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a b s t r a c t
Objective. The aim of this study is to examine whether there is a differential impact of primary schools upon
children's weight status.
Methods. A repeated cross-sectional study was undertaken using ﬁve years (2006/07–2010/11) of National
Child Measurement Programme data, comprising 57,976 children (aged 4–5 (Reception) and 10–11 (Year 6)
years) from 300 primary schools across Devon, England. Examining each year separately, the schools were
ranked according to their observed and residual (having accounted for school and neighbourhood clustering
and pupil ethnicity and socioeconomic status) school mean body mass index standard deviation score (BMISDS). Subtracting the Reception from the Year 6 mean residuals gave ‘value-added’ scores for each school
which were also ranked. The rankings were compared within and across the years to assess consistency.
Results. Although pupil BMI-SDS was high, N 97% of the variation in BMI-SDS was attributable to environments
other than the school. The ‘value-added’ by each school was only poorly correlated with the observed and
residual pupil BMI-SDS; but none of the rankings were consistent across the ﬁve years.
Conclusion. The inconsistency of the rankings and the small variation in BMI-SDS at the level of the school
suggests that there is no systematic differential impact of primary schools upon pupil weight status.
© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/3.0/)

Introduction
Non-communicable diseases are now the leading cause of death
world-wide (Beaglehole et al., 2011; General Assembly of the United
Nations, 2011). Obesity as a risk factor for a number of noncommunicable diseases has become a public health priority (Beaglehole
et al., 2011). The rising prevalence of obesity, coupled with the realisation
that several of the determinants of obesity originate in or before childhood, has led to many preventative efforts being concentrated on children
(Butland et al., 2007; Procter, 2007). Moreover, schools, where children
congregate to learn, eat, and share activities are readily accessible
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environments for prevention (Brown and Summerbell, 2009; Khambalia
et al., 2012; Procter, 2007; Procter et al., 2008). Within England it has
been observed that the prevalence of obesity doubles during the period
of primary education (4–11 years of age), leading to questions about
whether schools themselves are obesogenic environments (Ridler et al.,
2009).
To date, no interventions which sought to affect the school environment or context have been found to have a lasting effect on the prevalence of obesity (Khambalia et al., 2012). Moreover, there is little
empirical evidence of any impact of the school environment upon
children's weight status (Bonell et al., 2013; Williams et al., 2012,
2013). One of the few papers to examine whether schools had an impact
on children's weight status was produced by Procter et al. (2008) who
hypothesised:
‘[t]hat by exploring differences between schools, we may be able to
determine school factors that are, for better or worse, having an
impact on children’s risks of obesity. At the same time, we may be
able to highlight ‘hot’ and ‘cold’ spots of obesity so allowing better
targeting of resources to those communities in greatest need.’Procter
et al. (2008) p.342.
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To test this hypothesis Procter et al. (2008) employed a ‘valueadded’ technique similar to those developed in economics and regularly
used to assess the educational impact of schools (Amrein-Beardsley,
2008; Rutter, 1979). In education, an individual's value-added score is
the change in outcome (e.g. test score) during the period of their schooling. In order to compare school performance the individual scores are
aggregated, and it becomes necessary to adjust for differences in school
composition which could bias the scores (Amrein-Beardsley, 2008;
Rutter, 1979). Procter et al. (2008) accounted for the ethnic and socioeconomic composition of 35 primary schools in Leeds, England, who
were participating in the Trends study to rank schools according to
their mean observed and expected residual pupil weight status and
‘value-added’ score. The authors found that there was little similarity
between the ‘value-added’ and expected residual rankings and concluded that this lent credence to the hypothesis that differing school
environments have differential impacts upon their pupils (Procter
et al., 2008). As a result they suggested that obesity prevention efforts
be targeted rather than population wide as ‘hot’ and ‘cold’ schools for
obesity had been identiﬁable, and hence future research should focus
on such schools. Acknowledging the fallibility of such ‘league tables’,
Procter et al. (2008) also suggested that these analyses should be replicated across a number of years to test the validity of the ﬁndings
(Goldstein and Spiegelhalter, 1996). This study evaluates and expands
upon the technique proposed by Procter et al. (2008) using repeated
cross-sectional data from a large routine data source (the National
Child Measurement Programme (NCMP)) to examine the potential
differential impact of primary schools on children's weight status.
Methods
The English NCMP was introduced in 2005 to monitor progress towards
a public service agreement to reduce the prevalence of obese primary school
aged children (Dinsdale and Rutter, 2008; South East England Public Health
Observatory, 2005). Unless individuals or schools are actively opted out, all
Reception (4–5 year olds) and Year 6 (10–11 year olds) pupils in state
maintained primary schools have their height and weight measured by a
health professional (Dinsdale and Rutter, 2008). Five years of NCMP data
(2006/07–2010/11, involving 57,976 pupils) from Devon local authority
were used in this study. The child's gender and age at time of measurement
collected within the NCMP were used to calculate their body mass index
standard deviation score (BMI-SDS) using the United Kingdom 1990 reference population and the LMS method deﬁned by Cole et al. (1995). The
child's ethnicity (Department for Education classiﬁcation), neighbourhood
(Lower Super Output Area (LSOA)), school and year group were also recorded (The NHS Information Centre, 2012). Like Procter et al. (2008) we were
able to link each child's LSOA to the Index of Multiple Deprivation as a
measure of socioeconomic status (Department for Communities and Local
Government, 2011). Prior to linking the 2010 Index of Multiple Deprivation
to the NCMP data the score was nationally rescaled from 0 to 1 (normalised), to aid interpretation (Goldstein, 2003). The Department for Education
ethnicity categories were collapsed into the following ﬁve categories to
ensure that there were sufﬁcient numbers in each category for analysis;
White–British; Any other White background; Chinese, Asian or Asian
British; Mixed/Dual background; and Any other ethnic group (including
Black or Black British) (Department of Health, 2009). Procter et al. (2008)
studied Year 4 (8–9 year olds) rather than Year 6 pupils alongside
Reception pupils and used a binary ethnicity classiﬁcation (south Asian or
non-south Asian); otherwise the data sets are similar and both crosssectional. Consequently, it was possible to apply the method proposed by
Procter et al. (2008) within each of the ﬁve years of the NCMP data set as
outlined below.
Statistical analyses
In education, school-level value-added scores are used as comparable
measures of the average improvement in pupil attainment while attending
the school. To ensure fair comparisons of different schools, it is important to
adjust for differences in school composition. The following steps were taken
to apply ‘value-added’ methods to pupil weight status.

Step 1
Rank schools according to their observed mean BMI-SDS (Observed ranking).
Following Procter et al. (2008) both year groups were combined to calculate
each school's mean BMI-SDS. The ranking of schools based upon their observed
mean BMI-SDS was recorded, giving a rank of the schools with lowest to highest
mean pupil weight status. This Observed ranking is not a reﬂection of school
effect on weight status as differences in mean BMI-SDS could relate to
differences in school composition (e.g. demographics) or be a reﬂection of the
pre-school (baseline) pupil weight status.

Step 2
Rank schools according to how much their observed mean BMI-SDS differed
from the expected (‘Expected’ ranking). The next step was to adjust the data to
determine the extent to which the school's mean pupil weight status differs
from that expected. As ethnicity and socioeconomic status are widely
recognised determinants of obesity, these were the pupil characteristics used
to calculate the expected mean pupil BMI-SDS (Butland et al., 2007).
Two-level models, cross-classiﬁed by school and neighbourhood (LSOA) in
order to account for the fact that children from the same neighbourhood may
not attend the same school and vice versa, were used to calculate the expected
mean pupil BMI-SDS (Procter et al., 2008). In order to test the need for crossclassiﬁcation by neighbourhood (LSOA), models with and without neighbourhood
cross-classiﬁcation were tested at this stage. The ranking of schools based upon
the extent to which the observed mean BMI-SDS differed from the expected
mean BMI-SDS was recorded (Expected residuals). Schools with observed mean
pupil weight status which is markedly different from that expected (i.e. high or
low residuals) may represent hot and cold spots of obesity.

Step 3
Calculate and rank schools according to a ‘value-added’ score (‘Value-added’
ranking)
The ‘Expected’ ranking gives a measure of the impact of the school, but does
not account for pre-school weight status. As the data were cross-sectional, differences within-pupils could not be calculated. Instead, differences between
year groups of pupils were calculated through an identical process to that
used by Procter et al. (2008). As Reception is the ﬁrst year of schooling Reception pupils are relatively unexposed to the school environment and context
compared with pupils in Year 6, and therefore the Reception pupil weight status
was conceptualised as the pre-school weight status. The expected residuals for
Reception and Year 6 pupils were calculated separately using the same
multilevel model as in Step 2. The difference between these two sets of expected
residuals gave a measure (score) of the average ‘value-added’ to the pupil
BMI-SDS by the school, the ranking of which was recorded.

Step 4
Compare the Observed, ‘Expected’ and ‘Value-added’ rankings. Primarily Lin's
concordance correlation coefﬁcients (ρc) (Lin, 1989, 2000; Steichen and Cox,
2002) were used to quantify the agreement between pairs of rankings within
each of the ﬁve years. Pearson's correlation coefﬁcients (r) were calculated
alongside the concordance values, and the rankings were visualised in caterpillar plots; these additional analyses are reposted in the supplementary material.

Step 5
Compare stability of the rankings across the ﬁve years (2006/07–2010/11)
Within each ranking, concordance correlation coefﬁcients were calculated
comparing the agreement between each of the ﬁve years of rankings. As with
the previous step Pearson's correlation coefﬁcients and caterpillar plots are
reported as supplementary material. Tracking coefﬁcients (kappa) were calculated to explore the extent to which schools maintained approximately the
same rankings across the ﬁve years. In order to quantify approximate positions,
the rankings of schools were split into quintiles each year, prior to the calculation of the tracking coefﬁcients. There was no comparison between the three
types of ranking in this step.
The analysis was undertaken in Stata 11 (StataCorp, 2009) with the models
estimated using numerical integration with seven quadrature points and
restricted maximum likelihood estimation. Due to a sparse matrix in 2010/11
it was necessary to estimate the cross-classiﬁed model in R (R Development
Core Team, 2011) using lme4 (Bates et al., 2011) and then transfer the results
back into Stata.
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Results
The sample characteristics and the results of the cross-classiﬁed
models ﬁtted to calculate each school's expected mean BMI-SDS are
shown in Table 1. Only a small proportion of the variation in pupil
BMI-SDS was attributed to either the school or the neighbourhood in
the null models (intraclass correlation coefﬁcients b 0.03). There was a
signiﬁcant association between socioeconomic status and BMI-SDS,
with the regression coefﬁcient for the Index of Multiple Deprivation calculated to show the mean difference in BMI-SDS between the most and
least deprived LSOAs in England, based upon the trend in Devon. A subsample comprising 10 schools, approximately equally distributed across
the 2006/07 Observed ranking, were selected in order that the change of
rankings in some individual (anonymised) schools could be observed
(Table 2). The data presented in Table 2 clearly demonstrate that whilst
within each year the Observed and ‘Expected’ rankings of schools are
similar, the ‘Value-added’ rankings are considerably different. Furthermore, across the ﬁve years there was substantial movement in school
position in each of the three rankings. The levels of agreement (concordance (ρc values)) between each of the three rankings within each year
are presented in Table 3. These values conﬁrm the observations from
Table 2: within each year the agreement between the Observed and
‘Expected’ rankings were high (ρc ~ 0.9), whereas the concordances
with the ‘Value-added’ rankings are much lower (ρc b0.3). The equivalent Pearson's correlation coefﬁcients are reported in Table S1 and the
caterpillar plots in Fig. S1 of the supplementary material, which further
conﬁrm the above ﬁndings.
The results of the analyses testing how stable the rankings were
across the ﬁve years are presented in Table 4. These show that within
each individual ranking (Observed, ‘Expected’ and ‘Value-added’) the
concordance values were small (ρc b 0.25), demonstrating that across
the years the rankings varied considerably; notably, the level of agreement across the ‘Value-added’ rankings was even smaller (ρc b 0.1).
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These results demonstrate the lack of consistency in any of the rankings
across the ﬁve years. The equivalent Pearson's correlation coefﬁcients
are reported in Table S2 and caterpillar plots in Fig. S2; further
supporting the ﬁndings presented in Table 4. The kappa values, which
show the extent to which schools maintained approximately the
same rankings across the ﬁve years were, 0.06 (p b 0.0001), 0.06
(p b 0.0001) and 0.05 (p b 0.0001) for the Observed, ‘Expected’ and
‘Value-added’ rankings respectively. Similar to Procter et al. (2008), it
was found that repeating all the analyses without cross-classiﬁcation
by neighbourhood made very little difference to the results
(Tables S3–S8, and Figs. S3 and S4).
Discussion
Using a large sample of data from the NCMP and a repeated crosssectional design, this study has examined the possibility of a ‘school
effect’ on pupil weight status. The ranking of schools based on the
mean ‘value-added’ to pupil weight status, adjusted for individual ethnicity and socioeconomic status, produced rankings which had little
agreement with either the Observed or ‘Expected’ ranking of schools
on their mean pupil BMI-SDS. Procter et al. (2008) suggested that
such ﬁndings provided evidence that individual schools could have a
differential impact on pupil weight status; i.e. that some school environments were more or less obesogenic than others. Within our study it
was possible to expand upon this analysis and test whether individual
school rankings remained consistent or stable across ﬁve years. Our
ﬁndings demonstrate that the rankings of individual schools, and
in particular the ‘Value-added’ rankings, varied considerably from
year-to-year. When the rankings were divided into quintiles, the tracking coefﬁcients suggested that only around 5% of the ~ 300 schools
remained in the same quintile across the ﬁve years in any of the rankings. This year-to-year variability in school rankings demonstrates that
current ‘value-added’ methods can be misleading. The results also

Table 1
Sample description and results of the cross-classiﬁed multilevel models.
(Data from the National Child Measurement Programme, 2006/07–2010/11, Devon, England).
2006/07

2007/08

2008/09

2009/10

2010/11

n = 10,376
n = 290
n = 486

n = 11,812
n = 300
n = 517

n = 12,081
n = 303
n = 545

n = 12,233
n = 302
n = 532

n = 11,474
n = 302
n = 513

Body mass index standard deviation
score

51.68%
48.32%
5.23 ± 0.28
11.33 ± 0.30
95.61%
2.06%
0.51%
1.24%
0.57%
0.18
(0.13,0.24)
0.34 ± 1.09
0.32 (−0.38,1.05)

52.57%
47.43%
5.18 ± 0.28
11.32 ± 0.30
94.60%
2.58%
0.85%
1.44%
0.53%
0.18
(0.13,0.24)
0.33 ± 1.08
0.29 (−0.40,1.03)

51.35%
48.65%
5.04 ± 0.27
11.02 ± 0.30
94.68%
2.52%
0.52%
1.60%
0.68%
0.18
(0.12,0.24)
0.46 ± 1.05
0.42 (−0.24,1.15)

51.85%
48.15%
5.06 ± 0.26
10.92 ± 0.34
94.42%
2.49%
0.52%
1.78%
0.80%
0.18
(0.13,0.24)
0.44 ± 1.06
0.40 (−0.26,1.13)

51.99%
48.01%
5.02 ± 0.26
10.84 ± 0.34
94.19%
2.74%
0.73%
1.57%
0.78%
0.18
(0.12,0.24)
0.45 ± 1.04
0.41 (−0.25,1.10)

Cross-classiﬁed model resultsc
Constant
Ethnicity
White–British
Any other white background
Chinese, Asian or Asian British
Mixed/dual ethnicity
Any other ethnic group
Index Multiple Deprivation 2010b

0.26 (0.20 to 0.32)
(ref)
b0.01 (−0.14 to 0.15)
−0.15 (−0.45 to 0.14)
0.22 (0.03 to 0.41)
0.09 (−0.19 to 0.37)
0.44 (0.20 to 0.69)

0.27 (0.22 to 0.31)
(ref)
−0.05 (−0.18 to0.07)
−0.24 (−0.45 to −0.03)
−0.01 (−0.18 to 0.15)
0.03 (−0.24 to 0.29)
0.32 (0.10 to 0.54)

0.37 (0.32 to 0.42)
(ref)
0.08 (−0.04 to 0.20)
−0.21 (−0.47 to 0.05)
b0.01 (−0.15 to 0.15)
0.10 (−0.13 to 0.32)
0.44 (0.22 to 0.66)

0.37 (0.32 to 0.42)
(ref)
0.02 (−0.11 to 0.14)
−0.10 (−0.36 to 0.16)
−0.12 (−0.26 to 0.03)
0.18 (−0.03 to 0.39)
0.38 (0.15 to 0.61)

0.37 (0.32 to 0.41)
(ref)
0.04 (−0.08 to 0.16)
−0.07 (−0.29 to 0.16)
−0.04 (−0.20 to 0.11)
−0.16 (−0.37 to 0.06)
0.44 (0.24 to 0.64)

0.016
b0.001

0.017
0.004

0.021
0.008

0.005
0.002

Individuals
Schools
Neighbourhoods
Summary statistica
Gender

Males
Females
Age (years)
Reception
Year 6
Ethnicity
White–British
Any other white background
Chinese, Asian or Asian British
Mixed/dual ethnicity
Any other ethnic group
Index Multiple Deprivation 2010b

Intraclass correlation coefﬁcients from null models
School
0.019
Neighbourhood
0.006
a
b
c

Summary statistics are percentages, mean ± standard deviation or median (interquartile range).
Nationally rescaled from 0 to 1 (normalised) (Goldstein, 2003).
Data are presented as mean difference in body mass index standard deviation score (95% conﬁdence interval).
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Table 2
Data on a sample of 10 schools including the three rankings for each of the ﬁve years.
(Data from the National Child Measurement Programme, 2006/07–2010/11, Devon, England).
School

A
B
C
D
E
F
G
H
I
J

2006/07

2007/08

2008/09

2009/10

2010/11

Ob

Exp

VA

Ob

Exp

VA

Ob

Exp

VA

Ob

Exp

VA

Ob

Exp

VA

2
36
66
97
130
161
190
222
254
296

11
46
204
91
120
164
189
222
243
290

32
82
216
98
206
36
104
131
190
102

158
77
71
172
118
199
132
262
299
292

165
74
79
162
109
201
114
247
298
290

255
84
86
152
161
61
198
175
244
212

48
140
55
144
246
185
224
217
68
221

57
153
58
144
277
186
224
235
47
217

242
69
87
215
189
75
52
283
66
270

22
68
69
43
192
118
100
133
16
285

29
76
94
46
119
110
91
182
12
243

13
70
111
86
55
233
76
68
185
172

220
16
52
73
235
239
157
29
107
122

207
12
86
76
194
263
174
18
57
117

131
136
113
222
43
202
55
280
44
292

Exp; ‘Expected’ ranking, Ob; Observed ranking, VA; ‘Value-added’ ranking.

strongly suggest that the school environment and context do not significantly affect childhood weight status with more than 97% of the
variance in BMI-SDS attributable to environments other than the school.
A strength of the study was the availability of a large data set of
routinely collected objective weight status data which could be linked
to indices of socioeconomic status. The fact that only those pupils in
the ﬁrst (Reception) and last (Year 6) years of primary education
were measured in the NCMP was apposite for evaluating ‘valueadded’ scores. Access to repeated survey data from ﬁve years of the
NCMP made it possible to assess consistency of the ‘value-added’ scores.
However, as these data were cross-sectional and hence the Reception
and Year 6 pupil data are from different children, the analysis cannot
be considered truly ‘value-added’ and ‘period effects’ could not be
ruled out (Amrein-Beardsley, 2008; Rutter, 1979). For example, there
might have been fundamental differences between the Reception and
Year 6 pupils, which could account for some of the more extreme (outlying) values observed in the caterpillar plots (Supplementary Material)
of the ‘Value-added’ rankings. Using longitudinal data and including
additional factors (e.g. parental weight status) alongside ethnicity and
socioeconomic status in the calculation of the ‘value-added’ scores
may make such rankings more stable and hence reliable. Provision has
now been made to link a child's Reception and Year 6 BMI-SDSs within
future years of the NCMP and therefore routinely collected longitudinal
data will become available (Health and Social Care Information Centre,
2013). Another limitation of the study is that those not educated within
the state system were not involved with the NCMP and so it was not
possible to consider those who were home or privately educated.
There were some differences in the characteristics of the sample
analysed for this study compared with that analysed by Procter et al.
(2008); notably Devon is much less ethnically diverse than Leeds. However, the similarity between our ﬁndings within any year, and those of
Procter et al. (2008) would suggest that the methods employed were
not sensitive to differing sample characteristics and hence the approach
has some external validity.
The problems associated with the reliability of league tables are well
documented (Goldstein and Spiegelhalter, 1996; Marshall and
Spiegelhalter, 1998) and yet they remain in regular use in health, education and other areas of political interest (Marshall et al., 2004). Marshall
and Spiegelhalter (1998) in examining in vitro fertilisation clinics found
Table 3
Concordance correlation coefﬁcients (ρc) comparing rankings within years.
(Data from the National Child Measurement Programme, 2006/07–2010/11, Devon,
England).

Observed/‘Expected’
Observed/‘Value-added’
‘Expected’/‘Value-added’

2006/07

2007/08

2008/09

2009/10

2010/11

0.87
0.06
0.04

0.98
−0.02
−0.02

0.97
0.21
0.22

0.96
0.09
0.11

0.94
0.02
0.02

ρc values in bold are signiﬁcant (p b 0.05).

that ‘[e]ven when there are substantial differences between institutions,
ranks are extremely unreliable statistical summaries of performance
and change in performance’ (p. 1701). Phenomena such as regression
towards the mean are responsible for the instability of league tables
and control chart methods have been proposed as a more robust alternative (Marshall et al., 2004). Further work is needed to establish
whether control charts could reliably identify schools which are ‘hot’
and ‘cold’ spots for obesity. However, the failure to ﬁnd patterns
among the rankings of individual schools over the ﬁve years studied indicates that individual schools were not differentially affecting pupil
weight status, suggesting that school-based ‘hot’ and ‘cold’ spots for
obesity may not exist and therefore are not appropriate targets for
resources.
In conclusion, this study found that estimates of individual school
impacts on pupil weight status were small and labile across the ﬁveyear study period, refuting the hypothesis of a systematic differential
impact of primary schools on pupil weight status. Furthermore, this suggests that ranking schools into ‘obesogenic league tables’ using current
value-added methods is not a reliable approach to the identiﬁcation of
schools requiring targeted resources. As with previous studies (e.g.
Harrison et al., 2011; Townsend et al., 2012), only a small proportion
of the variation in pupil weight status was found to be attributed to
schools (Table 1). The marked changes in the impact of individual
schools on pupil weight status from year-to-year bring into question
whether the argument that small population level changes can reﬂect

Table 4
Concordance correlation coefﬁcients (ρc) comparing rankings between years.
(Data from the National Child Measurement Programme, 2006/07–2010/11, Devon,
England).
2006/07
Observed rankings
2006/07
1.00
2007/08
0.23
2008/09
0.11
2009/10
0.17
2010/11
0.11
‘Expected’ rankings
2006/07
1.00
2007/08
0.22
2008/09
0.03
2009/10
0.15
2010/11
0.11
‘Value-added’ rankings
2006/07
1.00
2007/08
0.04
2008/09
0.02
2009/10
0.03
2010/11
0.09

2007/08

2008/09

2009/10

2010/11

1.00
0.11
0.19
0.10

1.00
0.15
0.15

1.00
0.22

1.00

1.00
0.04
0.18
0.07

1.00
0.09
0.16

1.00
0.18

1.00

1.00
0.08
−0.06
0.04

1.00
0.10
0.02

1.00
0.08

1.00

ρc values in bold are signiﬁcant (p b 0.05).
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signiﬁcant changes for individuals, proposed by Rose and Day (1990) is
still a valid justiﬁcation for school-based obesity prevention. It would
appear that interventions intended to affect pupil weight status need
to inﬂuence the wider environment and not just the school in isolation.
Wolfenden et al. (2014) in their recent systematic review found that
community-wide interventions reported a positive effect on children's
weight status. It is therefore recommended that any commissioning decisions to target speciﬁc schools for obesity prevention need to be based
on robust data and, as is increasingly being recognised, consideration
needs to be given to how any obesity prevention interventions will
affect the wider environment and extend beyond the school gates.
Conﬂict of interest statement
The authors declare that there are no conﬂicts of interest

Acknowledgments
We thank the reviewers for their constructive comments. The
authors would like to thank the staff of Devon County Council (including
the former NHS Devon) for their advice throughout the project and for
supplying the data. In particular we thank Dr Virginia Pearson, Ian Tearle,
Jane Batten, Teresa Lawless, Steve Kibble and Lucy O'Loughlin. AJW is
funded by a Medical Research Council Doctoral Training Grant (MRC
DTG PCMD/GS002) and Sport and Health Sciences, University of Exeter.
SL, KMW, and WEH are partially supported by the National Institute for
Health Research (NIHR) Collaboration for Leadership in Applied Health
Research and Care (CLAHRC) for the South West Peninsula. The views
expressed in this publication are those of the author(s) and not necessarily those of the NHS, the NIHR or the Department of Health in England.
Appendix A. Supplementary data
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ypmed.2014.04.003.
References
Amrein-Beardsley, A., 2008. Methodological concerns about the education value-added assessment system. Educ. Res. 37, 65–75. http://dx.doi.org/10.3102/0013189x08316420.
Bates, D., Maechler, M., Bolker, B., 2011. lme4: linear mixed-effects models using S4 classes. http://CRAN.R-project.org/package=lme4.
Beaglehole, R., Bonita, R., Horton, R., et al., 2011. Priority actions for the non-communicable
disease crisis. Lancet 377, 1438–1447. http://dx.doi.org/10.1016/S0140-6736(11)
60393-0.
Bonell, C., Jamal, F., Harden, A., et al., 2013. Systematic review of the effects of schools and
school environment interventions on health: evidence mapping and synthesis. Public
Health Res. 1. http://dx.doi.org/10.1186/1471-2458-11-453.
Brown, T., Summerbell, C., 2009. Systematic review of school-based interventions that
focus on changing dietary intake and physical activity levels to prevent childhood
obesity: an update to the obesity guidance produced by the National Institute for
Health and Clinical Excellence. Obes. Rev. 10, 110–141. http://dx.doi.org/10.1111/j.
1467-789X.2008.00515.x.
Butland, B., Jebb, S., Kopelman, P., McPherson, K., Thomas, S., Mardell, J., Parry, V., 2007.
Tackling Obesities: Future Choices—Project Report, 2nd ed. Department of Innovation, Universities and Skills, London.
Cole, T.J., Freeman, J.V., Preece, M.A., 1995. Body mass index reference curves for the UK,
1990. Arch. Dis. Child. 73, 25–29. http://dx.doi.org/10.1136/adc.73.1.25.
Department for Communities and Local Government, 2011. The English indices of deprivation 2010. Department for Communities and Local Government, London (http://www.
communities.gov.uk/documents/statistics/pdf/1871208.pdf (accessed 24 February
2014)).
Department of Health, 2009. NHS Information Centre validation process for NCMP data.
Department of Health, London (https://catalogue.ic.nhs.uk/publications/publichealth/obesity/nati-chil-meas-prog-eng-2008-2009/nati-chil-meas-prog-eng-20082009-data.pdf (accessed 24 February 2014)).

107

Dinsdale, H., Rutter, H., 2008. National Child Measurement Programme: Detailed Analysis
of the 2006/07 National Dataset. National Obesity Observatory, Oxford (http://www.
noo.org.uk/uploads/doc/vid_5265_NOO%200607%20NCMP%20report_150210.pdf
(accessed 24 February 2014)).
General Assembly of the United Nations, 2011. High-Level Meeting on Non-Communicable
Diseases. General Assembly of the United Nations, New York (http://www.un.org/en/
ga/president/65/issues/ncdiseases.shtml (accessed 24 February 2014)).
Goldstein, H., 2003. Multilevel Statistical Models, 3rd ed. Hodder Arnold, London.
Goldstein, H., Spiegelhalter, D., 1996. League tables and their limitations: statistical issues
in comparisons of institutional performance. J. R. Stat. Soc. Ser. A Stat. Soc. 159,
385–443. http://dx.doi.org/10.2307/2983325.
Harrison, F., Bentham, G., Jones, A.P., Cassidy, A., van Sluijs, E.M., Grifﬁn, S.J., 2011. School
level correlates with adiposity in 9–10 year old children. Health Place 17, 710–716.
http://dx.doi.org/10.1016/j.healthplace.2011.01.009.
Health and Social Care Information Centre, 2013. National Child Measurement Programme: England, 2012/13 School Year. Health and Social Care Information Centre,
Leeds (http://www.hscic.gov.uk/searchcatalogue?productid=13778&q=title%3a%
22national+child+measurement+programme%22&sort=Relevance&size=
10&page=1#top (accessed 24 February 2014)).
Khambalia, A.Z., Dickinson, S., Hardy, L.L., Gill, T., Baur, L.A., 2012. A synthesis of existing
systematic reviews and meta-analyses of school-based behavioural interventions
for controlling and preventing obesity. Obes. Rev. 13, 214–233. http://dx.doi.org/10.
1111/j.1467-789X.2011.00947.x.
Lin, L.I.K., 1989. A concordance correlation coefﬁcient to evaluate reproducibility. Biometrics 45, 255–268. http://dx.doi.org/10.2307/2532051.
Lin, L.I.K., 2000. A note on the concordance correlation coefﬁcient. Biometrics 56,
324–325. http://dx.doi.org/10.1111/j.0006-341X.2000.00324.x.
Marshall, E.C., Spiegelhalter, D.J., 1998. Reliability of league tables of in vitro fertilisation
clinics: retrospective analysis of live birth rates. BMJ 316, 1701–1704. http://dx.doi.
org/10.1136/bmj.316.7146.1701.
Marshall, T., Mohammed, M.A., Rouse, A., 2004. A randomized controlled trial of league
tables and control charts as aids to health service decision-making. Int. J. Qual. Health
Care 16, 309–315. http://dx.doi.org/10.1093/intqhc/mzh054.
Procter, K.L., 2007. The aetiology of childhood obesity: a review. Nutr. Res. Rev. 20, 29–45.
http://dx.doi.org/10.1017/S0954422407746991.
Procter, K.L., Rudolf, M.C., Feltbower, R.G., Levine, R., Connor, A., Robinson, M., Clarke, G.P.,
2008. Measuring the school impact on child obesity. Soc. Sci. Med. 67, 341–349.
http://dx.doi.org/10.1016/j.socscimed.2008.02.029.
R Development Core Team, 2011. R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing, Vienna, Austria 3-900051-07-0 (http://
www.R-project.org/).
Ridler, C., Townsend, N., Dinsdale, H., Mulhall, C., Rutter, H., 2009. National Child Measurement Programme: Detailed Analysis of the 2007/08 National Dataset. National Obesity
Observatory, Oxford (http://www.noo.org.uk/uploads/doc168_2_noo_NCMPreport1_
110509.pdf (accessed 24 February 2014)).
Rose, G., Day, S., 1990. The population mean predicts the number of deviant individuals.
BMJ 301, 1031–1034. http://dx.doi.org/10.1136/bmj.301.6759.1031.
Rutter, M., 1979. Fifteen Thousand Hours: Secondary Schools and Their Effects on
Children. Open Books, London.
South East England Public Health Observatory, 2005. Choosing Health in the South East:
Obesity. South East England Public Health Observatory, Oxford (http://www.sepho.
org.uk/Download/Public/9783/1/SEPHO%20obesity%20report%20Nov%2005.pdf
(accessed 24 February 2014)).
StataCorp, 2009. Stata Statistical Software: Release 11. StataCorp. LP, College Station, TX.
Steichen, T.J., Cox, N.J., 2002. A note on the concordance correlation coefﬁcient. Stata J. 2,
183–189.
The NHS Information Centre, 2012. National Child Measurement Programme: England,
2011/12 school year. The NHS Information Centre, London (https://catalogue.ic.nhs.
uk/publications/public-health/obesity/nati-chil-meas-prog-eng-2011-2012/natichil-meas-prog-eng-2011-2012-rep.pdf (accessed 24 February 2014)).
Townsend, N., Rutter, H., Foster, C., 2012. Age differences in the association of childhood
obesity with area-level and school-level deprivation: cross-classiﬁed multilevel analysis of cross-sectional data. Int. J. Obes. (Lond.) 36, 45–52. http://dx.doi.org/10.1038/
ijo.2011.191.
Williams, A.J., Wyatt, K.M., Hurst, A.J., Williams, C.A., 2012. A systematic review of associations between the primary school built environment and childhood overweight and obesity. Health Place 18, 504–514. http://dx.doi.org/10.1016/j.
healthplace.2012.02.004.
Williams, A.J., Henley, W.E., Williams, C.A., Hurst, A.J., Logan, S., Wyatt, K.M., 2013. Systematic review and meta-analysis of the association between childhood overweight
and obesity and primary school diet and physical activity policies. Int. J. Behav.
Nutr. Phys. Act. 10, 101. http://dx.doi.org/10.1186/1479-5868-10-101.
Wolfenden, L., Wyse, R., Nichols, M., Allender, S., Millar, L., McElduff, P., 2014. A systematic
review and meta-analysis of whole of community interventions to prevent excessive
population weight gain. Adv. Online Publ. http://dx.doi.org/10.1016/j.ypmed.2014.
01.031.

