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Abstract 

Background Childhood obesity inequalities in England persist despite targeted interventions focused on promoting 
healthy diets and food environments. This study, part of the Family Food Experience Study-London, aimed to investi-
gate the impact of deprivation and neighbourhood food environments on home food environments, parental feed-
ing practices, child eating behaviours, food preferences, and child BMI.

Methods Families (n = 728) with primary school-aged children were recruited from four socioeconomically diverse 
London boroughs in 2022. Data were collected through computer-assisted interviews (30.8% in-person, 69.2% tel-
ephone) on home food environment, parental feeding practices, and children’s eating behaviours and food prefer-
ences. Deprivation was characterised using a composite measure of family and neighbourhood indicators of socio-
economic position. Neighbourhood food environment exposures were estimated from individualised activity spaces 
derived from home postcodes and reported commuting patterns. Child BMI was measured objectively. Generalised 
linear models examined cross-sectional associations between deprivation and neighbourhood food environment 
with family food-related outcomes, adjusting for school-level clustering, child sex, age and ethnicity.

Results Greater family deprivation was signicantly associated with more ‘obesogenic’ family food practices, child 
eating behaviours and child BMI. Deprivation was linked to higher food responsiveness (β = -0.12, p = 0.002), emo-
tional overeating (β = -0.11, p < 0.001), and increased desire to drink (β = -0.26, p < 0.001). Parents in more deprived 
households used more emotional (β = -0.10, p < 0.05), instrumental (β = -0.11, p = 0.003) and pressuring feeding 
practices (β = -0.14, p < 0.001). Greater deprivation was also associated with a more obesogenic home food environ-
ment (β = -0.19, p < 0.001) and lower meal structure (β = 0.17, p < 0.001). Exposure to less healthy neighbourhood food 
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environments around and between home and school were associated with a more obesogenic home food environ-
ment (β = -0.07, p < 0.01), but no signicant associations were found with feeding practices, child eating behaviours 
or child BMI.

Conclusions In this study, family deprivation, rather than neighbourhood food environments, was more strongly 
linked to obesogenic feeding practices, child eating behaviours and child BMI. Policies focusing on improving neigh-
bourhood food environments will likely be most eective if combined with those addressing systemic issues related 
to deprivation such as welfare policies (e.g. reforms to benet caps) or targeted subsidies for healthy food. Future 
research should examine the independent and accumulative impact that environment and household interventions 
have on childhood obesity inequalities.

Keywords Socioeconomic position, Inequalities, Food environment, Childhood, Eating behaviour, Weight, Childhood 
obesity

Background
In England, the prevalence of childhood obesity in the 
most deprived neighbourhoods is more than double that 
in the least deprived areas. ese trends are observed 
among children in the rst (age 4-5: 12.9% versus 6.0%) 
and last (age 10-11: 29.2% versus 13.0%) years of primary 
school [1]. Stark inequalities in childhood obesity persist 
despite targeted policies aimed at improving children’s 
diets nationally and locally [2]. London has long had the 
highest poverty rate of the United Kingdom (UK) regions 
[3] and the prevalence of childhood obesity in London is 
also one of the highest in England [4]. Tackling inequali-
ties in childhood obesity in the London area is therefore a 
public health priority. Local Authorities (LAs), however, 
do not fully understand why the range of food-related 
policies and interventions in place are not working eec-
tively for all children. Child poverty is a major driver of 
poor health and lifelong inequalities, aecting a broad 
range of outcomes from child mortality and mental 
health to school readiness and life chances. Poverty is 
rooted in social, structural, and systemic factors rather 
than individual-level decits, and it can be addressed 
through targeted policy and environmental interventions. 
Without addressing it, other health interventions aimed 
at reducing obesity are likely to fail [5]. e UK govern-
ment recommends a whole systems approach to tackling 
obesity [6], which considers individuals’ relationships and 
behaviours within the wider context in which they live. 
To support the development of systems approaches to 
childhood obesity inequalities across London, the Fam-
ily Food Experiences Study-London (FFES-L) is a large, 
multi-disciplinary complex systems project which aims 
to understand how the context of deprivation prevents 
families in London from engaging with, and beneting 
from, existing local public health interventions focused 
on healthy eating and drinking. is information will 
allow LAs to adapt and augment existing interventions to 
better meet the needs of local families who would benet 

most, and eectively narrow the inequalities gap in child-
hood obesity [7–9].

Stark changes to the foodscape over the last few dec-
ades, such as increases in the number and density of 
unhealthy food retail outlets, are thought to have con-
tributed to excess energy intake among children [8, 9]. A 
recent systematic review concluded that the number of,
and distance to, unhealthy food outlets was associated 
with greater consumption of fast-foods and higher BMI 
in children [10]. ere is also a strong linear association 
between fast-food outlet density and neighbourhood-
level deprivation in England, implicating the quality of 
the local food environment to inequalities in childhood 
obesity [11, 12].

More proximal aspects of the home family environ-
ment may also drive inequalities in childhood obesity,
given that socioeconomic patterning in weight gain starts
to emerge even in the rst few months of life [13]. Par-
ents are the ‘gatekeepers’ and decision-makers to young 
children’s food and drink access. As such, the quality of
the home food environment, and the feeding practices 
and policies that parents adopt, can shape children’s eat-
ing behaviours and weight. Both the ‘what’ and the ‘how’ 
of the early feeding environment matter in this context.
Children who live in a home with greater availability of, 
and access to, healthier foods have a better diet quality 
[14–16]. At the same time, non-responsive parental feed-
ing practices (using food for non-nutritive purposes, 
such as to control a child’s behaviour or to soothe their
emotions) are generally associated with less desirable eat-
ing behaviours and higher weight. Providing structure 
around mealtimes and eating, and monitoring a child’s
food and drink intake, have been linked to more favour-
able outcomes [17, 18]. ere is some evidence of soci-
oeconomic patterning in the quality of the home food 
environment, and in parental feeding practices [19], but
most prior research has focused on maternal education 
only, rather than capturing the complexity of deprivation 
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that spans neighbourhood, household and individual 
factors.

Children’s own eating styles are also important in 
determining what and how much they eat. Children’s 
appetitive traits (stable tendencies towards food and the 
opportunity to eat) are well-established risk factors for 
obesity. ‘Food approach’ traits include a tendency to want 
to eat in response to external food cues (e.g. palatable 
food or drink that is available and salient in the home 
or proximal food environment), or to regulate emotion; 
they are robustly associated with obesity risk in child-
hood [20]. Greater socioeconomic deprivation has been 
linked to increases in the expression of ’food approach’ 
traits from toddlerhood through to early childhood [21], 
but the reasons underpinning this relationship are not 
clear. Poorer quality proximal (e.g. home) or local (e.g. 
neighbourhood) food environments are likely to contrib-
ute. Additionally, food preferences are crucial targetable 
determinants of what children eat [22], yet the extent 
to which food likes and dislikes vary with deprivation 
is largely unknown. Food likes and dislikes may pose 
important barriers or facilitators to successful uptake of 
local interventions that focus on healthy food provision, 
highlighting an important evidence gap.
is multidisciplinary study addressed these evidence 

gaps by integrating dierent levels of information from 
families with primary school-aged children living in four 
London Boroughs. e study aimed to: 1) identify the dif-
ferent domains of family food-related outcomes that vary 
with deprivation and the neighbourhood food environ-
ment; and 2) examine whether the context of deprivation 
interacts with the local food system to shape family food-
related outcomes.

Methods
Study design and sample
A sample of socioeconomically diverse families (n = 739) 
from four London boroughs (Southwark, Haringey, 
Greenwich, or Croydon) were recruited via primary 
schools. Data were collected via a comprehensive com-
puter assisted personal interview (CAPI) with one car-
egiver per household.

Prior to data collection, a pilot study was undertaken 
to test and rene the recruitment process and survey 
(May-June 2021). Participants in the pilot study provided 
full consent and received compensation (£30 voucher). 
Key insights from the pilot indicated that terminology 
used in the consent forms and survey was too compli-
cated and not immediately understood by parents. e 
original wording followed the standard City St George’s 
consent form template, consistent with ethics commit-
tee guidance across UK universities. While it’s not usual 
practice to test this language with participants (despite 

its complexity, particularly around areas like GDPR), we 
chose to simplify it considerably. ese materials were 
revised for readability (including simplied wording and 
support prompts) prior to use in the full survey. is 
required discussion and justication with the ethics com-
mittee, who subsequently reviewed and approved the 
revised version. Details of the pilot feasibility study are 
provided in the Supplementary Information.
e main data collection took place between 13th 

September 2021 and 29th May 2022. e owchart for 
recruitment and sampling is shown in Figure S1. Families 
were recruited through a targeted strategy that dissemi-
nated invitations to participate in the study via primary 
schools in two rounds. In the rst round (19th April – 
4th June 2021), the National Centre for Social Research 
(NatCen) sampled 28 of 152 schools in the lowest 25% of
Income Deprivation Aecting Children Index (IDACI) 
(least deprived; n = 14 schools) and highest 25% (most 
deprived; n = 14 schools), to ensure a socioeconomically 
diverse sample. IDACI is an index of deprivation used 
in the UK which measures in a local area the proportion 
of children (< 16y) that live in low-income households 
[23]. e rst round of recruitment did not achieve the 
required number of parent opt-ins, so the recruitment 
strategy was modied to approach n = 136 schools with a 
mid-range IDACI score. e second round (31st August 
to  31 st December 2021) generated a further 30 schools. 
A ow diagram of the recruitment is shown in Fig S1.

Schools received a book token (£300) for sending out 
study invitations to parents (from Reception to Year 6) 
via email, school newsletters, or digital yers on parents’ 
WhatsApp groups. Parents agreed to participate via an 
online link where they provided basic sociodemographic 
information and contact details. Once recruitment had 
been completed, families with a child in the target age 
group, who attended a school in an eligible postcode (for 
Southwark, Haringey, Greenwich or Croydon), were con-
tacted by NatCen to arrange the day/time for the survey 
interview and to select a home visit or telephone call. All 
measures were collected during the interview (see Sup-
plementary materials for information on measures used 
in this study; the interview schedule is provided along-
side the full dataset). Each interview was approximately 
1 h, with about 8 min for anthropometric measurements 
and set-up. Upon completion, families were oered a £30 
gift voucher for their participation.

In the full survey, data were collected for 739 families 
whose children were aged between 4-11 years. Of these, 
50 families (6.76%) whose home postcodes were out-
side the four London boroughs, were classied into one 
of the four boroughs based on their school postcode. 
Nine families were excluded from analyses because both 
their home and school postcodes were outside the four 
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boroughs; two families were excluded because they did
not complete the interview. is left a nal sample of 
n = 728 families for analysis.

Measures
Socioeconomic position
e primary caregiver provided information about multi-
ple indicators of socioeconomic position (SEP), including:
highest maternal educational qualication; current occu-
pation (both parents, if applicable); total annual house-
hold income; postcode (for calculating index of multiple
deprivation, IMD) [23]; home ownership status; number 
of bedrooms in the home; number of cars (Fig. 1). Prin-
cipal component analysis was used to create a composite
score, which incorporated all seven indicators, spanning 
individual, household, and neighbourhood-level factors 
to capture the complexity of SEP. Higher scores reected 
higher SEP (sample range: 0.94–6.94). Details about the 
SEP composite score are available elsewhere [21].

Neighbourhood food environment
e neighbourhood food environment around the home,
the school, and the route in between, was characterised 
for each child using Ordinance Survey Point of Interest 
(POI) data which species the physical location of dier-
ent types of food outlets. e route between the home
and school was calculated using the road network dis-
tance between the home and school locations and assign-
ing a mode of travel (walk mode if < 3 km; drive mode
if > 3 km). We dened the travel mode, then used the 

street and road network to calculate the shortest travel 
route between each participant’s home and school. Travel 
areas were generated around each participant’s home 
and school location, using a network buer of 500 m. A 
50 m buer zone was generated around each roadside of 
the shortest route between home and school. e buer 
zone around the home, school and the route in between 
is termed the child’s ‘activity space’ (Fig. 2).

Using a similar approach applied in previous food 
environment research [24], a neighbourhood score for 
each child was calculated that represented both the 
type and number of food outlets they were exposed to 
in their activity space. ese scores represented both 
spatial exposure to dierent types of food outlets and a 
proxy for the healthfulness of the in-store environments. 
Scores were calculated by: (i) identifying the number of 
each type of food outlet within the child’s activity space; 
and (ii) multiplying the number of each food outlet by 
a weight describing the relative availability of healthy 
and unhealthy foods within each type of food outlet. 
Weights were determined from a previous Delphi study 
[25]. Higher scores represent a healthier food environ-
ment (scores ranged −1349.0 to 142.0). Further informa-
tion about the scoring is provided in the Supplementary
information.

Home food environment
e home food environment was characterised using
a comprehensive measure which assesses physical and 
social aspects of the home food environment and has 

Fig. 1 The seven indicators of socioeconomic position that were included in the composite measure of SEP (*item reverse scored). Abbreviations: 
NS-SEC = The National Statistics Socio-economic classication; HRP = Household reference person
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been validated in preschool- and school-aged children 
[14, 16]. e ’obesogenic’ quality of the home food envi-
ronment was determined by creating a composite score, 
with a higher total score reecting ’higher-risk’ for excess 
weight gain. Parental feeding practices were removed 
from the score and examined separately.

Parental feeding practices
Nine parental feeding practices (PFPs) were assessed: 
four nonresponsive PFPs (Instrumental feeding, Emo-
tional feeding, Pressure to eat, Restriction); and ve 
responsive PFPs (Parent control, Monitoring, Encourage-
ment to eat nutritious foods, Modelling, Covert restric-
tion). All items were rated using a ve-point Likert scale 
from ‘never’ (1) to ‘always’ (5), except the restriction scale 
which was measured on a 7-point Likert scale from not 
at all (1) to strictly (7). A mean score was calculated for 
a scale if responses were available for most items within 
a scale. All measures have been validated in compara-
ble populations, except for the restriction scale [26–29]. 

Further detail on items and internal scale reliability is 
available in Table S4.

Child eating behaviours
Child appetitive traits were assessed using the Chil-
dren’s Eating Behaviour Questionnaire (CEBQ) [30]. e 
CEBQ is a 35-item parent-report psychometric meas-
ure of eight appetitive traits (seven eating behaviours 
and one drinking behaviour), rated using a 5-point Lik-
ert scale (1 = Never to 5 = Always). It has been validated 
using behavioural measures of food intake and has good 
internal and test-retest reliability [30, 31]. e traits can 
be broadly split into four food approach traits and four 
food avoidant traits. Food approach traits character-
ise a more avid appetite and greater interest in food and
include Food Responsiveness, Enjoyment of Food, Emo-
tional Overeating, Desire to Drink. e food avoidant 
traits characterise a less avid appetite and lower interest
in food and include Satiety Responsiveness, Slowness in 
Eating, Food Fussiness and Emotional Undereating. A 

Fig. 2 The area given in purple includes 500 m walking distance service area generated around the home location and school location and 50 
m buer within the route from home to school. The food outlets within this area are shown, see key for more information about the specic food 
outlets. Image contains OS data. © Crown Copyright and database right 2023 Contains data from OS Zoomstack
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mean score was calculated for each subscale if partici-
pants completed > half the items for that scale. Further
details, including example items and internal scale reli-
ability, can be found in Table S4.

Child food preferences
Parents rated their child’s liking of 75 foods using a
5-point Likert scale, ranging from likes a lot (1), to dis-
likes a lot (5). Participants could also select ‘never tried’,
which was recoded to missing. Responses were reverse 
coded so that higher scores reected higher prefer-
ence for a specic food. Foods were categorised into six
groups: fruit, vegetables, protein, dairy, starches and 
snacks. Further information about the development of 
the food preference questionnaire has been published 
elsewhere [32]. Internal scale reliability is available in 
Table S4.

Child anthropometric measures
For interviews completed during home visits, child
height and weight were measured by the trained Nat-
Cen researcher using portable stadiometers and Class III
Seca scales. For interviews completed over the telephone, 
child height and weight were measured and reported by 
parents (if the family did not own a body weight scale, 
parents were asked to take their child to their local GP 
surgery or pharmacy prior to the telephone interview). 
Heights and weights were used to calculate body mass 
index standard deviation scores (BMI-SDS), adjusted for 
age and sex based on British 1990 growth reference data 
[33, 34].

Covariates
Parents reported their child’s age (years), sex, and eth-
nicity based on the 2021 list of ethnic groups used in the
census survey for England and Wales. Child ethnicity was 
categorised as ‘White’, ‘Black, Black British, Caribbean, 
or African’, ‘Mixed or multiple ethnic groups’, ‘Asian or 
Asian British’, or ‘other ethnic group’.

Statistical analysis
Analyses were conducted using R (version 4.1.1; R Foun-
dation in Statistical Computing). Missing data on covari-
ates, exposures (family-level SEP) and outcomes were
imputed using Multivariate Imputation by Chained Equa-
tions (mice) package with a maximum of 50 iterations to
create 20 imputed datasets [35]. All variables included 
in this analysis were used as predictors of imputed esti-
mates. Pooled results from the imputed datasets are
reported.

A series of Generalised Linear Models were used to 
examine cross-sectional associations between: (i) socio-
economic position and neighbourhood food environment

as independent variables (IVs), and each family food-
related outcome variable (dependent variables, DVs)
in separate models (Model 1); and (ii) the interaction 
between socioeconomic position and neighbourhood 
food environment (IVs) and each DV in separate models 
(Model 2). Child-BMI was also examined as a DV in both 
models, to ensure SEP was associated with child adipos-
ity, as expected, and explore associations with the food
environment. Each model adjusted for child age, sex and 
ethnicity, and clustering of children at the school-level, 
using the survey [36] package in R. Alpha was set at 0.05. 
All results are presented in full, with standard errors or 
95% condence intervals and p-values. Standardised 
betas are reported to provide comparable eect sizes for 
all analyses. Standardised betas ≥ 0.10 (and p < 0.05) were 
considered meaningful for family food-related variables, 
BMI and socioeconomic position variables.

Stakeholder and public involvement and engagement
e study’s Public Involvement and Engagement (PIE)
group, the Caregiver Advisory Panel (CGAP; https:// 
blogs. city. ac. uk/ famil yfood exper ience study/ cgap/), 
included six parents/caregivers who collaborated as 
research partners. e CGAP were involved through
eight two-hour online group meetings, each of which was 
guided by two or three ‘real-time’ project sensitive ques-
tions suggested by the core FFES-L team. One additional
meeting was held to get feedback from the CGAP on the 
interpretation of preliminary results. e meetings were 
facilitated by the FFES-L PPI-lead (CS) and either DB or 
SP (full names in Acknowledgments), or CV and AK for 
one nal PPI input meeting. As required, another mem-
ber of the wider FFES-L project team or a representa-
tive from the communications and marketing company
we used attended too. e CGAP contributed to the 
design of recruitment and data collection methods, and 
interpretation of results. Based on feedback from CGAP 
members about how their neighbourhood food environ-
ments aect their health, and informed by the broader
literature on neighbourhood food environments [24], we 
set a less stringent eect size cut-o of 0.05 and used a 
signicance threshold of p < 0.05 for interpreting results. 
PIE in this paper is reported in line with the 5-item 
GRIPP2 (short form) international reporting guidelines 
[37] plus three additional items recommended by sub-
sequent research [38]. e FFES-L core research team
also conducted a series of one-on-one interviews with 
stakeholders (policymakers, strategic members of Local 
Authorities and health charities) prior to initiation of the 
study to co-develop overarching objectives.
is study was conducted according to the guidelines 

laid down in the Declaration of Helsinki and all pro-
cedures involving research study participants received
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ethical approval from City, University of London, School
of Health & Psychological Sciences Ethics Committee (ID 
2021-0367 & ID2021-1377).

Results
Study population
e sample characteristics (n = 728) overall and by bor-
ough are shown in Table  1. Most respondents were 
mothers or female caregivers (92.9%). Children were 4-11 
years old (mean = 7.29 years; SD = 2.05), and approxi-
mately half were female (51.5%). e sample were eth-
nically diverse, including White (46.8%), Black, Black 
British, Caribbean, or African (22.8%), Mixed or multiple 
ethnic groups (18.7%), Asian or Asian British (8.0%), and 
‘other’ ethnic group (2.7%).

Deprivation (socioeconomic position, SEP composite 
measure) of the study population
e sample were socioeconomically diverse, with 38.7% 
living in the most deprived areas based on IMD quin-
tiles, and 28.3% reporting low or very low food security. 
Representativeness of the overall study sample compared 
to wider Local Authority-level data on ethnicity, child 
weight status and IMD are shown in Table S1. Most par-
ticipants (69.2%) completed the interview via telephone. 
e average length of interview was 67 min (SD = 39 
min).

Neighbourhood food environment characteristics
e median neighbourhood food environment score 
was −59.0, ranging from −1349.0 to 142.0 (IQR: −119.0, 
−15.5). An example of the food outlet exposure for a 
child with a score of –59.0 is shown in Figure S2. Almost 
all children (87.3%, n = 630) had a negative food environ-
ment score, indicating greater exposure to food outlets 
selling predominantly less healthy foods.

Overall ndings
Fully adjusted models showing the results of associations 
between deprivation and the neighbourhood food envi-
ronment with home food environments, parental feeding 
practices, and child eating behaviours, food preferences 
and BMI, and the interactive eects between SEP and 
neighbourhood food environment on these dependent 
variables, are presented in Table 2. 

Overall ndings – socioeconomic position
Greater deprivation was associated with living in a more 
obesogenic home food environment (β = −0.19; 95% 
CI = −0.09, −0.28; p < 0.001). When examining parental 
feeding practices, greater deprivation was associated with 
greater use of emotional feeding (β = −0.10; −0.01, −0.20; 

p = 0.031) and instrumental feeding (β = −0.11; −0.04, 
−0.18; p = 0.003), greater pressure to eat (β = −0.14; 
−0.07, −0.21; p = 0.001), less modelling of healthy eating
(β = 0.10; 0.00, 0.20; p = 0.044), and less control/struc-
ture over meals and snack times (β = 0.17; 0.09, 0.24; 
p < 0.001). For child eating behaviours, greater depriva-
tion was associated with higher responsiveness to food 
cues (β = −0.12; −0.04, −0.20; p = 0.002), higher emo-
tional over-eating (β = −0.11; −0.05, −0.17, p < 0.001), and 
higher desire to drink (β = −0.26; −0.17, −0.33; p < 0.001). 
It was also signicantly associated with lower preference 
for snack foods and starchy foods (β = 0.15; 0.07, 0.23; 
p = 0.001 and β = 0.10; 0.02, 0.17; p = 0.015, respectively). 
As expected, greater deprivation (β = −0.23; −0.06, −0.39; 
p = 0.007) was associated with higher child BMI-SDS. All 
associations were small or small-to-moderate in magni-
tude (Fig. 3).

Overall ndings – neighbourhood food environment
Exposure to a less healthy neighbourhood food environ-
ment was signicantly associated with living in a more 
obesogenic home food environment, (β = −0.07; −0.02, 
−0.13; p < 0.01). No associations were observed between 
the neighbourhood food environment and any paren-
tal or child food-related variables including child BMI-
SDS. No signicant interactions were observed between 
SEP and the neighbourhood food environment with the 
parental or child food-related variables including child 
BMI-SDS (see Table 2).

Evidence of stakeholder and public involvement 
and engagement (PIE)
PIE shaped this study via discussions on key project-
sensitive topics. In the rst CGAP meeting, participants 
provided new ideas to increase engagement by schools 
and families, such as forging stronger partnerships with
LA and tailoring communication to diverse demographic 
groups. CGAP members also suggested changes to par-
ticipant recruitment and information materials to sim-
plify them, build trust, and widen access (e.g. highlighting 
that some participants would not be able to access study 
materials on a computer, such that all materials would 
need to be viewable on a mobile phone). CGAP members 
also provided ideas for participation incentives, including 
monetary and non-monetary rewards, such as gift cards, 
vegetable boxes and public recognition (by means of a 
letter for participating children). In a separate meeting, 
discussions expanded to include recruitment suggestions 
such as using parent champions and developing a short, 
fun, and bright recruitment video. Additionally, a newly 
developed evidence-based ‘Top Tips for Healthy Eating’ 
yer was developed in response to requests from CGAP 
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members as many parents nd it dicult to identify reli-
able healthy eating information. is yer also served as a
thank-you to those who completed the interview.

Discussion
is study contextualised, for the rst-time, a compre-
hensive range of family food norms and children’s obe-
sity-related behaviours, according to deprivation level
and the proximal neighbourhood food environment. e 
London-based sample showed that greater deprivation 
was related to living in a less healthy neighbourhood and 
home food environment, and more frequent use of non-
nutritive and less structured caregiver feeding practices. 

Children from more deprived families also expressed 
more obesogenic eating behaviours, showed dierences 
in some food preferences, and had a higher BMI. Less 
healthy neighbourhood food environments were associ-
ated with a more obesogenic home food environment,
but no other associations with neighbourhood food envi-
ronment were observed. ese ndings indicate that
some aspects of family food culture and the home food 
environment vary by level of family deprivation and 
neighbourhood food environment exposures, highlight-
ing the need for LAs to take the context of deprivation
into account when developing interventions to address 
inequalities in childhood obesity.

Table 2 Generalised Linear Models examining associations between socioeconomic position, the neighbourhood food environment 
(NFE), and their interaction, with the home food environment, parental feeding practices, and child eating behaviours, food 
preferences and BMI-SDS (n = 728)

* Models are adjusted for child age, child sex, and child ethnicity and for clustering at the school-level. Standardardised betas with an eect size ≥ 0.10,that meet the 
alpha level < 0.05 are shown in bold

Outcomes SEP composite Neighbourhood food environment 
(NFE)

Interaction: SEP * NFE

β (95% CI) p-value β (95% CI) p-value β (95% CI) p-value

Home food environment -.19 (−0.09, −0.28)  < 0.001 −0.07 (−0.02, −0.13)  < 0.01 0.01 (−0.05, 0.07) 0.713

Parental feeding practices
 Emotional feeding −0.10 (−0.20, −0.01) 0.031 0.01 (−0.08, 0.10) 0.876 0.08 (−0.02, 0.17) 0.107

 Instrumental feeding −0.11 (−0.04, −0.18) 0.003 0.01 (−0.04, 0.06) 0.722 0.07 (−0.03, 0.16) 0.163

 Encouragement to eat −0.03 (−0.11, 0.05) 0.455 0.02 (−0.06, 0.11) 0.586 −0.03 (−0.13, 0.06) 0.472

 Modelling 0.10 (0.00, 0.20) 0.044 0.02 (−0.10, 0.14) 0.735 0.02 (−0.09, 0.14) 0.666

 Monitoring −0.04 (−0.14, 0.05) 0.348 0.00 (−0.08, 0.09) 0.943 0.01 (−0.08, 0.10) 0.800

 Covert restriction 0.01 (−0.09, 0.11) 0.785 −0.01 (−0.11, 0.09) 0.816 −0.02 (−0.13, 0.09) 0.748

 Restriction 0.10 (−0.01, 0.20) 0.070 0.04 (−0.05, 0.14) 0.373 −0.01 (−0.12, 0.10) 0.838

 Parent Control 0.17 (0.09, 0.24) 0.001 −0.01 (−0.09, 0.07) 0.725 0.05 (−0.06, 0.17) 0.325

 Pressure to eat −0.14 (−0.21, −0.07) 0.001 0.00 (−0.09, 0.09) 0.991 0.05 (−0.05, 0.15) 0.264

 Mealtime structure −0.00 (−0.08, 0.08) 0.977 −0.01 (−0.07, 0.05) 0.809 0.06 (−0.03, 0.14) 0.159

Child Eating behaviours
 Food responsiveness −0.12 (−0.04, −0.20) 0.002 0.03 (−0.02, 0.07) 0.212 −0.05 (−0.12, 0.02) 0.176

 Enjoyment of food 0.01 (−0.07, 0.09) 0.776 0.07 (−0.01, 0.14) 0.070 −0.06 (−0.13, 0.01) 0.092

 Emotional overeating −0.11 (−0.05, −0.17)  < 0.001 −0.02 (−0.08, 0.04) 0.550 0.03 (−0.04, 0.09) 0.384

 Desire to drink −0.26 (−0.33, −0.17)  < 0.001 −0.03 (−0.09, 0.03) 0.355 −0.03 (−0.11, 0.05) 0.451

 Satiety responsiveness −0.00 (−0.09, 0.09) 0.962 −0.06 (−0.16, 0.03) 0.178 0.05 (−0.08, 0.18) 0.395

 Slowness in eating −0.06 (−0.15, 0.02) 0.135 −0.04 (−0.14, 0.05) 0.346 0.04 (−0.09, 0.16) 0.496

 Emotional undereating −0.05 (−0.14, 0.03) 0.198 −0.02 (−0.09, 0.05) 0.582 0.03 (−0.08, 0.13) 0.584

 Food fussiness 0.01 (−0.06, 0.09) 0.778 −0.06 (−0.16, 0.04) 0.272 0.01 (−0.12, 0.14) 0.867

Child food preferences
 Fruit 0.03 (−0.04, 0.11) 0.393 0.08 (−0.00, 0.16) 0.056 0.02 (−0.06, 0.09) 0.681

 Vegetables 0.03 (−0.05, 0.11) 0.529 0.05 (−0.06, 0.15) 0.375 −0.05 (−0.17, 0.07) 0.411

 Protein (meat/fish) 0.05 (−0.04, 0.14) 0.298 0.02 (−0.04, 0.09) 0.507 0.02 (−0.05, 0.09) 0.575

 Starch 0.10 (0.02, 0.17) 0.015 0.08 (−0.05, 0.20) 0.232 −0.01 (−0.11, 0.10) 0.873

 Dairy 0.03 (−0.04, 0.11) 0.379 0.04 (−0.05, 0.13) 0.373 0.00 (−0.09, 0.09) 0.990

 Snacks 0.15 (0.07, 0.23) 0.001 0.06 (−0.01, 0.13) 0.110 0.01 (−0.06, 0.09) 0.754

 Child BMI-SDS −0.23 (−0.06, −0.39) 0.007 −0.09 (−0.34, 0.17) 0.443 −0.03 (−0.17, 0.13) 0.725
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Findings in context
Family-level deprivation is one of the most important 
determinants of childhood obesity in the UK [1]. e 
results of this study conrm national trends showing 
that primary school-aged children from more disadvan-
taged backgrounds had a higher BMI than children from 
more advantaged backgrounds. Our ndings provide 
important new insights into how the context of depri-
vation creates barriers to families engaging with, and 
benetting from, local interventions aimed at reducing 

inequalities in childhood obesity. Specically, we identi-
ed several targetable family food-related domains and 
parent-child behaviours that varied with deprivation. e 
ndings also emphasized the need for targeted interven-
tions in the future that address both the broader food 
environment and household-specic food practices used 
by families living in household deprivation. e results
also re-emphasize that a systems-thinking approach is 
essential to tackling these disparities, as it considers the 
complex interplay between individual behaviours, family 

Fig. 3 Associations between socioeconomic position (blue), the neighbourhood food environment (red)), and their interaction (black), 
with the home food environment, parental feeding practices, child eating behaviours, child food preferences and child BMI-SDS (n = 728). *Models 
are adjusted for child age, child sex, and child ethnicity and for clustering at the school-level. Abbreviations: CEBQ = Child Eating Behaviour 
Questionnaire; SEP = Socioeconomic position; NFE = Neighbourhood food environment. Legend: SEP Composite (light blue); Neighbourhood food 
environment (red); SEP*NFE (black)
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dynamics, community resources, and policy-level inu-
ences, ensuring that interventions are both comprehen-
sive and sustainable.

In this study, greater deprivation was associated with 
the expression of some child eating behaviours that have 
been robustly associated with higher risk of obesity [20]. 
Namely: heightened responsiveness to food cues (’food 
responsiveness’); a greater tendency to want to eat in 
response to negative emotion (’emotional overeating’); 
and a stronger ’desire to drink‘. ese ndings align with 
previous prospective research, which found that tod-
dlers from more disadvantaged backgrounds had greater
increases in food responsiveness and emotional overeat-
ing from toddlerhood to early childhood [21]. However,
deprivation was also associated with lower preferences 
for snack and starchy foods among children. ese nd-
ings may, in part, be explained by the neighbourhood
environment ndings, which indicate that children living 
in areas had greater exposure to less healthy food outlets 
and less healthy food environments at home. Children’s 
eating styles may be reecting their food environments, 
rather than their food preferences. Children in more 
deprived areas may show a lower reported preference for 
snacks and starchy foods because these items are widely 
available and routinely consumed, making them less of a 
“treat” compared to how they are perceived by children 
from more advantaged backgrounds, who may have them 
less frequently but are still inuenced by marketing [39]. 
Additionally, parental reporting biases could play a role, 
as parents from more advantaged backgrounds may per-
ceive their child’s preference for these foods as stronger
in contrast to healthier options that are more accessible 
to them, whereas parents with lower incomes may view 
such preferences as less pronounced since healthier alter-
natives are often not a feasible option. is situation may
therefore pose barriers to these children receiving bene-
ts from healthy and drinking eating interventions in the
London area.

Previous studies have observed that children from 
more disadvantaged backgrounds are more likely to 
live in higher risk ‘obesogenic environments’, with 
more access to unhealthy foods and greater exposure 
to environmental cues to eat (such as higher density of 
unhealthy food outlets, food advertisements, etc.) [40]. 
is was also observed in our study, with greater depriva-
tion being signicantly associated with both a more obe-
sogenic home food environment and greater exposure to
less healthy neighbourhood food environments. Greater 
exposure to these environments may contribute to socio-
economic dierences in these traits. However, our nd-
ings suggest that the neighbourhood food environment
was not directly associated with child eating behaviours, 
indicating that the relationship may be more complex 

and multifaceted, potentially involving other environ-
mental or individual factors. ese ndings were also
seen in a study of the neighbourhood food environment 
of ethnic minority groups in Amsterdam, which was 
found to be less healthy and diverse than that of Dutch-
origin participants [41]. e authors of the HELIUS study 
(n = 4,728) reported that no evidence was found that it 
contributed to ethnic dierences in diet quality, which 
suggests individuals and families interact with their food 
environments in dierent ways that are not entirely cap-
tured by indices of environmental exposure alone. is
single dimension of the food environment does not con-
sider price or marketing activities such as placement,
promotion or advertising [42]. ere is evidence that the 
neighbourhood food environment is a lower inuence 
on diet than consumer food environment [43]. Addition-
ally, the vast majority of children in these four boroughs
of London lived in an’unhealthy’neighbourhood food 
environment (NFE score < 0). is lack of variability in 
the sample, is likely to have reduced the ability to detect 
statistically signicant eects. It is important to replicate 
these ndings in a sample with greater variation in neigh-
bourhood food environment quality and examine rela-
tionships in a range of rural and urban contexts.

Parents and caregivers from more deprived back-
grounds participating in this study reported more fre-
quent use of some parental feeding practices that have
previously been associated with higher BMI in childhood 
[44]. ese approaches included greater use of non-nutri-
tive feeding practices, such as emotional feeding (e.g.,
using food to soothe negative emotions) and instrumen-
tal feeding (e.g., using food to reward or punish behav-
iour), as well as less structure/control over meals and
snack times. Greater household deprivation was also 
associated with a more pressuring feeding style. Previous 
research has also that parents from more disadvantaged 
backgrounds report using food as a reward or comforter 
for their child more frequently than do parents from 
more advantaged backgrounds [45–47]. ese diering 
parental approaches may arise from their nancial cir-
cumstances. Other qualitative research from the FFES-L
study has shown that mothers with lower incomes have 
previously described the importance of not wasting 
food (therefore pressuring to eat) and the joy that eating 
aordable foods, like takeaways and confectionary, brings 
their family when other rewards such as toys or day trips 
are unaordable for them [39, 48]. ese ndings high-
light that parental feeding practices are not simply about
nutrition but are frequently driven by the contexts of
deprivation which leave families living in more dicult 
socioeconomic circumstances with more limited choices.
e neighbourhood food environment showed no 

relationship with child weight status or any of the family 



Page 13 of 16D Smith et al. Int J Behav Nutr Phys Act              

food-related outcomes assessed in this study (i.e., paren-
tal feeding practices, child eating behaviours, child food
preferences). Previous research on the impact of the 
neighbourhood food environment on child and parent 
behaviours are mixed [8, 9, 49]. is inconsistency may 
reect the interplay between environmental exposure 
and individual characteristics (such as dierences in 
eating styles), which ‘muddies the water’ when examin-
ing population averages [50, 51]. Pathway modelling of
a range of environmental and individual-level charac-
teristics in future research may help to identify the rela-
tive importance of environmental, social and individual
determinants of childhood obesity and help to pinpoint 
key areas to target in future interventions [52].

Implications
e overall aim of the FFES-L study was to understand
how the context of deprivation prevents LA interventions 
and policies from eectively reducing social disparities 
in childhood obesity. e socioeconomic patterning at 
individual, household and neighbourhood levels identi-
ed in this study are likely to have an accumulative con-
tribution to the well-established socioeconomic gradient
in childhood obesity. It is unlikely that LA interventions 
targeting childhood obesity have managed to speci-
cally address all levels of drivers; they have therefore
been ineective. For example, providing families with 
nancial or practical support to aord healthy foods is 
important but providing other forms of leisure activities 
and social support may be important for families living 
in greater deprivation to support them in minimising 
the use of food for non-nutritive purposes (e.g. to soothe 
negative emotions). ese circumstances not only shape 
children’s food preferences but also reinforce food prac-
tices and parental feeding styles, as parents in deprived
settings may be more likely to use less healthy foods to 
meet both nutritional and emotional needs, particu-
larly when other ways of expressing care and providing
treats are nancially out of reach (Parish et  al., Under 
Review) [39]. e association between neighbourhood 
and family food environments observed in this study 
highlights how the contexts in which children experienc-
ing greater deprivation live exacerbate responsiveness to
unhealthy environmental food cues. It is crucial for LAs 
to take account of the neighbourhood food environment 
(particularly where children live, commute and play) in 
interventions to enable them to most eectively reduce 
inequalities in childhood obesity. A modelling study sug-
gests that implementing takeaway management zones
around schools can reduce the number of hot food out-
lets, potentially lowering exposure and contributing to
signicant reductions in adult obesity and related health 

burdens [53]. is approach is feasible for wider adop-
tion. Future research should explore the feasibility and
impact of ‘school superzones’ (a 400  m zone around a 
school to reduce harmful exposures such as takeaway 
outlets) and strategies to improve the healthiness of small 
and medium-sized enterprises (e.g. corner shops), which 
are largely exempt from current UK government food 
policies. Evaluations of these initiatives will help deter-
mine their eectiveness in improving neighbourhood
food environments.

LAs often rely on using existing interventions (i.e., take 
things’o the shelf ’) and applying them in their com-
munities with very few resources [54]. However, they
also recognise the need to adapt and augment interven-
tions to meet the needs of the communities they serve
[55]. Our ndings suggest three important recommenda-
tions for LAs to consider when adapting existing healthy
eating interventions which aim to reduce inequalities 
in childhood obesity. Firstly, drinking behaviours are 
as important as eating behaviours in programs aimed 
at improving child nutrition and weight, and are socio-
economically patterned. Children from more disadvan-
taged backgrounds expressed both a greater compulsion
to eat in response to external food cues, and a stronger
desire to consume drinks. Both behaviours can contrib-
ute to excess intake of low nutrient-dense items (in 2021
45% of 11–18-year-olds in England consume soft drinks) 
[56]; and both tendencies pose barriers to the implemen-
tation of healthy eating and drinking initiatives. Mak-
ing healthy food aordable and accessible to families is
important, but it may not be enough if children are still 
surrounded by cues (e.g. food advertising) to consume 
food and drinks high in fat, salt or sugar (HFSS), which 
are dicult to resist and cheaper [57, 58]. In the context 
of childhood obesity, eective approaches include water-
only schools and sugar-sweetened beverage drinks levys 
[58, 59]. Secondly to tailor interventions to ‘the world 
view’ of the target community [60]  in recognition that 
many families use food not just for nutrition, but also to 
show care, soothe emotions or connect with their chil-
dren in aordable ways. Interventions are more likely to
be eective if they are realistic, feasible and compatible 
with the complex lives of families. irdly, to address 
the link between the neighbourhood food environment
and the home family food environment by taking action 
to improve the healthfulness of the wider environment. 
Families experiencing greater deprivation are often more
dependent on their local neighbourhood food outlets 
than less deprived families [20]. It is therefore important 
that interventions to address inequalities in childhood 
obesity making healthier choices more accessible, more 
aordable, and easier for all families to achieve. Action in 
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this area is more important than ever, given the rise in
the cost of living and rates of food insecurity in England 
[61]. is nal recommendation recognises that family 
food practices that inuence childhood diet and obesity 
are shaped by broader environmental and social drivers 
which require’upstream’ policies to enable any ’down-
stream’ policies targeting families and individuals to be
eective.

Reections on public involvement and engagement
PIE in this study provided the researchers with practical
suggestions for recruitment strategies that may otherwise 
have been overlooked, such as oering a mixture of mon-
etary incentives to parents and non-monetary rewards to
children (e.g. letters/certicates for participating), as well 
as mobilising established parent champions in schools 
and communities. We believe adoption of these sugges-
tions, provided by the CGAP, increased recruitment. Co-
producing the aims of the analyses with stakeholders in 
local government (LAs/Boroughs), public contributors, 
and in-depth qualitative interviews with families meant 
the analyses addressed the most pertinent questions to 
organisations who are most committed to addressing 
childhood obesity, and to communities that would ben-
et from the interventions.

Strengths and limitations
Study strengths include the relatively large, ethnically
and socioeconomically diverse sample, and use of a com-
prehensive battery of validated psychometric measures.
Importantly, PIE was involved throughout the entire 
study which helped to shape the study materials, meth-
ods and interpretation of the results to ensure they were
appropriate, and representative of families’ lived expe-
riences. Nonetheless, there were several limitations.
Firstly, family food-related outcomes and most data on 
child height/weight were parent-reported, which makes 
them subjective and susceptible to desirability bias. Sec-
ondly, the study was cross-sectional, which means it is
not possible to draw conclusions about the direction of 
observed relationships and causality cannot be estab-
lished between the exposures and outcomes. While it is
not plausible that family food-related factors can directly 
cause socioeconomic position, other unmeasured con-
founding factors could be causally involved (such as
parental obesity). irdly, although the sample was eth-
nically and socioeconomically diverse, the population
was limited to families living in four London boroughs, 
therefore the results cannot be replicated to other areas 
of the UK (e.g. rural areas in other parts of the country) 
or internationally. Furthermore, London is a very densely 
populated area, with pockets of people living with greater 
deprivation close to areas with people not experiencing 

poverty, and the neighbourhood food environment expo-
sure may perform dierently in less densely and less tran-
siently populated areas of the United Kingdom. Further
research is needed in a diverse sample of families from 
across the UK, with greater variation in the neighbour-
hood food environment and potentially examining path-
ways between multiple environmental and individual
levels factors. Additionally future research may wish to 
examine child and parental neighbourhood food envi-
ronment exposures to understand the direct and indirect
eects on outcomes such as the home food environment 
and parental feeding practices.

Conclusions

is study highlights that family-level deprivation, rather 
than neighbourhood food environments, is closely linked 
to more’obesogenic’parental food practices, child food 
behaviours, preferences, and BMI, suggesting that poli-
cies focused on’out of home’interventions may have small 
but adjunctive impact to consider alongside broader 
strategies. Policymakers might consider revisiting wel-
fare policies, such as Universal Credit, benet caps, and 
the two-child limit (which prevents parents from claim-
ing child tax credit for more than two children), as these 
have been widely criticised for exacerbating childhood 
poverty. Addressing these issues could help reduce bar-
riers to families engaging with local healthy eating inter-
ventions.. To eectively reduce social inequalities in 
childhood obesity, future research is needed to exam-
ine if the eectiveness of existing LA interventions can 
be improved, if they are adapted and augmented to take 
these factors into account.
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