
1Hesketh KR, et al. BMJ Open 2018;8:e021520. doi:10.1136/bmjopen-2018-021520

Open access 

How does the UK childcare energy-
balance environment influence 
anthropometry of children aged 3–4 
years? A cross-sectional exploration

Kathryn R Hesketh,1,2 Sara E Benjamin-Neelon,1,2 Esther M F van Sluijs1

To cite: Hesketh KR, Benjamin-
Neelon SE, van Sluijs EMF.  How 
does the UK childcare energy-
balance environment influence 
anthropometry of children 
aged 3–4 years? A cross-
sectional exploration. BMJ Open 
2018;8:e021520. doi:10.1136/
bmjopen-2018-021520

 ► Prepublication history and 
additional material for this 
paper are available online. To 
view these files, please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2018- 
021520). 

Received 8 January 2018
Revised 4 May 2018
Accepted 18 May 2018

1Centre for Diet and 
Activity Research and MRC 
Epidemiology Unit, University of 
Cambridge, Cambridge, UK
2Department of Health, Behavior 
and Society, Johns Hopkins 
Bloomberg School of Public 
Health, Baltimore, Maryland, 
USA

Correspondence to
Dr Kathryn R Hesketh;  
 kathryn. hesketh@ ucl. ac. uk

Research

AbstrACt
Objectives To assess the association between time 
spent in care, the childcare energy-balance environment, 
and preschool-aged children’s body mass index z-score 
(z-BMI), waist-to-height ratio (WHR) and sum of skinfold 
thickness (SST).
Design Cross-sectional study.
setting and participants Children aged 3–4 years were 
recruited from 30 childcare centres in Cambridgeshire (UK) 
in 2013.
Main outcome measures Objectively measured 
height and weight was used to calculate z-BMI; waist 
circumference and height were used to generate WHR; 
subscapular and tricep skinfolds were used to calculate 
SST. Associations between childcare attendance, 
the nutrition, physical activity, and overall childcare 
environment, and three anthropometric outcomes were 
explored using two-level hierarchical regression models, 
adjusting for demographic and family based confounders.
results Valid data were available for 196 children (49% 
female). Time spent in care, the nutrition, physical activity 
and overall childcare environment were not associated 
with children’s z-BMI, WHR and SST.
Conclusions Childcare environment and level of 
attendance were not associated with UK preschool-aged 
children’s anthropometry. The childcare environment has 
been central to intervention efforts to prevent/reduce early 
childhood obesity, yet other factors, including child-level, 
family level, wider environmental and policy-level factors 
warrant substantial attention when considering obesity 
prevention strategies for young children.

IntrODuCtIOn 
In 2010, 43 million preschool-aged children 
worldwide were estimated to be overweight 
or obese, with a further 92 million at risk of 
overweight/obesity.1 Although levels appear 
to be stabilising,2 obesity in childhood is asso-
ciated with a range of unfavourable outcomes 
including type 2 diabetes, hyperlipidaemia 
and psychosocial problems.3 

Obesity is often described as an imbalance 
between energy intake (food consumption) 
and energy expenditure (physical activity) 
resulting in excess weight gain over time.4 As 

early childhood is a period of rapid growth 
and development, it represents a key time for 
establishing healthy energy-balance related 
behaviours (EBRBs), which include physical 
activity, and sedentary and dietary behaviours. 
While parents provide the majority of care 
for children before they enter school, chil-
dren now spend increasing amounts of time 
in non-parental care prior to starting formal 
education.5

In 2014, the average enrolment rate of chil-
dren aged 3–5-years in (preschool) educa-
tional programmes across Organisation for 
Economic Co-operation and Development 
countries was 80%.5 In the UK, children aged 
3–4 years have been entitled to 15 hours of 
free childcare (38 weeks per year) since 2010,6 
regardless of parental employment, and as 
of 2017, children aged 3–4 years of working 
parents may be eligible for up to 30 free 
hours per week.7 Consequently, in 2017, 95% 
of UK children aged 3–4 years were enrolled 
in formal care,8 attending for 21.7 hours per 
week on average.9 Preschool-aged children, 

strengths and limitations of this study

 ► We used objective measures of UK preschool-aged 
children’s anthropometric indices to provide nov-
el information about how they are associated with 
childcare attendance and environment.

 ► This was a relatively small UK childcare-based sam-
ple, but our outcomes and exposures were normally 
distributed, providing sufficient heterogeneity to ex-
plore our research questions.

 ► We used hierarchical regression analysis to take ac-
count of study design and potential clustering at the 
centre level.

 ► We also adjusted for a number of family level factors 
known to be related to children’s anthropometry.

 ► We did not have a measure of each child’s birth 
weight to account for children’s individual growth 
trajectories, nor previous childcare attendance to 
assess prospective associations.
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and particularly those who spend large amounts of 
time in formal care each week, therefore rely on child-
care centres to provide a significant proportion of their 
food and physical activity opportunities. Elements such 
as staff education and training, staff behaviour on the 
playground, lower playground density (less children per 
square metre), the presence of vegetation and portable 
toys, and open play areas appear to be positively related to 
children’s physical activity.10 Likewise, childcare centres 
and specifically, individual childcare provider practices, 
appear to be associated with positive dietary behaviours 
in young children.11

Given the influence of the childcare environment on 
children’s EBRBs, and the importance of EBRBs for 
children maintaining a healthy weight, it follows that 
time spent in childcare is likely to influence children’s 
weight status. Indeed a number of studies assessing chil-
dren during infancy and preschool suggest that chil-
dren attending formal care (vs those not in formal care) 
are more likely to be overweight/obese,12 13 with both 
nutrition and physical activity environments contrib-
uting.14 Recently, three systematic reviews15–17 have 
been conducted to evaluate the link between childcare 
attendance and obesity-related outcomes, assessing 
a combined total of 31 papers from North America 
(n=19), Europe (n=9) and Asia (n=3). Despite the 
heterogeneous nature of childcare definitions, child-
care attendance appears to be associated with increased 
risk of overweight/obesity,15–17 with informal care (ie, 
family member or non-relative) most commonly found 
to be associated with increased weight.15 17 Several studies 
did however report a decreased risk or no association 
between informal or centre-based childcare and chil-
dren’s overweight/obesity.16 17 In general, higher inten-
sity childcare, especially when children have attended 
before 1 year, increased the overweight/obesity risk, with 
later (≥3 years old) enrolment in centre-based care asso-
ciated with lower risk of overweight/obesity compared 
with earlier enrolment.17 Lastly, there is some uncertainty 
as to whether risk differs by sociodemographic factors: 
children from lower socioeconomic backgrounds who 
spend time in childcare have been shown to have both a 
greater18 and lower19 risk of developing obesity.

Due to the high numbers of children attending formal 
childcare settings, and therefore the ability to reach large 
numbers of children in these environments, intervention 
studies are often conducted in these settings to prevent, 
halt or reverse obesity during the preschool years. A 
review by Zhou and colleagues20 identified 15 such 
studies: 6 (of 13) interventions with a dietary component, 
and 8 (of 12) interventions with physical activity compo-
nent reported improvements in the target EBRB,20 with 
7 (47%) reporting subsequent improvements in chil-
dren’s adiposity. Few studies (4/15) assessed long-term 
efficacy or sustainability (5/15) and the authors also 
noted heterogeneity across study designs and the inter-
ventions delivered, which suggests effects may be limited 
to specific population subgroups.

Such findings perhaps reflect differences in policies 
and practices around nutrition and physical activity 
across childcare centres (eg, by level of deprivation21) and 
between countries, which likely influence the extent to 
which the childcare environment is associated with chil-
dren’s weight indicators. Moreover, uptake of childcare 
varies between countries,5 and so too does the amount 
of time children spend in any form of care,18 which may 
also influence the strength of the association between 
the childcare environment and obesity levels. Finally, it is 
possible that despite the influence of the childcare envi-
ronment, parental or family level factors, which are often 
targeted simultaneously, may exert a strong or stronger 
influence on children’s weight status.22

In England, over one in five children are overweight 
or obese by the age of 5 years.23 Despite high levels of 
childcare attendance in the UK, there has been very little 
research to assess associations between the childcare envi-
ronment and children’s health outcomes. With the publi-
cation of the UK Government’s Obesity Plan for Action in 
2017, strategies to encourage positive health behaviours 
and weight in preschool-aged children are increasingly 
centred on the childcare environment.24 It is therefore 
timely to determine associations between the UK child-
care environment and children’s anthropometric indices. 
In this exploratory study, we therefore sought to assess how 
the amount of time spent in childcare, and how the nutri-
tion, physical activity and overall childcare environment 
are associated with anthropometric indicators (body mass 
index z-score (z-BMI); waist-to-height ratio (WHR); sum 
of skinfold thickness (SST)) in a sample of UK children 
aged 3–4 years, adjusting for a range of family level explan-
atory variables. We hypothesised that children attending 
childcare centres with more supportive physical activity 
and nutrition environments would have favourable (ie, 
lower) anthropometric indices compared with those 
attending centres with less supportive environments.

MAterIAls AnD MethODs
study design and recruitment
Data were from the ‘Studying Physical Activity in preschool-
aged Children and their Environment (SPACE) Study’, a 
cross-sectional childcare-based observational study.25 The 
STrengthening the Reporting of OBservational studies in 
Epidemiology protocol was followed in the conduct and 
dissemination of this observational study. Participants 
were not involved in the development of the study design, 
research questions or outcome measures, but results were 
disseminated to all participants and participating child-
care centres. Recruitment and data collection took place 
during January–July 2013; detailed information is avail-
able elsewhere.25 Briefly, a list of preschool (state-run 
education) and nursery (privately run) ‘childcare centres’ 
in Cambridge were obtained from the Ofsted government 
website26 and stratified by type (preschool/nursery) and 
tertile of Index of Multiple Deprivation (IMD; an area-
level measure of deprivation27). Preschools and nurseries, 
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but not home/family based children centres, were purpo-
sively recruited because funding, the built environment 
and care provided tend to differ by type.25 Within these six 
strata, 88 childcare centres were approached at random 
and invited in writing to participate; 30 (34%) centre 
managers consented to participate (n=15 preschool and 
n=15 nursery).

The parents of all children aged 3–4 years (n=602) 
attending consenting centres were sent a study invita-
tion pack, and requested to return written consent to the 
childcare centre. Eligible children: were aged 3 years or 
4 years; were free from physical disability; attended the 
centre for at least 9 hours per week (to ensure children 
spent >50% of their government-paid allocation at that 
particular centre); and were registered to attend the 
childcare centre on the designated measurement day. At 
least five children per centre with valid written consent 
(by a parent/legal guardian) were required to ensure 
sufficient analytical power. Children provided verbal 
assent prior to measurement (n=247, 41%). 

Patient and public involvement
Participants were not involved in the development of the 
study design, research questions or outcome measures, 
but results were disseminated to all participants and 
participating childcare centres.

Data collection
Child anthropometry and demographic data
At each centre visit, one of three trained researchers 
recorded each child’s sex; measured height to the 
nearest 0.1 cm using a Leicester stadiometer; and weight 
to the nearest 0.1 kg using Seca digital scales in light 
indoor clothes with shoes and socks removed. Measures 
of weight and height were conducted once as these are 
highly reproducible with limited variability.28 Abdominal 
waist circumference was measured to the nearest 0.5 cm 
at the midpoint between the lower costal margin and 
the level of the anterior superior iliac crests. Up to three 
measures were taken (if there was a discrepancy of 1 cm 
in the first two measures) using a Seca non-stretch tape 
measure next to the child’s skin. Subscapular and tricep 
skinfolds were measured on the child’s right side using 
a Holtain calliper (Holtain, UK) according to standard 
protocol.29 If the first two measurements at either site 
were >0.2 mm apart, a third measurement was taken and 
an average calculated. Compared with a ‘gold standard’ 
trainer, researcher mean differences in measurement was 
0.1 cm and 0.25–0.3 mm for waist and skinfolds, respec-
tively. Equipment was calibrated prior to commencing 
data collection, at the midway point and on completion 
of the study.

Following anthropometric measurement, each child 
was allocated a study pack containing a parental question-
naire, which care providers disseminated to parents. The 
parental questionnaire, based on a previously validated 
questionnaire,30 assessed demographic factors relating to 
the study participant; their general health and common 

health behaviours; childcare attendance; other children 
in the home; family sociodemographics; parental occu-
pational and leisure physical activity; parental height 
and weight; and parental beliefs, barriers and attitudes 
towards physical activity and nutrition. Parents were 
asked to return the questionnaire to their child’s child-
care centre 1 week later.

Assessment of childcare environment
A trained researcher assessed the physical activity and 
nutrition environment of each centre using the Environ-
ment and Policy Assessment and Observation (EPAO) 
instrument. Observation began when the first child 
arrived in the morning and continued until the end of 
the day, when the last child left,31 as the EPAO protocol 
requires a minimum of one full day to be spent observing 
all activities in the designated childcare classroom. 
Scoring is composed of two eight-item subscales for phys-
ical activity and nutrition. The physical activity subscales 
comprise: active opportunities, sedentary opportunities, 
sedentary environment, portable play environment, fixed 
play environment, staff physical activity behaviours, phys-
ical activity training and education, and physical activity 
policy. Nutrition subscales comprise: servings of fruits 
and vegetables; whole grains; high-sugar/high-fat foods; 
beverages; staff nutrition behaviours; nutrition environ-
ment; nutrition training and education; and nutrition 
policy.

As this tool was developed in the USA, a number of 
small amendments to the protocol and data collection 
template were made to ensure the tool was suitable in 
the UK context. This was done in consultation with the 
original development team to ensure the measure appro-
priately captured the physical activity and nutrition envi-
ronments in UK childcare centres. These amendments 
did not change how the EPAO subscales for physical 
activity were scored; where preschools did not serve food, 
we used averages of available variables to derive the nutri-
tion subscale scores.

Variable derivation
Outcome measures
Objectively measured height and weight were used to 
calculate children’s BMI (weight(kg)/ height2(m)). This, 
combined with child’s sex and age in months at measure-
ment (calculated from parental reported date of child’s 
birth), was used to derive a continuous z-BMI, based on 
the British 1990 (UK90) growth reference charts.32 Inter-
national Obesity Task Force classifications were used 
to categorise children as normal weight, overweight or 
obese.33 WHR (waist (cm)/height (cm)) was derived to 
assess central obesity, and the sum of subscapular and 
tricep skinfold thicknesses (SST) was derived as an indi-
cator of subcutaneous fat.34

Exposure variables
Parents were asked to provide information about 
their child’s usual weekly childcare attendance using a 
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specifically designed question25: 'In a usual week, when 
does your child attend childcare? Please only include care 
for your child taking part in SPACE and include regular formal 
and informal care (eg, grandparents, friends etc.)'. Parents 
responded using free text, which we subsequently coded 
to derive the total number of reported hours children 
attended formal childcare during a usual week for anal-
yses. Indicators of the overall childcare, nutrition and 
physical activity environments using EPAO (subscale) 
Scores were also generated. According to standard EPAO 
scoring procedure, responses to questions across eight 
physical activity, and up to eight nutrition subdomains 
were summed to a possible maximum of 20 points per 
domain (where each question was worth 0–2 points). The 
‘Physical Activity’ Domain Score was derived using an 
average of the eight subscale domain scores for all centres. 
The ‘Nutrition’ Domain Score was calculated using an 
average of six or eight subdomain scores, depending on 
meals served. Many UK childcare centres do not serve 
all meals (ie, some only serve snacks/require children to 
bring packed lunch and do not provide lunch and ‘tea’ 
(at ~16:00 hours)). Two nutrition subscale scores (ie, 
Whole grains; High-sugar/high-fat foods) could there-
fore not be calculated for 21 centres: for these an average 
of the relevant six subdomain scores was calculated. An 
overall ‘EPAO score’ was derived by averaging the eight 
physical activity, and six or eight nutrition subdomain 
scores.

Additional confounding variables
A range of potential explanatory variables relating to 
the child’s family environment were derived using data 
collected from a parental questionnaire, including 
child ethnicity (White British; White European; other); 
maternal educational attainment (General Certifi-
cate of Secondary Education; A Levels; National Voca-
tional Qualification/Diploma; University degree; 
Higher degree); maternal self-report BMI; and hours 
per week mothers worked (not employed; <20 hours; 
21–35 hours; >35 hours). Where available, the latter three 
variables were also derived for fathers (with hours per 
week fathers worked categorised based on distribution 
as: <40 hours; 40–42 hours; >42 hours).

statistical analyses
All analyses were conducted using STATA V.14/SE. We 
calculated descriptive statistics for included participants, 
and compared them to those excluded from analyses (ie, 
those without valid anthropometric data) using indepen-
dent t-tests and Pearson’s χ2 test.

For each of our three continuous outcome variables 
(z-BMI, WHR, SST), a series of two-level mixed-effects 
linear regression analyses (level 1: child; level 2: childcare 
centre) were conducted to explore how weekly child-
care attendance and practices relating to energy-balance 
behaviours in the childcare environment were related 
to children’s anthropometric indices. Given children’s 
age in months and sex are already taken into account 

when z-BMI is derived, all WHR and SST analyses were 
adjusted for these variables. As children in the SPACE 
Study were recruited or ‘clustered’ at the centre level, 
multilevel regression analyses were used to allow for both 
within-centre and between-centre variations in anthro-
pometric outcomes.25 35 First, univariate analyses were 
conducted to assess how (A) weekly childcare attendance 
(in hours) and (B) the childcare environment relating to 
nutrition and physical activity, were associated with each 
of the three anthropometric indices. Multivariable anal-
yses were then run, adjusting for family level confounding 
variables. One centre contributed two classes, which were 
treated as separate centres in analyses: although the 
classes shared policy documents, each ran as a completely 
independent entity, with different staff, rooms, children 
and outside spaces, and did not share catering facilities 
(hot meals were not provided).

Significant within-centre differences across the three 
outcome measures were identified. For example, 96% 
of the variation in z-BMI was explained by within-centre 
(ie, child-level) differences and only 4% of variation was 
explained by between-centre (ie, childcare-level) differ-
ences (within-centre variation WHR: 73%; STT: 85%). 
To further explore these differences, post hoc analyses 
were conducted to determine whether child-level socio-
economic status (measured using maternal educational 
attainment) moderated the association between time 
spent in the childcare environment and each outcome. 
Based on previous evidence, we hypothesised that the 
relationship between a more favourable childcare envi-
ronment and normal weight would be stronger (ie, the 
gradient would be steeper) for children in lower-income 
families. This was grounded on the assumption that 
favourable childcare environments would buffer the asso-
ciation between potentially negative home environments 
and overweight/obesity in children from poorer socioeco-
nomic backgrounds, but that the childcare environment 
may be less important for children from higher-income 
homes. Also, as fewer children provided SST data than 
z-BMI and WHR, sensitivity analyses were conducted to 
limit our analyses to children providing complete case-
valid data for all three outcomes (n=151).

results
Participant characteristics
Of the 247 children who assented to have anthropometric 
measurements taken, valid anthropometric, observa-
tional and questionnaire data were available for 196 chil-
dren from 30 centres (table 1). Childcare centres have 
been described previously36; those centres who partici-
pated did not differ in terms of area-level socioeconomic 
characteristics from those who declined to participate.25 
Children who provided complete case data (n=196) did 
not differ from those excluded by child’s sex, age, weight 
status or ethnicity but were more likely to have mothers 
with higher education (higher degree: 38.3% vs 22.2%, 
P=0.02).
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Childcare environment
Domain subscale and total scores for EPAO are shown in 
table 2. Across childcare centres, the mean total EPAO 
Score (including eight physical activity and up to eight 
nutrition domains) was 11.2 (SD 1.0, range 8.5–13.5), 
with higher scores signifying more supportive environ-
ments. The average physical activity subscale score was 
10.8 (1.5, 7.4–13.8) and average nutrition subscale score 
was 11.7 (1.6, 8.8–14.3). Overall, nutrition scores indi-
cated good provision of fruit and vegetables, limited 
servings of high-fat/high-sugar foods, but poor provision 
of wholegrains. For physical activity, centres generally 
scored well for active opportunities and on staff physical 
activity behaviours; staff training and education in phys-
ical activity, and physical activity policies, were largely 
lacking.

Association between childcare environment and children’s 
anthropometric indices
In unadjusted analyses, there was no significant associa-
tion between the number of hours a child spent in care 
or energy-balance childcare practices and preschool-aged 
children’s anthropometric indices (table 3). These find-
ings remained unchanged after adjusting for family level 
variables; as expected, several family level variables were 
independently associated with the outcomes of interest 
in adjusted models (see online supplementary tables 
S1–S3).

We found no significant interactions in post hoc 
analyses, designed to determine whether child-level 
socioeconomic status (measured using maternal educa-
tional attainment) moderated the association between 
time spent in the childcare environment and our three 
outcome measures (data not shown). In sensitivity anal-
yses, including only children who provided all three 
outcome measures (n=151) did not significantly influ-
ence our findings (data not shown).

DIsCussIOn
We found that childcare attendance and energy-balance 
practices in the childcare environment do not appear 
to be associated with UK preschool-aged children’s 
anthropometric indices. However, as shown previously, 
family level factors were independently associated with 
children’s z-BMI. Children spend increasing amounts of 
time in formal childcare in the UK and the childcare envi-
ronment is frequently the focus of intervention efforts to 
prevent or reduce early childhood obesity worldwide.24 
Childcare centres in the UK adhere to a statutory Early 
Years Foundation Stage (EYFS) framework, operate ‘free-
flow’ policies where children generally choose their own 
activities with few provider-led activities, and by law must 
ensure all food and drink provided is properly prepared, 
wholesome and nutritious.37 Therefore, this relatively 
standardised level of care may mean that UK childcare 
environments exert a smaller influence on children’s 
EBRBs and health. Together, this suggests that child-level, 

Table 1 Descriptive characteristics of children included in 
analyses (SPACE Study, 2013, n=196)

Boys Girls

Child characteristics

  N (%) 100 (51) 96 (49)

  Age (in months) 47.4 (5.2) 47.8 (4.9)

  Ethnicity (N(%))

    White British 74 (74.0) 74 (77.1)

    White other 9 (9.1) 9 (9.4)

    Other/mixed ethnicity 17 (17.0) 13 (13.5)

  z-BMI 0.52 (0.93) 0.36 (1.06)

  Weight category* (N(%))

    Normal 82 (82.0) 79 (82.3)

    Overweight/obese 18 (18.0) 17 (17.7)

  Waist/height ratio 0.49 (0.1) 0.49 (0.1)

    Centrally obese (N(%)) 35 (46.7) 28 (40.6)

  Sum of skinfolds† (cm) 14.5 (3.1) 16.0 (3.6)

  Average weekly hours in 
childcare

23.3 (12.2) 21.8 (12.1)

Maternal characteristics

  Age (in years) 37.6 (5.0) 37.4 (5.5)

  BMI (in kg/m2) 23.9 (4.2) 24.2 (4.7)

  Education (N(%))

    GCSE/A levels 25 (25.0) 34 (35.4)

    Degree 29 (29.0) 33 (34.4)

    Higher degree 46 (46.0) 29 (30.2)

  Hours worked per week‡ (N(%))

    Not employed 26 (27.4) 24 (25.8)

    <20 hours 19 (20.0) 14 (15.1)

    21–35 hours 28 (29.5) 31 (33.3)

    >35 hours 22 (23.2) 24 (25.8)

Paternal characteristics§

  Age (in years) 39.2 (5.6) 39.4 (8.0)

  BMI (in kg/m2) 25.2 (3.5) 25.9 (3.2)

  Paternal education (N(%))

    GCSE/A levels 23 (23) 20 (24.1)

    Degree 24 (24) 27 (32.5)

    Higher degree 43 (43) 36 (43.4)

  Hours worked per week‡ (N(%))

    <40 hours 26 (29.8) 30 (35.3)

    40–42 hours 30 (35.6) 30 (36.6)

    >42 hours 30 (34.5) 22 (26.8)

All values mean (SD) unless stated otherwise. 
*Weight category derived using the International Task Force on 
Obesity cut points. 
†n=80 boys and n=71 girls.
‡Categorised based on distribution, maternal employment: n=95 
for boys, n=93 for girls. 
§Paternal variables available for n=169–173 children depending on 
variable.
A  levels, advanced levels; GCSE, General Certificate of  
Secondary Education; SPACE, Studying Physical Activity in 
preschool-aged Children and their Environment; z-BMI, body mass 
index z-score.
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family level, environmental-level and policy-level factors 
warrant significant further attention in obesity preven-
tion strategies for young children.

how this work compares to previous studies
Cross-sectionally, we did not identify any associations 
between time spent in care and children’s anthropometry. 
This is in accordance with previous studies conducted in 
low-income Latino children aged 4 years38 and children 
aged 2–5 years in Australia.39 Interestingly, the latter 
study identified maternal education as the sole significant 
predictor of the child’s weight status.39 Although consid-
eration of family level factors do not impact the conclu-
sions drawn here (ie, no association was found before or 
after adjustment), several were independently associated 
with z-BMI, significantly attenuating the (non-signifi-
cant) relationship between exposure and outcome. This 
confirms previous findings that family level factors may 
influence children’s weight status, regardless of childcare 
attendance.22

Within the SPACE Study, there was relatively wide 
heterogeneity in design and layout of childcare centres. 
Yet EPAO Scores in this study showed comparatively little 
variation across childcare centres and were similar to 
those seen previously in US,40 Dutch36 and Canadian41 

studies which suggests there were no obvious differences 
between these UK and other childcare environments. 
However, across and between countries differences may 
exist in how ‘healthy’ childcare environments are, and 
there may also be variation across physical activity and 
nutrition environments within the same childcare envi-
ronment (ie, good nutrition, poor physical activity and 
vice versa). Taken together, the definition of a ‘healthy’ 
environment is likely to be relatively heterogeneous, 
potentially preventing identification of consistent 
associations.

It could be hypothesised that childcare in earlier 
childhood (ie, infancy), rather than during the 
preschool period (as assessed here), is more important 
for the development of children’s adiposity. Indeed, work 
conducted in prospective cohorts suggests that early child-
care attendance may be associated with children’s weight 
status: Black and colleagues noted that early informal 
care (before 3 years) was associated with increased risk 
of overweight/obesity, and that higher childcare atten-
dance, especially starting before 1 year, also increased 
overweight/obesity risk.17 This was confirmed in studies in 
younger children (aged 1–2 years) from Ireland and the 
Netherlands. The latter suggests that attending childcare 

Table 2 EPAO average domain subscale and total scores in the SPACE Study

Nutrition subdomains* Mean (SD) Range
Physical activity 
subdomains† Mean (SD) Range

Servings: fruits and vegetables 13.4 (4.1) 6.7–20.0 Active opportunities 15.3 (3.8) 6.7–20.0

Servings: wholegrains‡ 3.3 (3.3) 0–10.0 Sedentary opportunities 11.7 (4.5) 6.7–20.0

Servings: high-sugar/high-fat 
foods§¶

14.5 (0.9) 14.0–16.0 Sedentary environment 12.7 (4.1) 6.7–20.0

Servings: beverages 9.7 (2.4) 5.0–16.3 Portable play 
environment

10.7 (3.1) 5.7–17.1

Staff nutrition behaviours 10.1 (2.8) 3.3–15.0 Fixed play environment 11.8 (2.8) 7.5–16.3

Nutrition environment 15.4 (3.0) 6.7–20.0 Staff PA behaviours 14.3 (2.5) 8.0–20.0

Nutrition training and education 10.6 (3.1) 4.0–18.0 PA training and 
education

4.8 (4.0) 0–15.0

Nutrition policy 12.6 (6.2) 6.7–20.0 PA policy 7.0 (6.8) 0–20.0

Total Domain Score†

  Average Nutrition Domain 
Score**

11.7 (1.6) 8.8–14.3 Average Physical 
Activity Domain 
Score††

10.8 (1.5) 7.4–13.8

Total EPAO Score†

  Average Total EPAO Score‡‡ 11.2 (1.0) 8.5–13.5

*n=30 unless stated.
†n=30. 
‡Centres n=9. 
§Centres n=8. 
¶Reverse coded such that higher score means favourable or lower provision of high-sugar, high-fat foods. 
**Average of up to 8 subdomain scores. 
††Includes 8 subdomain scores. 
‡‡Average of up to eight nutrition and eight physical activity domain scores.
EPAO, Environment and Policy Assessment and Observation tool; PA, physical activity; SPACE, Studying Physical Activity in preschool-aged 
Children and their Environment. 
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part-time or full-time was associated with increases in 
anthropometric indicators and odds of being overweight 
compared with those not in childcare prospectively.42 43 
Moreover, cumulative exposure to centre-based care up 
to the age of 4 years appears to be associated with higher 
odds of overweight/obesity in later childhood, that is, at 
4–10 years of age,12 in Canadian children. As such, these 
longitudinal associations appear to be dependent on the 
timing and level of exposure to childcare.15 17 Greater 
childcare attendance in very early childhood appears to 
be associated with childhood obesity, but later childcare 
attendance does not show such associations.17 As no data 
on previous childcare attendance patterns were collected 
in this study, we were unable to test this hypothesis here.

It is conceivable that bias or residual confounding, in 
addition to our sample size, limited our ability to find 
associations; it is also possible that a lack of power (ie, 
low β) resulted in a type 2 error, or us failing to find 
an association where one existed. This said, we were 
able to detect relatively small associations between the 
outcome and family level factors (eg, maternal BMI: 
β coefficient=0.05), and had suitable heterogeneity in 
our exposure measures to do so. Previous studies have 
identified associations with a range of time-based expo-
sures assessed over longer periods of time (ie, 10 hours/
week increments44; each additional 30 days exposure to 
care13 during the first year of life) or simply by the type of 
care children were exposed to (ie, childcare vs informal 
vs parental care12 18).15 This variation in exposure and 
outcome measures is therefore also likely to account for 
differing findings between childcare-related factors and 
children’s anthropometric indices.

This is, to our knowledge, one of the few studies to 
go beyond exploration of the association between time 
spent in care and anthropometry, to assess how elements 
within the childcare environment (ie, nutrition and phys-
ical activity practices) are related to children’s anthropo-
metric indices. In a previous study using this same sample 
of children, we found a similar lack of association between 
the childcare environment and preschool-aged children’s 
physical activity36 as identified here between the preschool 
environment and children’s anthropometry. This is in 
contrast to studies in the USA40 and Canada45 suggesting 
that more favourable physical activity environments are 
associated with higher physical activity levels in children. 
It is possible that differences identified here are due in 
part to a fairly standardised system of care in the early 
years in the UK mentioned earlier. The EYFS framework46 
is a curriculum against which children’s development is 
judged at age 2 years and 5 years (after their first year 
in primary school). A key tenant of this is that children 
must ‘be helped to understand the importance of phys-
ical activity, and to make healthy choices in relation to 
food.’ (page 546). All food and drink served to children in 
UK early years' settings must by law be properly prepared, 
wholesome and nutritious, with fresh drinking water 
available to children at all times.37 UK childcare centres 
additionally operate a ‘free-flow’ policy where children Ta
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may choose from a range of inside and outside activities 
for the majority of the day, regardless of weather condi-
tions. With a standardised level of provision, the childcare 
environment in the UK may exert only a small influence 
on children’s EBRBs and health outcomes. Yet with a core 
mandate to promote healthy EBRBs, and with high levels 
of children attending childcare, childcare settings in the 
UK appear well placed to ensure all children receive the 
best start in life, irrespective of sociodemographic factors.

To date, much of the research in this area has focused 
on the formal childcare environment. Strategies to 
encourage positive health behaviours and weight in 
preschool-aged children are therefore increasingly 
centred on the childcare environment, particularly in the 
UK.24 However, very little research has been conducted 
in the UK childcare setting to determine whether such 
interventions are necessary or likely to succeed. Indeed, 
this and previous research36 suggests that the formal 
childcare environment in the UK does not appear to 
be associated with preschool-aged children’s anthropo-
metric and physical activity outcomes. Other types of 
care (eg, family childcare homes/childminder; grand-
parents) however, also deserve attention. For example, in 
Canada, preschool-aged children in full-day kindergarten 
(providing instructive programmes for preschoolers) 
accumulated significantly more moderate-to-vigorous 
physical activity (MVPA) than those in centres (providing 
developmental programmes for a range of ages) or home-
based care,45 whereas in another study, EPAO nutrition 
subscales in centre-based care were shown to be more 
supportive than those in home-based care.41 Given UK 
preschool-aged children spent an average of 15 hours 
in informal care in 2017,9 more research is needed into 
the potential influences of these informal environments. 
This said, areas for improvement within the formal child-
care environment likely still exist, with a more targeted 
approach, focusing on specific areas within the childcare 
environment (eg, promoting healthy dietary provision,21 
improving physical activity policies and staff training), 
still potentially benefiting children’s health behaviours.

Finally, the children’s family and wider environ-
ments should not be overlooked. Although the family 
is suggested to be central to health promotion in young 
children, both more proximal family and external 
factors (eg, in the community and wider environment) 
combine to shape a child’s health behaviours.47 Indeed, 
parents and childcare providers often cite each other 
as important custodians of preschool-aged children’s 
EBRBs, suggesting both should work synergistically to 
encourage positive health and habit formation.48

strengths and limitations
We used objective measures of UK preschool-aged chil-
dren’s anthropometric indices to provide novel informa-
tion about how attendance and the childcare environment 
are associated with children’s anthropometric indices. 
Although this was a relatively small UK childcare-based 
sample, both our outcomes and exposures were normally 

distributed, and provided us with sufficient heterogeneity 
to explore our research questions. Although derivation of 
one of the exposure measures (ie, the Nutrition Domain 
Score) differed from previous studies, limiting the 
number of subscale scores used (to 6 rather than taking 
an average of up to 8) did not influence our findings. As 
one trained observer conducted the EPAO ratings, it is 
possible that bias or inaccuracy in these ratings may have 
occurred; the impact of this on the EPAO predictor vari-
ables is unknown. By using hierarchical regression anal-
ysis, we were also able to take account of study design and 
potential clustering at the centre level, thus increasing 
our power to detect (small) significant differences in our 
outcomes. We also adjusted for a number of family level 
factors known to be related to children’s anthropometry 
but we did not have a measure of each child’s birth weight 
to account for children’s individual growth trajectories. 
As with several studies in this area,15 this work was based 
on a childcare-based sample. We were therefore unable to 
assess the influence of no or only informal care, in addi-
tion to centre-based care, on children’s weight-related 
outcomes.

Children were drawn from childcare centres recruited 
from the top tertile of IMD Scores in England.25 As there 
were no differences in IMD Scores of the centres that 
did and did not participate in the SPACE Study,36 chil-
dren included here are likely representative of the wider 
eligible population. Children’s individual socioeconomic 
circumstances (ie, maternal educational attainment) 
varied within this sample, which is important as children 
from both lower and higher socioeconomic backgrounds 
may be at risk of higher BMI.18 19 23 It is therefore not clear 
how generalisable our findings are. However, we did not 
see evidence of a moderating effect of children’s socio-
economic circumstances on the exposure-outcome rela-
tionship, suggesting that the association may be consistent 
across socioeconomic strata. Just under a fifth (18%) of 
children were classified as overweight or obese, which is 
slightly below the national UK average for 5-year-old chil-
dren (22.5% in 2013/2014).23 Children were predomi-
nantly White (British/European) (85%), which is in line 
with the UK average (86% in 2011).49 Work is however 
required to determine whether similar findings are 
apparent in differing minority populations across the UK.

COnClusIOns
We found no significant association between child-
care attendance, or the nutrition and physical activity 
childcare environment, and children’s anthropometric 
outcomes, suggesting the UK childcare environment had 
little influence on children’s weight status in our study. 
In contrast, family level factors were associated. Although 
childcare-based interventions are increasingly the focus 
for promoting healthy weight and EBRBs in preschool-
aged children, they tend to show small effects that are not 
sustained over time. Looking to other areas of a child’s 
life, specifically family level factors and those in a child’s 
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wider environment, either as an adjunct or alternative 
to centre-based interventions, should become a focus. 
Considering how a broader range of potential influences 
may interact to contribute to children’s health will be key 
in successfully promoting healthy weight in preschool-
aged children.
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