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Introduction
Many studies have shown that physical development is a

primary stage of learning, which is crucial to children’s overall
physical and emotional health (Nurse, 2009; Duncombe, 2019;
Hilton, 2016). Researcher’s stress that inequalities in physical
outcomes will emerge and evolve as children grow older and
thus the government and early years practitioners need to pay
more attention to social health inequalities (Apouey, 2016). The
government responds well to this research by launching a series
of child health policies, such as Healthy Start Programme and
Healthy Child Programme (HCP) to provide grants, childcare,
early education and training that support children’s birth and
physical development (Department for Education & Department
of Health and Social Care, 2015).

According to OECD Health Statistics (2018), about 6.9% of all
newborns in Britain were born at a low birth weight (LBW) in
2016, generally defined as birth weight < 2500g. However, it
remains in the middle of all OECD countries despite a decline in
the proportion of LBW babies from 7.5% in 2000 to 6.9% in
2016. There is evidence that LBW has a close association with
various health and developmental outcomes in childhood and
adulthood (Barker, 1995; McCormick et al., 1990; Moser et al.,
2003). To be more exact, LBW is connected with many diseases
such as high blood pressure, lung disease, asthma, blindness and
poor physical performance (Crowther et al., 2003; Anderson et
al., 2003; Marlow et al., 2005; Spittle et al., 2010; Taylor et al.,
2006; Croen et al., 2006), which goes against the objective of
child health policy to give children a healthy start for life and
thus requires early intervention.

This research aims to confirm whether LBW is associated with
children’s physical development at the age of 5. Data from the
Millennium Cohort Study (MCS) were used for statistical analysis
to examine the difference in physical development between
children with LBW and their peers with non-LBW. Apart from
LBW, other physiological factors and family context mentioned in
previous literature were also taken into account that they may
influence the outcomes of physical development on average.
Therefore, policymakers are likely to develop or perfect early
intervention programmes on the basis of mastering the factors
related to increased or decreased physical development scores.

Literature Review
Physical development outcomes of children have an

irreversible impact on their cognitive and non-cognitive
development, school performance and economic productivity in
adulthood (Behrman et al., 2002; Gluckman et al., 2007). The
literature on child development has emphasized the importance
of physical development, especially before the age of 5 when all
parts of the body grow rapidly (Frolova, 2018; Rikard, 2010;
Lavine, 2004). Also, there exist some identified factors that have
negative effects on child development at an early stage and
exacerbate inequalities in children’s physical development levels.

Birth weight is a predictor of social and health outcomes in
childhood and adulthood (Reichman, 2005; Boardman et al.,
2002; Black et al., 2007). Children with low birth weight have
prolonged physical development delays than those with normal
or high birth weight (Israul & Hera, 2018; Alice et al., 2016). This
physical development gap exists because of the failure to supply
enough nutrition to the placenta at the especially significant
development stage, which may cause subsequent
maldevelopments like reduced physical growth and long-term
physiological problems.

Mother’s socioeconomic status (SES) is also strongly
associated with the inequality in child development, particularly
for these preschool children (Reichman, 2005). SES is defined by
income, occupation, or education (Dana & Simpson, 1995).
Children whose mothers live in poverty, with none education
and long term unemployed suffer lower physical development
than those who have advantaged mothers. This physical
development gap may exist for a number of reasons. One reason
may be that rate of LBW increase with decreasing SES of
mothers and LBW put the children at a disadvantage for physical
development at birth (Dana & Simpson, 1995). Another reason
may be that less educated mother are like to be provided with
less ability to understand and adopt new methods of child care
(Kasarda et al., 1986; Rosenzweig & Schultz, 1983), which have a
negative effect on their child’s physical development.

Household income is another factor that cannot be ignored.
Children living in a less wealthy poor family are at greater risk for
poor physical development and health outcomes than those
from a better-off family (Hanushek, 1986; Haveman & Wolfe,
1995; Dearden et al., 2011; Blau,1999; Shea, 2000; Maurin,
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2002). Evidence suggests that children from a low-income family
may live in a physical environment that offers fewer resources
for physical development. Their parents may be less able to
afford toys or games beneficial to physical development, to
provide high-quality childcare for children, or to live in a safe
place for outdoor play (Lawrence, 2009). Furthermore, Shonkoff
and Phillips (2000) showed that the quality of parenting children
could be greatly affected by poverty. Low-income parents may
be more stressed or depressed and thus they may be less
responsive to children’s physical development needs (Berger et
al., 2009; Yeung et al., 2002; Taylor et al., 2004).

A great deal of literature shows that the rate of LBW increases
with the decrease of family socioeconomic status (Hughes &
Lisa, 1995; Starfield et al., 1991; Fedrick & Anderson, 1976).
According to a major study in the UK, women in lower social
classes would be at a 95% higher risk of giving birth to a child
with LBW (Fedrick & Anderson, 1976). There may be unique
challenges for children from a low-income family and with low
birth weight, compared to their low-income peers but with
normal or high birth weight, given that low-income children tend
to have worse physical development outcomes (Conley &
Bennett. 2001; Luize et al., 2017). The relationship between LBW
and physical development levels of children will be further
investigated in the following analysis.

Previous literature focused on the physical development of
children with LBW, which was mainly based on cross-sectional
study design and measured the concept of physical
development using indicators such as IBM, weight or length/
height (Ashlesha & Alison, 2009; Boardman et al., 2002; Paneth,
1995). The perception of child physical development is added to
the existing literature by using longitudinal data and the Early
Years Foundation Stage (EYFS) as the criterion of physical
development. EYFS has set standards that all the early years
providers must meet, and it assesses physical development
including moving, handing and self-care in addition to basic
physical health. The findings of this analysis, thus, enrich the
measurement context of physical development and provide a
reference value for early education policy.

Data
All the data used in this research were offered by the

Millennium Cohort Study (MCS), a longitudinal survey that
sampled about 19,000 English newborns in the early 2000s and
followed them over time. In addition, a wealth of children’s
individual information and family context was available from
their parents, allowing researchers to track changes in children’s
development from initial baseline conditions. The correlation
between children’s physiological characteristics, family
backgrounds and long-term physical development was identified
by controlling relevant factors.

Children’s physiological characteristics and family
backgrounds (independent variables) in this research were
mainly gathered from the first sweep of MCS between 2001 and
2002, which was performed when children were 9 months old.
The database classified newborns by birth weight as ‘normal’,
‘low’ and ‘high’. In this analysis, infants with ‘normal’ and ‘high’

birth weight were categorised as ‘non-low birth weight’ and
others as ‘low birth weight’ (LBW). The outcomes of physical
development (PD) were measured by the third sweep of MCS
between 2005 to 2006 when children were around 5 years old.
PD scores were recorded by class teachers at the end of the first
year of school in the Foundation Stage Profile (FSP). FSP was
used to assess children in 6 areas of learning and PD was one of
the areas (hereafter referred to as ‘FSP-PD’). Noticeably, as the
dependent variables, FSP only applied to children in England and
so the sample in this study was limited to England.

In this analysis, only families who took part in two sweeps
were included, and there were 8,475 children who had valid
scores in physical development at MCS 3. Dropping the missing
value of the family context independent variables, including
family income (75), mother’s highest level of education (5),
length of breastfeeding (1,693) and whether mother currently
smoked or not (499) brought the sample down to 6,203.

Descriptive Statistics
Descriptive statistics on children’s FSP-PD outcomes by low or

non-low birth weight are shown in Table 1, which shows mean
scores, standard deviation, minimum and maximum scores, and
scores of each intermediate quartile (see Appendix 1 for
additional descriptive statistics of continuous independent
variables and Appendix 2 for descriptive statistics of discrete
independent variables).

In this analysis, there were 431 children with LBW whose FSP-
PD scores ranged from 0 to 9 with a mean of 6.69 and a standard
deviation of 1.70. The other 5,772 children had non-low birth
weight, and their FSP-PD scores ranged from 1 to 9 with a mean
of 7.18 and a standard deviation of 1.46.

Analysis and Modelling
The purpose of this study is to explore the potential impact of

LBW on children’s FSP-PD scores. An ordinary least squares (OLS)
regression was established to assess FSP-PD scores based on all
independent variables that may be related to the physical health
and development of children and students according to previous
literature (Glewwe, 1999; Kovsted et al., 2002; Golley et al.,
2010; Storey et al., 2011); as such, FSP-PD outcomes maybe also
influenced by these variables. Apart from whether the child was
of LBW, other independent variables included physiological
variables (gender, ethnicity and age at MCS 3) and a set of family
characteristics (length of breastfeeding period, family income at
MCS 1, whether the mother received education at MCS 1;
whether the mother was unemployed at MCS 1 and whether the
mother currently smoked or not at MCS 1). FSP-PD scores as
dependent variables were continuous.
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The assumption that children with LBW have lower FSP-PD
scores, even if the impact of other physiological variables and
family context factors is controlled, was tested in this study.
Moreover, other assumptions at individual and family levels
were also tested. At the individual level, higher FSP-PD outcomes
are expected to be found with girls and older children based on
previous studies (Reichman, 2005; Fedrick & Anderson, 1976;
Thomas et al., 1991). At the family level, it is expected to find a
positive correlation between breastfeeding time and children’s
FSP-PD scores, that is, the longer breastfeeding time, the higher
FSP-PD scores. On the other hand, the mother’s lack of
education and job as well as the behaviour of smoking are
expected to be negatively linked with better FSP-PD outcomes,
since these variables put children at a disadvantage for physical
development. Household income is expected to be positively
associated with better FSP-PD outcomes.

The possible effect of family income on children with LBW
was examined using an interaction term in the full model.
Children with LBW tend to have lower FSP-PD scores, but there
is the possibility for these children who live in a wealthy family
rather than a poor family to compensate for birth deficiencies
defects by providing them with richer nutrition, more advanced
toys or paid training classes to promote their physical
development. In this case, a statistically significant interaction
coefficient can be observed for low birth weight and household
income.

Next, the above-mentioned assumptions will be tested,
including the interaction coefficient for low birth weight and
family income as well.

Limitations
This analysis should be interpreted in the context of the

following limitations. Firstly, FSP-PD scores were measured at
MCS 3 when the child was 5 years old. However, as independent
variables, family income; the mother’s highest education;
whether the mother was unemployed or not; whether the
mother currently smoked or not was measured at MCS 1 when
the child was nine months old. These independent variables may
change from MCS 3 to MCS 1. Secondly, the completion of FSP in
England was done by class teachers (MCS Guide to the Datasets,
2014 ), and children were not tested directly. Thus, test scores
do not exclude errors caused by measurement errors, which can
be supported by Gillborn (2010, p232) who argued that FSP
outcomes could be ‘profoundly marked by race/racism’. Thirdly,
this model did not capture some of the factors previously
mentioned in the literature that may influence FSP-PD scores,
such as children’s genetics, duration of physical activities and
living environment (Carol Archer; Iram Siraj, 2015; Krame et al.,
2012; Conley et al., 2001). Accordingly, how these factors
interact with the factor s included in the model is not clear. Last
but not least, causality cannot be inferred in any observational
study, according to previous literature (Anderson, 2017).

Results
In this analysis, a complete, unlimited model was used to

explore the potential relationship between LBW and children’s

FSP-PD outcomes at age of 5, controlling for children’s gender;
ethnicity; age; mother’s highest level of education and
occupation; household income; length of breastfeeding period
and whether mother currently smoked or not.

Consistent with the hypotheses, there is a statistical
significance in the relationship between children with LBW and
FSD-PD scores at the 0.1% (p<0.001) level when controlling the
household income and mother’s SES that (as detailed above) are
the most possible confusion. Children with LBW are given about
0.51 points lower than their peers with non-low birth weight on
average (recall from Table 1 that the range of FSD-PD scores are
from 0 to 9). Table 2 shows that the relationship between family
income and FSD-PD scores is also statistically significant at the
0.1% (p<0.001) level and children are given 0.0008 points higher
for every incremental increase of family income on average.
Table 3 shows the gap in family income in this analysis.
Combining the results in Table 2 and Table 3, we find that
children with family income at the 25th percentile are given
about 0.19 points (242.71*0.0008) lower than their peers with
household income at the 75th percentile score and about 0.60
points (747.39*0.0008) lower than children in the richest family
at the 99th percentile. Given the range of FSD-PD scores from 0
to 9, there is a considerable gap between the poorest and
richest children.

Contrary to the expectation, there is no statistically significant
interaction between low birth weight and family income on FSD-
PD scores, indicating that children with LBW may not be
significantly affected by various levels of family income.

At the individual level, the better physical development
outcomes of girls and older children can prove the hypotheses.
Additionally, lower FSD-PD scores (0.3 points) were given to
Pakistani and Bangladeshi children than their white peers on
average.

All the family context factors in this analysis are statistically
significant with FSD-PD scores, which is consistent with the
hypotheses. Children whose mothers have received education
(0.14 points), are employed (0.25 points) and do not smoke
currently (0.13 points) have higher FSD-PD scores. Additionally,
longer breastfeeding time is positively related to higher FSD-PD
scores (0.03 points).

The full model accounts for 10% of the variance in FSD-PD
scores observed, as indicated by R-square, the goodness-of-fit
measure.

Table 2: OLS regression of FSP-PD
scores on physiological and family
factors

Independent variables -1

Full OLS Model

Sex (girls=1) 0.41408***

-0.03582

Age in months 0.08332***

-0.00622

Ethnicity
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Indian 0.03922

-0.10327

Pakistani&Bangladeshi -0.30382***

-0.07212

Black -0.16692

-0.09745

Mixed/Other 0.00427

-0.08116

Low birth weight (LBW) -0.51481***

-0.12208

Length of breastfeeding 0.03000***

-0.00831

Table 2 (continued)

Independent variables -1

Full OLS Model

Mother long term unemployed -0.13848**

-0.04076

Uneducated mother -0.25415***

-0.05465

Mother currently smokes -0.12740*

-0.04304

Family income 0.00082***

Low birth weight (LBW)× Family
income

0.00035

-0.00036

Constant 1.69180***

-0.3891

Observations 6,203

R-squared 0.1

Standard errors in parentheses

*** p<0.001, ** p<0.01, * p<0.05, +
p<0.1

Discussion and Conclusion
In this analysis, OLS regression was used to model the physical

development of children with LBW. LBW is associated with lower
physical development scores in accordance with previous
studies (Ashlesha & Alison, 2009; Boardman et al., 2002; Paneth,
1995). This holds true even after a wide range of potential
confounding characteristics is controlled. The findings support
the intervention aimed at reducing the risk of giving birth to
newborns with LBW, such as the Healthy Start programme. This
programme aims to help pregnant women, especially those low-
income mothers, have enough nutrition to ensure the health of
their babies (Department for Education, Department of Health
and Social Care, 2015). However, apart from the lack of
adequate nutrition, family background, infection and other
factors may also cause low birth weight (Babycentre Medical
Advisory Board, 2017). Thus, later intervention in the physical
development of low birth weight children is particularly
important. Physical ability is one of the areas that Special
Education Needs (SEN) should support (Department for
Education, 2014). Accordingly, these low birth weight children
need to be individually identified at the time of birth
registration, and child health visitors should carry out health
examination to track the physical development of these children
with low birth weight. Once children are found to be physically
less developed than their peers, they can be supported by
education, health and care (EHC) plan as soon as possible.

UK government’s concern is growing about the influence of
mothers on the physical development of their children.
Start4Life programme is one of the examples to advise parents
on how to encourage a healthy diet and physical activities
among young children. The results show that mothers at lower
socioeconomic status (employed and educated or not) and of
bad health habits (smoke) have a negative impact on children’s
physical development and that longer breastfeeding time is
beneficial to FSD-PD scores. Start4Life programme, therefore, is
conducive to children’s physical development, especially those
whose mothers have never received an education, because less
educated mothers may be less able to understand or adopt new
childcare approaches (Kasarda et al., 1986; Rosenzweig &
Schultz, 1983). Additionally, the government recommends that
infants should be exclusively breastfed (Department of Health,
2013), and the NHS’s stop smoking service (NHS SSS) is
beneficial to children’s physical development, which needs to
continue.

Previous literature has highlighted that lower family income
puts children at a disadvantage in physical development when
controlling other related factors, as this study comes to the
same conclusion. Children from low-income families in the UK
have poorer diets (Church, 2007) and higher levels of ill health,
including the higher-than-average prevalence of obesity (Craig
and Mindell, 2013). The findings support the universal instant
free school meal policy (UIFSM) that has been in place since
2014. Many studies have shown that school meals play a role in
the development of eating habits and are of super nutritional
quality (Kitchen et al., 2016; Golley et al., 2010; Nelson et al.,
2015). UIFSM can be seen as an intervention for health
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inequalities (Marmot Review, 2010), which is beneficial to
children’s physical development and needs to continue.

Conti
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s
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ende
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#of
obs.

Mean Stan
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3
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y
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6,203 296.1
4
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1

14.45
-1282
.62

144.8 248.0
5
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1
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1
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d in
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6,203 2.15 2.32 0-7 0 1 4

Appendix 1

Table 3: Descriptive for continuous independent variables in
full model

Discrete
Independent
variables

#of obs. %

Child
Characteristics

Child gender female 3,043 49.06

male 3,160 50.94

Ethnicity

White 4.939 79.62

Indian 198 3.19

Pakistani&Bangl
adeshi

507 8.17

Black 232 3.74

Mixed/Other 327 5.27

Family Context

Mother’s
socioeconomic
status（SES)

Mother with no-
education

Yes 950 15.32

No 5,253 84.68

Mother
unemployed

Yes 3,239 52.22

No 2.964 47.78

Mother’s
behaviour

Mother currently
smokes

Yes 1,776 28.63

No 4,427 71.37

Table 4: Descriptive for discrete independent variables in full
model
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