generalisability of these findings.
The decision to exclude studies published in a language

other than English was made a priori, for pragmatic rea-
sons. Authors acknowledge that there is potential for this
exclusion to have contributed to the low number of
included studies.

Conclusion
This systematic review and meta-analysis concludes that
weighing, as a stand-alone intervention is neither worse
nor better at reducing excessive gestational weight gain
than routine antenatal care alone. In light of the presented
evidence we recommend that where antenatal guidelines
advise women to gain weight within the IOM weight gain
ranges that they be enacted in their entirety recommend-
ing that women be weighed at the first and all subsequent
antenatal visits. We additionally recommend that further
research studies be conducted to assess the impact and
acceptability of weighing in pregnancy.

Additional files

Additional file 1. Study Protocol. Description of data: Systematic review
study protocol. (DOCX 17 kb)

Additional file 2. Primary Search Strategy November 2014. Description
of data: This file contains all details of the primary systematic review
search strategy conducted in November 2014. Including databases,
search terms and number of citations retrieved. (DOCX 18 kb)

Additional file 3. Primary Search Strategy (Updated January 2016).
Description of data: This file contains all details of the updated primary
systematic review search strategy conducted in January 2016. Including
databases, search terms and number of citations retrieved. (DOCX 18 kb)

Additional file 4. Spreadsheet of values used for data analysis. (XLSX 13 kb)

Abbreviations
BMI: Body mass index; CI: Confidence interval; EGWG: Excessive gestational
weight gain; GDM: Gestational diabetes mellitus; IOM: Institute of Medicine;
NICE: National Institute of Health and Care Excellence; OR: Odds ratio;
PE: Pre-eclampsia; PIH: Pregnancy induced hypertension; PRISMA: Preferred
reporting items for systematic reviews and meta – analysis;
RCTs: Randomised controlled trials; WMD: Weighted mean difference

Acknowledgements
Research Librarian: Debbie Booth Faculty of Health and Medicine, University
of Newcastle, New South Wales, Australia.

Funding
No funding was sought or accepted for this publication.

Availability of data and materials
The data set that supported the outcomes of this systematic review have
been included with this submission as an excel spreadsheet uploaded as a
Additional file 4.

Authors’ contribution
SMF is the primary reviewer and author of this review paper. SMF carried out
the initial and final primary and secondary search strategies, undertook
screening of citations, quality appraisal; data extraction and the person
responsible for managing the study and writing of this review paper. AJH
conceived the study and contributed by designing the review protocol and
inclusion/exclusion criteria. AJH conducted some initial screening of
citations, carried out data extraction and made substantial contributions to
the writing of the review paper. RMT is the second reviewer who carried out
screening of citations, quality appraisal and editing of manuscript. AB is the
statistician who carried out the meta-analysis. JA contributed to the study
design and interpretation of data. Both MF and LE have made substantial
contributions in the design, drafting and revising this manuscript. All authors
have read and have given approval for this manuscript to be published.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not Applicable.

Ethics approval and consent to participate
Ethics approval was not required for the conduct of this study. Statements of
ethical considerations from each article included in the review were appraised
as per the American Dietetic Association Criteria checklist for primary research.

Author details
1School of Nursing & Midwifery University of Newcastle, Port Macquarie
Campus, PO Box 210, Port Macquarie 2444, NSW, Australia. 2Faculty of Health
& Medicine School of Medicine & Public Health, University of Newcastle,
Callaghan, NSW, Australia. 3Maternity Care Services, The Port Macquarie Base
Hospital, Port Macquarie, NSW, Australia. 4Mothers and Babies Research
Centre, University of Newcastle, University Drive, Callaghan 2308, NSW,
Australia. 5Hunter Medical Research Institute, Newcastle, NSW, Australia.
6Centre for Midwifery, Child and Family Health, Faculty of Health, University
of Technology Sydney, PO Box 123Broadway, Ultimo, NSW 2007, Australia.
7Centre for Clinical Epidemiology and Biostatistics, School of Medicine &
Public Health, University of Newcastle, Callaghan, NSW, Australia. 8Division of
Medicine, John Hunter Hospital, Newcastle, NSW, Australia.

Received: 27 April 2016 Accepted: 23 December 2016

References
1. Marchi J, Berg M, Dencker A, Olander E, Begley C. Risks associated with

obesity in pregnancy, for the mother and baby: a systematic review of
reviews. Obes Rev. 2015;16(8):621–38.

2. About Obesity. http://www.worldobesity.org/resources/aboutobesity/.
Accessed 29 Nov 2016.

3. Obesity and Overweight Fact sheet No. 311 http://www.who.int/mediacentre/
factsheets/fs311/en/. Accessed 29 Nov 2016.

4. Australian Bureau of Statistics. National Health Survey First Results 2014–15. 2015.
5. Australian Institute of Health and Welfare. Australia’s mothers and babies

2013—in brief. Perinatal statistics series no. 31. Canberra: AIHW; 2015.
6. Fealy S, Hure A, Browne G, Prince C. Developing a clinical care pathway for

obese pregnant women: A quality improvement project. Women Birth.
2014;27(4):e67–71.

7. Cedergren M. Effects of gestational weight gain and body mass index on
obstetric outcome in Sweden. Int J Gynaecol Obstet. 2006;93(3):269–74.

8. Institute of Medicine Committee on Nutritional Status During Pregnancy
and Lactation: Nutrition During Pregnancy: Part 1 Weight Gain. In.: National
Academy of Sciences Institute of Medicine; 1990.

9. Rasmussen KM, Yaktine AL. Nutrition During Pregnancy: Re-Examining the
Guidelines. Washington: National Academy of Sciences Institute of
Medicine; 2009.

10. The Royal Australian and New Zealand College of Obstetricians and
Gynaecologists: Management of Obesity in Pregnancy College Statement:
C- OBS 49. In.: The Royal Australian and New Zealand College of
Obstetricians and Gynaecologists; 2016.

Fealy et al. BMC Pregnancy and Childbirth  (2017) 17:36 Page 10 of 11

dx.doi.org/10.1186/s12884-016-1207-2
dx.doi.org/10.1186/s12884-016-1207-2
dx.doi.org/10.1186/s12884-016-1207-2
dx.doi.org/10.1186/s12884-016-1207-2
http://www.worldobesity.org/resources/aboutobesity/
http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs311/en/


11. Australian Health Ministers Advisory Council. Clinical Practice Guidelines:
Antenatal Care - Module 1. Canberra: Australian Government Department of
Health & Ageing; 2012.

12. Johnson J, Clifton RG, Roberts JM, Myatt L, Hauth JC, Spong CY, Varner MW,
Wapner RJ, Thorp Jr JM, Mercer BM, et al. Pregnancy outcomes with weight
gain above or below the 2009 institute of medicine guidelines. Obstet
Gynecol. 2013;121(5):969–75.

13. Oken E, Taveras EM, Kleinman KP, Rich-Edwards JW, Gillman MW.
Gestational weight gain and child adiposity at age 3 years. Am J Obstet
Gynecol. 2007;196(4):322 e321–328.

14. Stotland NE, Cheng YW, Hopkins LM, Caughey AB. Gestational weight gain
and adverse neonatal outcome among term infants. Obstet Gynecol.
2006;108(3 Pt 1):635–43.

15. de Jersey SJ, Nicholson JM, Callaway LK, Daniels LA. A prospective study of
pregnancy weight gain in Australian women. Aust N Z J Obstet Gynaecol.
2012;52(6):545–51.

16. Faucher MA, Barger MK. Gestational weight gain in obese women by class
of obesity and select maternal/newborn outcomes: A systematic review.
Women Birth. 2015;28(3):e70–9.

17. Muktabhant B, Lawrie TA, Lumbiganon P, Laopaiboon M. Diet or exercise, or
both, for preventing excessive weight gain in pregnancy. Cochrane
Database Syst Rev. 2015;6:CD007145.

18. Heslehurst N, Newham J, Maniatopoulos G, Fleetwood C, Robalino S, Rankin
J. Implementation of pregnancy weight management and obesity
guidelines: A meta-synthesis of healthcare professionals’ barriers and
facilitators using the Theoretical Domains Framework. Pregnancy Hypertens.
2014;4(3):234–5.

19. Harrison CL, Teede HJ, Lombard CB. How effective is self‐weighing in the
setting of a lifestyle intervention to reduce gestational weight gain and
postpartum weight retention? Aust N Z J Obstet Gynaecol. 2014;54(4):382–5.

20. Phelan S, Phipps MG, Abrams B, Darroch F, Grantham K, Schaffner A, Wing
RR. Does behavioral intervention in pregnancy reduce postpartum weight
retention? Twelve-month outcomes of the Fit for Delivery randomized trial.
Am J Clin Nutr. 2014;99(2):302–11.

21. Daley AJ, Jolly K, Jebb S, Roalfe A, Mackillop L, Lewis A, Clifford S, Kenyon S,
MacArthur C, Aveyard P. Effectiveness of regular weighing, weight target
setting and feedback by community midwives within routine antenatal care
in preventing excessive gestational weight gain: randomised controlled trial.
BMC Obes. 2016;3(1):1.

22. Brownfoot F, Davey MA, Kornman L. Women’s opinions on being weighed
at routine antenatal visits. BJOG. 2016;123(2):263–70.

23. Burke LE, Wang J, Sevick MA. Self-monitoring in weight loss: a systematic
review of the literature. J Am Diet Assoc. 2011;111(1):92–102.

24. VanWormer JJ, French SA, Pereira MA, Welsh EM. The impact of regular self-
weighing on weight management: a systematic literature review. Int J
Behav Nutr Phys Act. 2008;5(1):54.

25. Zheng Y, Klem ML, Sereika SM, Danford CA, Ewing LJ, Burke LE. Self‐
weighing in weight management: A systematic literature review. Obesity.
2015;23(2):256–65.

26. Allen-Walker V, Woodside J, Holmes V, Young I, Cupples ME, Hunter A,
McKinley MC: Commentary on Routine weighing of women during
pregnancy-is it time to change current practice? BJOG. 2015;123(6):871–74.

27. Dawes M, Grudzinskas J. Patterns of maternal weight gain in pregnancy.
BJOG. 1991;98(2):195–201.

28. Dawes MG, Green J, Ashurst H. Routine weighing in pregnancy. BMJ. 1992;
304(6825):487–9.

29. Dawes MG, Grudzinskas JG. Repeated measurement of maternal weight during
pregnancy. Is this a useful practice? Br J Obstet Gynaecol. 1991;98(2):189–94.

30. National Institute for Health and Clinical Excellence. Antenatal care for
Uncomplicated Pregnancies Guideline CG62. United Kingdom: National
Institute of Clinical Excellence; 2008.

31. Queensland Clinical Guidelines: Obesity in Pregnancy Guideline No. MN15.
14-V5-R20. In. Brisbane Queensland Clinical Guidelines; 2015.

32. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Ann Intern
Med. 2009;151(4):264–9.

33. Academy of Nutrition and Dietetics. Evidence Analysis Manual: Steps in the
Academy Evidence Analysis Process. Chicago: Research and Strategic
Business Development Academy of Nutrition and Dietetics; 2012.

34. Higgins JP, Green S: Cochrane handbook for systematic reviews of
interventions, vol. 5: Wiley Online Library; 2008.

35. Kontopantelis E, Reeves D. metaan: Random-effects meta-analysis. Stata J.
2010;10(3):395–407.

36. StataCorp. Stata Statistical Software, vol. 143. College Station: StataCorp LP; 2014.
37. Jeffries K, Shub A, Walker SP, Hiscock R, Permezel M. Reducing excessive

weight gain in pregnancy: A randomised controlled trial. Med J Aust. 2009;
191(8):429–33.

38. Brownfoot FC, Davey MA, Kornman L. Routine weighing to reduce excessive
antenatal weight gain: a randomised controlled trial. BJOG. 2016;123(2):254–61.

39. Nohr EA, Vaeth M, Baker JL, Sorensen T, Olsen J, Rasmussen KM. Combined
associations of prepregnancy body mass index and gestational weight gain
with the outcome of pregnancy. Am J Clin Nutr. 2008;87(6):1750–9.

40. Rasmussen KM, Yaktine A: Weight Gain During Pregnancy: Reexamining the
Guidelines. In.: National Academy of Sciences Institute of Medicine; 2009.

41. Dimperio DL, Frentzen BH, Cruz AC. Routine weighing during antenatal
visits. BMJ. 1992;304(6825):460.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Fealy et al. BMC Pregnancy and Childbirth  (2017) 17:36 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Search strategy
	Study selection
	Quality assessment
	Data extraction
	Statistical analysis

	Results
	Search results
	Study characteristics
	Study quality
	Analysis results

	Discussion
	Strengths
	Limitations

	Conclusion
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contribution
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

