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Abstract

Objective: To examine the association between mid-pregnancy body mass index
(BMI) and socio-economic status (SES) of pregnant women in Australia.

Design: A large scale randomized control trial (RCT). Data were analysed using
descriptive statistics and multivariate Probit regression models (Probit and Ordered
Probit) controlling for maternal age, location of the hospital, and the treatment effect
was performed for the analysis.

Setting: Pregnant women who were registered in 5 perinatal centres in Australia
between 2005 and 2008 were recruited.

Subjects: 2399 pregnant women with singleton pregnancy at < 20 week gestation.

Results: There was a negative association between mothers’ involvement in a
professional employment and maternal mid-pregnancy obesity and overweight.
Fathers’ employment as a professional was also significantly and negatively related to
maternal BMI. Mother’s education was positively associated with mid-pregnancy BMI.
Maternal smoking and drinking behaviour during pregnancy were significantly linked
to obesity and underweight, respectively. A significant positive association was found
for the Asian and the Aboriginal cohorts.

Conclusions: Lower socio-economic status and poor health behaviours during
pregnancy are associated with maternal obesity and overweight. Policies and
interventions aiming at improving awareness and uplifting socio-economic status
of pregnant women have the potential to lower the likelihood of being obese and
overweight during pregnancy.

INTRODUCTION
Overweight and obesity (BMI > 25 kg m?) are rapidly

morbidly obese [3,4]. This increasing prevalence of obesity
among pregnant women is a serious health concern, as it may
affect the pregnancy outcome for both mother and the baby and

emerging public health problems posing significant challengers
to national healthcare sectors and societies as a whole. The
prevalence of overweight and obesity has been steadily
increasing in many countries including Australia. In 2011-12,
respectively 70 per cent and 56 per cent of males and females in
Australia aged 18 years and over were considered overweight or
obese signifying an increase of 5 and 6 % points from 1995 [1].
Furthermore, about 34 per cent of pregnant women in Australia
were overweight or obese in 2002 [2], and a recent studies from
South Australia showed that approximately half of the pregnant
women are overweight or obese with 10 per cent of them being

therefore of future generations.

The problems relating to maternal obesity have been well
documented in literature. As has been found, the obesity in
pregnant women is linked with medical complications [5-7].
According to a study from Sweden maternal overweight is
associated with adverse pregnancy outcomes for both mother
and the baby [8]. Two Australian studies have also showed that
obese pregnant women had an increased risk of gestational
diabetes, hypertension (including preeclampsia), induction
of labor, caesarean section and preterm birth [2, 9]. Given the
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significance of this relationship, it is important to understand the
underlying factors influencing maternal obesity.

The causes of overweight and/or obesity are diverse. The
individual dietary behaviour is multifactorial depending on
individual preferences, socio-economic circumstances [10],
market forces [11], occupations [12] and physical infrastructure
[13]. Studies from other countries have provided some
insights into the underlying socio-economic reasons behind
maternal obesity. A recent study from the US shows that the
pre-pregnancy obesity is linked with mother’s education, age,
ethnicity and professional status [14]. It has been found that the
factors influencing obesity of pregnant women in the US include
ethnicity and socio-economic status among others [15]. While
there is ample evidence on implications of maternal obesity or
overweight for pregnancy outcomes in Australia, much less is
known about the underlying reasons behind the obesity among
pregnant women. The socio-economic dimension of the issue
has received less attention, and in fact, no study has attempted
to explore the issue in relation to Australia. Therefore, the aim
of this study is to fill that gap in the literature by exploring the
association between the socio-economic characteristics and
maternal BMIin Australia by employing a population based cross-
sectional study. This study utilized cross-sectional data from the
large-scale RCT of DHA supplementation. The trial was designed
primarily to evaluate the effect of DHA-rich supplementation
during the last half of pregnancy on the number of women with
high levels of depressive symptoms and perinatal complications,
and to assess whether DHA enhanced the neurodevelopmental
outcome of their children.

SUBJECTS AND METHODS
Study Sample

The analysis of this article used data from a multicentre,
randomised controlled trial (RCT) where the role of
docosahexaenoic acid (DHA) on various pregnancy and birth
outcomes of mothers and infants had been tested. The trial
conducted at five centres in Australia 9 two in South Australia,
and one each in New South Wales, Victoria and Queensland)
between 2005 and January 2008 where 2399 pregnant women at
<20 week gestation with singleton pregnancies were recruited.!
The primary outcomes of the trial published elsewhere [16]. After
randomization, the initial data were collected from pregnant
mothers during their first visits through face-to-face interviews
conducted by clinical nurses. Questionnaires included variables
on socio-economics characteristics, height, weight, health and
lifestyle of pregnant women.

VARIABLES

Dependent variable

The BMI was defined based on the standard formula as
weight in kilograms divided by the square of the height in maters.
Following the definition of World Health Organization, pregnant
women was categorized as underweight (BMI<18.5), normal
weight (18.5-24.99), overweight (25.0-29.99) and obese (230.0)
for the analysis.

1 Out of these enrolled women, 96.7% completed the trial.

Independent variables

Main regressors of the analysis were socio-economic
characteristics of the mother including mothers’ race, mothers’
smoking and drinking behaviour during pregnancy, parental
education and occupation. Mothers’ education was categorized
into secondary or lower, diploma or equivalent, and a completion
of a university degree. Occupational status was considered
under six categories; as employed in ‘professional-, ‘clerical-
occupations’, ‘studying’, ‘parental leave/unpaid domestic work’,
‘unemployed’, and ‘others’. Race/ethnic origins, i.e. Caucasian,
aboriginal, Asian, and others were categorized individually.

Control variables

The interested parameter estimates were controlled for
mothers’ age, treatment effect and the location of the hospital.

Statistical Analysis

We performed a multivariate analysis to estimate the
association between socio-economic determinants of maternal
BMI. Outcome variables were analysed using multivariate
probit regression techniques using robust standard errors. The
results were interpreted as odds ratios or predicted probabilities
representing the odds or probabilities that an outcome will occur
given a particular exposure, compared to the odds or probabilities
of the outcome occurring in the absence of that exposure. In the
first model, ordered probit model was employed to estimate the
parameters for the whole sample. The dependent variable BMI
was ordered as underweight, normal, overweight and obese for
this case. In the subsequent models, the respective parameters
were estimated for four separate samples based on the maternal
BMI; Underweight, Normal weight, Overweight and Obese. All
models were controlled for maternal age, location of the hospital
and the treatment effect.

Statistical analysis was carried out using Stata SE Version 12.
Statistical significance of the parameter estimates is tested using
the probability of test statistics (P Value), which is < 0.10.

Descriptive statistics of the main variables are presented
with means and standard deviations (Table 1).

RESULTS

Demographic characteristics

Demographic characteristics of the pregnant women
participated in the study are shown in Table 2. Despite that
underweight pregnant women appeared to be slightly younger
than women in other BMI categories, there were no important
differences in the mean age among different groups. Variations
were much explicit in education with more underweight
and normal weight pregnant women reporting a university
degree (28%) than their counterpart of overweight or obese
women (20%). The proportions of pregnant women employed
in professional occupations were higher for normal (32%),
overweight (33%) and obese categories (25%) compared to that
for underweight women (10%). The underweight women also
tended to be more unemployed. With regards to ethnicity, more
Asian and Aboriginal women were found in the underweight
category compared to Caucasian women.
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Table 1: Demographics of Women with normal BMI compared with overweight and obese women.
Characteristics Underweight’ (n=31) ?J:;T)&;l)welght“ ;)::;;;:;ght“ Obese* (n=663)
Age 26.22%6.15 28.97+5.92 29.99+5.41 29.53+5.45
Height (cm) 165.06+7.32 164.56+7.26 164.37+£6.94 164.04+6.74
Weight (kg) 48.02+4.18 60.56+6.98 73.70+7.27 95.41+15.27
BMI (kg/m?) 17.60£0.68 22.31+1.62 27.23+1.41 35.39+4.88
% % % %
Mothers’ continued smoking during pregnancy 29.03 16.06 13.32 20.21
Mothers’ continued drinking during pregnancy |12.90 8.42 10.87 7.99
Mothers’ education
-University degree 29.03 28.24 22.69 15.38
-Diploma or equivalent 38.71 41.42 22.69 49.77
-Secondary or lower 32.26 30.12 30.84 34.84
Mothers’ occupation
-Professional 9.58 32.23 32.74 24.59
-Clerical 32.26 28.24 30.57 30.02
-Home duties 22.58 18.49 19.43 24.74
-Student 6.45 5.87 2.99 2.26
-Unemployed 9.68 2.21 0.82 1.66
-Other 0 0.44 0 0.15
Mothers’ race
-Caucasian 61.29 82.95 91.17 92.16
-Aboriginal 9.66 1.22 1.14 2.26
-Asian 22.58 12.40 5.03 3.02
-Others 6.45 3.32 2.31 2.56
# mean+SD
Table 2: Chi square test: BMI and complications.
BMI Underweight Normal weight Overweight Obese p-value of chi-
(bmi<18.5) (bmi >18.5 - <24.9) (bmi >25 - <29.9) (bmi >=30) square test
Antenatal complications
Gestational diabetes (159) 8% 341}.38% ;;04% §3.57% 0.000**
Preeclampsia (72) 1.39% 12.06% 52.78% ggjs% 0.000%
Hypertension(167) 5.20% i3.37% 33.34% 23.10% 0.000%
Delivery complications
Induction (644) 3.62% 5(1).121% 5237% §§.609% 0.0007
Caesarean (653) 1.07% ;;.826% ggin% .3)3.966% 0.000%
Neonatal pregnancy outcome
Low birth weight (<2500g) 8 42 19 27 0,000
(98) 8.33% 43.75% 19.79% 28.13%
Respiratory support after 4 57 69 73 0.000%*
birth (203) 1.97% 28.08% 33.99% 35.96%
** p<.01; *p<.05

Preliminary findings

According to the study sample data the incidence of maternal
medical complications increased with maternal mid-pregnancy
BMI. The Chi square analysis in Table 1 shows that the incidence
of gestational diabetes, preeclampsia and hypertension has
increased with BMI. Compared with women categorized as having
normal BMI, more obese and overweight women were diagnosed
with gestational diabetes, preeclampsia and hypertension during

pregnancy (p<0.001). Also, a comparison of induction of labor
among different BMI categories demonstrates that women with
higher maternal BMI than women with normal maternal BM],
tended to have an induced delivery and/or have a caesarean
section (p<0.001) (Figure 1). They were also at increased risk
of developing postpartum haemorrhage compared with normal
weight mothers (p=0.021). In addition, the risk of delivering
a low-birth weight (< 2500g) infant was significant higher for
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obese and overweight women than for normal weight women
(p<0.001).

Influence of socio-economic factors on mid-pregnancy
BMI

The socio-economic factors associated with maternal BMI
are presented in Table 3. The results demonstrated that mother’s

education was significantly and positively associated with mid-
pregnancy BMI indicating that mother’s BMI increased with
education. It implies women who have higher education level
become more obsess than those with lower education level. By
looking at the probabilities, the higher the education level of the
mother, slightly lower was the strength of the association with
BML. For instance, given all predictors were set to their mean

mean of induction

under weight

normal weight overweight obese

mean of ceasarean

obese

under weight

normal weight overweight

Figure 1 Relationship between mothers’ mid pregnancy BMI and induction and caesarean delivery.

Table 3: Multivariate odds ratio analysis of association between maternal BMI and socio demographic characteristics.
Whole sample Under weight Normal weight Overweight Obese
variables n= 2372 n=31 n=903 n=736 n= 663
(p-value) (p-value) (p-value) (p-value) (p-value)
Mothers’ education
_University degree 0.038* 0.093* 0.368 1.215* 1.075*
(0.002) (0.000) (0.375) (0.000) (0.000)
Diploma or equivalent 0.025* 0.076* 0.280 1.258* 1.139*
(0.000) (0.001) (0.499) (0.000) (0.000)
Secondary or lower 0.017* 0.067* 0.283 1.273* 1.152*
(0.000) (0.000) (0.496) (0.000) (0.000)
Mothers’ occupation
-Professional -0.050 -0.021* 0.040 -0.034* -0.048*
(0.379) (0.020) (0.233) (0.004) (0.021)
Clerical -0.003 -0.002 0.032 0.015 -0.049*
(0.152) (0.751) (0.315) (0.611) (0.080)
- Home duties 0.002 -0.004 0.005 0.007 0.002
(0.941) (0.509) (0.863) (0.981) (0.983)
-Student 0.012* 0.006 0.156* 0.030* 0.122*
(0.009) (0.719) (0.005) (0.005) (0.035)
“Unemployed -0.011 0.012 0.313 -0.126 -0.028
(0.155) (0.247) (0.234) (0.155) (0.708)
-Other -0.020 ) 0.864 0.091
(0.297) (0.131) (0.042)
Mothers’ continued smoking during 0.001 0.008 0.020 0.058* 0.022*
pregnancy (0.664) (0.134) (0.455) (0.032) (0.042)
Mothers’ continued drinking during 0.003 0.012* -0.006 0.042 0.046
pregnancy (0.204) (0.070) (0.848) (0.186) (0.150)
Mothers’ race
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-Caucasian 0.210 0.024 -0.276 0.049 0.192
(0.731) (0.228) (0.578) (0.754) (0.145)
Aboriginal 0.170 0.045* -0.355 0.043 0.231
(0.788) (0.038) (0.480) (0.789) (0.144)
-Asian -0.441 0.044* -0.052 -0.062 -0.008
(0.469) (0.021) (0.915) (0.681) (0.958)
-Others -0.014 -0.211 -0.006 0.148
(0.982) (0.672) (0.970) (0.291)
Fathers’ education
“University degree -0.033 0.005 0.038 0.123 -0.106
(0.629) (0.593) (0.655) (0.165) (0.179)
Diploma or equivalent 0.021 0.007 0.069 0.108 -0.041
(0.912) (0.431) (0.397) (0.208) (0.580)
Secondary or lower 0.017 0.006 0.038 0.046 -0.018
(0.930) (0.388) (0.639) (0.591) (0.833)
Fathers’ occupation
-Professional -0.127* -0.009 0.054 -0.007* -0.042*
(0.007) (0.631) (0.057) (0.027) (0.059)
_Clerical -0.302 -0.007 0.072 0.014 -0.021
(0.562) (0.399) (0.413) (0.651) (0.453)
- Home duties 0.132 i -0.070 -0.049 0.139
(0.217) (0.602) (0.707) (0.213)
-Student -0.039 0.001 -0.018 0.199 -0.055
(0.833) (0.997) (0.816) (0.380) (0.504)
“Unemployed -0.122 0.005 0.037 -0.043 0.001
(0.534) (0.588) (0.582) (0.545) (0.985)
-Other -0.136 -0.006 0.043 0.067 -0.082
(0.485) (0.477) (0.607) (0.428) (0.286)
Note: Regressions are controlled for treatment effect, age, hospital location; Table presents marginal effects with changes in probabilities.

values, the probability of being overweight and obese was likely
to increase by 127 and 115 % points, respectively for a mother
with a secondary or lower level of education compared to that
for a mother with a university degree (121 and 100 % points,
respectively). The ordered Probit analysis for the whole sample
has suggested that ordered log-odds of being underweight to
obese slightly increased with mother’s education when other
variables were held constant (from 0.01 to 0.03 % points).
Nonetheless, interpretation of results relating to association
between maternal underweight and different socio-economic
factors should take into consideration the possible bias arising
from small number of observation in this BMI group.

Mother’s occupation as a professional had a significant
negative relationship with her BMI for all categories. Compared
with other occupational categories, mothers employed as
professionals were less likely to be underweight, overweight or
obese by 2, 3 and 4 % points, respectively. A negative association
was also found for mothers engaging in clerical jobs in relation to
maternal obesity with the probability of 4 % points. Nevertheless,
the probability of being overweight and obese was likely to
increase by 3 and 12 % points, respectively for student mothers
compared to other occupations. Ordered- probit analysis for
the whole sample confirmed this finding suggesting that the
likelihood of being obese increased from being underweight by
1 % points for student mothers compared with other categories
of occupation.

Despite that fathers’ education was not significantly linked
with mother’s BMI, a significant negative association was found
for Mothers’” BMI and father’s involvement in a professional

employment. Compared with other occupations in which a father
was involved, father’s employment in a professional career was
to reduce mother’s risk of being obese (by .7 % points) and
overweight (by 4 % points).

Looking at the maternal BMI in relation to ethnicity, a
significant positive association was found for the Asian and the
Aboriginal cohorts with generally similar predicted probabilities.
The probability of being underweight was likely to increase by
0.04 if the mother was from Asian or aboriginal background.
No significant relationship was found for maternal BMI and
Caucasian ethnicity.

Significant positive associations were found between
maternal smoking and mid-pregnancy BMI. The probability of
being overweight and obesity increased by 5 and 2 % points,
respectively for smoking mothers compared to non-smoking
mothers. With regards to mothers drinking behaviour, we found
no evidence to support the link between mothers’ drinking
behaviour and increased risk of overweight or obese. However,
the probability of being underweight increased by 1 % points for
those who continue drinking during the pregnancy.

CONCLUSION AND DISCUSSION

Two main findings emerged from this study. Firstly,
overweight and obesity were prevalent in more than half of
expectant mothers in our study sample. Secondly, a clear socio-
economic pattern was found in relation to mid-pregnancy
overweight and obesity, with higher odds of being overweight
and obese found further down in the social ladder.
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The aim of this study was to explore the association between
socio-economic factors and maternal BMI. The major strength of
this study is that we used a large sample of 2399 pregnant women
at < 20 week gestation. The study has found some interesting
evidence on mother’s and father’s occupation in relation to
maternal BMI. According to the results pregnant women working
as professionals were less likely to be overweight or obese. It is
possible that pregnant women involved in a professional career
have a higher socio-economic status and a greater awareness of
the risks associated with obesity, which may lead to a healthy
behaviour during pregnancy. This finding was also supported
by other literatures [17,18] who found that among general
population in Australia obese women were more likely to be of low
socio-economic level compared with women in the normal BMI
group. Our findings have also suggested that father’s occupation
as a professional had a negative relationship with mothers BMI.
The underlying mechanism for this negative association can be
related to mothers’ physiological and psychological wellbeing.
Father’s involvement in a professional career potentially explains
the financial and social stability of the whole household that
would reduce the stress and anxiety of the mother. This result
suggests that financial and social security would help reducing
the risks of being overweight and obese.

With regards to education, the mechanism behind the positive
association between maternal BMI and mother’s education
is unclear. However, the finding is consistent with existing
literatures [19,14].

Given the importance of considering smoking and alcohol
consumption behaviour during pregnancy as pointed by Bogaerts
et al. (2012) [14], we observed a clear relationship between
mothers’ smoking behaviour and the risk of being overweight and
obese which is consistent with those reported in literature [20].
Furthermore, in line with previous studies [21], we found that
mother’s drinking behaviour is linked with being underweight.

Given that there is an increasing prevalence of overweight
and obese among Australian women, the findings of this study
are a matter of public health concern. The results highlight the
importance of understanding socio-demographic and economic
aspect of maternal BMI that can help assessing each pregnant
women in an individual context, and planning appropriate
utilization of national health services. The results can be used for
future awareness programmes aiming at healthy pregnancy BM],
as pregnancy is considered an ideal time for promoting a healthy
lifestyle [22]. In Australia, nearly all pregnant women attend
antenatal care at regular time intervals. Thus, as mentioned
before, policy makers should consider targeted-monitoring of
all women’s BMI from their first antenatal visit in a way that
those with abnormal BMI should receive special attention. A
large meta-analysis [23] has pointed out that dietary and lifestyle
interventions in pregnancy could improve pregnancy outcomes
by controlling excessive weight gain during pregnancy. However,
more empirical research with large representative data sets is
needed to investigate the impacts of different socio-economic
characteristics on maternal outcomes.

There are several limitations to our study. First, despite
that this study reports important associations between socio-
demographic characteristics of pregnant women and maternal

BM], it is unable to draw conclusions on causal relationships
because of the cross-section nature of the data. Secondly, we are
unable to link the socio-demographic factors with pregnancy
outcomes by employing a robust regression analysis given the
limitations of finding an instrumental variable for maternal
BMI. Yet another caveat of our estimation is that it might have
overlooked the potential correlation between education and
drinking and smoking behaviour, which has been found in
[24]. Nevertheless, our sample data does not support these
correlations. Furthermore, our analysis could be more improved
if more detailed information on household states of pregnant
women, such as household income, other responsible factors
such as food intake and physical activity, psychological health
etc. Nonetheless, this study, as a first step to promote a healthy
pregnancy BMI, will provide important insights into the
association between socio-economic factors and maternal BMI.
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