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a b s t r a c t

Using longitudinal data from the Western Australia Pregnancy Cohort (Raine) Study and both random-
effects and fixed-effects models, this study examined the connection between maternal work hours
and child overweight or obesity. Following children in two-parent families from early childhood to early
adolescence, multivariate analyses revealed a non-linear and developmentally dynamic relationship.
Among preschool children (ages 2 to 5), we found lower likelihood of child overweight and obesity when
mothers worked 24 h or less per week, compared to when mothers worked 35 or more hours. This effect
was stronger in low-to-medium income families. For older children (ages 8 to 14), compared to working
35e40 h a week, working shorter hours (1e24, 25e34) or longer hours (41 or more) was both associated
with increases in child overweight and obesity. These non-linear effects were more pronounced in low-
to-medium income families, particularly when fathers also worked long hours.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

The co-occurrence of increasing child overweight and obesity
(Lobstein et al., 2015) with rising maternal employment (Baxter,
2013; Bureau of Labor Statistics, 2010; Labour Statistics Division,
2007) in the last three to four decades worldwide has drawn
much attention to their possible connections (Anderson et al.,
2003; Brown et al., 2010; Datar et al., 2014; Gwozdz et al., 2013;
Hawkins et al., 2009; Morrissey, 2013; Phipps et al., 2006; Ziol-
Guest et al., 2013). Even while mothers’ employment has
Center, Reichpietschufer 50,

uman Geography, University
increased, mothers still retain primary responsibility for household
work including meal provision and preparation (Jabs et al., 2007).

Previous studies show a positive association between mothers'
work hours and child body mass index (BMI), independent of
family socioeconomic and demographic characteristics (Anderson,
2012; Anderson et al., 2003; Datar et al., 2014). Constraints on
mothers' time allocation for child health promoting activities have
been viewed as the primary pathway linkingmaternal employment
to childhood BMI. Longer maternal work hours have been linked to
less time spent on grocery shopping and meal preparation (Cawley
and Liu, 2012), greater consumption of prepared food (Cawley and
Liu, 2012) and low quality diet (Li et al., 2011), and longer TV
viewing hours and internet use in children (Datar et al., 2014; Fertig
et al., 2009; Hawkins et al., 2009). Research has also examined
these factors as mechanisms linking maternal employment to child
BMI (Anderson, 2012; Brown et al., 2010; Datar et al., 2014; Fertig
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et al., 2009; Speirs et al., 2014; Ziol-Guest et al., 2013). However,
most studies found only a weakmediating effect of these factors on
child BMI (Datar et al., 2014; Fertig et al., 2009; Ziol-Guest et al.,
2013). In one study no such evidence was found (Anderson, 2012).
More recent research showed that it was children's night time sleep
duration, but not TV time, diet quality or mealtime routines, which
mediated the association between maternal work hours and child
BMI (Speirs et al., 2014).

Several limitations are notable among previous studies on this
topic. First, most previous research on maternal work hours and
child BMI assumes that this connection is linear and similar for all
developmental ages: the more hours mothers work, the less time
they have and consequently the risk for child overweight increases.
These studies analyse maternal work hours as a continuous vari-
able. This approach implies a dose-response relationship, whereby
any maternal employment is harmful to children's health. It ne-
glects the possibility that mothers' employment may confer health
benefits to the family. While some studies analysed maternal work
hours as a categorical variable, only crude categories were exam-
ined, such as not employed, part-time and full-time (Bishop, 2011;
Brown et al., 2010; Gwozdz et al., 2013), thus masking considerable
variations within part-time and full-time work.

Second, although several studies have included children at
different developmental stages (Anderson, 2012; Brown et al.,
2010; Datar et al., 2014; Gwozdz et al., 2013; Morrissey, 2013),
few have considered changes in the impact of maternal work on
child BMI from early to middle childhood and adolescence
(Morrissey, 2013; von Hinke Kessler Scholder, 2008). In Australia,
where our study is based, the majority of mothers stay at home or
work part-time during the preschool years (birth to age 5). When
children commence schooling at age 6 family care time changes
and mothers adjust their employment accordingly. A greater pro-
portion of mothers return to work and many increase their work
hours, suggesting that the relationship between mothers’ work
hours and child BMI may also change. Before children start school,
when care needs are high, the threshold for “manageable” work
hours is likely to be lower thanwhen children begin schooling (9am
to 3pm in Australia). However, mothers of school-aged children can
still face significant time demands, as help with homework and
extra curriculum activities (academic, music and sport) increase.
Thus, long work hours or work hours above a threshold can be
stressful and in turn have a negative impact on child health.

Third, with only a few exceptions (Anderson, 2012; Anderson
et al., 2003; Morrissey, 2013), previous studies in this field are
mainly based on cross-sectional data (Brown et al., 2010; Datar
et al., 2014; Phipps et al., 2006; Speirs et al., 2014; Ziol-Guest
et al., 2013). This has limited researchers’ ability to address the
issue of causality and consider how the work-hour -child BMI
relationship changes as children develop and mothers alter their
employment patterns.

2. Theoretical considerations

We propose that mothers' employment brings to families both
gains and losses. The losses largely center onmothers’ time, and the
gains come from other resources, both material and psychological.
Thus, rather than work hours creating a linear risk for child over-
weight, there may be tipping points in the maternal work hour-
child weight relationship. Working at least some hours may be
beneficial, depending on child developmental needs, and other
family resources (e.g., income). We base our argument on the
conceptual resource framework developed by Brooks-Gunn and
colleagues (Brooks-Gunn et al., 1995) and the concept of work-to-
family fit (Tuttle and Garr, 2012) whereby work entails both con-
flicts and enrichment for families (Greenhaus and Beutell, 1985;
Greenhaus and Powell, 2006).
Based on multidisciplinary perspectives (economics, sociology,

social demography, developmental and clinical psychology, and
pediatrics), the conceptual resource framework identifies intra-
familial and extra-familial resources. Four categories of intra-
familial resources are considered to be critical for optimal child
development and they include income, time, human and psycho-
logical capital. The psychological capital comprises parents’mental
health, the quality of marital relationships or partnership, the
psychological importance to them of education and work, and be-
liefs about the parental role in child rearing. Extra-familial re-
sources include childcare settings, schools, peer groups,
community, and wider social contexts (Kendall and Li, 2005). By
engaging with these community resources appropriately parents
can build social capital, another important resource for optimal
child development. Parents face choices about allocating different
domains of limited resources (Brooks-Gunn et al., 1995). When
mothers participate in the labor market, they gain income, an
important familial resource that enables the family to purchase
healthy food (e.g., fresh produce and high quality low fat meat or
fish), but at the same time other domains of familial resources may
diminish, such as time available for meal preparation or engaging
children with physical activity, and psychological capital, such as
stress and fatigue associated with juggling between work and
family. It is arguable that an optimal mixture of adequate resources
is important for healthy child development.

The concept of work-to-family fit refers to the interface between
work-family conflict (Greenhaus and Beutell, 1985) and work-
family enrichment (Greenhaus and Powell, 2006; Marshall and
Barnett, 1993). Work-family conflict occurs when workers
perceive or experience incompatibility between work and family
domains, due to time, energy, and behavioural constraints and a
psychological carryover of strain from work to family (Greenhaus
and Beutell, 1985) or vice versa. From the work-family enrich-
ment perspective however, employees gain instrumental resources
from their work role, including interpersonal skills, coping skills,
social capital, material goods, and psychological resources (job
satisfaction, self-esteem, recognition, and optimism). These re-
sources improve work performance and can benefit family func-
tioning (e.g., parenting role) (Greenhaus and Powell, 2006; McNall
et al., 2009). Much of the existing research on maternal employ-
ment and child outcomes is implicitly motivated by a conflict
perspective and fails to consider that maternal employment can
also confer benefits for working mothers and their children. These
gains may be evident when mothers' work hours are not exces-
sively long, and time pressures can be offset. The conflict may occur
when mothers’ capacities are exceeded, and other resources do not
compensate for time constraints.

Research on workers’ mental health suggests that there are
thresholds whereby working at least some hours is good for health
(Dooley and Prause, 2004), but only up to a point (Kleiner and
Pavalko, 2010). Two cross-sectional studies found that young chil-
dren (ages 4e7) whose mothers worked part-time watched less TV
and were less likely to be overweight than childrenwhose mothers
who were not employed or worked 35 or more hours (Brown et al.,
2010). Among 15e19 year olds both maternal part-time and full-
time employment was associated with decreases in overweight,
compared to being not employed (Bishop, 2011). This literature
suggests that there may be gains from maternal employment that
counter balance constraints for family time, depending on the
number of hours mothers work, and the developmental needs of
children.

Motivated by the concept of work-family enrichment and work-
family conflict, we examined the non-linear effect of maternal work
hours on child overweight and obesity and the dynamic of this
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effect across the child development period from early childhood
(ages 2 to 5) to middle childhood and early adolescence (ages 8 to
14). The study was based on longitudinal data from the Western
Australian Pregnancy Cohort (Raine) Study. The Raine Study
collected repeated measures of maternal weekly work hours, child
BMI and important time-varying and time-invarying covariates.We
estimated both random-effects and fixed-effects models, consid-
ered multiple categories of mothers work hours, and controlled for
a wide range of socioeconomic and health characteristics of the
mother and child. Our study addresses four research questions: (1)
Is there a threshold of maternal work hours for child BMI? (2) Does
the relationship change during child development periods? (3)
Does this relationship vary by income? (4) Does it differ by fathers'
work hours? Previous studies show that as a covariate, fathers'
work has no impact on child BMI. Most fathers work full time and
there is far less variation in their work hours in general and fewer
changes in work hours across the child developmental periods,
compared to mothers' work hours. This is a methodological issue
that reflects gender inequality. Two studies showed an interaction
betweenmaternal work hours and paternal work hours (Morrissey,
2013; Greve, 2011). While mothers are mainly responsible for meal
planning and provision, fathers can assist in this task by doing other
household work and attending children's needs for sport, music
and social activities. However, when fathers work long hours, their
capacity for supporting mothers in meeting children's nutritional
needs is limited.

3. Methods

3.1. Data

The Raine Study is a prospective cohort study of 2868 live births.
Between 1989 and 19912900 pregnantwomenwere recruited at 18
weeks gestation through the State maternity hospital and private
birth clinics nearby in Perth, Western Australia. Demographic, so-
cioeconomic and health behavior data were collected through
questionnaires answered by the primary carer and older children.
Clinical, physical, and psychological assessments of the children
were undertaken by clinicians and nurses at 34 weeks gestation,
birth, ages 1, 2, 3, 5, 8, 10, 14, 17, 20, and 22. Between ages 2 and 14
examined in our study, the average participation rate is 81.1% of the
original cohort at birth (n ¼ 2868). The Raine Cohort did not differ
from the child and adolescent population of Western Australia on
health and most of socio-demographic characteristics. Neither did
the participants differ from drop-outs at each follow-up regarding
premature birth, birthweight, and birth complications. These fac-
tors are important for child overweight and obesity (see supple-
mentary Note 1 for more details). The Raine Study protocol was
approved by the Human Research Ethics Committees at King
Edward Memorial Hospital and Princess Margaret Hospital for
Children in Perth.

The present study focused on preschool children (ages 2 to 5)
and school-aged children (ages 8 to 14), and both-parent families as
previous research suggests that it is important to consider fathers’
work hours (Greve, 2011; Morrissey, 2013). The analysis included
all follow-ups at which two parents were at present, but it was not a
requirement that the child must live in a two-parent families at all
follow-ups.

The missing cases due to item-nonresponse within follow-ups
ranged 1% to 11.5% for ages 8e14, and up to 19% for ages 2e5. We
used the multiple imputation procedure to impute the missing
data. The imputation yielded two effective samples: for ages
2e5 N ¼ 1936 children and 3396 observations; for ages
8e14 N ¼ 1801 children and 4013 observations. All models were
based on the imputed data (more details in supplementary Note 2).
3.2. Dependent variable

Children's body weight and height were measured by study
nurses using calibrated scales and stadiometer at each follow-up.
The BMI was calculated with adjustment for child age and gender
and was re-coded into 4 categories e underweight, normal, over-
weight, and obese (Cole et al., 2000). A binary variable whether or
not a child was overweight and obese versus normal weight was
preferred over a continuous measure of BMI as we were mainly
interested in the qualitative change fromhaving a normal BMI score
to being overweight and obese. Observations (child-follow-ups)
which were classified as “underweight” were excluded from the
analysis (2.4% for ages 2e5 and 0.9% for ages 8e14). Preliminary
analysis has shown that the results did not differ whether or not the
analysis included the underweight observations.

3.3. Key independent variables

Guided by our theoretical arguments, we analysed mothers'
work hours as a categorical rather than a continuous variable. Based
on various preliminary analysis and the national average weekly
work hours for women during the relevant time period, we coded
mothers’ weekly work hours as five categories for ages 8e14: not
employed, 1e24 h, 25e34 h, 35e40 h (reference), and 41 or more
hours (more details in supplementary Note 3). We used a similar
approach to define four different work hour categories for ages 2 to
5: not employed, 1e24 h (reference), 25e34 h, and 35 or more
hours based on a lower prevalence of maternal employment in
early childhood. The likelihood of being overweight and obese was
the lowest when mothers worked between 1 and 24 h per week
before children entered school and 35e40 h for school-aged chil-
dren (Table 1).

3.4. Control variables

In all analyses we adjusted for family income, maternal educa-
tion and occupation, and fathers' work hours. Demographic cova-
riates and relevant health variables were also controlled for to
minimise potential selection bias associated with them, including
maternal age at the child's birth, maternal race, maternal mental
health, maternal BMI, maternal smoking, child gender, child birth
weight, and the number of siblings in the family.

3.4.1. Time-variant variables
Fathers' work hours were collected from age 5 onwards and

were coded in 5 categories (not employed, working 1e34 h,
35e44 h, 45e54 h and 55 or more hours per week). Before the child
reached age 5 only fathers' employment status was recorded. In-
formation on the gross annual household income was collected as
an ordinal variable at every follow-up but the range differed across
follow-ups. A new variable was created that was reasonably com-
parable across follow-ups: top 30 per cent, middle 30 per cent, and
bottom 40 per cent for ages 2 to 3; the top 40 per cent, middle 30
per cent, and the bottom 30 per cent for age 5; for ages 8 to 14, low
income (bottom 10%), lower middle income (next 30%), higher
middle income (next 25%), and high income (top 35%). A binary
variable, whether or not a mother was treated for mental health
problem (1 ¼ yes, 0 ¼ no), was controlled for ages 8 to 14, but this
informationwas not collected at ages 2 to 5. The number of siblings
was controlled for as a categorical variable (0, 1, and 2 or more
siblings). Dummy variables for each follow-up were included in the
analysis to adjust for the natural increase in mothers’ work hours
and child overweight over time, or possible changes in the social
and economic environment across the follow-ups.



Table 1
Mother's work hours by child overweight status.

Ages 2e5 Ages 8e14

Normal
N(%)

Overweight/Obese
N(%)

Total Normal
N(%)

Overweight/Obese
N(%)

Total

Mother's work hours:
Not employed

801
(87.5)

115
(12.5)

916 Mother's work hours:
Not employed

846
(79.5)

218
(20.5)

1,3064

1e24 676
(89.2)

82
(10.8)

758 1-24 910
(78.7)

247
(21.3)

1157

25-34 140
(84.3)

26
(15.7)

166 25-34 380
(76.2)

119
(23.8)

499

�35 218
(82.9)

45
(17.1)

263 35e40 330
(80.5)

80
(19.5)

410

Total 1835
(87.3)

268
(12.7)

2103 �41 115
(68.0)

54
(32.0)

169

Total 2581
(78.2)

718
(21.8)

3299

Categories used as reference categories in regression models are bolded.
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3.4.2. Time-invariant variables
Child gender was included in the analysis as a dichotomy:

0 ¼ girl and 1 ¼ boy. Maternal education was recoded into six
categories: no secondary education, trade certificate, professional
registration, college diploma, university degree, other type (more
details in Note 4). Maternal occupation was included as a proxy for
job characteristics with six categories: not employed, managers and
professionals, para-professionals and trades workers, clerical
workers, sales workers, operators and laborers. Maternal age
(14e24, 25e29, 30e34 and 34 years or over) at the child's birth and
maternal ethnicity was controlled for (Caucasian vs. other).
Maternal BMI (“normal”, “overweight” and “obese”) and maternal
smoking (not smoking, 1e10 cigarettes daily, 11 or more cigarettes
daily) during pregnancy were controlled for genetic predisposition
and a proxy for dietary habits and lifestyles in the home. A dummy
indicating if the child attended child care was included in the an-
alyses of preschool-aged children.
3.5. Analytical methods

We analysed both random-effects (RE) and fixed-effects (FE)
logit models because each of these models offers comparative ad-
vantages and disadvantages (Petersen, 2004, p. 342). The FE model
addresses bias due to unobserved heterogeneity because it takes
into account only within-individual variation in the dependent and
independent variables. However, as the FE mode excludes all ob-
servations without temporal variation in the dependent or inde-
pendent variables, its estimation is less efficient than the RE model
and the standard errors are larger due to the reduced sample size.
The RE model takes into account both within and between indi-
vidual variation, and it makes use of all observations including
those which are measured at only one time point. Consequently,
the REmodel is considered more efficient than the FEmodel, but its
estimation is unbiased only if the omitted time-constant variables
captured in the error term are uncorrelated with the independent
variables. The Hausman test is conventionally used to determine
whether the coefficients of the RE model are consistent (null hy-
pothesis), given that the FE model coefficients are consistent, or
whether only the FE model is consistent (alternative hypothesis)
(Greene, 2011; Hausman, 1978). If the null hypothesis is not rejec-
ted, the RE model is preferred due to its higher efficiency.

We began the analysis with RE and FEmodels controlling for the
wide range of covariates, separately for preschool children and
older children. In the second step, we stratified the analysis by
family income. Previous research suggests that the impact of
maternal work hours on child BMI differs by family socioeconomic
status, with a stronger effect in high SES families than in families
with low to medium SES (Anderson et al., 2003; Datar et al., 2014).
We estimated two sets of models: one for low income and the other
for high income families for both preschool and school children.
Using a similar approach as Datar et al. (2014), the sample was
stratified into the bottom half (50%) as low income and the top half
(50%) as the high income group for ages 8 to 14, and the bottom 60
per cent as low income and the top 40 per cent as high income for
ages 2 and 3. For age 5 due to the different income categories
collected, the reasonable division was roughly the bottom 50 per
cent vs top 50 per cent. The analyses were conducted using Stata
14.1 MP-Parallel Edition.

4. Results

At age 2, 5 per cent of the cohort was overweight and obese but
this increased to11 per cent at age 3 and 15 per cent at age 5
(supplementary Table 1A). The prevalence of overweight and
obesity continued to rise after children commenced schooling: 18
per cent at age 8, 25 per cent at age 10 and it declined somewhat to
24 per cent at age 14. Maternal work hours also increased sub-
stantially between ages 2 and 14. At age 2, 68 per cent of the
mothers stayed at home, while at age 14 this decreased to 22.6 per
cent. At age 2, only 7 per cent of the mothers worked 35 h or more
per week, while at age 14 this increased to 25.6 per cent. In
contrast, relatively few changes occurred for fathers. Between ages
2 to 5, 12.5 per cent of the fathers were not employed, and this
decreased to 8 per cent when their child reached ages 8 to 14. Other
socioeconomic and demographic characteristics of the cohort are
shown in the supplementary Tables 1A and Table 1B.

4.1. Multivariate results

4.1.1. Preschool children (ages 2 to 5)
To avoid common misinterpretation of odds ratios as pointed

out by some (Holcomb et al., 2001; Davies, 1998), we presented the
parameter estimates as the log of odds (logit) rather than odds
ratios (Table 2): for categorical variables a negative logit corre-
sponds to an odds ratio below 1 and vice versa. To facilitate the
interpretation of logits, we presented marginal effects as recom-
mended by experts (Fullerton, 2016). Marginal effects indicate the
change in the predicted probability for the respective category
compared to the reference category.

Compared to working 1e24 h, if mothers worked 35 or more
hours per week there was an increased risk for child overweight or
obesity. Being not employed or working 25e34 h was not



Table 2
Mother's work hours and child overweight and obesity: Ages 2 to 5.a

Random-effects

Log odds
(SE)

Marginal effectsb

(SE)

Mother's work hours
Not employed

�0.14
(0.60)

0.00
(0.01)

1-24 (ref.)
25e34 0.48

(0.43)
0.02
(0.02)

�35 0.86*
(0.37)

0.02
(0.01)

Observations 3396 2105
Groups 1936 1482

þ: p < 0.10; *: p < 0.05; **: p < 0.01.
a Covariates included fathers' employment, family income, number of siblings,

maternal education, occupation, age, ethnicity, BMI before pregnancy, smoking,
child gender and birth weight and follow up. The parameter estimates are in
Supplementary Tables.

b Marginal effects: the difference between the predicted probability for respective
categories and that for the reference category.
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significantly different from the reference group. Working 35 h or
more per weekwas associatedwith an increase in the probability of
overweight or obesity by 2 percentage points. The prevalence of
overweight and obesity for 1e24 h (reference) is 11 per cent. A 2 per
cent increase due to the change to 35 or more hours would increase
the prevalence to 13 per cent, an 18 per cent increase which is
nontrivial. At a population level, this represents a further 2/100
children who move into overweight or obesity, highly consequen-
tial for lifetime risk and burden of disease.

In the FE model (supplementary S-Table 2), maternal work
hours exhibited a similar non-linear relationship with the depen-
dent variable, although this association did not reach significance.
This was likely due to lack of power given the substantial reduction
in observations (358 child-follow-ups) and groups (165 children),
compared to the RE model (3396 observations and 1936 groups).
Based on the Hausman test (p ¼ 0.99), the estimates from both RE
and RE models were consistent, therefore the RE model was
preferred.

Notably a number of covariates were strongly associated with
the dependent variable (supplementary S-Table 2). Maternal over-
weight and obesity before pregnancy had a strong positive effect on
child overweight and obesity. Similarly, heavy maternal smoking in
pregnancy (11 or more cigarettes per day) was strongly associated
with child overweight and obesity. Boys were less likely to be
overweight and obese than girls and child birth weight was posi-
tively associated with child overweight and obesity.

Table 3 shows the adjusted results from the RE, stratified by
family income. In the low income group, compared to working
1e24 h weekly, working 35 or more hours was strongly associated
with a higher risk for child overweight or obesity (beta ¼ 1.61,
p < 0.01) and an increase in the probability of overweight or obesity
by 5 percentage points. In the high income group there was no
significant association between maternal work hours and child
overweight, although there was a non-linear pattern (S-Table 3).
Based on the Hausman test (p ¼ 0.94), the estimates from the
random-effects model were preferred for both income groups.
4.1.2. Late childhood and early adolescence (ages 8 to 14)
Multivariate results for ages 8 to 14 are shown in Table 4. They

reveal a similar non-linear relationship between mothers' work
hours and child BMI, but the work hour threshold was higher.
Compared to mothers’ working 35e40 h per week, 41 or more
hours were significantly and strongly associatedwith the likelihood
of child overweight and obesity in both models. In the RE model,
work hours less than the reference category (35e40 h) were
associated with greater likelihood of child overweight and obesity:
1e24 h (p < 0.05) and 24e34 h (p < 0.10). In the FE model the effect
of these two work hour categories below the reference did not
reach statistical significance, although the non-linear relationship
remained. However, the effect of working 41 or more hours
strengthened in the FE model. Based on the Hausman test
(p � 0.001), the estimates from the RE model were not consistent
and hence the FE model was preferred. The marginal effects in the
FE model showed that being not employed or working below the
threshold (1e24 or 25e34 h) were associated with an increase in
the probability of child overweight or obesity by 7, 9 and 8 per-
centage points, respectively, compared to the reference. Working
41 or more hours was associated with a drastic increase by 20
percentage points.

In contrast, fathers’ work hours alone had no effect on child
overweight and obesity, but a number of covariates were signifi-
cantly associated with child BMI (supplementary S-Table 3).
Maternal overweight and obesity before pregnancy, maternal
smoking during pregnancy and child birth weight were all posi-
tively and strongly associated with child overweight or obesity.
Children with three or more siblings were less likely to be over-
weight and obese.

Table 5 shows the multivariate results stratified by family in-
come, with all covariates adjusted for. The non-linear relationship
between maternal work hours and child overweight or obesity was
apparent in the low income households in the RE. In these families,
the lowest risk for child overweight or obesity was when mothers
worked 35e40 h weekly: the risk was higher for work hours below
or above this threshold. Being not employed or working 1e24 h or
25e34 h were associated with an increased probability of child
overweight or obesity by 4e5 percentage points; working hours
above the threshold was associated with an increase by 12 per-
centage points. Among high income families, we found only one
consistent albeit weaker association (p < 0.10): compared with
working 35e40 h per week, working 41 or more hours was asso-
ciated with higher likelihood of overweight and obesity. According
to the Hausman test (p ¼ 0.95), the estimates from the RE model
were consistent with those from the FE model (supplementary S-
Table 5) and hence the RE estimates were preferred.

Thus far our results show that fathers' work hours on their own
have no significant effect on child BMI. In further analysis
(supplementary S-Table 6), we stratified the analysis by fathers'
long work hours (<45 vs� 45 h per week) for school-aged children.
Based on the RE models, the non-linear effects of mothers’ work
hours on child weight remained largely unchanged when fathers
worked below 45 h in the low income families. However, when
fathers worked 45 or more hours, the detrimental effect of long
maternal work hours (41 or more) and short hours (1e24)
strengthened. For the high income families there was no difference
regardless of whether or not fathers worked 45 or more hours
(available on request). The numbers of observations in the stratified
models were too small for FE estimates to be reliable.

4.1.3. Sensitivity tests
Maternal physical illness might confound the non-linear effect

of maternal work hours on child bodyweight. Data for this variable
was only collected at follow-ups 10 and 14. We tested for two
health indicators: (1) whethermother was limited in daily activities
because of health problem; (2) an ordinal variable indicating any
long term health problems (poor, fair, good, very good, and excel-
lent). Both illness indicators were significantly associated with
child overweight or obesity, but they did not modify the non-linear
effect of maternal work hours on the outcome variable (results



Table 3
Mother's work hours and child overweight and obesity: Ages 2 to 5 by income.a

Low income High income

Random-effects Random-effects

Log Odds
(SE)

Marginal effects
(SE)

Log odds
(SE)

Marginal effects
(SE)

Mother's work hours
Not employed �0.03

(0.86)
0.02
(0.01)

0.23
(0.92)

0.00
(0.01)

1-24 (ref.)
25e34 0.47

(0.68)
0.02
(0.03)

0.60
(0.62)

0.01
(0.02)

�35 1.62**
(0.59)

0.05
(0.03)

0.39
(0.54)

0.01
(0.01)

Observations 1854 1050 1391 1058
Groups 1266 842 948 798

þ: p < 0.10; *: p < 0.05; **: p < 0.01.
a Adjusted as for same covariates as in Table 2. The parameter estimates are in Supplementary Tables.

Table 4
Mother's work hours and child overweight and obesity: Ages 8 to 14.a,b

Random-effects Fixed-effects

Log odds
(SE)

Marginal effects
(SE)

Log odds
(SE)

Marginal effects
(SE)

Mother's work hours
Not employed

�0.23
(0.70)

0.01
(0.01)

0.30
(0.47)

0.07
(0.07)

1e24 0.67*
(0.32)

0.02*
(0.01)

0.54
(0.42)

0.09þ
(0.06)

25e34 0.62þ
(0.34)

0.02þ
(0.01)

0.49
(0.41)

0.08
(0.06)

35-40 (ref.)
�41 1.61**

(0.48)
0.07*
(0.03)

2.07**
(0.75)

0.20**
(0.06)

Observations 4013 3464 621 568
Groups 1801 1594 228 210

þ: p < 0.10; *: p < 0.05; **: p < 0.01.
a Adjusted for same covariates as in Table 2, except child care and paternal employment (replaced by work hours). The parameter estimates are in Supplementary Tables.
b Hausman test suggests the fixed-effects model is preferred.

Table 5
Mother's work hours and child overweight and obesity: Ages 8 to 14 by income.a

Low income High income

Random-effects Random-effects

Log odds
(SE)

Marginal effects
(SE)

Log odds
(SE)

Marginal effects
(SE)

Mother's work hours
Not employed

0.94
(0.97)

0.04*
(0.02)

�1.91
(1.26)

-0.01
(0.01)

1e24 1.41*
(0.57)

0.04*
(0.02)

0.18
(0.42)

0.01
(0.01)

25e34 1.44*
(0.61)

0.05*
(0.02)

0.27
(0.43)

0.01
(0.01)

35-40 (ref.)
�41 2.83**

(0.86)
0.12*
(0.06)

1.03þ
(0.60)

0.05
(0.03)

Observations 2020 1745 1993 1719
Groups 1125 992 1027 901

þ: p < 0.10; *p < 0.05; **p < 0.01.
a Adjusted for same covariates as in Table 4. The parameter estimates are in Supplementary Tables.
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available on request).
We have also tested for the interaction between maternal

occupation and work hours by stratifying the analysis by occupa-
tion (professional/manager vs other occupations). We observed the
same non-linear association between maternal work hours and
child overweight or obesity in both age groups. Longmaternal work
hours (�35 h for ages 2e5, and �41 h for ages 8e14) were asso-
ciated with higher likelihood of child overweight and obesity in
both occupational groups (results available on request). We strati-
fied the analysis by maternal education (tertiary versus no tertiary
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education) and found a similar non-linear relationship for both age
groups to that based on the stratification by income
(supplementary S-Tables 7 and 8).

5. Discussions

This study has demonstrated three key new findings. First, the
study shows a non-linear relationship between mothers’ work
hours and child overweight status. For school-aged children
35e40 h per week appeared to be a beneficial threshold whereby
hours that fell below or above were associated with greater likeli-
hood of child overweight and obesity. This finding questions as-
sumptions that (any) maternal employment is a risk for child
overweight and obesity. Second, the maternal work hour threshold
is dynamic and appears to be calibrated to child developmental
needs. In early childhood working 35 or more hours confers a risk
for child health. When children reached ages 8 to 14, the threshold
was 35e40 h per week. This dynamic likely reflects changes in child
care needs, family routines and demands as children enter school
(see Note 6). Third, the strength of the association between
maternal work hours and child body weight differed by family in-
come. Among low-to-medium income families, especially in
school-aged children, the non-linear effect of maternal work hours
was pronounced. Being not employed at all andworking fewer than
35e40 h a week were associated with higher likelihood of child
overweight and obesity, as was working above them. In these
families the extra income earned by mothers may be important for
household finances and protective of child weight, but only up to a
point, when time constraints can no longer be counterbalanced.
Consistent with this interpretation, we observed no negative effects
when mothers worked short hours or not at all in the high income
families (presumably because income is less critical in these fam-
ilies). However, when mothers worked more than 40 h each week,
the risk of child overweight and obesity also emerged in the high
income families, although to a lesser degree.

These findings support our broad hypotheses that the effect of
maternal work hours on child health is non-linear and dynamic.
They are consistent with the three theoretical perspectives that
motivated this study, namely the conceptual resource framework
(Brooks-Gunn et al., 1995), work-family enrichment (Greenhaus
and Powell, 2006) and work-family conflict (Greenhaus and
Beutell, 1985) theories. Although we were unable to directly test
the conceptual resource framework, the non-linear effect of
maternal work hours on child overweight and obesity is in linewith
the core argument of the framework: there are diverse and some-
time conflicting family resources for optimal child development,
such as income, time, parental mental wellbeing and social capital,
and it is the optimal mix of these resources, not the quantity of a
single resource, that makes a difference.

Consistent with the work-family enrichment perspectives, our
results show that when mothers work at least some hours there
appears to be benefits for children's bodyweight. This suggests that
having more time available in the home by not participating in the
labour force does not necessarily enable mothers to carry out ac-
tivities that promote healthy child body weight. It is plausible that
time constraints imposed by employment are offset by other ben-
efits, at least up to a certain point. This is reflected in the work hour
thresholds our analyses have identified.

Very few other studies havemodelled non-linear patterns of the
association between maternal working hours and child BMI. Our
findings are consistent with limited prior research conducted
outside the US. Greve (2011) found that maternal full time work
(37 h per week) was associated with a lower risk of child over-
weight, compared to working 27e36 h per week in Denmark.
Gwozdz et al. (2013) found that it was full-time work hours that
were associated with higher risk for child overweight and obesity
in eight European countries. Brown et al. (2010) showed that
mothers' part-timework hourswas associatedwith less TV viewing
and lower likelihood of overweight in 4e5 year old Australian
children, compared to being not employed. These studies used
cross-sectional data and crude categories of maternal hours.
However, they suggest that the nature of the work hour-child BMI
relationship may differ by social and economic context at the
country level. Our findings extend this evidence and show that
among school children from low income families, mothers' full-
time employment is beneficial for child body weight. This sup-
ports our argument that employment supplies countervailing and
protective resources even while it constrains mothers’ time. These
may be income but also psychological resources (e.g., social sup-
port, a valued identity, self-efficacy and optimism) that are pro-
tective of child weight, especially in low-to-medium income
families. These hypotheses should be tested in future research.
Among low income families, we found higher likelihood of child
overweight and obesity if mothers worked few or no hours, a
finding that was not observed among high income families. The
financial benefits of full-time maternal employment may enable a
low income household to afford fresh produce and good quality
meats (which are especially costly in Western Australia due to the
scarcity of water resources and isolation of the city) and purchase
household services (e.g., cleaning) so mothers can preserve their
time for meal preparation. Through employment these mothers
may also gain skills and knowledge for promoting healthy living in
the home (Watts et al., 2016), and psychological resources that have
been linked to better food environments and child diet quality
(Jarman et al., 2014). It is plausible that the relative psychological
andmonetary gains of full time employment are greater for low-to-
medium income mothers than for mothers from high income
families. This would explain the weaker non-linear effect of
maternal work hours on child body weight among the high income
families in our study.

Our study lends support to the work-family conflict argument
by showing that long maternal work hours (developmentally
different) are detrimental to child body weight. We observed this
effect in both young and older children. Taken together, our find-
ings suggest that neither work-family conflict nor work-family
enrichment alone is adequate for understanding the nature of the
maternal work-child health relationship. Rather we need to see
both sides of the “coin” and consider both advantages and disad-
vantages associated with maternal employment. This is important
not only in the way we model maternal work hour-child wellbeing
relationships but also in conceptualising mechanisms that under-
pin them. The non-linear nature of the influence of maternal work
hours on child BMI, as our study has revealed, may offer an
explanation for the inconclusive findings about mechanisms
thought to link maternal work hours to increases in child BMI
(Anderson, 2012; Brown et al., 2010; Datar et al., 2014; Fertig et al.,
2009; Ziol-Guest et al., 2013). Gains from maternal employment
may counter balance time constraints and stresses so that child TV
viewing or eating take-away food may not necessarily increase
with maternal work hours in a linear manner (Brown et al., 2010).
The relationship between maternal work hours and child health
requires more complex and nuanced models that take into account
the resources that employment may deliver, the constraints it may
impose, and the developmental needs of children as they grow.

6. Strengths and limitations

This study was based on rare longitudinal cohort data covering
early and middle childhood and early adolescence. The findings are
robust against the adjustment for a wide range of socio-economic,
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demographic and health covariates. They are also robust against
different estimation methods (random- and fixed-effects model-
ling). However, the families we studied lived in Western Australia
and maternal employment patterns and the social support system
for working parents may differ between Australia and other
developed countries. Thus, the generalizability of our findings is yet
to be established.

We were unable to directly test the mechanisms (e.g., psycho-
logical attributes, self-efficacy, and work and life satisfaction) that
may underpin the non-linear relationship between maternal work
hours and child body weight, due to lack of data. Maternal self-
efficacy was only collected at the child's age 3 in the Raine Study.
It would be important for future research to investigate these
mechanisms. Further research is warranted to examine a more
adequate measure of job characteristics and its potential interac-
tion with maternal work hours. The non-representative sampling
and attrition (although relatively low) limit the generalizability of
our results. Thus, it is important to replicate our study with larger,
national cohort datasets. However, with the attrition adjusted, our
findings could become even stronger because the prevalence of
child overweight and obesity is higher among mothers with lower
education and the nonlinear effect of maternal work hours is more
pronounced in families with lower maternal education as we have
found.

Despite of its limitations, the Raine Study remains a valuable
dataset for answering our research questions because it provides
rare longitudinal clinical assessments of child BMI over different
child development stages, and clinical measures of important
maternal health covariates.

7. Conclusions

Our study provides novel, longitudinal evidence with important
implications for future theory, research, and policy in this field.
Child overweight and obesity rates continue to increase especially
among the very young (42 million young children are estimated to
be overweight and obese globally in 2013) (WHO, 2014). We show
that maternal employment up to a certain threshold seems bene-
ficial for child health particularly in low-medium income families.
Our findings call for further research that will examine the ways in
which employment enables lower income mothers to promote
child health or constrains their ability to do so and factors that
hinder or limit their participation in the labour force. Long work
hours in contrast is detrimental for children's weight and especially
when fathers work long hours in low income families. Child health
is not the sole responsibility of the mother. The gender inequality
that hinders a greater share of fathers operates both within the
home and in the labour market, where fathers are expected towork
at minimum full-time and often long hours. In countries with
strong employment protections and work time regulations, both
women and men work shorter hours, and gender equality is
maximised (Landivar, 2015). Our study indicates that, along with
gender equality in work hours, children's overweight, and the
future burden of non-communicable disease that it predicts, could
also decrease.
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