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ABSTRACT
Objective  To explore trends in prevalence and 
socioeconomic inequalities in underweight and obesity in 
5-year-old schoolchildren in Scotland between 2011/2012 
and 2017/2018.
Design  A population-based, repeated cross-sectional 
study.
Setting  Local authority primary schools in Scotland.
Participants  373 189 5-year-old schoolchildren in 
Scotland between 2011/2012 and 2017/2018.
Methodology  Trends in prevalence and inequalities in 
underweight and obesity were examined across seven 
school years (2011/2012–2017/2018) for 373 189 5-year-
old schoolchildren in Scotland. Body mass index SD scores 
were calculated, and epidemiological cut-offs relative 
to the UK 1990 references categorised underweight 
and obesity. Slope/relative indices of inequality (SII/RII) 
were calculated for underweight and obesity by school 
year using the area-based Scottish Index of Multiple 
Deprivation.
Results  The prevalence of obesity rose slightly overall 
during the study period (9.8% in 2011/2012; 10.1% 
in 2017/2018). However, this masked a widening of 
inequalities, with children from the most deprived areas 
experiencing a greater risk of obesity in 2017/2018 
than in 2011/2012 (risk ratio=1.14, 95% CI 1.04 to 
1.25) compared with an unchanged risk in children from 
the least deprived areas (risk ratio=0.95, 95% CI 0.82 
to 1.11). SII and RII indicate widening inequalities for 
obesity, with RII rising from 1.95 (95% CI 1.71 to 2.22) in 
2011/2012 to 2.22 (95% CI 1.93 to 2.56) in 2017/2018. 
The prevalence of underweight was consistently low 
(compared with the UK 1990 references) and remained 
unchanged over the study period (1.2% in 2011/2012; 
1.1% in 2017/2018), with no consistent evidence of social 
patterning over time.
Conclusions  Inequalities in obesity in schoolchildren in 
Scotland are large and have widened from 2011, despite 
only a slight rise in overall prevalence. In contrast there 
has been little change in underweight prevalence or 
inequalities during the study period. Extra resources for 
policy implementation and measures which do not widen 
inequalities and focus on reaching the most deprived 
children are required to tackle the high prevalence and 
growing inequalities in childhood obesity in Scotland.

INTRODUCTION
In 2015, an estimated 5% (107.7 million) 
of children worldwide had obesity,1 and 
although the prevalence of childhood obesity 
in many high-income countries appears to 
be levelling off2 there is evidence in the UK 
to suggest that it is not consistent across all 
socioeconomic groups.3 4 Obesity is not the 
only form of malnutrition which is a cause 
for concern in childhood; there is increasing 
recognition of the need to consider the 
‘double-burden’ of malnutrition, even in 
high-income countries.5 Double burden 
refers to the coexistence (potentially at 
individual, family, community and national 
level) of both underweight and obesity, even 
in high-income countries.5 Double burden 
matters because of the multiple adverse 
developmental and health consequences of 
both forms of malnutrition in early life.5

In the late 1990s in Scotland both under-
weight and obesity in early childhood were 

Strengths and limitations of this study

►► This is a large population-based, individual child-
level analysis capturing 90.5% of the 5-year-old 
children living in Scotland between 2011/2012 and 
2017/2018.

►► Novel analyses of contemporary large administra-
tive and health data sets collected routinely were 
performed using measures of absolute and relative 
inequalities.

►► This is the first time a study of this size has report-
ed on inequalities in underweight and obesity in a 
contemporary population sample during a period of 
austerity policies.

►► Individual-level socioeconomic measures were not 
available as part of routine administrative data.

►► Obesity is an excess of body fatness rather than an 
excess of body weight which body mass index mea-
sures and therefore we could be underestimating 
effects.
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much more prevalent than expected compared with the 
UK reference data from 1990, and both were socially 
patterned (much higher risk in more socioeconomi-
cally deprived families).6 Very little is known about more 
recent trends and inequalities in the double burden of 
underweight and obesity in children in the UK. Inequali-
ties in childhood underweight and obesity may have wors-
ened due to dramatic changes in the social and economic 
environment in the past decade. Life expectancy growth 
in the UK has stalled and health inequalities widened7 
in the last decade of austerity (policies which produced 
massive public spending cuts with consequent loss of 
health and social services, reductions in welfare bene-
fits and increased food insecurity).7 One English school 
study on over five million children conducted between 
2007 and 2012 showed widening inequalities in the preva-
lence of obesity over time, low prevalence of underweight 
and no evidence of inequalities in underweight changing 
during the study period.3

More recent trends in the double burden, and 
whether or not inequalities in the double burden are 
widening or narrowing, can be identified in Scotland 
because population-level body mass index (BMI) data 
are routinely collected, on an opt-out basis, on primary 
1 (typically aged 5 years old at some point in the school 
year) schoolchildren as part of the Child Health Systems 
Programme School (CHSP-S).8 This is an important time 
to monitor population BMI as it corresponds to the phys-
iological nadir of the growth curve in childhood and 
represents a transitional stage for children in terms of 
changing food and physical patterns. Reports on the prev-
alence of underweight, healthy weight, overweight and 
obesity are published annually by the Scottish Govern-
ment; however, changes in patterns of inequalities have 
not been fully examined using measures of inequality. 
Other surveys conducted in Scotland lack population-
level numbers, consistent methods and reporting on 
deprivation.9 10

With efforts to mitigate the impact of rising food 
insecurity and child poverty in Scotland through free 
school meals, breakfast clubs and food banks, there is 
a clear need to monitor recent trends and inequalities 
in underweight and obesity, as the mitigation of under-
weight could inadvertently lead to increasing the risk of 
obesity. This understanding should help inform policy 
and track progress towards the Scottish Government’s 
target to halve the prevalence of childhood obesity by 
2030 and to reduce health inequality more generally.11 
In summary, we need to understand recent trends in the 
double burden of early childhood malnutrition in order 
to test whether recent economic and policy changes 
have reduced or increased social inequality in Scot-
land. Improved understanding of trends in Scotland 
may also be helpful for other high-income countries—
in general public health nutrition research and policy 
in high-income countries has neglected childhood 
underweight.5

Aim
The aim was to explore the trends in prevalence and 
socioeconomic inequalities in underweight and obesity 
in 5-year-old schoolchildren in Scotland from 2011/2012 
to 2017/2018.

METHODS
Data sources
Data for this population-based, child-level analysis were 
collected annually between 2011/2012 and 2017/2018 as 
part of the CHSP-S, a population-level data set routinely 
collected by Public Health Scotland (PHS) (formerly Infor-
mation Services Division (ISD)) of the National Health 
Service (NHS) Scotland. The CHSP-S offers a review to 
all children in primary 1 (typically aged 4–5 years old at 
the start of the school year) of local authority schools 
and some private schools. Measurements are conducted 
on a parental/carer opt-out basis at any point within the 
school year by healthcare professionals, generally school 
nursing teams, who are trained to Royal College of Paedi-
atrics and Child Health guidelines.12 Children’s heights 
are measured in centimetres to one decimal place and 
weights in kilograms to two decimal places.13

CHSP-S collected data on the child’s date of birth and 
examination date—for which an age at examination could 
be calculated—sex and area-based socioeconomic depri-
vation. Area-based deprivation, measured by the Scot-
tish Index of Multiple Deprivation (SIMD) at a national 
level,14 is based on the child’s home postcode. SIMD is 
an area-level measure of relative deprivation based on 38 
indicators of deprivation categorised into seven domains 
(income, employment, health, housing, geographical 
access, crime, and education, skills and training). The 
list of areas was ordered by deprivation and split into 
tenths, where areas in SIMD 1 represent the 10% most 
deprived areas and areas in SIMD 10 represent the 10% 
least deprived. The SIMD was used in accordance with 
PHS (published as ISD) guidelines15 and CHSP-S publi-
cations,4 using SIMD 201216 for examinations between 
2011/2012 and 2013/2014 and SIMD 201617 for exam-
inations between 2014/2015 and 2017/2018.

In 2011/2012, CHSP-S captured 95.0% (n=52 972) 
of the National Records of Scotland’s (NRS) 5-year-old 
population estimate of 55 769 children. In 2017/2018, 
CHSP-S captured 88.4% (n=53 016) of the NRS estimate 
of 60 001. PHS suggests the reasons for decline in coverage 
include shortage of staff to conduct reviews and technical 
issues with recording review findings in the system.18 The 
decline was distributed equally across the socioeconomic 
scale and for each sex and thus should have no effect on 
the results.

Patient and public involvement
The project for which this study is involved in was scrutinised 
and approved by the NHS Scotland information gover-
nance board, the Public Benefit and Privacy Panel. This 
study involved secondary analyses of routine administrative 
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and health data sets, and all data were fully anonymised and 
made available to us for analyses within the National Safe 
Haven.19 Therefore, the patients or the parent/guardian of 
the patient could not be involved in the study.

Definitions

SD scores (SDS) for BMI (BMI= 
‍
weight

(
kg
)

height
(

m
)2 ‍

) were calculated 

based on Cole et al’s UK 1990 references.20 Using epide-
miological age-specific and sex-specific cut-offs, children 
in <2nd centile (SDS circa <−2) were classed as under-
weight and children in ≥95th centile (SDS circa ≥1.645) 
had obesity. Children who were overweight (≥85th centile 
and <95th centile; SDS circa ≥1.036 and <1.645) were kept 
separately from children of healthy weight (≥2nd centile 
and <85th centile; SDS circa ≥−2 and <1.036), although as 
our focus was on the double burden of underweight and 
obesity the results for overweight were not included in 
the main analysis.

Inclusion criteria
The study included individual records from pupils from all 
NHS Health Boards in Scotland who were between 4.0 and 
7.0 years old inclusive (referred to as 5 years old herein) in 
Scottish Local Authority (and some private) schools for the 
school years 2011/2012–2017/2018 that had a record for 
the CHSP-S review. Initially there were 374 067 children. 
After excluding children due to age limits, extreme values 
for BMI SDS and height/weight SDS,18 and missing data for 
deprivation, the final sample consisted of 373 189 children 
(online supplemental figure S1).

Statistical analysis
The analyses were conducted within the NHS National 
Safe Haven19 and reported following best practice guid-
ance.21 22 Data cleaning and statistical analyses were 
completed using RStudio V.1.2.133523 and various pack-
ages within the program.24–29

Trends in prevalence and inequalities in underweight 
and obesity were calculated across seven school years: 
from 2011/2012 to 2017/2018. Line graphs were used to 
show the change in prevalence of underweight and obesity 
over the years according to sex and area-based depriva-
tion (SIMD). Linear regression was used to examine if the 
prevalence of each disease had changed over the years.

Differences between sex and area-based deprivation 
(SIMD) overall and over time were estimated using a 
modified Poisson regression model, which uses a binary 
outcome of underweight versus healthy weight and 
obesity versus healthy, with interaction terms for school 
years (as a continuous variable) with both sex and SIMD, 
separately in the same model. Risk ratios (RR) were calcu-
lated by taking the exponential of the model estimate and 
95% CIs calculated using robust SEs.

To investigate whether the risk of underweight and 
obesity had increased in 2017/2018 vs 2011/2012, the 
modified Poisson regression models described above 
were used, although the sex variable was removed. Linear 
combination analysis was used to compare the prevalence 

of underweight and obesity in 2017/2018 vs 2011/2012 
partitioned within each tenth of area-based deprivation 
(SIMD). RRs were calculated by taking the exponential 
of the sum of the estimate for 2017/2018 and the respec-
tive SIMD tenth and year interaction term, and robust SEs 
were used to calculate 95% CIs.

Recognising that inequalities cannot be captured in 
a single number, absolute and relative inequalities were 
calculated by the slope index of inequality (SII) and the 
relative index of inequality (RII), with 95% CIs, respec-
tively, for the prevalence of underweight and obesity. The 
SII and RII were modelled using additive and multipli-
cative Poisson regression, respectively, using the rate of 
underweight and obesity versus healthy weight as the 
dependent variable and the midpoint of the cumulative 
population for each tenth of the socioeconomic scale, 
ranked from the least deprived to the most deprived, as 
the independent variable for each school year over the 
study period,30 using robust SEs. The SII should be inter-
preted as the absolute inequality in underweight and 
obesity, respectively, between the top and bottom of the 
socioeconomic scale in terms of rate difference.31 The 
RII should be interpreted as the ratio of the underweight 
and obesity rates of those from the most deprived areas 
compared with those from the least deprived areas.31 To 
test the hypothesis of increasing or decreasing trend in 
SII and RII, a linear regression modelled using the SII 
and RII estimates was regressed against the school year 
(treated as a continuous variable).

Population attributable risk (PAR) is a measure of the 
potential impact of control measures in a population, 
which can be relevant to public health decisions.32 The 
PAR for social deprivation was calculated by subtracting the 
prevalence of underweight and obesity in those in the least 
deprived tenth (SIMD 10) from the overall prevalence. 
Dividing by the overall prevalence of the condition gave 
population attributable risk percentage (PAR%), which 
was used to estimate the percentage of disease that could 
be avoided if the risk factor (deprivation in this instance) 
was removed.33 This was calculated for 2011/2012 and 
2017/2018 for underweight and obesity separately.

RESULTS
Data completeness
The seven cohorts represented 93.6% (n=52 173/55 
769), 94.6% (n=53 944/57 021), 91.7% (n=54 556/59 
490), 91.1% (n=54 498/59 796), 91.0% (n=53 222/58 
497), 84.6% (n=52 164/61 695) and 87.7% (n=52 632/60 
001) of the NRS population estimate for the seven school 
years, respectively (online supplemental table S1).

The cohorts had an overall sex split of 50.9% 
(n=190 100/373 189) male and 49.1% (n=183 089/373 
189) female. The SIMD distribution was skewed to the 
right, with the highest proportion of observations in SIMD 
1 (most deprived tenth; 12.2%) and the lowest in SIMD 
10 (least deprived; 8.7%) (online supplemental table S2), 
which is consistent with the NRS birth records.34

https://dx.doi.org/10.1136/bmjopen-2020-042023
https://dx.doi.org/10.1136/bmjopen-2020-042023
https://dx.doi.org/10.1136/bmjopen-2020-042023
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Trends in the prevalence of underweight and obesity by sex
Figure  1 shows the prevalence of underweight and 
obesity for boys, girls and overall over time (2011–
2018). Overall, the prevalence of underweight ranged 
from 1.2% in 2011/2012 (n=635/52 173) to 1.1% in 
2017/2018 (n=560/52 632; β=0.0, 95% CI −0.1 to 0.0, 
p=0.27) (figure 1A, online supplemental table S3). The 
prevalence of underweight within the female popula-
tion was 0.9% (n=228/25 507) in 2011/2012 and 0.7% 
(n=185/25 735) in 2017/2018 (β=0.0, 95% CI −0.1 to 0.0, 
p=0.07), while the prevalence of underweight in the male 
population was 1.5% (n=407/26 666) and 1.4% (375/26 
897) for 2011/2012 and 2017/2018, respectively (β=0.0, 
95% CI −0.1 to 0.0, p=0.27). Boys had a higher risk of 
being underweight than girls (RR=1.68, 95% CI 1.46 to 
1.93, p<0.001), with this risk being consistent over the 
years (p for sex/year interaction=0.26).

The overall prevalence of obesity was 9.8% (n=5111/52 
173) in 2011/2012 and 10.1% (n=5336/52 632) in 
2017/2018 (β=0.1, 95% CI 0.0 to 0.2, p=0.15) (figure 1B, 
online supplemental table S3). The prevalence of obesity 
within girls was 9.5% both in 2011/2012 (n=2424/25 
507) and 2017/2018 (n=2456/25 735; β=0.1, 95% CI −0.1 
to 0.3, p=0.27). The male prevalence of obesity was 10.1% 
(n=2687/26 666) in 2011/2012 and 10.7% (n=2880/26 
897) in 2017/2018 (β=0.1, 95% CI 0.0 to 0.3, p=0.11). 
Boys had a higher risk of having obesity compared with 
girls (RR=1.06, 95% CI 1.02 to 1.11, p=0.004), although 

the risk was consistent over the years (p for sex/year 
interaction=0.46).

Trends in socioeconomic inequalities in underweight and 
obesity
Within children from the 10% most deprived areas 
(SIMD 1), the prevalence of underweight was 1.2% 
(n=75/6355) in 2011/2012 and 1.1% (n=70/6246) in 
2017/2018 (β=0.0, 95% CI 0.0 to 0.1, p=0.86) (figure 2A, 
online supplemental table S4). The prevalence of under-
weight in the 10% least deprived areas (SIMD 10) was 
1.1% (n=51/4439) in 2011/2012, reducing to 0.8% 
(n=40/4837) in 2017/2018 (β=−0.1, 95% CI −0.2 to 0.0, 
p=0.08).

The prevalence of obesity in children from the 10% 
most deprived areas increased from 11.9% (n=755/6355) 
to 13.5% (845/6246) between 2011/2012 and 2017/2018 
(β=0.3, 95% CI 0.0 to 0.6, p=0.030) (figure 2B). The prev-
alence in the 10% least deprived areas remained steady 
over the years, where 6.6% (n=295/4439) of children 
had obesity in 2011/2012 and 6.4% (n=308/4837) in 
2017/2018 (β=0.0, 95% CI −0.3 to 0.2, p=0.60) (figure 2B).

Changes in risk of underweight and obesity in 2011/2012–
2017/2018 according to area-based deprivation
There was no change in risk of underweight in 2017/2018 
for children from the 10% most deprived areas in Scot-
land (RR=0.97, 95% CI 0.70 to 1.34, p=0.86) when 
compared with children from the same areas in 2011/2012 

Figure 1  Prevalence of underweight (A) and obesity (B) in 5-year-old schoolchildren in Scotland overall and by sex from school 
years 2011/2012 to 2017/2018 (online supplemental table S3).

https://dx.doi.org/10.1136/bmjopen-2020-042023
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Figure 2  Prevalence of underweight (A) and obesity (B) in 5-year-old schoolchildren in Scotland by area-based deprivation 
(Scottish Index of Multiple Deprivation) from 2011/2012 to 2017/2018 (online supplemental table S4).

Figure 3  Risk ratio and 95% CI for the prevalence of underweight (A) and obesity (B) in 2017/2018 vs 2011/2012 for each 
decile of the Scottish Index of Multiple Deprivation. LD, least deprived; MD, most deprived; SIMD, Scottish Index of Multiple 
Deprivation.

https://dx.doi.org/10.1136/bmjopen-2020-042023
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(figure  3A). Similarly, the risk of underweight did not 
change for children in the 10% least deprived areas 
between 2011/2012 and 2017/2018 (RR=0.72, 95% CI 
0.47 to 1.08, p=0.11). The only change in risk of under-
weight between 2011/2012 and 2017/2018 was evident 
in children from SIMD 2, where children in 2017/2018 
had a lower risk of underweight than their counterparts 
in 2011/2012 (RR=0.67, 95% CI 0.48 to 0.94, p=0.019).

Although the prevalence of obesity remained constant 
overall in Scotland, children from the 10% most deprived 
areas had an increased risk of obesity in 2017/2018 than 
in 2011/2012 (RR=1.14, 95% CI 1.014 to 1.25, p=0.005) 
(figure 3B), while the risk remained unchanged in chil-
dren from the 10% least deprived areas (RR=0.95, 95% CI 
0.82 to 1.11).

SII and RII for underweight and obesity
In 2011/2012 there was evidence to suggest that there 
were absolute and relative inequalities in the prevalence 
of underweight between the most and the least deprived 
areas (SII=0.4, 95% CI 0.1 to 0.8; RII=1.42, 95% CI 1.06 
to 1.90), followed by fluctuations in both SII and RII 
over the study period, with no systematic trend observed 
(figure 4A, online supplemental table S5).

For obesity, the SII was estimated at 6.5 (95% CI 5.6 
to 7.5) in 2011/2012, rising to 8.1 (95% CI 7.2 to 9.0) in 
2017/2018, with evidence to suggest the absolute inequal-
ities followed an upward trend (slope=0.30, 95% CI 0.05 
to 0.55, p=0.028) over the study period (figure 4B, online 

supplemental table S5). The RII, too, followed an upward 
trend (slope=0.05, 95% CI 0.01 to 0.08, p=0.013) between 
2011/2012 and 2017/2018, rising from 1.95 (95% CI 1.71 
to 2.22) to 2.22 (95% CI 1.93 to 2.56) (figure 4B, online 
supplemental table S5).

PAR% for underweight and obesity
The PAR% for obesity in 2017/2018 suggests that 37.2% 
(n=1984/5365, 95% CI 29.0% to 45.3%) of cases of 
obesity in 5-year-old schoolchildren could have been 
avoided if inequalities were eradicated, rising from 32.2% 
(n=1645/5111, 95% CI 23.7% to 40.6%) in 2011/2012. 
The equivalent calculations for underweight in 2017/2018 
suggested 22.2% (n=124/560, 95% CI −59.0% to 100.0%) 
of cases of underweight in 5-year-old schoolchildren 
could be avoided, rising from 5.6% (n=35/635, 95% CI 
−65.8% to 77.1%) in 2011/2012; however, these estimates 
for underweight should be interpreted with caution due 
to the small numbers and large CIs.

DISCUSSION
Main findings and study implications
This population-based, child-level analysis of over 350 
000 5-year-old children in Scotland between 2011/2012 
and 2017/2018 is the first study, to our knowledge, to 
examine trends in socioeconomic inequalities in both 
underweight and obesity during a decade of austerity 
economic policies in the UK. Overall, the prevalence of 

Figure 4  Slope and relative index of inequalities and 95% CIs for prevalence of underweight (A) and obesity (B) from 
2011/2012 to 2017/2018 for 5-year-old schoolchildren in Scotland. RII, relative index of inequality; SII, slope index of inequality 
(online supplemental table S5).
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obesity has risen very slightly; however, this has masked 
widening inequalities due to higher and increasing levels 
of obesity in children from more deprived areas, and 
lower plateauing levels of obesity in children from less 
deprived areas.

Despite increasing concern over the public health 
impact of the increasing levels of child poverty,35 food inse-
curity and the use of food banks in the UK over the past 
decade of austerity,7 there is very little evidence on preva-
lence, trends and inequalities in childhood underweight. 
In contrast to obesity findings in the present study, the 
prevalence of underweight across the seven school years 
was consistently low relative to the UK 1990 references, 
with no evidence of an increase or decrease and no clear 
social gradient observed over the years. These results for 
the underweight population are best taken with caution 
due to the low prevalence, and thus small sample size, 
of underweight in the study. Any misclassification of chil-
dren with BMI SDS close to the cut-off for underweight 
could drastically change the results presented in this 
study.

Comparisons with other studies
As noted above, awareness of the double burden has 
increased only recently, and there has been a percep-
tion that early childhood underweight is a public health 
problem for low-income to middle-income countries 
rather than high-income countries.5 As a result, there 
are relatively few similar studies from high-income coun-
tries which can be compared against the findings of the 
present study. This dearth of evidence also means that 
the causes of social inequalities and widening inequalities 
are poorly understood. Further research will be required 
to understand why social inequalities in early childhood 
underweight decreased in Scotland from the late 1990s6 
to 2011/2012 (present study), and then remained rela-
tively stable from 2011/2012, and why social inequalities 
in early childhood obesity increased over the decade of 
austerity in the UK as suggested by the present study. 
This could be part of a wider picture observed across 
England in recent years, with a report from the Health 
Foundation reporting on falling life expectancy in people 
from the most disadvantaged (and marginalised) groups. 
Although it is difficult to attribute causality, this report 
strongly suggests that a decade of austerity has adversely 
impacted the social determinants of health in the short, 
medium and long term, with the impact of child poverty 
most likely showing their effects in the long term.7

In a previous Scottish study of social inequalities 
of underweight and obesity in early childhood which 
used routinely collected data from 1998/1999, there 
was marked social patterning of both underweight and 
obesity in those years.6 We are not aware of any Scottish 
trend data in social patterning of childhood underweight 
and obesity since that time.

Despite some methodological and consent differences, 
White et al3 in an earlier analysis of routine data from chil-
dren aged 5 and 11 years old in England showed similar 

widening inequalities in obesity, but these remained 
stable for underweight, and suggested more sophisti-
cated implementation of policy to protect the health of 
children from the poorest areas.

A slowing of previous increases in childhood obesity 
prevalence in the past decade has been observed in other 
high-income countries, probably due to increased aware-
ness of the problem and/or public policy efforts.36 37 
However, our study shows that childhood obesity over the 
past decade in Scotland has not only increased in preva-
lence but has experienced marked widening inequalities. 
Reducing health inequalities is a high priority of public 
health policy in the UK, so the trends observed in obesity 
inequality in the present study are unwelcome. In addi-
tion, the PAR% estimates for obesity from this study give 
cause for concern because they suggest that the inequali-
ties observed have affected large numbers of individuals, 
and in future years they will contribute substantially to 
inequalities in non-communicable diseases given the well-
established comorbidities of childhood obesity.36 37

Marmot et al38 highlighted the importance of experi-
ences in early years to later health outcomes with inequali-
ties at this age having potential lasting impact throughout 
the child’s life.36 This is reinforced again by Marmot et al,7 
noting that at this age interventions to reduce inequali-
ties which focus on proportionate universalism are most 
effective and are shown to be the most cost-effective. 
As noted above, the double burden of early childhood 
underweight and obesity is a relatively new concern for 
high-income countries and the issue of social inequal-
ities in the double burden is even newer, so there is a 
dearth of evidence of interventions intended to reduce 
inequalities in the double burden. However, in general 
terms the evidence suggests that public health interven-
tions which operate ‘upstream’ are both more likely to 
be effective and less likely to increase social inequalities 
than interventions which operate ‘downstream’, focusing 
on individuals.39

Strengths and limitations
The study’s main strength is the high capture rate of the 
population in primary 1 in Scottish schools from large 
routinely collected administrative data sets, and this is the 
first time a study of this size has reported on inequalities 
in underweight and obesity in a contemporary popula-
tion sample during a period of austerity policies.

Our study used population-wide administrative data 
sets established for other purposes and therefore the 
variables available were limited. The data set had regular 
quality and completeness checks. The linkage process 
was robust and did not exclude many records from the 
expected total in the published reports. Due to our study 
having a high linkage rate, it is a representative cohort of 
the population.

Limitations in this study mainly come from the BMI 
measurement. Obesity is an excess of body fatness rather 
than an excess of body weight.40 Since body fatness is 
difficult to measure directly in large population-based 
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surveys, a high BMI-for-age is used widely as a proxy for 
high body fatness.41 Using BMI-for-age as a proxy under-
estimates ‘true’ obesity substantially compared with exces-
sive fatness.42 It is therefore likely that the true obesity 
prevalence in Scotland is greater than the estimates 
presented which were based on BMI-for-age and that we 
have provided conservative estimates of obesity preva-
lence among 5-year-olds in Scotland.

The proportion of children reviewed from the popula-
tion estimate reduced in each year of the study, although 
this change was proportionate across socioeconomic 
groups (online supplemental table S2). Children from 
more deprived areas are more likely to be absent from 
school than their less deprived peers,43 so may be missed 
by the reviews; however, those children attending private 
schools (1%–2% of population)4 may also be under-
represented. It is unlikely either group will sufficiently 
change the direction of the results. The proportion of 
children in each area-based deprivation tenth is consis-
tent with NRS population estimates.34

Individual-level socioeconomic measures were not 
available as part of the routine administrative data and 
therefore area-based deprivation level was used. This has 
limitations when targeting individuals based on infer-
ences made about the group (ie, ecological fallacy) and 
does not allow for heterogeneity in individual-level risk 
factors and disease levels within areas of residence.44

CONCLUSIONS
This large population-based, child-level analysis suggests 
that the prevalence of childhood obesity has slightly risen, 
while absolute and relative socioeconomic inequalities in 
Scotland are large and worsening over time. In contrast, 
the prevalence of underweight was low, not obviously 
socially patterned, with no obvious change over the study 
period despite increasing levels of child poverty. Extra 
resources for policy implementation and measures which 
do not widen inequalities and focus on reaching the most 
deprived children are required to tackle the high preva-
lence and growing inequalities in obesity among children 
in Scotland.

Twitter Ryan Stewart @Stewart_Ryan3

Acknowledgements  The study formed part of a PhD thesis undertaken by RS 
at the University of Glasgow. The authors would like to acknowledge the research 
coordinator Pauline Hunter from eDRIS, Mr Ahmed Mahmoud from NHS Information 
Services Division and Dr Jamie Kidd from the University of Glasgow for their work 
in gaining access to the data.

Contributors  RS designed the study, developed the statistical design, wrote the 
statistical analysis plan, performed the statistical analysis, collated all reviewer 
comments and updated accordingly, and wrote the manuscript. JJR designed 
the study, provided critical review of the findings and wrote the manuscript. 
AH designed the study, provided critical review of the findings and wrote the 
manuscript. LAK developed the statistical design, provided critical review of the 
statistical analysis and wrote the manuscript. DC wrote the grant for the overall 
project, designed the study, provided critical review of the findings and wrote the 
manuscript. DY developed the statistical design, provided critical review of the 
statistical analysis and wrote the manuscript. AS wrote the grant for the overall 
project, designed the study, developed the statistical design, provided critical 

review of the findings and wrote the manuscript. All authors reviewed and approved 
the final manuscript.

Funding  This work was supported by Glasgow Children’s Hospital Charity St 
Andrew’s PhD Studentship Grant Number GCHCRF/PHD/2018/01. Data were 
provided under the Scottish Government funding of the evaluation of Childsmile.

Disclaimer  The Glasgow Children’s Hospital Charity and the Scottish Government 
did not influence the writing of this report in any way.

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  Information governance approval was granted by the National 
Health Service (NHS) Scotland Public Benefit and Privacy Panel for Health and 
Social Care. Ethical approval was obtained from the University of Glasgow Ethics 
Committee (project no. MVLS200150076/FM04908).

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data may be obtained from a third party and are 
not publicly available. The original data for the Child Health Systems Programme 
School 2011/2012–2017/2018 are available from eDRIS (https://www.​isdscotland.​
org/​Products-​and-​Services/​EDRIS/). The data are owned by Public Health Scotland 
(formerly Information Services Division) of NHS Scotland and project registration is 
required to access these data and conditions of use apply (https://www.​isdscotland.​
org/​Products-​and-​Services/​eDRIS/​Research-​Proposal/​index.​asp). We are unable to 
provide direct access to the data as these are not owned by the authors.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iD
Ryan Stewart http://​orcid.​org/​0000-​0001-​8450-​1491

REFERENCES
	 1	 GBD 2015 Obesity Collaborators, Afshin A, Forouzanfar MH, et al. 

Health effects of overweight and obesity in 195 countries over 25 
years. N Engl J Med 2017;377:13–27.

	 2	 Abarca-Gómez L, Abdeen ZA, Hamid ZA, et al. Worldwide trends in 
body-mass index, underweight, overweight, and obesity from 1975 
to 2016: a pooled analysis of 2416 population-based measurement 
studies in 128·9 million children, adolescents, and adults. Lancet 
2017;390:2627–42.

	 3	 White J, Rehkopf D, Mortensen LH. Trends in socioeconomic 
inequalities in body mass index, underweight and obesity 
among English children, 2007-2008 to 2011-2012. PLoS One 
2016;11:e0147614-e.

	 4	 Information Services Division Scotland. Body mass index of 
primary 1 children in Scotland - School Year 2017/18, 2018. 
Available: https://www.​isdscotland.​org/​Health-​Topics/​Child-​Health/​
Publications/​2018-​12-​11/​2018-​12-​11-​P1-​BMI-​Statistics-​Publication-​
Report.​pdf [Accessed 16 Apr 2020].

	 5	 Branca F, Demaio A, Udomkesmalee E, et al. A new nutrition 
manifesto for a new nutrition reality. Lancet 2020;395:8–10.

	 6	 Armstrong J, Dorosty AR, Reilly JJ. Coexistence of social inequalities 
in undernutrition and obesity in preschool children: population based 
cross sectional study. Arch Dis Child 2003;88:671–5.

	 7	 Marmot M, Allen J, Boyce T. Health equity in England: the Marmot 
review 10 years on, 2020. Available: http://www.​inst​itut​eofh​ealt​
hequity.​org/​resources-​reports/​marmot-​review-​10-​years-​on/​the-​
marmot-​review-​10-​years-​on-​full-​report.​pdf [Accessed 16 Apr 2020].

	 8	 Information Services Division. Child health systems programme 
school (CHSP school), 2019. Available: https://www.​isdscotland.​org/​

https://dx.doi.org/10.1136/bmjopen-2020-042023
https://twitter.com/Stewart_Ryan3
https://www.isdscotland.org/Products-and-Services/EDRIS/
https://www.isdscotland.org/Products-and-Services/EDRIS/
https://www.isdscotland.org/Products-and-Services/eDRIS/Research-Proposal/index.asp
https://www.isdscotland.org/Products-and-Services/eDRIS/Research-Proposal/index.asp
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8450-1491
http://dx.doi.org/10.1056/NEJMoa1614362
http://dx.doi.org/10.1016/S0140-6736(17)32129-3
http://dx.doi.org/10.1371/journal.pone.0147614
https://www.isdscotland.org/Health-Topics/Child-Health/Publications/2018-12-11/2018-12-11-P1-BMI-Statistics-Publication-Report.pdf
https://www.isdscotland.org/Health-Topics/Child-Health/Publications/2018-12-11/2018-12-11-P1-BMI-Statistics-Publication-Report.pdf
https://www.isdscotland.org/Health-Topics/Child-Health/Publications/2018-12-11/2018-12-11-P1-BMI-Statistics-Publication-Report.pdf
http://dx.doi.org/10.1016/S0140-6736(19)32690-X
http://dx.doi.org/10.1136/adc.88.8.671
http://www.instituteofhealthequity.org/resources-reports/marmot-review-10-years-on/the-marmot-review-10-years-on-full-report.pdf
http://www.instituteofhealthequity.org/resources-reports/marmot-review-10-years-on/the-marmot-review-10-years-on-full-report.pdf
http://www.instituteofhealthequity.org/resources-reports/marmot-review-10-years-on/the-marmot-review-10-years-on-full-report.pdf
https://www.isdscotland.org/Health-Topics/Child-Health/Child-Health-Programme/Child-Health-Systems-Programme-School.asp


9Stewart R, et al. BMJ Open 2021;11:e042023. doi:10.1136/bmjopen-2020-042023

Open access

Health-​Topics/​Child-​Health/​Child-​Health-​Programme/​Child-​Health-​
Systems-​Programme-​School.​asp

	 9	 The Scottish Goverment. Scottish health survey, 2020. Available: 
https://​www2.​gov.​scot/​Topics/​Statistics/​Browse/​Health/​scottish-​
health-​survey [Accessed 21 Apr 2020].

	10	 ScotCen Social Research. Growing up in Scotland, 2020. Available: 
https://​growingupinscotland.​org.​uk/ [Accessed 21 Apr 2020].

	11	 The Scottish Goverment. A healthier future - Scotland’s diet & 
healthy weight delivery plan, 2018. Available: https://www.​gov.​scot/​
publications/​healthier-​future-​scotlands-​diet-​healthy-​weight-​delivery-​
plan/ [Accessed 16 Apr 2020].

	12	 Royal College of Paediatrics and Child Health. UK-WHO growth 
charts - guidance for health professionals, 2020. Available: https://
www.​rcpch.​ac.​uk/​resources/​uk-​who-​growth-​charts-​guidance-​health-​
professionals [Accessed 24 Aug 2020].

	13	 Information Services Division Scotland. Body mass index of primary 
1 children in Scotland technical report - school year 2017/18, 2018. 
Available: https://www.​isdscotland.​org/​Health-​Topics/​Child-​Health/​
Publications/​2018-​12-​11/​2018-​12-​11-​P1-​BMI-​Statistics-​Technical-​
Report.​pdf [Accessed 16 Apr 2020].

	14	 The Scottish Goverment. The Scottish index of multiple deprivation, 
2019. Available: https://​www2.​gov.​scot/​SIMD [Accessed 16 Apr 
2020].

	15	 Information Services Division. Deprivation guidance for analysts. 
National Services Scotland.[online], 2017. Available: https://www.​
isdscotland.​org/​Products-​and-​Services/​GPD-​Support/​Deprivation/​
SIMD/_​docs/​PHI-​Deprivation-​Guidance.​pdf [Accessed 16 Apr 2020].

	16	 The Scottish Goverment.. Scottish index of multiple deprivation 
2012 - background data. Available: https://​www2.​gov.​scot/​Topics/​
Statistics/​SIMD/​DataAnalysis/​Background-​Data-​2012

	17	 The Scottish Goverment. The Scottish index of multiple deprivation 
2016., 2016. Available: https://​www2.​gov.​scot/​Resource/​0050/​
00504809.​pdf [Accessed 16 Apr 2020].

	18	 Information Services Division. Body mass index of primary 1 children 
in Scotland technical report - school year 2018/19, 2019. Available: 
https://​beta.​isdscotland.​org/​media/​2832/​2019-​12-​10-​p1-​bmi-​
statistics-​technical-​report.​pdf [Accessed 19 Aug 2020].

	19	 Public Health Scotland. eDRIS products and services - NHS National 
safe haven, 2020. Available: https://www.​isdscotland.​org/​Products-​
and-​Services/​eDRIS/ [Accessed 16 Apr 2020].

	20	 Cole TJ, Freeman JV, Preece MA. Body mass index reference curves 
for the UK, 1990. Arch Dis Child 1995;73:25–9.

	21	 Benchimol EI, Smeeth L, Guttmann A, et al. The reporting of studies 
conducted using observational Routinely-collected health data 
(record) statement. PLoS Med 2015;12:e1001885.

	22	 Gilbert R, Lafferty R, Hagger-Johnson G, et al. Guild: guidance for 
information about linking data sets†. J Public Health 2018;40:191–8.

	23	 RStudio Team. RStudio: integrated development for R. Boston, MA: 
RStudio, Inc, 2018.

	24	 Karlsson A, Clements M. biostat3: utility functions, datasets and 
extended examples for survival analysis. R package version 0.1.4, 
2019.

	25	 Zeileis A, Hothorn T. Diagnostic checking in regression relationships. 
R news, 2002.

	26	 Venables WN, Ripley BD. Modern applied statistics with S. New York: 
Springer, 2002.

	27	 Zeileis A. Object-Oriented computation of sandwich estimators.  
J Stat Softw 2006;16.

	28	 Vogel M. childsds: data and methods around reference values in 
pediatrics. R package version 0.7.4 2019.

	29	 Wickham H, Averick M, Bryan J, et al. Welcome to the Tidyverse.  
J Open Source Softw 2019;4:1686.

	30	 Moreno-Betancur M, Latouche A, Menvielle G, et al. Relative index 
of inequality and slope index of inequality: a structured regression 
framework for estimation. Epidemiology 2015;26:518–27.

	31	 Mackenbach JP, Kunst AE. Measuring the magnitude of socio-
economic inequalities in health: an overview of available measures 
illustrated with two examples from Europe. Soc Sci Med 
1997;44:757–71.

	32	 Kirch W. Encyclopedia of public health. population attributable risk 
(PAR. Dordrecht: Springer Netherlands, 2008: 1117–8.

	33	 Rothman KJ, Greenland S, Lash TL. Modern epidemiology. 
Lippincott Williams & Wilkins, 2008.

	34	 National Records Scotland. Birth time series data 2019. Available: 
https://www.​nrscotland.​gov.​uk/​statistics-​and-​data/​statistics/​
statistics-​by-​theme/​vital-​events/​births/​births-​time-​series-​data

	35	 The Scottish Goverment. Poverty & income inequality in Scotland: 
2016-19, 2020. Available: https://www.​gov.​scot/​publications/​poverty-​
income-​inequality-​scotland-​2016-​19/​pages/​3/ [Accessed 24 Apr 
2020].

	36	 Reilly JJ, Kelly J. Long-term impact of overweight and obesity in 
childhood and adolescence on morbidity and premature mortality in 
adulthood: systematic review. Int J Obes 2011;35:891–8.

	37	 Hardy LL, Mihrshahi S, Gale J, et al. 30-Year trends in overweight, 
obesity and waist-to-height ratio by socioeconomic status in 
Australian children, 1985 to 2015. Int J Obes 2017;41:76–82.

	38	 Marmot M, Allen J, Goldblatt P. Fair society, health lives: the Marmot 
review, 2010. Available: http://www.​inst​itut​eofh​ealt​hequity.​org/​
resources-​reports/​fair-​society-​healthy-​lives-​the-​marmot-​review/​fair-​
society-​healthy-​lives-​full-​report-​pdf.​pdf [Accessed 16 Apr 2020].

	39	 Capewell S, Capewell A. An effectiveness hierarchy of preventive 
interventions: neglected paradigm or self-evident truth? J Public 
Health 2018;40:350–8.

	40	 Javed A, Jumean M, Murad MH, et al. Diagnostic performance of 
body mass index to identify obesity as defined by body adiposity in 
children and adolescents: a systematic review and meta-analysis. 
Pediatr Obes 2015;10:234–44.

	41	 Reilly JJ, Kelly J, Wilson DC. Accuracy of simple clinical and 
epidemiological definitions of childhood obesity: systematic review 
and evidence appraisal. Obes Rev 2010;11:645–55.

	42	 Diouf A, Adom T, Aouidet A, et al. Body mass index vs deuterium 
dilution method for establishing childhood obesity prevalence, 
Ghana, Kenya, Mauritius, Morocco, Namibia, Senegal, Tunisia 
and United Republic of Tanzania. Bull World Health Organ 
2018;96:772–81.

	43	 Children, education and skills. summary statisitcs for schools in 
Scotland No. 10: 2019 edition. 2019. Available: https://www.​gov.​
scot/​publications/​summary-​statistics-​schools-​scotland-​no-​10-​2019-​
edition/ [Accessed 16 Apr 2020].

	44	 Clelland D, Hill C, Deprivation HC. Deprivation, policy and rurality: 
the limitations and applications of area-based deprivation indices in 
Scotland. Local Econ 2019;34:33–50.

https://www.isdscotland.org/Health-Topics/Child-Health/Child-Health-Programme/Child-Health-Systems-Programme-School.asp
https://www.isdscotland.org/Health-Topics/Child-Health/Child-Health-Programme/Child-Health-Systems-Programme-School.asp
https://www2.gov.scot/Topics/Statistics/Browse/Health/scottish-health-survey
https://www2.gov.scot/Topics/Statistics/Browse/Health/scottish-health-survey
https://growingupinscotland.org.uk/
https://www.gov.scot/publications/healthier-future-scotlands-diet-healthy-weight-delivery-plan/
https://www.gov.scot/publications/healthier-future-scotlands-diet-healthy-weight-delivery-plan/
https://www.gov.scot/publications/healthier-future-scotlands-diet-healthy-weight-delivery-plan/
https://www.rcpch.ac.uk/resources/uk-who-growth-charts-guidance-health-professionals
https://www.rcpch.ac.uk/resources/uk-who-growth-charts-guidance-health-professionals
https://www.rcpch.ac.uk/resources/uk-who-growth-charts-guidance-health-professionals
https://www.isdscotland.org/Health-Topics/Child-Health/Publications/2018-12-11/2018-12-11-P1-BMI-Statistics-Technical-Report.pdf
https://www.isdscotland.org/Health-Topics/Child-Health/Publications/2018-12-11/2018-12-11-P1-BMI-Statistics-Technical-Report.pdf
https://www.isdscotland.org/Health-Topics/Child-Health/Publications/2018-12-11/2018-12-11-P1-BMI-Statistics-Technical-Report.pdf
https://www2.gov.scot/SIMD
https://www.isdscotland.org/Products-and-Services/GPD-Support/Deprivation/SIMD/_docs/PHI-Deprivation-Guidance.pdf
https://www.isdscotland.org/Products-and-Services/GPD-Support/Deprivation/SIMD/_docs/PHI-Deprivation-Guidance.pdf
https://www.isdscotland.org/Products-and-Services/GPD-Support/Deprivation/SIMD/_docs/PHI-Deprivation-Guidance.pdf
https://www2.gov.scot/Topics/Statistics/SIMD/DataAnalysis/Background-Data-2012
https://www2.gov.scot/Topics/Statistics/SIMD/DataAnalysis/Background-Data-2012
https://www2.gov.scot/Resource/0050/00504809.pdf
https://www2.gov.scot/Resource/0050/00504809.pdf
https://beta.isdscotland.org/media/2832/2019-12-10-p1-bmi-statistics-technical-report.pdf
https://beta.isdscotland.org/media/2832/2019-12-10-p1-bmi-statistics-technical-report.pdf
https://www.isdscotland.org/Products-and-Services/eDRIS/
https://www.isdscotland.org/Products-and-Services/eDRIS/
http://dx.doi.org/10.1136/adc.73.1.25
http://dx.doi.org/10.1371/journal.pmed.1001885
http://dx.doi.org/10.1093/pubmed/fdx037
http://dx.doi.org/10.18637/jss.v016.i09
http://dx.doi.org/10.18637/jss.v016.i09
http://dx.doi.org/10.21105/joss.01686
http://dx.doi.org/10.21105/joss.01686
http://dx.doi.org/10.1097/EDE.0000000000000311
http://dx.doi.org/10.1016/S0277-9536(96)00073-1
https://www.nrscotland.gov.uk/statistics-and-data/statistics/statistics-by-theme/vital-events/births/births-time-series-data
https://www.nrscotland.gov.uk/statistics-and-data/statistics/statistics-by-theme/vital-events/births/births-time-series-data
https://www.gov.scot/publications/poverty-income-inequality-scotland-2016-19/pages/3/
https://www.gov.scot/publications/poverty-income-inequality-scotland-2016-19/pages/3/
http://dx.doi.org/10.1038/ijo.2010.222
http://dx.doi.org/10.1038/ijo.2016.204
http://www.instituteofhealthequity.org/resources-reports/fair-society-healthy-lives-the-marmot-review/fair-society-healthy-lives-full-report-pdf.pdf
http://www.instituteofhealthequity.org/resources-reports/fair-society-healthy-lives-the-marmot-review/fair-society-healthy-lives-full-report-pdf.pdf
http://www.instituteofhealthequity.org/resources-reports/fair-society-healthy-lives-the-marmot-review/fair-society-healthy-lives-full-report-pdf.pdf
http://dx.doi.org/10.1093/pubmed/fdx055
http://dx.doi.org/10.1093/pubmed/fdx055
http://dx.doi.org/10.1111/ijpo.242
http://dx.doi.org/10.1111/j.1467-789X.2009.00709.x
http://dx.doi.org/10.2471/BLT.17.205948
https://www.gov.scot/publications/summary-statistics-schools-scotland-no-10-2019-edition/
https://www.gov.scot/publications/summary-statistics-schools-scotland-no-10-2019-edition/
https://www.gov.scot/publications/summary-statistics-schools-scotland-no-10-2019-edition/
http://dx.doi.org/10.1177/0269094219827893

	Trends in socioeconomic inequalities in underweight and obesity in 5-­year-­old children, 2011–2018: a population-­based, repeated cross-­sectional study
	Abstract
	Introduction﻿﻿
	Aim

	Methods
	Data sources
	Patient and public involvement
	Definitions
	Inclusion criteria
	Statistical analysis

	Results
	Data completeness
	Trends in the prevalence of underweight and obesity by sex
	Trends in socioeconomic inequalities in underweight and obesity
	Changes in risk of underweight and obesity in 2011/2012–2017/2018 according to area-based deprivation
	SII and RII for underweight and obesity
	PAR% for underweight and obesity

	Discussion
	Main findings and study implications
	Comparisons with other studies
	Strengths and limitations

	Conclusions
	References


