
Prediction of gestational weight gain – a biopsychosocial model

Emily Heery1,*, Cecily C Kelleher1, Patrick G Wall1 and Fionnuala M McAuliffe2
1School of Public Health, Physiotherapy and Population Science, Woodview House, University College Dublin,
Belfield, Dublin 4, Republic of Ireland: 2UCD Obstetrics and Gynaecology, School of Medicine and Medical Science,
University College Dublin, National Maternity Hospital, Dublin, Republic of Ireland

Submitted 26 July 2013: Final revision received 27 April 2014: Accepted 13 July 2014: First published online 29 August 2014

Abstract
Objective: To examine the influence of health behaviours and psychological
well-being on gestational weight gain using a biopsychosocial model.
Design: A prospective cohort study of pregnant women consecutively recruited at
their first antenatal care visit. A self-administered questionnaire was used to collect
data on health behaviours and psychological well-being in early pregnancy. Linear
regression and logistic regression were used to identify predictors of total weight
gain in kilograms and weight gain outside the current Institute of Medicine
recommendations, respectively.
Setting: A maternity hospital in the Republic of Ireland.
Subjects: Data on 799 women were analysed.
Results: Pre-pregnant BMI ≥30·0 kg/m2, short stature, parity >0, decreased food
intake and absence of health insurance predicted lower absolute gestational
weight gain, while foreign nationality, consumption of takeaway meals more than
once weekly and increased food intake predicted higher absolute gestational
weight gain. Overweight and obesity, foreign nationality, increased food intake
and height > 170 cm were risk factors for excessive weight gain, while antenatal
depression was protective against excessive weight gain. Notably, physical activity
measures were not related to the gestational weight gain outcomes. Pre-pregnancy
overweight and increased food intake were the strongest predictors of excessive
gestational weight gain.
Conclusions: None of the psychological well-being measures examined, with the
exception of antenatal depression, was associated with any of the weight gain
outcomes. The behavioural predictors of gestational weight gain were increased
food intake and takeaway consumption. Public health promotions should target
pre-pregnancy BMI and pregnancy-associated change in food intake.
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The Institute of Medicine (IOM) provides recommendations
for weight gain during pregnancy according to pre-
pregnancy BMI: 12·5–18·0 kg for underweight women;
11·5–16·0 kg for normal-weight women; 7·0–11·5 kg for
overweight women; and 5·0–9·0 kg for obese women(1).
Weight gains within these guidelines are associated with
better maternal and child outcomes. For example, there is
consistent evidence that excessive prenatal weight gain
confers a greater risk for macrosomia, caesarean delivery
and postpartum weight retention, while inadequate prenatal
weight gain confers a greater risk for preterm birth and low
birth weight(2,3). There is also mounting evidence linking
gestational weight gain (GWG) with childhood obesity(4).
The adverse health outcomes associated with GWG outside
recommendations highlight the importance of examining its
determinants. In turn, such research can inform public
health strategies to tackle excessive and inadequate GWG.

Numerous studies have found that pre-pregnancy
underweight and obesity and multiparity are indepen-
dent risk factors for low GWG(5,6), while high pre-
pregnancy BMI and nulliparity are independent risk
factors for excessive GWG(5–8). Although the bulk of the
literature focuses on biological and sociodemographic
influences on GWG, increasingly researchers are exam-
ining behavioural and affective influences, as these are
more amenable to intervention during the course of
pregnancy. There is also a growing consensus that GWG is
multifactorial in nature(1). Indeed, some investigators have
argued that GWG may be more usefully conceptualised
using a biopsychosocial model, which explicitly recognises
the individual and interacting influences of biomedical,
psychological and social factors(9–11).

Several reviews have highlighted numerous gaps and
inconsistencies in the evidence base regarding the impact
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of behavioural and psychological well-being factors on
GWG(1,9,12,13). In particular, the IOM concluded that
depressive symptoms are associated with both low and
high GWG, but that the evidence on whether and how
other measures of psychological well-being impact on
GWG is inconclusive(1). In addition, many reviews have
highlighted that there is a lack of evidence relating dietary
intake or physical activity to GWG, even though these are
primary determinants of body weight in non-pregnant
women(1,12,13). Furthermore, there is a lack of evidence
linking sleep to GWG(14) and while some studies have
shown a link between prenatal smoking and inadequate
weight gain(6,15), others have not(16,17). In order to address
these limitations, we aimed to examine the impact of
health behaviours and psychological well-being on
GWG using a biopsychosocial model. We addressed the
following research question: Are potentially modifiable
health behaviour and psychological well-being factors
associated with GWG, when relatively unmodifiable, bio-
logical and sociodemographic factors are also taken into
account? By identifying modifiable factors associated with
weight gain in a biopsychosocial model, the present study
may usefully inform prenatal advice and interventions.

Methods

Study design
A prospective cohort study, with institutional ethical
approval, was conducted with women attending the
National Maternity Hospital, Dublin, Ireland. A team of
research assistants consecutively recruited patients waiting
to attend their antenatal ‘booking’ appointment over a
3-month period (March–May 2011). Each woman was
informed about the advantages of participating in the
study and what participation involved for her. The elig-
ibility of each patient to participate in the research was
also ascertained. The women were eligible for recruitment
if they were: (i) 18 years of age or above; (ii) able to give
full informed consent; and (iii) expecting a singleton
pregnancy. After providing written informed consent, the
participants were given a self-completion questionnaire to
obtain information in relation to psychological well-being,
health behaviours and sociodemographic characteristics.
The women completed the questionnaire at a mean of
15·4 (SD 3·9) weeks’ gestation. Following pregnancy, bio-
medical information (including serial weight measure-
ments) was obtained from the women’s medical records.

Measures of gestational weight gain
Three GWG outcome measures were calculated. First, a
continuous measure of total GWG was calculated by
subtracting self-reported pre-pregnancy weight from the
last measured weight before delivery. Next, we compared
the women’s total weight gain against their expected
weight gain based on the IOM (2009) weight gain

recommendations to create two categorical variables:
(i) excessive weight gain v. adequate or inadequate; and
(ii) inadequate weight gain v. adequate or excessive(1).
The calculation of the categorical outcomes adjusted for
the timing of the last weight measurement before delivery
and length of gestation to prevent confounding by these
factors. A similar approach has been used in previous
studies(11,18). The trimester-specific cut-offs recommended
by the IOM(1) were used to adjust the categorical out-
comes.* If the woman’s total weight gain fell within the
upper and lower cut-offs of expected weight gain at the
time of the last weight measurement in pregnancy, it was
classified as adequate. Similarly, if the woman’s total
weight gain was above the upper cut-off of expected
weight gain, it was classified as excessive and if it was
below, it was deemed inadequate. Women who did not
have a weight recorded within 10 weeks of delivery were
excluded from the analysis. In the final analysis sample,
95 % of women had a weight recorded within 4 weeks of
delivery.

Assessment of exposures

Biological variables
Maternal age (18–24 years, 25–29 years, 30–34 years,
35 + years), parity (0, 1, 2 + ) and height (<157 cm, 157–
170 cm, > 170 cm) were extracted from the women’s
medical records. Pre-pregnancy BMI (kg/m2) was

* For each woman, the lower and upper cut-offs of expected weight gain
at the gestational age of the last weight measurement before delivery were
calculated using the following formulae:

Lower cut-off ¼lower cut-off of recommended first-trimester weight gain

+ ½ðgestational age at last measured weight�13 weeksÞ
´ lower cut-off rate of weight gain recommended for the

second and third trimesters�:

Upper cut-off ¼upper cut-off of recommended first-trimester weight gain

+ ½ðgestational age at last measured weight�13 weeksÞ
´upper cut-off rate of weight gain recommended for the

second and third trimesters�:
The lower cut-off rate of recommended weight gain for the second and
third trimesters was calculated for each BMI category by subtracting the
lower cut-off of first-trimester recommended weight gain from the lower
cut-off of total recommended weight gain and then dividing the answer by
27 (the number of weeks in the second and third trimesters). Similarly, the
upper cut-off rate of recommended weight gain for the second and third
trimesters was calculated for each BMI category by subtracting the upper
cut-off of first-trimester recommended weight gain from the upper cut-off
of total recommended weight gain and then dividing the answer by 27.
The lower cut-offs recommended for first-trimester weight gain were, 1, 1,
1 and 0·5 kg, and the upper cut-offs were 3, 3, 3 and 2 kg, for under-
weight, normal-weight, overweight and obese women, respectively(1,19).
Furthermore, the lower cut-offs recommended for total weight gain were
12·5, 11·5, 7 and 5 kg, and the upper cut-offs were 18, 16, 11·5 and 9 kg,
for underweight, normal-weight, overweight and obese women, respec-
tively(1,19). For example, the lower and upper cut-offs of expected total
weight gain for an obese woman, whose last weight measurement was
taken at 36 weeks’ gestation, were calculated as follows:

Lower cut-off ¼ 0 ´ 5 + ½ð36�13Þ ´ ð5�0´ 5Þ=27Þ ¼ 4 ´ 33 kg

Upper cut-off ¼ 2 + ½ð36�13Þ´ ð9�2Þ=27� ¼ 7 ´ 96 kg:

Influences on gestational weight gain 1489

https://doi.org/10.1017/S1368980014001815 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980014001815


calculated based on measured height and self-reported
pre-pregnancy weight. The women were classified based
on the WHO(20) and the IOM(1) categories as underweight
(<18·5 kg/m2), normal weight (18·5–24·9 kg/m2), over-
weight (25·0–29·9 kg/m2) or obese (≥30·0 kg/m2). At the
first hospital antenatal visit, maternal height was measured
to the nearest 0·1 cm using a wall-mounted stadiometer.
In the questionnaire, participants were asked, ‘How much
did you weigh (without clothes) just before you got
pregnant?’ A tight correlation between measured
pre-pregnancy weight and self-reported pre-pregnancy
weight has been observed, with coefficients ranging from
0·96 to 0·99(21–23).

For 8 % of the analysis sample, an imputed weight was
used instead of the self-reported weight, because it
was missing or considered biologically implausible.
Pre-pregnancy weight was imputed using the first weight
measurement taken during antenatal care (if taken before
19 weeks’ gestation) minus the recommended amount of
weight to be gained in the first and second trimesters, as
defined by the IOM.* If the first weight measurement was
taken after 18 weeks’ gestation, a pre-pregnancy weight was
not imputed. A similar methodology for imputation of pre-
pregnancy weight has been used previously(24,25). Following
imputation, the validity of the pre-pregnancy weight variable
was checked in sample of 282 women with a weight mea-
surement in the first trimester. The difference between the
measured weight in the first trimester and the self-reported
weight varied by gestational age at the time of the first
weight measurement (as expected), but did not vary by
BMI, nationality, parity or health insurance status.

Sociodemographic variables
Information on marital status (married, single), nationality
(Irish, foreign), educational attainment (less than second
level, second level, vocational/training course, degree/
postgraduate), employment status (not employed, part-
time employed, full-time employed), living with the baby’s
father (yes, no) and private health insurance status (yes,
no) was obtained from the prenatal questionnaire and the
women’s medical records. In addition, pregnancy inten-
tion was assessed in the questionnaire using an item taken
from the Pregnancy Risk Assessment Monitoring System
(PRAMS) survey(26). The women were asked: ‘Thinking
back to just before you got pregnant, how did you feel
about becoming pregnant?’ Women were divided into two
categories based on their responses. A woman’s preg-
nancy was categorised as intended if she responded, ‘I
wanted to be pregnant sooner’ or ‘I wanted to be pregnant
then’. If the woman responded, ‘I wanted to be pregnant
later’ or ‘I didn’t want to be pregnant then or at any time in
the future’, her pregnancy was classified as unintended.

Psychological well-being variables
Four measures of psychological well-being were assessed in
the prenatal questionnaire using previously validated instru-
ments. Depressive symptoms were measured using the ten-
item version of the Edinburgh Postpartum Depression Scale
(EPDS), which has been validated for use with pregnant and
postpartum women(27–29). Perceived level of stress during
pregnancy was measured using the ten-item version of the
Perceived Stress Scale, which has adequate reliability and
convergent validity(30,31).

The Prenatal Distress Questionnaire was used to mea-
sure worries and concerns specific to pregnancy, includ-
ing concerns about pregnancy complications, labour and
delivery, the health of the baby, bodily changes, physical
symptoms, changing relationships and parenting. This
twelve-item scale has been to found to have high internal
consistency(32), adequate convergent validity with general
stress measures(32) and good predictive validity(33). The
Life Orientation Test–Revised was used to measure opti-
mism(34). This scale consists of ten items, three of which
are fillers. It has high reliability, adequate discriminant
validity and good predictive validity(33,34).

EPDS scores above 12 were used to identify probable
antenatal depression in the present research(35). Total
scores on the other three well-being scales were cate-
gorised into tertiles, as these scales have no published
clinical cut-offs.

Health behaviours
Using information from the prenatal questionnaire, four
health behaviours were examined in the present research:
food intake, physical activity, sleep and smoking.

Several aspects of food intake behaviour were exam-
ined. Pregnancy-associated change in food intake was
assessed using a modified version of an item originally
used by Olson and Strawderman(6). In the present
research, the women were asked, ‘How has the amount of
food you eat now changed compared with times when
you were not pregnant?’ The five response categories were
‘a lot less food now’, ‘a little less food now’, ‘about the
same’, ‘a little more food now’ and ‘a lot more food now’.
The original item used by Olson and Strawderman(6) had
four response categories, but was modified to include a
fifth category: ‘about the same’. In addition, daily energy
intake in kilocalories and alcohol use during pregnancy
were assessed using a 149-item FFQ(36) that was adapted
from an instrument used in the European Prospective
Investigation into Cancer and Nutrition(37). The adapted
FFQ has been validated for an Irish adult population using
food diaries and a protein biomarker(38). Daily energy
intake was assessed in continuous form, as well as in
tertile categories. Alcohol intake in pregnancy was asses-
sed using a dichotomous variable (yes, no). Other aspects
of food intake were assessed using additional behavioural
questions, including frequency of takeaway and fried food
consumption and number of snacks eaten per day.

* See Rasmussen and colleagues(19) for information on the IOM first-
trimester weight gain recommendations by BMI category that were used
for imputation purposes.
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Leisure-time exercise was assessed using the Godin
Leisure-Time Exercise Questionnaire(39), which has high
validity and reliability(39–42). A total exercise index was
calculated by multiplying weekly frequencies of mild,
moderate and strenuous exercise by 9, 5 and 3 MET,
respectively (where MET=metabolic equivalents of task)
and then summing these components to derive a total
score. This score was then converted into tertile categories
for analysis purposes.

Additionally, change in physical activity levels since
becoming pregnant was assessed using the following item:
‘How does the amount of physical activity you are getting
now compare with your physical activity level before you
got pregnant?’ The five response categories were ‘much
less active now’, ‘a little less active now’, ‘about the same’,
‘a little more active now’ and ‘much more active now’.
A similar measure of pregnancy-associated change in
physical activity has been previously associated with
frequency of pre-pregnancy exercise, pre-pregnancy BMI,
exercise self-efficacy and GWG(6,43).

Sleep duration during pregnancy was measured using
the following item: ‘In the past month, how many hours of
sleep do you get in an average 24-hour period?’ The
responses were dichotomised into <7 and ≥7 h/d on the
basis of prior research which found that fewer than 7 h of
sleep is positively associated with obesity(44).

Finally, smoking status was coded as current, if the
participant reported continuing to smoke during pregnancy.
In addition, smoking status was coded as former, if the
participant reported quitting smoking since beginning
pregnancy or in the 6 months prior to pregnancy and it was
coded as non-smoker, if the participant reported quitting
smoking more than 6 months before her pregnancy.

Statistical analysis
First, a series of linear regression models was used to
individually examine the relationship between each of the
potential risk factors and total GWG in kilograms. Next, a
series of binary logistic regression models was used to
individually examine the relationship between each of the
potential risk factors and the odds of gaining above the
current IOM guidelines v. not gaining above the guide-
lines(1). Similarly, binary logistic models were used to
individually assess the relationship between each of the
predictor variables and the odds of gaining below the
IOM guidelines v. not gaining below the guidelines.
Only variables with an associated P value <0·15 were
considered for inclusion in the final regression models.

Backward stepwise methods were used to explore the
multivariable associations between the predictor variables
retained from the univariable analysis and the outcome
measures of GWG. Simultaneous entry regression was
used for the final multivariable models, as the biopsy-
chosocial model calls for biological, psychological and
social variables to be examined simultaneously. Final
model selection was guided by the authors’ knowledge of

the relevant literature, the conceptual framework and the
exploratory findings of the stepwise regression mod-
els(45,46). Only statistically significant variables (P< 0·05)
were included in the final models.

Two control variables were included in each linear
regression model predicting total GWG: (i) total weeks of
gestation; and (ii) the number of weeks between the last
measured maternal weight and delivery. These control
variables were not included in the logistic regression
models, as the calculation of the weight gain adequacy
outcomes controlled for the length of gestation and the
timing of the last weight measurement before delivery.

All analyses were conducted using the statistical soft-
ware package IBM SPSS Statistics version 20.

Results

Of 1229 women invited to participate, 984 women agreed
to participate and completed the study questionnaire,
resulting in an 80 % response rate. We excluded seventy-
eight women, as they had gestational diabetes or diabetes
mellitus, twins, miscarriage, or changed hospital. We then
excluded 107 women with insufficient maternal weight
information. Of these, ninety-two women had >10 weeks
between the last recorded weight in pregnancy and
delivery, twelve women’s medical chart was unavailable
and two women had a missing self-reported pre-preg-
nancy weight and a pre-pregnancy weight was not
imputable. Following all exclusions, a final sample of 799
women was available for analysis. The biological, socio-
demographic, behavioural and well-being characteristics
of the 799 women included in the analysis and the 107
women excluded due to insufficient weight information
were compared using logistic regression. The results
showed that the women excluded from the analysis were
more likely to not have health insurance (OR= 1·75; 95 %
CI 1·15, 2·66) and to not be in paid employment (OR=
1·75; 95 % CI 1·09, 2·81) or be in part-time employment
(OR= 1·76; 95 % CI 1·03, 3·00). No other significant dif-
ferences between these two groups were observed.

The biological and sociodemographic characteristics of
the cohort study are presented in Table 1. The mean age
of the participants was 31 years (range: 18–44 years).
Slightly over half (53 %) of the participants were nullipar-
ous and 30 % of the participants were foreign nationals.
The most common foreign nationalities represented in the
study were Polish (8 %), followed by Chinese (2 %) and
then British (1·8 %). Nearly half of the women (47 %) had
obtained at least a degree qualification and over half
(55 %) had private health insurance. About two-thirds
(64 %) of the participants were married and the vast
majority of participants (90 %) lived with the baby’s father.
The mean BMI of the sample was 23·9 (range: 15·0–49·9)
kg/m2, which is within the normal range.

The total weight gains of 10 % of the sample were below
the IOM (2009) recommendations. In addition, the
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total weight gains of 27·5 % of participants were within the
IOM recommendations, while 62·5 % exceeded the
recommendations.

Tables 1 and 2 show the univariable associations
between the categorised exposure variables and the out-
come measures of GWG. The univariable analyses
showed that all of the biological variables were sig-
nificantly associated with at least one of the outcomes. For
example, pre-pregnancy obesity, increased parity, short
stature and older age (35 + years) were associated with
lower weight gain. Additionally, overweight was a sig-
nificant risk factor for excessive GWG, while multiparity
was a risk factor for inadequate gain.

The univariable analyses showed that most of the
sociodemographic variables were significantly related to
GWG. For instance, unintended pregnancy, not complet-
ing second level education, absence of health insurance
and not being in paid employment were associated with
lower weight gain. Furthermore, foreign nationality was a
significant risk factor for excessive weight gain, while not
being employed was a risk factor for low weight gain.

The univariable analyses also showed that some of the
health behaviour factors were significantly associated with
GWG. Daily energy intake (as a continuous measure) was
positively associated with weight gain. Increased food
intake and smoking cessation were associated with higher

Table 1 Biological and sociodemographic characteristics of the sample according to gestational weight gain (GWG): prospective cohort of
pregnant women (n 799), recruited in March–May 2011 at the National Maternity Hospital, Dublin, Republic of Ireland

Variable Sample (%) Mean GWG (kg) Inadequate GWG (%) Adequate GWG (%) Excessive GWG (%)

BMI class
Underweight (<18·5 kg/m2) 4·4 15·8 14·3 42·9 42·9
Normal weight (18·5–24·9 kg/m2)† 64·7 16·4 10·1 32·1 57·8
Overweight (25·0–29·9 kg/m2) 20·5 16·0 6·1 12·8 81·1*
Obese (≥30·0 kg/m2) 10·4 12·0* 15·7 21·7 62·7

Parity
0† 52·8 16·9 7·3 26·3 66·4
1 29·8 15·2* 9·7 30·7 59·7
2+ 17·4 13·9* 18·7* 25·9 55·4*

Age
18–24 years 8·4 15·6 9·0 31·3 59·7
25–29 years† 24·5 16·6 8·2 25·5 66·3
30–34 years 43·1 15·8 9·9 27·6 62·5
35+ years 24·0 15·2* 12·5 28·1 59·4

Height
<157 cm 9·1 13·8* 13·7 32·9 53·4*
157–170 cm 71·3 15·7* 9·6 29·1 61·2*
>170 cm† 19·5 17·2 9·6 19·2 71·2

Marital status
Married† 63·8 16·0 9·6 27·5 62·9
Single 35·8 15·6 10·8 27·3 61·9
Unknown 0·4

Lives with baby’s father
Yes† 89·6 15·9 9·6 27·2 63·1
No 9·8 15·0 14·1 29·5 56·4
Unknown 0·6

Nationality
Irish national† 70·0 15·2 12·2 28·6 59·2
Foreign national 30·0 17·3* 5·0* 25·0 70·0*

Educational attainment
<Second level 5·3 13·2* 16·7 26·2 57·1
Second level completed 11·6 16·0 6·5 28·0 65·6
Vocational/training course 35·7 15·6 10·5 27·0 62·5
Degree/postgraduate† 47·2 16·3 9·8 27·9 62·3
Unknown 0·3

Employment
Not employed 21·3 14·3* 14·7* 27·6 57·6
Part-time employed 15·0 15·0* 10·8 30·8 58·3
Full-time employed† 63·6 16·6 8·3 26·8 65·0
Unknown 0·1

Pregnancy intention
Intended† 74·3 16·1 8·9 27·4 63·6
Unintended 25·2 15·1* 13·4 27·9 58·7
Unknown 0·5

Health insurance
Yes† 55·4 16·2 10·0 27·2 62·8
No 43·8 15·3* 9·8 28·6 61·6
Unknown 0·8

*P< 0·05.
†Reference category for univariable analysis of excessive and inadequate weight gain, respectively.
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Table 2 Health behaviour and psychological well-being characteristics of the sample according to gestational weight gain: prospective
cohort of pregnant women (n 799), recruited in March–May 2011 at the National Maternity Hospital, Dublin, Republic of Ireland

Variable Sample (%) Mean GWG (kg) Inadequate GWG (%) Adequate GWG (%) Excessive GWG (%)

Total daily energy intake
T1 (low) 34·4 15·5 9·8 27·6 62·5
T2 (medium)† 32·7 15·8 12·3 26·8 60·9
T3 (high) 32·3 16·3 7·4 28·3 64·3
Unknown 0·6

Changes in amount of food eaten since pregnant
A lot less 7·3 12·8* 17·2 29·3 53·4
A little less 15·1 14·0* 11·6 29·8 58·7
Same† 24·0 15·2 13·5 29·2 57·3
A little more 42·8 16·9* 7·9* 26·6 65·5
A lot more 10·4 18·0* 3·6* 22·9 73·5*
Unknown 0·4

Takeaway consumption in pregnancy
Once weekly or less† 94·9 15·8 10·2 27·7 62·1
More than once weekly 5·1 17·4 7·3 24·4 68·3

Fried food consumption per week in pregnancy
0–3† 92·5 15·8 10·3 27·2 62·5
4+ 7·0 16·0 7·1 33·9 58·9
Unknown 0·5

Number of snacks per day in pregnancy
0–2† 79·5 15·7 9·4 28·8 61·7
3+ 20·5 16·6 12·2 22·6 65·2

Alcohol use in pregnancy
Yes† 18·9 15·3 11·9 31·1 57·0
No 81·1 16·0 9·6 26·7 63·7

Change in physical activity since pregnant
A lot less active 18·1 16·4 10·3 28·3 61·4
A little less active 39·7 16·1 8·8 28·4 62·8
Same† 37·5 15·4 11·3 26·0 62·7
A little more active 3·6 16·4 3·4 31·0 65·5
A lot more active 0·4 12·6 0·0 33·3 66·7
Unknown 0·6

Hours of sleep per night
<7 13·9 15·3 15·3* 27·0 57·7
≥7† 85·5 16·0 8·9 27·5 63·5
Unknown 0·1

Smoking status in pregnancy
Current smoker 7·0 13·7* 16·1 30·4 53·6
Former 19·4 17·0* 9·7 20·6 69·7
Non-smoker† 73·5 15·8 9·5 29·1 61·3
Unknown 0·1

Leisure-time physical activity
T1 (low) 32·9 15·2 11·5 26·8 61·7
T2 (moderate)† 35·5 16·1 8·9 28·9 62·1
T3 (high) 31·3 16·2 9·5 26·6 63·9
Unknown 0·3

Antenatal depression
EPDS>12 14·5 15·2 10·3 35·3 54·3
EPDS≤12† 85·5 16·0 10·0 26·2 63·8

Stress
T1 (low) 34·7 16·2 11·6 23·1 65·3
T2 (moderate)† 30·8 15·8 7·3 29·7 63·0
T3 (high) 34·5 15·6 10·9 30·1 59·1

Optimism
T1 (low) 32·9 15·2 11·0 29·3 59·7
T2 (moderate)† 35·5 16·1 10·6 26·1 63·4
T3 (high) 31·3 16·2 8·0 27·6 64·4
Unknown 0·3

Prenatal distress
T1 (low) 31·0 15·7 11·7 25·0 63·3
T2 (moderate)† 34·4 15·5 9·8 34·2 56·0
T3 (high) 34·0 16·4 8·8 22·8 68·4

EPDS, Edinburgh Postpartum Depression Scale.
*P< 0·05.
†Reference category for univariable analysis of excessive and inadequate weight gain, respectively.
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weight gain, while decreased food intake and smoking
during pregnancy were associated with lower weight gain.
Eating a lot more food was related to excessive GWG,
while sleeping for less than 7 h per night was associated
with inadequate GWG.

None of the psychological variables were significantly
associated with total weight gain or weight gain adequacy
in the univariable analyses. Some of the psychological
variables were however retained for further regression
analyses, as the associated P value for one or more
categories of these variables was below 0·15.

The final multivariable models of total GWG are shown
in Table 3. The final model accounted for 23 % of the
variance in total weight gain. None of the psychological
variables were independently related to weight gain. The
final model showed that obese mothers gained about 3 kg
less than normal-weight mothers. Additionally, increased
parity, short stature and absence of health insurance were
independently associated with lower weight gain, while
foreign nationality was associated with higher weight gain.
Two of the health behaviour factors, change in amount of
food intake and takeaway consumption, were indepen-
dently associated with total weight gain. Eating ‘a lot less’
food was associated with 1·5 kg less weight gain, while
eating ‘a little more’ food was associated with 1·3 kg more
weight gain. Furthermore, eating ‘a lot more’ food was
associated with 2·7 kg greater weight gain. Finally, con-
suming more than one takeaway meal per week was
associated with over 2 kg higher weight gain.

The model-building process showed that total energy
intake (as a continuous measure) was positively associated
with total weight gain following adjustments for non-
dietary risk factors. It was not considered appropriate to
include the other dietary factors (takeaway consumption
and change in food intake) in this model because the
change in food intake measure may be considered a proxy
for energy intake(6) and because takeaway consumption
may mediate the relationship between energy intake and
GWG. Change in food intake and takeaway consumption
were included in the final model of total weight gain
(shown in Table 3), as these variables had a stronger
impact on GWG than energy intake, as evidenced by the
higher proportion of variance accounted for by this model
(23 %) than the model including total energy intake (19 %).

Table 4 shows the final multivariable models of exces-
sive weight gain and inadequate weight gain. Compared
with normal-weight women, underweight women had
significantly lower odds of exceeding the IOM guidelines,
while both overweight and obese women had significantly
higher odds of exceeding the guidelines. Conversely,
overweight women had about 50 % lower odds of inade-
quate weight gain. Multiparity was both protective against
excessive gain and a significant risk factor for inadequate
weight gain. Compared with tall women, both short and
medium height women had significantly lower odds of
exceeding the IOM guidelines. The adjusted models also

showed that foreign-born mothers had about double the
odds of excessive weight gain and about 60 % lower odds
of inadequate weight gain. In addition, eating ‘a little more’
food increased the odds of excessive weight gain by about
60 %, while eating ‘a lot more’ food more than doubled the
odds of excessive weight gain. Finally, probable antenatal
depression was associated with decreased odds of
exceeding the IOM guidelines.

Discussion

Guided by the biopsychosocial model, the present analy-
sis examined whether potentially modifiable health
behaviour and psychological well-being measures were
associated with GWG, when relatively unmodifiable bio-
logical and sociodemographic measures were taken into
account. The analysis identified two potentially modifiable
variables (pregnancy-associated change in food intake and
takeaway consumption) that were associated with GWG in
a biopsychosocial model.

The association of biological characteristics with GWG
was largely consistent with previous research. The finding
that obese women gained about 3 kg less on average than

Table 3 Final multivariable regression model of total gestational
weight gain: prospective cohort of pregnant women (n 799),
recruited in March–May 2011 at the National Maternity Hospital,
Dublin, Republic of Ireland

Variable B SE P value*

BMI class
Underweight (<18·5 kg/m2) − 0·95 0·89 0·285
Normal weight (18·5–24·9 kg/m2) Ref. –

Overweight (25·0–29·9 kg/m2) 0·40 0·47 0·393
Obese (≥30·0 kg/m2) − 3·05 0·65 <0·001

Parity
0 Ref. –

1 − 0·97 0·42 0·021
2+ − 1·60 0·51 0·002

Height
<157 cm − 2·31 0·74 0·002
157–170 cm − 0·80 0·47 0·089
>170 cm Ref. –

Health insurance
Yes Ref. –

No − 1·04 0·38 0·007
Nationality
Irish national Ref. –

Foreign national 1·71 0·42 <0·001
Change in amount of food eaten since pregnant
A lot less − 1·53 0·77 0·046
A little less − 0·53 0·60 0·372
About the same Ref. –

A little more 1·31 0·46 0·005
A lot more 2·66 0·67 <0·001

Takeaway consumption in pregnancy
Once weekly or less Ref. –

More than once weekly 2·20 0·82 0·007

Ref., reference category.
Model controlled for length of gestation (weeks) and the length of time
(weeks) between the last measured maternal weight and delivery. Model
R2= 0·23.
*P< 0·05 is indicated in bold.
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normal-weight women, but still had higher odds of
exceeding the weight gain guidelines, is compatible with
previous research(6). This finding may seem contradictory
at first, but it is explained by the fact that the IOM-
recommended GWG range for obese women (5·0–9·0 kg)
is substantially lower than the recommended range for
normal-weight women (11·5–16·0 kg)(1). Furthermore,
there was no significant difference between overweight
and normal-weight women in absolute weight gain.
Indeed, pre-pregnancy overweight was the strongest risk
factor for exceeding the IOM guidelines in the present
research. The overweight women may have been una-
ware that they should be gaining less than normal-weight
women, as there are currently no prenatal weight gain
recommendations in Ireland. Nevertheless, in spite of the
existence of lower weight gain recommendations for
overweight women (than normal-weight women) in the
USA since 1990, numerous US studies have found that
overweight women have the highest risk of exceeding the
recommendations of all BMI classes(6,8,16,17).

The finding that parous women had lower GWG has
been previously documented(16,47,48). In addition, the
finding that multiparity was both protective against
excessive weight gain and a risk factor for inadequate
weight gain is consistent with a number of prior stu-
dies(5,16,17). Also compatible with previous research is the
observation that short women gained significantly less

weight and had lower odds of exceeding the IOM
guidelines(49–51). However, the present research did not
find evidence that short stature was a risk factor for
inadequate weight gain. The evidence base is mixed
regarding the relationship between short stature and
insufficient weight gain. Some studies have found that
short stature is a risk factor for insufficient weight
gain(49,51,52), while others have not(17,53). Finally, the pre-
sent study observed that women aged 35 years or above
had significantly lower maternal weight gain in the
unadjusted analysis, but that following adjustment for
other risk factors, this relationship was no longer sig-
nificant. These findings contradict some studies, which
have shown an independent association between older
maternal age and lower GWG(47,49).

Some of the sociodemographic characteristics were
independently associated with the weight gain outcomes.
The finding that women without private health insurance
had significantly lower total weight gain in the multi-
variable model is consistent with previous research
showing that indicators of lower socio-economic status
(such as lower income and education) are associated with
lower weight gain(9,47). The multivariable models also
indicated that foreign nationals have an increased risk of
excessive weight gain and conversely Irish nationals have
an increased risk of inadequate weight gain. As excessive
weight gain is very common among both foreign-born and

Table 4 Final multivariable logistic regression models predicting excessive weight gain and inadequate weight gain, respectively:
prospective cohort of pregnant women (n 799), recruited in March–May 2011 at the National Maternity Hospital, Dublin, Republic of Ireland

Model of excessive weight gain v. not excessive Model of inadequate weight gain v. not inadequate

Variable OR 95% CI P value* OR 95% CI P value*

BMI class
Underweight (<18·5 kg/m2) 0·41 0·20, 0·86 0·018 1·97 0·71, 5·53 0·196
Normal weight (18·5–24·9 kg/m2) Ref. – Ref. –

Overweight (25·0–29·9 kg/m2) 4·43 2·80, 6·99 <0·001 0·48 0·23, 0·98 0·043
Obese (≥30·0 kg/m2) 2·12 1·24, 3·61 0·006 0·99 0·48, 2·03 0·978

Parity
0 Ref. – Ref. –

1 0·76 0·53, 1·08 0·123 1·26 0·70, 2·25 0·444
2+ 0·64 0·42, 0·98 0·041 2·59 1·43, 4·69 0·002

Height
<157 cm 0·38 0·20, 0·72 0·003
157–170 cm 0·62 0·41, 0·93 0·021
>170 cm Ref. –

Nationality
Irish national Ref. – Ref. –

Foreign national 1·93 1·36, 2·75 <0·001 0·41 0·21, 0·79 0·008
Change in amount of food eaten since pregnant
A lot less 0·93 0·49, 1·76 0·816 1·15 0·50, 2·64 0·748
A little less 0·90 0·58, 1·58 0·863 0·77 0·38, 1·60 0·489
About the same Ref. – Ref. –

A little more 1·64 1·11, 2·42 0·012 0·55 0·31, 0·99 0·045
A lot more 2·57 1·42, 4·66 0·002 0·21 0·06, 0·74 0·014

Antenatal depression
EPDS >12 Ref. –

EPDS ≤12 0·62 0·40, 0·96 0·032

EPDS, Edinburgh Postpartum Depression Scale; Ref., reference category.
*P<0·05 is indicated in bold.
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Irish-born mothers, both groups may need more infor-
mation about the health risks of excessive weight gain,
while messages about the risks of inadequate weight gain
may be especially pertinent for Irish-born mothers(54,55).

Some of the health behaviour measures predicted
GWG. To our knowledge, the present study is the first one
to find an independent association between consumption
of takeaway meals and GWG. Additionally, the significant
relationships observed between the self-reported change
in food intake measure and GWG are consistent with
research by Olson and Strawderman(6) using a similar
measure, which showed that eating ‘a lot more’ food
during pregnancy was independently associated with both
higher total weight gain and excessive weight gain. The
present research, however, is the first to show that women
who reported eating ‘a little more’ food during pregnancy
had both an increased risk of excessive weight gain and a
decreased risk of inadequate weight gain. These findings
suggest that health messages about food intake during
pregnancy need to carefully balance the competing risks
of excessive and inadequate weight gain.

Total energy intake was significantly associated with
increased absolute weight gain following adjustment for
non-dietary confounding factors. However, takeaway
consumption and change in food intake were the only
dietary variables included in the final model as they
accounted for more variance in GWG than energy intake.
This suggests that single-item measures of dietary intake,
particularly change in food intake, may be more effective
at predicting GWG than a longer FFQ.

Many of the behavioural measures were not indepen-
dently associated with GWG. The present findings are
consistent with prior studies which have shown that
alcohol use(56) and sleep duration(14) in pregnancy are not
associated with GWG. Smoking during pregnancy was
associated with lower total weight gain in the univariable
analysis; however, this effect was no longer significant
following adjustment for other risk factors. Some studies
investigating the relationship between smoking during
pregnancy and maternal weight gain have shown sig-
nificant results(6,15), while other have not(16,17,52). Studies
examining the relationship between pregnancy-related
smoking cessation and GWG have yielded more con-
sistent results(15,52,57). None the less, the present study did
not observe a significant association between pregnancy-
related smoking cessation and GWG, following adjustment
for confounders.

Consistent with previous studies using a biopsychsocial
approach, most of the psychological well-being measures
were not associated with GWG, following adjustments for
behavioural, sociodemographic and biological vari-
ables(6,11). The present research showed however that
antenatal depression was protective against excessive
weight gain, following adjustment for other risk factors.
Nevertheless, depressed mood was not associated with an
increased risk of inadequate weight gain. In contrast, a

number of previous studies have observed a significant
relationship between depressive symptoms and low
weight gain(50,58–60).

Strengths of the research include a large sample size
and a prospective design. A limitation of the study is that
information on nausea and vomiting was not collected in
the self-administered questionnaire, as these data may
have explained the relationship between eating ‘a lot less
food’ and lower GWG. A second limitation is that the
women excluded from the analysis due to missing weight
information were of lower socio-economic status than
those included in the analysis with regard to employment
and health insurance status. No differences in terms of
biological, well-being or behavioural factors were
observed, however, which suggests that the exclusions did
not substantially bias the study findings. Another limitation
of the research is that physical activity was assessed using
self-report measurements rather than objective measure-
ments (such as accelerometry)(61). The use of self-report
methods may explain why neither leisure-time physical
activity scores nor changes in physical activity levels since
becoming pregnant were associated with GWG. Several
reviews have concluded that physical activity levels during
pregnancy did not impact on GWG, or at least not in most
studies(13,62–64). These reviews were based mainly on
observational studies and physical activity levels were
usually assessed using a questionnaire. However, a recent
meta-analysis of intervention trials found lower mean
GWG among the intervention group than the controls(65).
On the whole, it seems that future research may need to
use objective measures of physical activity to accurately
examine the relationship between physical activity levels
and GWG.

As the sample was large and consecutively recruited
and because a large variety of factors were examined
simultaneously, including nationality, these results may be
widely generalisable to non-diabetic mothers with single-
ton pregnancies attending antenatal clinics in westernised
countries. In addition, most studies of this kind have been
conducted with US samples, and thus the similarity of the
present results with previous findings enhances the gen-
eralisability of our analysis.

Conclusions

A variety of biological, sociodemographic, behavioural
and affective measures were associated with GWG in a
biopsychosocial model. Indeed, a clinically relevant pro-
portion of the variance in total weight gain (23 %) was
predicted by the final biopsychosocial model of total
GWG. We identified two potentially modifiable beha-
viours that influenced GWG: takeaway consumption and
pregnancy-associated change in food intake. The findings
suggest that women are aware in early pregnancy whether
they have drastically increased their food intake and this
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suggests that early pregnancy might be an opportune time
to identify such women and to advise them about
appropriate energy requirements in pregnancy. In addi-
tion, pregnant women could be advised that energy-dense
meals, such as takeaways, should not be consumed on a
frequent basis.

We also identified a number of relatively unmodifiable
factors that influenced GWG. These findings highlight
subgroups of women, including nulliparous, foreign
national and high BMI women, who could be targeted for
inclusion in weight-management interventions during or
after pregnancy. Nevertheless, a very high prevalence of
excessive weight gain was identified, and therefore all
women entering antenatal care in Ireland may need advice
about continuity in healthy eating habits across pregnancy
and the postpartum period.
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