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Abstract

Post-partum weight retention (WR) occurs in 60–80% of women with some retaining �10 kg with contributing
factors reported as pre-pregnancy body mass index (BMI), gestational weight gain (GWG) and breastfeeding.A
longitudinal study of pregnancy, with 12-month post-partum follow-up was conducted to determine factors
associated with WR. Pregnant women (n = 152) were recruited from the John Hunter Hospital antenatal clinic
in New South Wales, Australia. Pre-pregnancy weight was self-reported; weight was measured four times during
pregnancy (for GWG) and in the first 12 months post-partum. Infant feeding data were obtained via question-
naires. Breastfeeding was categorised as exclusive, predominant, complementary or not breastfeeding. Linear
mixed models tested the predictors of WR, with and without adjustment for potential confounders. Compared
with pre-pregnancy weight, 68% of women retained weight at 12 months, median (interquartile range) [4.5 kg
(2.1–8.9)]. After adjustment, GWG was positively associated with WR (P < 0.01), but pre-pregnancy weight did
not predict WR. For each additional week of any breastfeeding, 0.04 kg less weight was retained. Compared with
women who retained weight, those women who did retain had higher rates of exclusive breastfeeding at three
months (P < 0.05), but the number of weeks of exclusive breastfeeding failed to predict WR for all women. WR
following childbirth is common and associated with GWG, while the number of weeks of ‘any’ breastfeeding
contributed to post-partum weight loss. Whether these factors are modifiable strategies to optimise the weight
status of women at this life stage requires further research.
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Introduction

Thirty-five per cent of women in Australia, aged
25–35 years, are overweight or obese [body mass
index (BMI) >25 kg m-2] (Callaway et al. 2006). Many
women attribute weight gain to childbearing, particu-
larly with successive pregnancies (Harris et al. 1997;
Kac et al. 2004; Walker et al. 2005; Gunderson 2009).
Therefore, pregnancy and the post-natal period could
be an important time to motivate and educate women

to make healthy lifestyle changes (Phelan 2010).
However, women require knowledge, skills and/or
support to undertake these changes (Furness et al.
2011). Clinicians, such as obstetricians and midwives,
have regular contact with women during pregnancy
and are well placed to assist women to achieve a
healthy weight and healthy lifestyle. However, further
knowledge of the factors predicting greater post-
partum weight retention (WR) will help identify
those at greatest risk.
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Previous studies have reported that 50–80% of
women retain 1.4–5 kg up to 12 months after birth,
which may become permanent (Ohlin & Rossner
1990; Schauberger et al. 1992; Olson et al. 2003; Roth-
berg et al. 2011). Furthermore, 20–50% will retain
5–10 kg 12 months after birth (Olson et al. 2003;
Althuizen et al. 2011; Rothberg et al. 2011). Excessive
weight gain in pregnancy is associated with later over-
weight and obesity (Amorim et al. 2007; Mamun et al.
2010), which is a risk factor for obstetric complica-
tions in subsequent pregnancies as well as cardiovas-
cular disease, metabolic syndrome and diabetes
(Gunderson 2009; Sirimi & Goulis 2010).

Gestational weight gain (GWG) has been associ-
ated with both short- and long-term WR, which has
been confirmed in more than 10 observational
studies, one systematic review and a meta-analysis
(Greene et al. 1988; Walker 1996; Kac 2004; Baker
et al. 2008; Viswanathan et al. 2008; Mamun et al.
2010; Fraser et al. 2011; Huang et al. 2011; Nehring
et al. 2011; Rothberg et al. 2011). The meta-analysis
of nine observational studies demonstrated that
women who gained above the Institute of Medicine
(IOM) GWG recommendations are on average
4.7 kg heavier up to 15 years post-partum compared
with those whose weight gain matched with the rec-
ommendations (Nehring et al. 2011). Results from a
longitudinal study of 2356 British women found
those who had excessive GWG (based on the IOM
guidelines) had adverse health outcomes 16 years
after birth compared with women who gained within
recommendations (Fraser et al. 2011). Those with
excessive GWG were 3.6 times more likely to have a
of BMI � 25 kg m-2 [95% confidence interval (CI)
2.6–4.9] and 2.8 times more likely to have a waist

circumference �80 cm (95% CI 1.8–4.0) 16 years
post-partum (Fraser et al. 2011).

The evidence is equivocal as to the association
between pre-pregnancy BMI and WR. A lower pre-
pregnancy BMI has been associated with higher WR
(coefficient = -0.5; P-value � 0.001) (Kac et al. 2004).
However, the inverse has also been reported (Linné
et al. 2003; Walker 2009). These results are based on
observational studies with differing sample sizes
(n = 247–1423), socioeconomic status, country of
origin (Brazil, USA and Stockholm) and length of
follow-up (9 months to 15 years), indicating that
research is needed (Linné et al. 2003; Kac et al. 2004;
Walker 2009). While the relationship between pre-
pregnancy BMI and WR is unclear, there is consider-
able evidence that a high BMI increases the risk of
adverse maternal and infant outcomes (Solomon et al.
1997; Sebire et al. 2001; O’Brien et al. 2003; Rowlands
et al. 2010; Sathyapalan et al. 2010). For example, a
high pre-pregnancy BMI increases the risk for
adverse outcomes including gestational diabetes
[relative risk (RR) = 2.1; 95% CI 1.7–2.7 for BMI>25–
29.9 kg m-2 and RR = 2.1; 95% CI 2.2–3.9 for
BMI � 30 kg m-2) (Solomon et al. 1997; Sathyapalan
et al. 2010), pre-eclampsia [odds ratio (OR) = 2.1–5.2
for overweight and obese] (O’Brien et al. 2003), deliv-
ery intervention (Rowlands et al. 2010), macrosomia
(OR 1.6; 95% CI 1.5–1.6 for BMI >25–30 kg m-2 and
2.4; 95% CI 2.2–2.5 for BMI � 30 kg m-2) (Sebire
et al. 2001) and reduced rates breastfeeding initiation
and duration (Donath & Amir 2000; Mamun et al.
2011). Excessive post-partum WR has also been
linked with increased health risks including over-
weight and obesity (Nehring et al. 2011). Further-
more, the post-partum period has been associated

Key messages

• An improved understanding of whyWR occurs and its impact on the health of the mother and infant is crucial
to the development of guidelines on how to manage post-partum WR.

• Ante- and post-natal factors, including excessive GWG and decreased time of any breastfeeding, are associated
with WR and should be considered in ante- and post-natal weight management advice.

• Many women are heavier at 12 months post-partum, which can increase their BMI category.Women who are
overweight or obese have an increased risk of unfavourable short- and long-term health outcomes, including
unfavourable pregnancy outcomes, diabetes and cardiovascular disease and research is urgently required to
address this within current maternal services.

Predictors of post-partum weight retention 497

© 2012 John Wiley & Sons Ltd Maternal and Child Nutrition (2014), 10, pp. 496–509



with disordered eating, diminished self-esteem and
depression (Devine et al. 2000; Clark et al. 2009; Ped-
ersen et al. 2011), all of which can compound WR
(Yanovski 2003; Luppino et al. 2010).

Breastfeeding should theoretically reduce WR due
to the energy cost of lactation of approximately
2100–2800 kJ day–1 (Allen & Hector 2005; Butte &
King 2005; Stuebe & Rich-Edwards 2009). However,
research on the relationship between breastfeeding
and WR has shown minimal or no effect (Manning-
Dalton & Allen 1983; Haiek et al. 2001). Ohlin &
Rossner (1990) found a significant but very weak
correlation (r = -0.09, P < 0.01) between breastfeed-
ing and weight loss at 12 months post-partum (Ohlin
& Rossner 1990), while Baker et al. (2008) found
that for every one unit increase in breastfeeding
score (1 point given for each week of full breastfeed-
ing), WR was decreased by 0.01–0.04 kg (Baker et al.
2008). Two additional studies found that women
exclusively breastfeeding were 1 kg (Brewer et al.
1989) and 2 kg (Dewey et al. 1993) lighter at 6
months and 12 months, respectively, compared with
those formula feeding (P < 0.05). A methodological
problem is that these studies define breastfeeding as
‘any’ breastfeeding, without using the standard
World Health Organization (WHO) definitions of
exclusive, predominant, complementary or no
breastfeeding (Brewer et al. 1989; Dewey et al. 1993,
Walker, 2009) (Table 1).

Therefore the aim of this study was to assess the
contribution of factors associated with WR up to 12
months post-partum, including pre-pregnancy BMI,

GWG and breastfeeding variables, including breast-
feeding category and duration.

Materials and methods

A detailed description of the methods has been pre-
viously published (Hure et al. 2012). Briefly, the
Women and their Children’s Health (WATCH) study
is an ongoing prospective cohort spanning pregnancy
and early childhood conducted at the John Hunter
Hospital, Newcastle, Australia (Hure et al. 2008).
Women who were less than 18 weeks pregnant were
considered eligible to participate, including those
receiving maternal care from private obstetricians or
shared-care from general practitioners. The WATCH
Study received ethics approval from the Hunter New
England and the University of Newcastle Human
Research Ethics Committees. Recruitment occurred
from July 2006 to December 2007 with a total of eight
study visits by 1 year after birth; four scheduled
during pregnancy at approximately 19, 25, 30 and 36
weeks gestation and four during the first year post-
partum at 3, 6, 9 and 12 months.

Anthropometric assessments were performed by a
dietician with Level One Anthropometry accredita-
tion from the International Society for the Advance-
ment of Kinanthropometry (2001). Pre-pregnancy
weight was self-reported at the first study visit and
subsequent weights were measured on annually cali-
brated electronic scales at each visit (A&D FV-150 K,
A&D Mercury Pty Ltd, Thebarton, South Australia).
Height (cm) was measured at two assessments using

Table 1. Criteria for the World Health Organization infant feeding categories

Breastfeeding
category

Food sources the infant can receive Food sources the
infant cannot receive

Exclusive Breast milk as the main food source, medicine, vitamins, minerals Anything else
Predominant Breast milk as the main food source, liquids (water, fruit juice, oral rehydration salts, ritual

fluids, medicine, vitamins, minerals)
Anything else

Complementary Breast milk AND solid/semi solid food or any other liquid (non-human milk, food based
fluid, water, fruit juice, oral rehydration salts, ritual fluids, drops, syrups)

–

No breastfeeding Solid/semi solid food, liquid (non-human milk, food based fluid, water, fruit juice, oral
rehydration salts, ritual fluids, drops, syrups)

Breast milk

Binns C.W. et al. (2009) Defining exclusive breastfeeding in Australia. Journal of Paediatrics and Child Health 45, 174–180.
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the same wall-mounted stadiometer (Seca Deutsch-
land, Hamburg, Germany) and the mean was used in
analysis. BMI was calculated [weight (kg)/height2

(m2)]. GWG was calculated by subtracting the weight
at 36 weeks gestation from the pre-pregnancy weight.
WR was calculated by subtracting the pre-pregnancy
weight from the 12 months post-partum weight. Par-
ticipants were divided into two groups based on WR:
(1) those who retained >0 kg (known as retainers)
and (2) those who retained � 0 kg (known as non-
retainers).

Infant feeding data were collected during the first
year after birth using two questionnaires: an Infant
Feeding Recall, and a Current Feeding Practices
questionnaire, modified from Hector et al. (2004).
These questionnaires were interviewer-administered
by accredited practising dieticians who have been
trained to administer the questionnaires in a stand-
ardised manner. Responses were used to determine
breastfeeding initiation, duration and exclusivity.
Time taken to complete the interview was 5–10 min.
Breastfeeding initiation was a binary outcome (Yes/
No) and phrased as ‘Has your child ever been breast-
fed?’ Breastfeeding duration was measured as ‘Is
your child currently being breastfed?’ (Yes/No) at 3,
6, 9 and 12 months post-partum, and ‘What is the total
time for which your child was breastfed (weeks)?’ The
questionnaires were used to determine the number of
weeks of any breastfeeding and of exclusive breast-
feeding. Breastfeeding exclusivity was determined
using responses from 24 questions from the Infant
Feeding Recall and Current Feeding Practices
(Hector et al. 2004), that asked about intake of breast
milk, infant formula, tinned/powered/fresh milk,
plain/sweet water, juice, medicine, vitamins, minerals,
oral rehydration salts and solids. Breastfeeding was
further defined by the WHO infant feeding categories
(Binns et al. 2009) displayed in Table 1.

A range of socioeconomic and maternal outcomes
were captured via questionnaire at study visit one or
were recorded in the Obstetrix database. Obstetrix is
the major repository in New South Wales for record-
ing antenatal data, patient and family history, and
birth outcomes (LeMay 2005). Data on marital status,
education level, country of birth, Index of Relative
Socioeconomic Disadvantage (IRSAD) based on

postcode, smoking status, age at conception, parity,
gestational age at birth and infant sex were recorded.
The IRSAD uses national census data including
household income and employment, to derive a
measure of social advantage and disadvantage based
on area of residence (postcode) (Adhikari 2006).

Statistical analyses

To be included in the analyses, women in the WATCH
study had to have attended one or more post-partum
follow-up visits.Women were excluded if they became
pregnant in the post-partum follow-up period (n = 11)
or had twins (n = 1). One repeat participant only had
data from her first pregnancy (of two) included in the
analyses.

Data were analysed using the statistical software
package Intercooled Stata, version 11 (StataCorp LP,
College Station, TX, USA) and statistical significance
was set at a = 0.05. All data was tested for normality
and the median [interquartile range (IQR) ] was
recorded for non-normally distributed data. Chi-
squared, Fisher’s exact and rank sum tests were used
to determine the characteristics of women who dif-
fered by WR groups. Linear mixed models with
random effects were used to determine the variables
that predicted WR at over the 12 months post-
partum. Pre-pregnancy BMI, GWG, breastfeeding
categories and weeks spent breastfeeding were used
as the main predictors of WR (as a continuous vari-
able), with and without adjustment for potential con-
founders. The potential confounders that were tested
comprised of infant sex, maternal age at conception,
smoking during pregnancy, IRSAD, education level,
marital status and parity. Model 1 was analysed
without adjustment and Model 2 was adjusted for age,
smoking, IRSAD and parity as these were the con-
founders which remained in the model at P < 0.2.

We conducted an additional comparative analysis
between those who withdrew and those who
remained in the study.This was done to determine any
differences in socio-demographic, weight and breast-
feeding variables. The variables tested were maternal
age, marital status, country of birth, education level,
IRSAD, parity, pre-pregnancy weight and BMI, ges-
tational weight, breastfeeding initiation and duration.
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Women who did not attend a post-partum visit or
those who withdrew from the study during preg-
nancy were excluded from the comparative analysis.
They were excluded on the basis that they did not
have any available data on WR. We conducted a
comparative analysis to determine any differences in
socio-demographic, weight and breastfeeding vari-
ables between those excluded and included from the
analysis. The variables tested were maternal age,
marital status, country of birth, education level,
IRSAD, parity, pre-pregnancy weight and BMI,
gestational weight, breastfeeding initiation and
duration.

Results

The proportion of women who were still enrolled in
the WATCH study at the 12-month follow-up was
81% (n = 146). Reasons for withdrawal included ‘too
busy’ (n = 9), had moved (n = 4), fetal or child death
(n = 4), lost contact (n = 4), ‘too much effort to par-
ticipate’ (n = 3) or other reasons (n = 9). Results of
the comparative analysis between withdrawals and
those who remained in the study revealed there was
only one difference between the groups, which was
age (P = 0.03). Participants who had withdrawn were
younger [mean + standard deviation (SD), 26.7 + 5.5
years] compared with those who remained in the
study (mean + SD, 29.2 + 5.5). In addition, results of
the comparative analysis between those excluded and
included from the comparative analysis in Table 2
revealed there was only one difference between the
groups, which was marital status (P = 0.03). Excluded
participants were less likely to be in a de facto or
married relationship (30%) compared with included
participants (13%).

The baseline characteristics of the cohort in these
analyses are presented in Table 2. The majority of
participants had a high school education of year 12 or
more, were in a married or de facto relationship and
were born in Australia.At 12 months post-partum, the
median weight of participants had increased by 4.2 kg
from the pre-pregnancy weight of 65.0 kg (IQR: 58.0–
78.8).The median BMI at 12 months post-partum had
increased by 1.2 kg m-2 compared with the pre-
pregnancy (rank sum:W = -5.17, P < 0.001). This

increase meant that the median BMI category moved
from the normal weight category into the overweight
category in 12 months.

Of those who attended the 6-month follow-up,
22.4% (n = 29) had returned to or weighed less than
their pre-pregnancy weight, defined as non-retainers,
while 77.5% (n = 100) remained above their pre-
pregnancy weight, defined as retainers (Table 2).
Non-retainers at 6 months had a significantly higher
median pre-pregnancy BMI [25.8 kg (IQR: 21.1–
26.6)] and pre-pregnancy weight [75 kg (IQR: 63.0–
83.5)], but lower GWG [8.8 (IQR: 6.4 -12.2)]
compared with retainers (rank sum: W = 2.31,
P = 0.02 and rank sum: W = -4.67, P < 0.001, respec-
tively). There were no differences in baseline
height, demographics; or breastfeeding (category or
number of weeks) characteristics between the two
groups.

At 12 months post-partum, only 32.5% (n = 37) of
participants had returned to their pre-pregnancy
weight or lower (Table 2). There were no significant
differences in baseline demographic characteristics
between retainers and non-retainers at 12 months
after birth. Retainers were 7.5 kg heavier [70.4 kg
(IQR: 63.1–83.5); rank sum: W = -2.52, P = 0.01] and
had a higher BMI [26.1 (IQR: 23.3–30.6); rank sum:
W = -2.47, P = 0.01] compared with non-retainers at
12 months post-partum. Weight retainers at 12
months post-partum also gained 4.4 kg more during
pregnancy [median 14.7 kg (IQR: 11.4–18.1)] and a
lower proportion were exclusively breastfeeding
(49.3%) at three months post-partum, compared with
non-retainers (rank sum: -4.09, P < 0.001 and Fisher’s
exact: no test statistic, P = 0.046, respectively).
However, there was no difference in the total number
of weeks of exclusive or any breastfeeding between
groups.

Figure 1 displays the 25th, median and 75th percen-
tiles of WR over 12 months, divided into weight
retainers and non-retainers. The trajectories of
median weight loss were very different across the
groups. On average, non-retainers had predominantly
achieved this within the first 3 months post-partum,
while retainers had a median of 5.3 kg (IQR: 2.9–9.9)
above their pre-pregnancy weight at 3 months post-
partum. A further 2.3 kg was lost between three and
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12 months after birth in non-retainers, compared with
less than a 1-kg loss in retainers.

In the adjusted linear mixed model, GWG signifi-
cantly predicted WR over the 12 months (b = 1.5,
P < 0.001). The number of weeks spent breastfeeding
was inversely associated with WR and for every
1-week increase in time spent breastfeeding, WR was
reduced by 0.04 kg (P < 0.001). The type of breast-
feeding (e.g. exclusive, partial, complementary or not
breastfeeding) was not associated with WR. For every
child a woman had, WR was increased by 1.5 kg
(P < 0.001).

Discussion

The aim of this study was to examine the determi-
nants of WR in a cohort of pregnant women who were
followed up to 12 months post-partum. We found
68% of women from this cohort had retained some of
their pregnancy weight gain at 12 months post-
partum, with GWG being the main predictor of WR.
The results for the breastfeeding variables were less
clear. In the comparison of retainers vs. non-retainers,
there were no differences in the number of weeks of
‘any’ or exclusive breastfeeding. However, results

Fig. 1. Percentiles of post-partum weight retention (WR) for all participants (n = 152) and by WR status.
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from the longitudinal analyses (linear mixed models)
showed that the number of weeks of ‘any’ breastfeed-
ing did inversely predict WR. The median WR for the
entire cohort after 1 year was just over 2 kg, with
more than a third of women still 5 kg above their
self-reported pre-pregnancy weight.This is of concern
as weight gained by adult women increases the risk of
developing type 2 diabetes and cardiovascular
disease. Results from the Nurses’ Health Study
(n > 230 000) found that every kilogram gained from
the ages of 18–28 years starting from a normal weight
range BMI of 18 kg m-2, increased the risk for devel-
oping type 2 diabetes by 49% and 3.1% for cardio-
vascular disease (Colditz et al. 1990;Willett et al. 1995;
Resnick et al. 2000).

The median 12-month WR of 2.3 kg in this study
concurs with the literature that indicates women
retain from 1.5 to 4 kg up to 12 months post-partum
(Ohlin & Rossner 1990; Olson et al. 2003; Amorim
Adegboye et al. 2008). Previous studies report
14–25% of women (Europe and USA) retain 5 kg or
more, and even up to 20 kg (Ohlin & Rossner 1990;
Schauberger et al. 1992; Olson et al. 2003; Amorim
Adegboye et al. 2008;Althuizen et al. 2011), which can
be carried into subsequent pregnancies and also move
a woman into the higher BMI categories of over-
weight and obesity.A high BMI category is associated
with adverse antenatal, birth and post-natal outcomes
including miscarriage, preeclampsia, gestational dia-
betes, macrosomia, preterm delivery, caesarean
section and long-term maternal as well as infant over-
weight and obesity (Galtier-Dereure et al. 2000;
Gunderson 2009; Rowlands et al. 2010; Sirimi &
Goulis 2010; Mamun et al. 2011). Additionally, WR
has been shown to accumulate at central rather than
peripheral sites (Smith et al. 1994), which is an inde-
pendent risk factor of cardiovascular disease in
middle-aged women (RR = 3.1; 95% CI 1.5–6.1 for a
waist circumference �96.5 cm and RR = 3.3; 95% CI
1.8–6.0 for a waist to hip ratio of �0.88) (Rexrode
et al. 1998).

In this study, when participants were divided into
retainers and non-retainers, pre-pregnancy BMI was
not a predictor of WR. Previous studies are inconsist-
ent when examining this association.A USA cohort of
985 women found self-reported pre-pregnancy BMI to

be associated with long-term (median 2 years), but not
short-term (6 weeks post-partum) WR (Gunderson
et al. 2001). Women with a higher pre-pregnancy BMI
had greater two years post-partum WR (post-partum
weight loss -4.2 � 0.2, -3.4 � 0.6, – 0.3 � 0.7 kg for
normal weight, overweight and obese women, respec-
tively; P < 0.001) after adjustment for confounders
including ethnicity, smoking, age, parity and mode of
delivery (Gunderson et al. 2001). Also in the USA
(n = 2006), women who had a high self-reported pre-
pregnancy BMI were 40% less likely to retain more
than 4.5 kg compared with normal and underweight
women at 3 months post-partum (RR = 0.6; 95% CI
0.4–0.8 and RR = 0.4; 95% CI 0.3–0.6 for overweight
and obese women, respectively) (Siega-Riz et al.
2010). At 12 months, underweight women were twice
as likely to retain 0.5–4.5 kg compared with normal
weight women (RR = 2.0;95% CI 1.6–2.7) after adjust-
ment for marital status, parity, income, delivery mode
and depression score (Siega-Riz et al. 2010).

In contrast, there is convincing evidence to support
the association between greater GWG with short-
(Greene et al. 1988; Harris et al. 1999; Butte et al. 2003;
Kac et al. 2004; Walker et al. 2004; Althuizen et al.
2011) and long-term WR (Linne et al. 2004; Mamun
et al. 2010; Fraser et al. 2011). A recent meta-analysis
of nine observational studies involving >65 000
women (Nehring et al. 2011) demonstrated that
women who had a GWG above the IOM guidelines
were 3.1 kg (95% CI 1.5–4.6 kg) and 4.7 kg (95% CI
2.9–6.5 kg) heavier at 3 and 15 years post-partum,
respectively, compared with women who gained
within the guidelines (Nehring et al. 2011). Five
studies had short-term follow-up (1.5–12 months
post-partum), while four studies had longer-term
follow-up (3–15 years) (Nehring et al. 2011). Pooled
results remained consistent after adjustment for
social class; however, adjustment for confounding
within the individual studies was poor (Nehring et al.
2011). As a result, the true effect of GWG on WR
requires further investigation with consideration
given to the confounders of weight gain in women.

The revised 2009 IOM guidelines recommend
appropriate GWG based on pre-pregnancy BMI with
the aim of reducing the adverse maternal and infant
outcomes of excessive weight gain, such as gestational

Predictors of post-partum weight retention 503

© 2012 John Wiley & Sons Ltd Maternal and Child Nutrition (2014), 10, pp. 496–509



diabetes, pre-eclampsia, delivery complications and
post-partum WR (Institute of Medicine 2009). Exces-
sive GWG (�16 kg) increases the risk of pre-
eclampsia (OR = 2.8; 95% CI 2.4–3.2) (Nohr et al.,
2008), gestational diabetes (OR = 1.7; 95% CI 1.2–
2.6) (Hedderson et al. 2010), caesarean section deliv-
ery (OR = 1.4; 95% CI 1.3–1.5) (Nohr et al., 2008) and
babies that are large for gestational age (OR = 2.6;
95% CI 2.4–2.8) (Nohr et al., 2008). The guidelines
were revised in 2009 as a result of the recognition that
a number of characteristics of pregnant women in
America have changed since the previous recommen-
dations in 1990 (Institute of Medicine 2009). These
include an increase in the average age of childbearing,
pre-pregnancy weight, GWG and infant birthweight
(Institute of Medicine 2009). The guidelines also
include a range of weight gain for each BMI category
with the recognition of diversity between women,
including stature and ethnicity (Institute of Medicine
2009).

The IOM guidelines are an international standard
that is frequently cited. However, a number of experts
consider there are too few quality studies informing
these guidelines to justify recommending changes in
clinical practice (Poston et al. 2011).This is mainly due
to the evidence consisting of predominantly observa-
tional studies and only cohorts of women with similar
demographics, suggesting the guidelines are not appli-
cable to a range of demographics (National Heath
and Medical Research Council 2000). Despite this,
there is evidence to suggest weight gain above the
IOM guidelines is a risk factor for long-term WR and
adverse pregnancy outcomes (Gunderson 2009;
Sirimi & Goulis 2010).

The association between breastfeeding and WR in
this cohort was variable. The greatest decrease in WR
for all women was observed during the first 3 months
and non-retainers had higher rates of exclusive
breastfeeding at 3 months. However, when infant
feeding was further categorised (exclusively breast-
feeding, predominantly breastfeeding, complemen-
tary or not breastfeeding) it was not predictive of WR
after adjustment for demographic, social and pre- and
antenatal weight variables. Although women who are
exclusively breastfeeding have a significantly greater
energy output than those not breastfeeding, evidence

suggests weight loss may be minimised because of
compensatory increases in appetite and energy intake
(Chou et al. 1999). In the current study, when exam-
ining total duration of ‘any’ breastfeeding over 12
months measured in weeks, the longer a woman
breastfed the less weight retained. Women who main-
tained any breastfeeding over the 12 months had a
2-kg lower WR. Previous studies have found that
during the first 3–6 months post-partum, compared
with not breastfeeding, exclusive breastfeeding can
lead to weight loss of up to 2 kg (Dewey et al. 1993;
Janney et al. 1997; Baker et al. 2008), although a
greater weight loss (-1.4 kg) in women who are
formula feeding compared with those breastfeeding
up to 3 months post-partum has also been reported
(Manning-Dalton & Allen 1983). Two studies found
no relationship between breastfeeding and WR
(Dugdale & Evans 1989; Haiek et al. 2001).

Comparison of results between studies is problem-
atic due to the inconsistent definitions of breastfeed-
ing status. Women may be referred to as ‘exclusively’,
‘fully’, ‘predominantly’ or ‘prolonged’ breastfeeding,
and as an example ‘exclusively’ could be defined as
any of the following: (1) breast milk as a measurement
of infant’s energy intake (Janney et al. 1997); (2)
measuring breast milk plus up to 120 mL day-1 of
other milk (Dewey et al. 1993); or (3) solely breast
milk with the inclusion of vitamins, minerals and/or
water (Baker et al. 2008). Three studies defined exclu-
sivity as breastfeeding with no introduction of
formula, other milk or fluids (Dewey et al. 1993; Sich-
ieri et al. 2003; Hatsu et al. 2008), and two studies did
not provide definitions for the infant feeding catego-
ries (Brewer et al. 1989; Walker 2009). As a result, no
comparison of the different analyses of energy
expenditure in relation to output of milk can be made.

In the current study, the WHO infant feeding cat-
egories (Table 1) to define breastfeeding patterns
were used (Binns et al. 2009) as these are considered
the gold standard definitions. We propose future
research uses the WHO infant feeding guidelines to
standardise research in this area.

The limitations of the current study need to be
acknowledged. Post-partum weight change is multi-
factorial and a limitation of the current study is that it
has not adjusted for all known factors that may influ-
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ence weight gain, such as dietary intake and physical
activity. Without including these factors (such as
dietary intake and exercise levels), it is difficult to
determine what truly affects post-partum WR. There
are no known studies that include data on energy
intake, energy expenditure (including physical activ-
ity), post-partum smoking, hormonal changes influ-
encing weight and the energy cost of lactation
production and output all in the one study. Other
factors that could also be considered include psycho-
logical health, hours of sleep, social support, lactation
support, contraceptive use and birthing experience
(mode of delivery, length of hospital stay, infant hos-
pitalisation). Furthermore, reliable and validated data
collection techniques need to be considered rather
than the use of subjective self-report methods. The
small sample size of the present study also needs to be
recognised when determining associations and may
explain some of the differences between the findings
of this study and others mentioned in the discussion.

An additional limitation is the difference between
those who withdrew and those who remained in the
study. We found that the withdrawals were younger,
on average, is comparison with those who remained in
the study. This introduces a potential selection bias
indicating that our study sample may not be repre-
sentative of the true population. As a result, interpre-
tation of the data should be done with caution and
also emphasises the need for further research on WR
in post-partum women. Similarly, there was a differ-
ence in marital status between those who were
excluded and included from the comparative analysis
in Table 2. Similarly, there was a difference in marital
status between those who were excluded and
included from the comparative analysis in Table 2.
This introduces a potential bias that should be
considered when extrapolating the data to other
populations.

In conclusion, we found that the majority of women
in the WATCH cohort retained excess weight 1 year
after childbirth. Excessive GWG, parity and less time
spent breastfeeding were associated with WR. These
factors could be targeted as part of routine ante- and
post-natal care within current maternal health serv-
ices, as a strategy to optimise health and well-being of
mothers and their offspring. Women can be more

motivated during pregnancy to make positive lifestyle
changes and this, combined with regular clinician
contact, presents an ideal opportunity to target
improvements in their health behaviours (Morin &
Reilly 2007). This is important because research sug-
gests behavioural changes adopted during pregnancy
can be maintained throughout the post-partum
period and long term (Clark & Ogden 1999; Tanent-
sapf et al. 2011). However, clinicians have difficulty in
educating women about weight before and during
pregnancy because of time constraints, inadequate
training, apprehension because of the potentially sen-
sitive nature of the topic, self-perception of body
weight, inability to believe the patient can lose weight
or a belief that treatment will be ineffective (Cogswell
et al. 2010; Stotland et al. 2010; Furness et al. 2011).
During the post-partum period, paediatricians and
child and family health nurses are in a position to
provide brief advice and/or to make referrals to dieti-
cians, exercise physiologists and physiotherapists who
can then provide education on nutrition, behavioural
management and physical activity.
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