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Abstract

Purpose—Identifying factors that contribute to optimal childhood bone development could help
pinpoint strategies to improve long term bone health. A healthy diet positively influences bone
health from before birth and during childhood. This study addressed a gap in the literature by
examining the relationship between residential neighbourhood food environment and bone mass in
infants and children.

Methods—1107 children participating in the Southampton Women’s Survey, United Kingdom,
underwent measurement of bone mineral density (BMD) and bone mineral content (BMC) at birth
and four and/or six years by Dual-energy X-ray Absorptiometry (DXA). Cross-sectional
observational data describing food outlets within the boundary of each participant’s
neighbourhood were used to derive three measures of the food environment: the counts of fast
food outlets, healthy speciality stores and supermarkets.
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Results—Neighbourhood exposure to fast food outlets was associated with lower BMD in
infancy (B=—-0.23(z-score): 95% CI -0.38, —0.08), and lower BMC after adjustment for bone area
and confounding variables (B=—0.17(z-score): 95% CI —0.32, -0.02). Increasing neighbourhood
exposure to healthy speciality stores was associated with higher BMD at four and six years
(B=0.16(z-score): 95% CI 0.00, 0.32 and =0.13(z-score): 95% CI —0.01, 0.26 respectively). The
relationship with BMC after adjustment for bone area and confounding variables was statistically
significant at four years but not at six years.

Conclusions—The neighbourhood food environment pregnant mothers and young children are
exposed to may effect bone development during early childhood. If confirmed in future studies,
action to reduce access to fast food outlets could have benefits for childhood development and
long term bone health.
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1. Introduction

There is increasing evidence that the neighbourhood food environment is an important
determinant of dietary behaviour and weight status.[1,2] Across high-income countries,
increasing neighbourhood deprivation has been associated with a higher density of fast food
outlets.[3] There is also evidence that greater access to fast food outlets is related to higher
levels of overweight and obesity, and to poorer dietary behaviours.[4,1] A recent study from
the United Kingdom (UK) showed that children who lived near a large variety of fast food
and takeaway outlets were more likely to be overweight or obese.[5] The results also showed
that children were less likely to be overweight or obese if they had greater access to healthier
food outlets, such as greengrocers (retail trader in fruit and vegetable) and butchers, within
their neighbourhoods. While evidence for an association between the neighbourhood food
environment and the health of children is growing, no study to date has examined how food
outlet density relates to childhood bone health.

Improving the dietary behaviours of children is an important public health issue.[6-8]
Dietary patterns adopted in childhood track to adolescence and into adulthood.[9,10]
Furthermore, healthier dietary patterns are associated with lower risks of chronic diseases
such as cardiovascular disease, type-2 diabetes and osteoporosis.[11-13] A healthy dietary
pattern, including an adequate intake of protein, calcium, vitamin D, fruits and vegetables,
has a positive influence on bone health.[13] The effect of diet on bone health commences
early - in utero, and during infancy and childhood.[14-16] Bone growth in early life has been
shown to be an important predictor of adult bone health with bone size and density tracking
throughout childhood to peak bone mass achieved in early adulthood.[17,18] Peak bone
mass is a major determinant of osteoporosis in later life.[19] Thus, identifying factors that
contribute to less optimal childhood bone growth could lead to the development of strategies
to improve long term bone health. Investigating the relationship between the local
neighbourhood food environment and bone measures at several stages in early childhood
will assist in developing the evidence base for the role of food environment factors on bone
development.

Osteoporos Int. Author manuscript; available in PMC 2016 September 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Vogel et al.

Page 3

This study aimed to address a gap in the literature by examining the relationship between the
local food environment and bone mass in infancy and childhood. We explored the
relationships between counts of supermarkets, healthy specialty stores (greengrocers, health
food stores, farm shops and butchers) and fast food outlets (fast food chains and takeaway
outlets) in children’s residential neighbourhood and their bone mineral density (BMD) and
bone mineral content (BMC) at birth and four and/or six years.

2. Materials and Methods

2.1 Participants

The Southampton Women’s Survey (SWS) is a prospective cohort of 12,583 women
recruited between 1998 and 2002 when aged 20-34 years. At enrolment, women were asked
questions about their home postcode, smoking status (yes/no) and frequency of strenuous
physical activity in the past week. Women’s dietary behaviours over the preceding three
months were assessed using a 100-item food frequency questionnaire. Standardised diet
scores, with a mean of zero and standard deviation of one, were developed for each woman
using the prudent diet pattern method.[20] Women’s height and weight measurements were
taken by trained research nurses and were used to characterise each woman’s body mass
index (BMI).[21] Over three thousand (3,158) women went on to become pregnant and were
followed up throughout their pregnancy. Their babies were assessed at birth and then
periodically throughout childhood; sub-samples of the cohort were seen at four and six years
of age. Approval for each stage of the study was obtained from the Southampton and South
West Hampshire Local Research Ethics Committee.

Within two weeks of birth, a subset of 666 infants underwent a dual-energy X-ray
absorptiometry (DXA) with mother’s written consent (Lunar DPX-L instrument using
neonatal scan mode, GE-Lunar, Madison, Wisconsin, USA). Infants were fed and pacified
prior to the scan in order to reduce any movement during the assessment.[22] The instrument
underwent daily quality control, and was calibrated against a water phantom weekly. Infants
were placed in a standard position on the scanner and their total BMD and total BMC were
recorded. The exposure of the infant to radiation was a maximum of 8.9 microsieverts for
whole body measurement, equivalent to three day’s exposure to normal background
radiation. Infants’ crown-heel lengths were measured using a neonatometer (CMS Ltd,
London, UK) and home postcode was reported to assess whether the family had moved since
the initial interview.

At four years and six years, subsets of 555 and 703 participants respectively, underwent a
whole body DXA scan with written parental consent. A Hologic Discovery instrument
(Hologic Inc., Bedford, MA, US) in paediatric scan mode was used and an age appropriate
DVD was shown to children to encourage compliance.[23,24] The total radiation dose was
4.7 microsieverts for whole body measurement. The child’s height was measured using a
Leicester height measure (Seca Ltd.) and home postcode was reported to assess whether the
family had moved since the initial interview.
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A list of all food retail stores and their postcodes in six council boundaries (Southampton,
Eastleigh, Fareham, Gosport, Havant, Portsmouth) within Hampshire, UK, was compiled in
July and August 2010. Store information was obtained from council Food Safety Registers
and on-line business directories (yellow-pages and yell.com). Between July 2010 and June
2011 trained fieldworkers ‘ground-truthed’ the study area and confirmed existence of all
supermarkets, greengrocers, health food stores, farm shops (retail outlet that sells fresh
produce directly from a farm), butchers and fast food chains and takeaway outlets. Fast food
chains and takeaway outlets were grouped as ‘fast food outlets’, and greengrocers, health
food stores, farm shops and butchers were grouped as “healthy speciality stores’ in a similar
approach to that used in previous food environment research.[25] A count of fast food
outlets, healthy speciality stores and supermarkets within the boundary of each participant’s
neighbourhood was calculated.

2.3 Neighbourhood

The definition of residential neighbourhood applied in this study was Lower Super Output
Area (LSOA), small areas constructed from the 2001 English census that are socially
homogenous and have a population size between 1000-1500 residents.[26]

LSOAs also provide the geographical basis for neighbourhood deprivation in the UK. Home
postcode reported in the initial survey was used to identify residential LSOA and level of
neighbourhood deprivation in the infant models using the 2004 Index of Multiple
Deprivation (IMD). Home postcode reported at four and six years was used to identify
residential LSOA and level of neighbourhood deprivation, in the four and six year models,
was the 2007 English Index of Deprivation (ID) ‘income domain’. The 2007 IMD was not
appropriate because of circularity with the new “access to services domain’ which included
‘access to grocery stores’.

2.4 Statistical analysis

All analyses were cross-sectional. Analyses of BMD and BMC were limited to the subset of
boys and girls who had undergone DXA scanning at birth, 4 year or 6 years (=666, 555 and
703 respectively). BMD and BMC were standardised using z-scores to increase
comparability across age groups. Participants’ characteristics were summarised using means
and standard deviations (SD) for continuous variables and numbers, medians and inter-
quartile range for non-normally distributed variables, and percentages for binary and
categorical variables. Linear regression analysis was used to assess the relationship between
the outcome measures: i) BMD and ii) BMC and the predictor variables: i) fast food outlets,
ii) healthy speciality stores and iii) supermarkets. All DXA measures in infancy and six
years were adjusted for age at scan. DXA measures at four years were not adjusted for age at
scan because all children underwent DXA scan within close proximity of their birthday.
Infant models were also adjusted for gestational age. All models for BMC were adjusted for
bone area and additional adjustments was made for covariates that were considered
potentially confounding factors in the relationships of interest including: child’s gender,
level of neighbourhood deprivation, maternal smoking status, maternal physical activity,
maternal dietary quality and maternal BMI. Size adjustment was conducted for regression
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models for BMC using bone area, height and weight measurements. Given the observational
nature of this study, together with the substantial collinearity amongst both predictors and
outcomes, testing for multiple comparisons was judged to be inappropriate. Sensitivity
analyses involved comparing regression models for the total sample with those of the sub-set
of participants who had not moved neighbourhood since the initial survey according to the
three age groups. Differences in characteristics between the total sample and the sub-sample
who had not moved neighbourhood were tested using t-tests, Fisher’s exact and Wilcoxon
Rank-Sum. All statistical analyses were conducted using Stata statistical software package
version 13.0.[27]

3.1 Characteristics of study participants and food environment

In total, 1107 children (585 boys and 522 girls), residing within 225 neighbourhoods
(LSOASs), had at least one DXA scan. Table 1 presents the characteristics of the children and
their mothers. Girls were slightly lighter and shorter than boys at birth but weight and height
between boys and girls at age four and six years were comparable. Approximately 72% did
not smoke before their pregnancy, 41% had undertaken strenuous physical activity in the
past week, and 59% of mothers had a healthy pre-pregnancy body mass index (20-25). The
mean diet score for this sample of mothers was 0.04 (SD: 0.99). Sensitivity analyses
identified few significant differences in the characteristics of children or mothers who had
not moved neighbourhood since the pre-conception survey (n=345) and those who had
moved neighbourhood (n=762); only maternal smoking pre-pregnancy and child weight at
four years showed a significant difference between groups. Mothers who had not moved
neighbourhood were less likely to smoke (p<0.001) and their children were lighter at four
years than those who had moved neighbourhood (p=0.02).

The distribution of supermarkets, healthy speciality stores and fast food outlets in
neighbourhoods is shown in Figure 1. A large number of neighbourhoods had no
supermarkets (n=164), healthy specialty stores (n=189) or fast food outlets (n=202). Some
neighbourhoods had up to four supermarkets or healthy speciality stores; the maximum
number of fast food outlets was three.

3.2 Relationship between food environment and bone mass

Increasing counts of fast food outlets in neighbourhoods were associated with lower BMD
and BMC among infants (p<0.01 and p=0.06 respectively). Univariate regression models
that were adjusted for size (BMC adjusted for bone area, height and weight) revealed a
similar trend (p=0.07; Table 2). In the model where BMC was adjusted for bone area and
confounding variables, each additional fast food outlet was associated with a 0.17 decrease
in BMC adjusted for bone area (p=0.03; Figure 2). Associations between fast food outlet
exposure and bone measures at four or six years of age were not statistically significant
(p>0.1). Reanalysis using arbitrary cut-points for categorisation of number of fast food
outlets (0-1 or 2-3) showed consistent results. Among participants who had not moved
neighbourhood, the relationship between the number of fast food outlets and BMD among
infants had a comparable effect size to the total population, however this relationship was
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not statistically significant ($=-0.23(z-score): 95% CI —0.53, 0.07). In this sub-group, there
were no statistically significant associations between fast food outlet counts and bone
measures at four or six years of age (p>0.1).

There were positive univariate relationships between the number of healthy speciality stores
and DXA measures of BMD at four and six years of age (p=0.05 and p=0.06 respectively;
Table 2 and Figure 3). Trends were similar in the four and six year univariate regression
models that were adjusted for size (BMC adjusted for bone area, height and weight) (p=0.06
and p=0.03 respectively).The models of BMC adjusted for bone area and confounding
variables showed that each additional healthy speciality store in a child’s home
neighbourhood was associated with a 0.17 SD increase in BMC adjusted for bone area
(p=0.05) among children aged four years. The relationship attenuated in the adjusted six
year model (Table 2 and Figure 3). The sensitivity analysis showed that, among children
aged four and six years who had not moved neighbourhood, associations between healthy
specialty store access and BMD had comparable effect sizes to the total population however
they were not statistically significant (3=0.13(z-score): 95% CI -0.18, 0.44 and f=0.11(z-
score): 95% CI —0.14, 0.35 respectively).

Univariate regression analyses indicated a weak association between higher count of
supermarkets in neighbourhood and greater BMD and BMC at four years of age (p=0.08 and
p=0.08 respectively), however, these relationships attenuated after adjustment for
confounding variables (p=0.18; Table 2). No relationships were observed in infancy or at six
years of age (p>0.1). No relationships were observed in the univariate regression models that
were adjusted for size (BMC adjusted for bone area, height and weight) (all p>0.1)

4. Discussion

4.1 Summary of findings

This study is the first, to the knowledge of the authors, to investigate the effects of the
neighbourhood food environment on bone mass in children from birth to six years of age.
Our results showed that greater access to fast food outlets within residential neighbourhoods
was associated with lower BMC adjusted for bone area in infancy and remained robust after
adjustment for confounding factors. There were no significant associations between fast
food outlet exposure and bone measures at four or six years of age. We also found that that
greater access to healthy speciality stores within residential neighbourhood, such as
greengrocers, farm shops and butchers, was associated with higher BMD at four and six
years of age. Findings for BMC were similar after adjustment for bone area and confounding
factors at four years, though attenuated after adjustment at six years. The direction and effect
sizes of these relationships between bone growth measures and count of fast food outlets and
healthy speciality stores were largely consistent between children who had not moved
neighbourhood since their mothers completed the initial survey and the total sample. There
was little evidence that exposure to supermarkets within a child’s home neighbourhood
related to their bone mass or density.
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4.2 Comparison with previous research

Previous research examining the effects of the local food environment on health has largely
focused on weight or dietary outcomes. Research in Australia identified no association
between fruit and vegetable intake of children and the number of greengrocers within 800m
radius of residential address.[28] Our study showed that a greater count of healthier specialty
stores, such as greengrocers, farm shops and butchers, within residential neighbourhood was
positively associated with child bone health. The Australian study also showed no
relationship between supermarket accessibility in home neighbourhood and fruit and
vegetable intake. Similarly, numbers of grocery stores per capita were not associated with
changes in weight status of primary school children in the United States.[29] The lack of
evidence for an effect of supermarket and grocery store accessibility on weight and dietary
outcomes is consistent with the lack of an association between supermarket access and bone
outcome measures in our study. The large variety of both healthy fresh produce and
unhealthy processed food products on sale in supermarkets suggests that they can be
classified as neither healthy nor unhealthy.[1] The healthy and unhealthy effects that
supermarkets can have on dietary outcomes were illustrated in previous UK research which
measured supermarket density per square kilometre within an 800 metre radius of home.[30]
The findings of that study showed that greater density of supermarkets was associated with
higher vegetable consumption but also higher intakes of sweets, sugary drinks and white
bread.

More recent research in the UK examined the relationship between weight measures from
the English National Child Monitoring Programme in relation to food outlet counts within
Middle Super Output Areas (MSOA). MSOAs are similar to but larger than LSOAs and have
a population density of approximately 7500 compared to 1500 of LSOAs. Findings showed
that greater combined counts of greengrocers, butchers, supermarkets, cafes and restaurants
were associated with lower rates of overweight and obesity in children aged four to five
years,[5] although this relationship was not significant among children aged 10 to 11 years.
Greater exposure to fast food outlets was, however, associated with increased prevalence of
overweight and obesity among the older children but the opposite relationship was observed
for fast food outlet exposure among the younger children. In the present study, we also
found that the relationship between the local food environment and bone density differed
across age groups. The strongest relationship between greater fast food exposure and lower
bone density was observed in infancy, whereas relationships between greater exposure to
healthy specialty stores and bone density were seen at four and six years of age.

There are a number of ways in which the neighbourhood food environment might influence
bone development during childhood. Previous research has demonstrated that the quality of
maternal diet during pregnancy is associated with childhood bone development such that
children of mothers with better dietary quality have higher bone density at nine years of age.
[15] The findings of the current study suggest that, during the preconceptional period, poorer
access to fast food outlets and greater access to healthy specialty stores related to higher
bone density at birth and during childhood. Thus, exposure to a more healthy food
environment might optimise childhood bone development through its influence on maternal
dietary quality. It is also possible that the local food environment contributes to dietary
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choices during childhood. A healthy diet during childhood, with adequate protein, calcium,
vitamin D, fruits and vegetables, has a positive influence on bone health.[13] Mothers
exposed to less healthy food environments might find it difficult to access healthy foods for
their children and this in turn could lead to lead to less optimal bone development.

4.3 Strengths and limitations

A strength of this study was the consideration of both healthy and less healthy types of food
outlets and the finding that these outlets have opposing associations on measures of bone
growth. Another strength was the use of DXA which allowed detailed assessment of bone
outcome measures. The sensitivity analysis comparing families that had moved home since
the initial interview and the total sample demonstrated similar trends between groups.
However, the small sample size of the group who had not moved neighbourhood was a
drawback that meant that although many of the effect sizes of these relationships appeared
similar, they were not statistically significant.

The use of LSOA boundaries as the area measure of residential neighbourhood is a
limitation of this study. Administrative boundaries such as LSOAs and census tracts are
unlikely to be entirely accurate in representing an individual’s unique spatial experience.[31]
Uniform representation of environmental exposures is provided for individuals whether they
reside near the centre or the boundary, and natural boundaries such as railway lines in
adjacent units are not considered.[32] In addition, this study considered exposure to the
neighbourhood food environment but did not have sufficient data to allow consideration of
the influence of food outlets to which mothers and children may have been exposed during
their daily activities such as when they are en route to school or childcare.[33-35] These
limitations of using LSOA areas may have contributed to the large number of
neighbourhoods within our study that had no supermarket, healthy specialty store or fast
food outlet. However, associations between food outlets access and bone health were
observed in this study. Further research will use the SWS participant data to examine how
food outlet density in buffer zones around school and home are associated with body
composition in primary school aged children. The body composition and food outlet data
were collected at different time points and it is possible that the spread of food outlets may
have changed from the time the women and children were surveyed. This is a common
consideration in food environment research[36] and was somewhat accounted for by
considering the differences in exposure-outcome associations between children who had
moved neighbourhood since the initial survey was completed and those who had not. We did
not examine change in food environment exposures over time and there is some evidence to
suggest that food outlet locations do change.[37]

4.4 Public health implications

There has been an increased recognition that local authorities can take action to improve
food environments and support their communities to make healthier food choices. For
example, Public Health England in collaboration with the Local Government Association
has released guidance encouraging local authorities to take action where appropriate to limit
the number of fast food and takeaway outlets within their boundaries (especially near
schools).[38] Some local authorities have already taken action in this area by introducing
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planning laws to ban outlets selling hot takeaway food within 400 metres of schools as well
as putting general restrictions on the clustering of takeaways.[39] With public health
responsibilities devolved to local authorities, there is real potential for more local authorities
to align public health priorities with other internal sectors such as urban planning. The
results of this study provide some evidence to support the introduction of zoning policies to
increase the number of healthier speciality retailers within neighbourhoods and to decrease
the number of fast food chains and takeaway outlets. Financial constraints may hinder the
introduction of such policies, therefore further evidence from observational, intervention or
natural experiment research could help to support more widespread action by local
authorities.[40]

4.5 Conclusion

In conclusion, our findings suggest that the neighbourhood food environment that mothers
and young children are exposed to relates to bone development during early childhood. If
confirmed in further populations and in different settings, action to reduce access to fast food
outlets could have benefits for childhood health and development.
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Figure 1. Frequency of supermarkets, healthy speciality stores and fast food outlets within
residential neighbourhoods
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Figure 2. Regression coefficients expressing the relationship between child BMD and number of
fast food outlets in their neighbourhood after adjustment for size and confounding variables

Confounding variables included: neighbourhood deprivation, maternal smoking status,
maternal physical activity levels, maternal diet score, maternal body mass index (BMI) and
child gender; infant models additionally adjusted for gestational age and age at scan; 6 year
models additionally adjusted for age at scan.
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Figure 3. Regression coefficients expressing the relationship between child BMD and number of
healthy specialty stores in their neighbourhood after adjustment for size and confounding
variables

Confounding variables included: neighbourhood deprivation, maternal smoking status,
maternal physical activity levels, maternal diet score, maternal body mass index (BMI) and
child gender; infant models additionally adjusted for gestational age and age at scan; 6 year
models additionally adjusted for age at scan.
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