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Abstract

Background

Many children do not eat a healthy diet. In 2005, the nutritional content of
school lunches in England received wide criticism. In 2006, a major policy
change led to legislation specifying what food and drink could, and could not, be
served in schools. This thesis considers the impact of the implementation of
food and nutrient-based standards on children’s dietary intake at lunchtime and
in their total diet, if the impact was equitable across the socio-economic

spectrum, and if school lunch take-up changed.

Methods

Data collected pre and post-policy implementation in children aged 4-7y and 11-
12y were analysed. In the 4-7y olds, dietary data were collected on four
consecutive days using an observational method in 12 primary schools, in
Newcastle upon Tyne, UK (n=385 in 2003-4; n=632 in 2008-9). In 11-12y olds,
dietary data were collected from two consecutive 3-day food diaries followed by
a researcher-led interview in six middle schools, in Northumberland, UK (n=298
in 1999-2000; n=215 in 2009-10). Linear mixed effect models were used to
analyse the effects of year (pre and post-policy), lunch type (school or home-
packed lunch), level of socio-economic deprivation, and the interaction(s)
between these factors on children’s total dietary intake. Logistic regression was
used to examine the change in school lunch take-up by year and level of

deprivation.

Results

At lunchtime, children who ate a school lunch post-policy implementation
consumed a lower per cent energy from fat, saturated fat and absolute amounts
of sodium. In the 4-7y olds, mean calcium (mg), vitamin C (mg) and iron (mg)
intakes increased; in 11-12y olds, non-starch polysaccharides (g) and iron (mg)
decreased. A child’s lunch type was associated with change in the total dietary
intake in 4-7y olds; post-policy implementation children eating a school lunch
had a healthier total diet compared with children eating a home-packed lunch.
In 11-12y olds, there was limited evidence found that lunch type was associated

with change in total diet. In both age groups children’s total dietary intake from



per cent energy saturated fat and non-milk extrinsic sugars remained above the
recommended guidelines. There was some evidence that post-policy
implementation, lunch type and level of deprivation were associated with
differences in per cent energy from non-milk extrinsic sugars and vitamin C
(mg) intake in the total diet of 4-7y olds; there was no such evidence found in
11-12y olds. Post-policy implementation, school lunch take-up decreased in

both age groups.

Conclusions

The implementation of school food and nutrient-based standards in England
has been associated with positive changes in children’s dietary intake at
lunchtime. These changes were reflected in the total diets of the 4-7y olds but
evidence was more limited in 11-12y olds. A key strength of this study is the
unique evaluation of national policy enabled by the availability of pre-
implementation data. A key limitation is the use of repeat cross-sectional
surveys; this limits the extent to which change in children’s diets can be
attributed to the policy. Future regulation of school lunches should be evaluated
prospectively. To improve children’s diets in all their complexity, future
interventions also need to consider the social, environmental and behavioural
contexts in which food choices are made or directed, both in and outside of the

school environment.
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Chapter 1 Introduction

It is now well recognised that what children eat has an important influence on
child health.'2 The World Health Organization have defined a ‘healthy’ diet as
one that contains more fruit, vegetables, legumes, nuts and grains, and less
salt, sugar and fat.* However, a number of national reports highlight that what
children eat does not meet recommended guidelines.>8 As well as children’s
diets containing too much saturated fat, sugars and a lack of fruit and
vegetables, childhood overweight and obesity has increased over the last few
decades.® % Improving what children eat is central to achieve a ‘healthier’
lifestyle, and as part of this, reduce childhood overweight and obesity.'" 12
Identifying solutions is more complex. One focus has been on the school
environment and what children eat at school. In England, food and nutrient-
based standards were introduced for school lunches that specified what food
and drink could and could not be served. Primary schools had to comply with
the legislation in September 2008 and secondary schools in September 2009."3
Following this major policy change to school food in England it was important to
evaluate the impact of implementing food and nutrient-based standards on
children’s diets. Four published papers are included in this doctoral statement
as listed on page xvi. Three focus on evaluating the impact of the food and
nutrient-based standards to school lunch on children’s diets and one on a

methodological aspect of the study.
Research questions addressed
Dietary

1. Did the introduction of food and nutrient-based standards impact on
lunchtime and total dietary intake in children aged 4-7y and 11-12y?
(Paper Il and I1)

2. Did the introduction of nutritional standards for school lunches have an
equitable impact on children’s diets across the socio-economic
spectrum? (Paper Il and 1V)

3. Did school lunch take-up change across the socio-economic spectrum

following the introduction of food and nutrient-based standards?
(Paper Il and 1V)

1]



Chapter 1 Introduction
Methodological

4. Did the use of passive or active consent affect consent and completion
rates, or dietary data quality across the socio-economic spectrum?
(Paper 1)

Overview of structure of doctoral statement

The intention of this doctoral statement is to provide a narrative on the context
for the papers, review the current literature and reflect on the implementation
and evaluation of the food and nutrient-based standards to school lunch in

England.

| begin by setting the wider context of child health and the importance of a
healthy diet for children. A short historical outline of school meals in England is
presented to set the policy context (Chapter 2). This is followed by a narrative
review of the current literature that examines the impact of a child’s lunch type
(school or home-packed lunch) on their dietary intake at lunchtime, in their total
diet and across the socio-economic spectrum. The limitations of the current
literature are summarised and the rationale and research questions are stated
(Chapter 3). Chapter 4 provides a more detailed account of the dietary data
collection methods employed than reported in the individual papers. As Paper |
focuses on a methodological aspect of this study it is included in this chapter. A
summary of the key dietary findings and the inclusion of Papers Il, lll and IV are
presented in Chapter 5. In the final chapter (Chapter 6) | provide a brief
summary of the key findings, the relationship to other studies and the key
strengths of the papers. | reflect on the implementation of the food and nutrient-
based standards and discuss the wider limitations to the body of work
evaluating the impact of nutritional standards on children’s diets. The key policy
implications and areas for future research are considered. To finish, some

concluding remarks are also in this chapter (Chapter 6).

2|



Chapter 2 Background

Chapter overview:

This chapter gives a brief overview on child health and the importance of a
‘healthy' diet for children. It discusses the role of children’s diets as one
contributing factor to childhood overweight and obesity. Reference is made to
the fact that many factors influence children’s diets. While improving what
children eat is important, identifying solutions is a challenge. One focus has
been on the school environment and the food and drink served at schools.
The chapter finishes by setting out the policy context and historical events in
school meals that led to the implementation of food and nutrient-based

standards to school lunch in England.

2.1 Child health: an overview

Over the last few centuries there have been many advances in child health. In
the 20t Century, improved water and sanitation, immunisation and nutrition
were influential, along with medical advances.' By the mid-20t" Century the
focus was on adult health and it was not until the later part of the 20" century
that there was a re-emergence of interest in child health.'* This was associated
with a number of studies: the 1000 family study in Newcastle, 1947 and the
national birth cohort studies in 1946, 1958, 1970 and 2001. These studies
recognised several themes, such as the importance of child health on health in
later life.’* The emergence of childhood obesity has also led to a re-focus on
child health 15 16 A persistent challenge for child health is children’s diets, albeit
for different reasons to those at the start of the 20" Century. The focus on

children’s diets has shifted from under- to overnutrition.
2.2 Children’s diets

It is now well recognised that children’s dietary intake has an important
influence on child health.'3 What children eat is central to optimal health and

potentially contributes to the prevention of cardiovascular disease, stroke and

3|



Chapter 2 Background

type Il diabetes in later life." Furthermore, eating behaviours that are developed
in childhood have been found to continue into adulthood. 7 Therefore,

childhood is an important period to establish a ‘healthy’ diet.

What constitutes a ‘healthy’ diet has been defined by the World Health
Organization as a diet that contains more fruit, vegetables, legumes, nuts and
grains, and less salt, sugar and fat.* In the UK a key tool to provide information
about a ‘healthy’ diet to the general population is through the use of the Eatwell
plate.’® The Eatwell plate is a visual tool developed by the Food Standards
Agency in 2007 to illustrate how a combination of foods contributes towards a
‘healthy’ diet. The pictorial image was developed to show that some foods may
need to be consumed more than others, for example, fruit and vegetables; and
some foods may need to be consumed less, for example, sweets, cakes and
biscuits.'® Similarly, the Change4Life campaign provides information about a
‘healthy’ diet through messages about ‘5-A-Day’, ‘watch the salt’, ‘cut back fat’

and ‘sugar swaps’.?°

These food-based dietary guidelines are useful for the general population and
reflect how foods rather than nutrients are eaten. However, both food and
nutrient-based guidelines have been formulated and underpinned by scientific
recommendations guided by expert panels such as the: Committee on the
Medical Aspects of Food Policy (COMA), World Health Organization (WHO)
and Scientific Advisory Committee on Nutrition (SACN). These organisations
review the available evidence as a basis for recommendations for intake of
nutrients and specific foods to prevent deficiencies and promote optimal health.
For example, in 1991, COMA provided estimated average requirements for
energy, and macro- and micronutrient recommendations for the UK
population;?' in 2003, WHO recommended a mean daily intake of 400g of fruit
and vegetables,’ %2 and in 2011, SACN reviewed and updated the guidance on
energy requirements.?® In March 2014, WHO advised that consumption of free
sugars added to food or naturally present in honey, syrups, fruit juices and fruit
concentrates should be reduced.?* WHO conditionally recommended that free
sugar intake be reduced to below 5% of total energy.?® In response, SACN has
provisionally advised a reduction;? this will be reviewed in February 2015.

Dietary recommendations for children aged 4-7y and 11-14y in the United

4|



Chapter 2 Background

Kingdom (UK) are shown in Table 1; where relevant these are shown for age

and gender.

Table 1 Recommendations for energy, food energy, nutrients and fruit and
vegetable intakes for children aged 4-7y and 11-14y in the UK

Food/Nutrient Recommendations
4-7y 11-14y

Male Female Male Female
Energy (kcals)* 1715 1545 2220 1845
Fat (%)t No more than 35% food energy
Saturated Fat (%) No more than 11% food energy
NMES (%) No more than 11% food energy*
Protein (g)$ 19.7 42.1 41.2
Sodium (g) 700 1600 1600
Calcium (mg) 450 1000 800
Iron (mg) 6.1 11.3 14.8
Zinc (mg) 6.5 9.0 9.0
Vitamin C (mg) 30 35 35
Vitamin A (ug) 400 600 600
Folate (ug) 100 200 200

Fruit & Vegetables' (portion/g) At least 5 portions per day (equivalent to 400g)

*Estimated Average Requirements for energy?’

TDietary Reference Values for food energy?!

*Conditional recommendation from WHO and likely to be recommended by SACN is free sugars
be reduced to below 5% of total energy?® 26

SReference Nutrient Intake?'

"WWHO recommendation’- %

Despite recommendations, there have been a number of national reports that
highlight that what children eat does not meet all these recommendations.>2 In
1989, findings from the ‘Diets of British School Children’® survey highlighted
children’s mean intakes of fat were above the recommendations and mean
intakes of micronutrient were below.®> A study by Prynne et al, 19992’ compared
data from the National Diet and Nutrition Survey (1992/93) with the Medical
Research Council (MRC) National Survey of Health and Development (1946
birth cohort). They found that children aged 4y had higher intakes of per cent
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energy from sugar and lower mean intakes of micronutrients compared with
children in 1950. More recently, key findings from the National Diet and Nutrition
Survey (NDNS) 2008/09-2011/12%8 are shown in Table 2. Per cent energy from
saturated fat and NMES were above the recommendations for children aged 4-
10y and 11-18y. For the 4-10y olds, mean micronutrient intakes were within the
recommendations. In contrast, for the girls aged 11-18y mean micronutrient
intakes were below the recommendations. Mean fruit and vegetable intakes
including fruit juice and not including fruit juice were below the recommendation
in both age groups.?® Therefore, the advice by the World Health Organization
that a ‘healthy’ diet contains more fruit and vegetables, and less sugar and fat is
currently not reflected in the average child’s diet in the UK. Of concern, is that
children’s per cent energy from NMES is three times higher than the conditional
recommendation of reducing free sugars to below 5% of total energy by WHO,
which is likely to be adopted by SACN.25 26

Table 2 Children’s mean nutrient and fruit and vegetable intake from the NDNS
2008/9 to 2011/12 (aged 4-10 and 11-18y)

4-10y 11-18y
Food/Nutrient All Male Female
Energy (kcals) 1532 1972 1569
Fat (%) 33.4 33.8 34.2
Saturated Fat (%) 13.2 12.7 124
NMES (%) 14.7 16.0 15.2
Calcium (mg) 803 889 670
Iron (mg) 8.7 10.7 8.4
Zinc (mg) 6.4 8.3 6.3
Vitamin A (ug) 651 725 596
Folate (ug) 195 233 186
Fruit & Vegetables (g) not including fruit juice 205 177 166
Fruit & Vegetables (g) including fruit juice 316 288 261

There is also evidence of socio-economic disparities in children’s diets with

those from more deprived families having ‘poorer’ diets. 2° 30- 3! For example,
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children in more deprived families have been found to have lower intakes of
micronutrients and fruit and vegetables, and higher intakes of energy-dense
drinks.30 3! As well as children’s diets containing too much saturated fat, sugars
and a lack of fruit and vegetables, there has been an increase in childhood
overweight and obesity during the last few decades.® '° While fundamentally an
issue of energy balance the causes of childhood obesity are multi-faceted and
complex; one potentially contributing factor is an ‘unhealthy’ diet."- 2 Improving
what children eat and developing ‘healthier’ eating habits is central to achieve a
‘healthier’ lifestyle, and as part of this, reduce childhood overweight and
obesity."" 12 Despite signs that childhood obesity is levelling,3? 33 in 2011-12,
The National Child Measurement Programme (NCMP) in England found one in
five 4-5y olds and one in three 10-11y olds were overweight or obese.3* Being
overweight and obese has a number of implications which have personal and
societal impacts. For individual health, childhood obesity has been found to
persist into adulthood and is associated with long term health consequences as
noted in section 2.2." In 2007, the Foresight report highlighted the economic
costs to the National Health Service (NHS) and society. By 2050, the NHS costs
associated with overweight and obesity are estimated at £10billion per year; the

economic cost to society is predicted to be much higher.?
2.3 Factors influencing children’s dietary intake and the role of schools

What children eat is influenced by a number of factors and so identifying
appropriate solutions has proved challenging.? 2% 3537 Story et al, 20083 use an
ecological framework, which illustrates that food choice and eating behaviours
are affected by multiple levels of interconnecting factors: individual (i.e. age,
lifestyle, skills and behaviours), social (i.e. friends and family), physical (i.e.
home, school and supermarkets) and the macro-level environment (i.e. industry,
government policy, food marketing and media).38 This framework helps us to
appreciate the complexity and reality that there is no one easy solution (see

Figure 1).

While it is recognised that what children eat at home is important3® a current
focus is on the school environment and the food served at school. The use of
the school environment is supported by evidence from systematic reviews that

found implementing dietary interventions in schools can have a positive impact
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on improving children’s diets.*% 4! The role of schools in addressing children’s

diet and obesity has also been advocated in a number of government reports

(see Table 3). Collectively, what the reports highlight is that the school

environment can potentially span the individual, social, physical and macro-

levels identified in the ecological framework by Story et al, 20082 (see Figure

1). However, it is important to acknowledge that the school environment, with

specific reference to the food served at school, can only influence the diets of

children who eat food served at school i.e. breakfast and afterschool clubs,

break-time or lunchtime (school lunch).39 42

Table 3 Government reports and the role of schools in improving children’s diets

Report Brief aim Role of school
Choosing Health: making Addresses issue of » Improve nutrition in
healthier choices easier unhealthy foods and diets schools
(2004)"
Choosing a Better Diet: a Reduce obesity, improve » Include nutrition in
food and action plan (2005)'? | diet and inequalities by curriculum, concept of a
decreasing fat, saturated balanced diet and the
fat, salt, sugar and increase benefits of healthier
fruit and vegetables lifestyle
» Improve nutrition
PSA Delivery Agreement 12: | Priority to reduce » Improve quality of school
improve the health and overweight and obesity lunch
wellbeing of children and » Increase take-up
young people (2007)*3 > Reduce childhood obesity:
provide an environment to
support healthy food and
activity choices
Foresight: tackling obesities- | Multi-factorial approach » Provide healthy school
future choices (2007)? required to deal with meals
complexity of obesity
Healthy weight, healthy lives: | Support individuals to make | » Focus on school
a cross government strategy | healthier choices to reduce environment: i.e. is school
for England (2008)* obesity levels, especially in canteen conducive to
children healthy eating? Length of
time queuing,
» Consider on-site policies
» Whole-school approach
i.e. ‘healthy schools’
» Develop healthy lunch box
policies
Food matters: towards a Recognises food overlaps » Ban vending machines
strategy for the 21st century | with many aspects of food » Decrease foods high in salt

(2008)*5

policy

and added sugar
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Ban vending machines; healthy lunch
box policies; decrease foods high in

Macro-level - : :
environment sal? gnd sugar; consider on-site
(sectors) policies
Physical Canteen environment is it conducive
environment to healthy eating? Length of time
(settings) queuing?
Social
environment Healthy whole school approach:
i what taught in curriculum modelled in
i 2) ‘healthy’ school meals and improved
nutritional quality of school lunch
Individual Increased understanding of a
factors ‘healthy diet’ through curriculum;
(personal) ‘healthier lifestyle due to ‘healthier

eating and decreased obesity

Figure 1 An adaptation of the ecological framework and the role of schools at
the individual, social, physical and macro-levels as identified in government
reports (2004-2008)

As indicated in Figure 1 there are a number of environmental and individual
level factors that influence what children eat. Papers II-IV evaluate the impact of
implementing the food and nutrient-based standards to school lunch in England
on children’s diets. The key focus is on the macro-level environment. The
papers consider the findings and if legislation to school lunch is in itself
sufficient, or, if this needs to be supported by other levels (i.e. the physical

environment) to improve children’s diets. This is also discussed in Chapter 6.

During my PhD studies | co-authored a report for the Department of Health
(Public Health Research Consortium)*? and a paper published in Public Health
Nutrition entitled School food standards in the UK: implementation and
evaluation.*® Both publications include a short historical outline of the school
meal policy in England. Papers II-1V39 47.48 glso make a brief reference to the
historical context. In order to set Papers II-1V in their wider policy context
leading to implementation of the food and nutrient-based standards to school
lunch in England, a more detailed historical outline is presented below (see also
Table 4).
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2.4 Policy context: The history of school meals in England [1900-2014]
2.4.1 1906: Introduction of school meals

School meals were first introduced as a response to under-nutrition of children
and the subsequent poor health of potential army recruits for the Boer war
(1899-1902).4° The publication of the Inter-Departmental Committee on Physical
Deterioration in 1904 highlighted the public health concern of undernutrition and
a key recommendation was free school meals should be introduced for children
from poorer families.*® In 1906 the Education (Provision of Meals) Act required
that children receive adequate food in school; Local Education Authorities
(LEASs) could provide free meals, but this was not a requirement.>® There was
some opposition that school meals should be available for all children;
therefore, free school meals were only provided to children who were
undernourished (assessed by a medical inspection) and poor (assessed by the
parent’s financial situation).®! This highlighted the belief that school meals were
linked to poverty and should not be taken, even if children were eligible for

them.>?

In some LEAs the quality of school meals and the environment for eating a
school meal were inadequate. In contrast, some LEAs tried to demonstrate that
school meals were an opportunity for developing social skills and ‘healthier’
eating habits.5? However, challenges persisted. While it was recognised that
adequate supervision, sufficient time to eat and the environment were
important,® these factors were not addressed. A quote from Hall, 1952

summarises the conditions:

‘Too often the premises are makeshift and over-crowded, the supervisors
harassed, the meal bolted and the children hurried out to make room for
a second batch’ (Hall, 1952 p171).%2

2.4.2 1941: Nutrient standards established

The first nutrient-based standards for school meals were introduced in 1941
with recommendations for energy, fat and protein. The 1944 Education Act led
to a legal requirement for LEAs to provide free school meals to any child who

wanted them.53 This provision of free school meals ended in 1950 when a
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standard charge was introduced. The nutritional standards for school meals

were reviewed on three occasions: 1955, 1965 and 1975.4°
2.4.3 1980: Nutrient standards removed

Having addressed the nutritional quality of school meals by imposing standards
in 1941, the 1980 Education Act>* removed all nutritional standards. This action
was taken despite the Black Report (1980) which highlighted that nutritious
school meals were an important aspect of child health.53 %5 There were a
number of other developments during the 1980’s that had a negative impact on
school meals. LEAs were no longer required to provide school meals, except to
children eligible to free school meals.®® Free school meal entitlement for
children living in families in receipt of family credit was removed, and in 1988,
the Local Government Act introduced compulsory competitive tendering
(CCT).*° The 1980 Act also obliged LEAs to offer contracts to those companies
offering the cheapest service for school meals.®® In essence, the provision of
school meals was influenced by financial considerations, as opposed to
nutritional quality.>® This was also a period where the school meal service in
secondary schools became more like a canteen and children could pay for the

foods they selected.%
2.4.4 2001: Introduction of food-based standards

Following the abolition of nutrient requirements for school meals in 1980, the
School Meal Campaign of the Caroline Walker Trust (1992)* recommended
nutritional standards should be reintroduced. Recommendations were published
but these were ignored. In 1997, the White Paper Excellence in Schools®” noted
that nutritional standards for school lunch should be re-introduced. However, it
was not until 2001, over twenty years after the removal of nutritional standards
that food-based standards for school lunches were reintroduced. These
standards imposed on caterers the need to provide ‘healthy’ options in school
lunch. Although they specified the types of foods and frequency of serving they
did not limit food choice.® Furthermore, they did not include nutrient-based
recommendations. Thus, there were no guidelines for the percentage of energy
from fat, saturated fat, non-milk extrinsic sugars or the micronutrient content a

school lunch should provide.
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In 2004°° and 2006,%° two reports showed that despite the implementation of
food-based standards in 2001 school lunches remained high in fat, sugar, and
salt, and low in micronutrients.5% 80 Although ‘healthy’ choices may have been
available, children were not choosing to eat these foods. Findings also reported
that between a quarter and a third of energy and nutrients eaten by a child were
provided by school meals;5%-6" emphasising the importance of school meals on

children’s diets.
2.4.5 2006: Implementation of food and nutrient-based standards

In 2005, there were three key developments that were influential in transforming
school food. The media broadcast of Jamie Oliver’s ‘Jamie’s School Dinners’
that received attention from the public (in particular parents) and Government
(February);®? 83 the School Meal Review Panel (SMRP) formed to provide
advice on school lunch standards (March);*® and the establishment of the

School Food Trust to ‘transform school food’ (April).64

The SMRP reported the deterioration in school meals was due to economic
constraints, the removal of nutritional standards and a long period of neglect of
school food.%® In 2006, 100 years after the first provision of school meals, there
was a significant change in policy with the implementation of food and nutrient-
based standards in England. The implementation of these standards received

legislative support.3:3°

Considerable economic investment was required to implement this legislation.
The School Food Trust (now Children’s Food Trust) received £38 million from
Government over a six year period, and a further £480 million was provided to
schools to subsidise cost of ingredients, equipment (such as software for
analysing menus) and professional support.®® In 2006, the new food and
nutrient-based standards were introduced. Primary schools were expected to
comply by September 2008 and secondary schools by September 2009.66
Food-based standards specified which foods could, and perhaps more
importantly, which foods could not be served. They also specified how often
some foods (i.e. deep fried foods such as chips) should be served over a three-
week period. Food-based standards apply to the whole school day including
breakfast clubs.®* Nutrient-based standards apply to the average nutritional

content of school lunches over a (typically) three-week menu cycle and specify
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minimum and maximum levels.5* The food and nutrient-based standards apply

to planned provision rather than children’s actual food or nutrient consumption.

School food has received considerable attention and economic investment in
England over the last few years. The aim is to improve what children eat by
limiting the availability of certain foods (e.g. fried chips) and increasing the
availability of other foods (e.g. fruit and vegetables). Chapter 3 provides a
narrative review of the current literature; it examines the impact of the
implementation of food and nutrient-based standards on children’s diets at

lunchtime, and/or in their total diet.
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Table 4 Historical events in school meals in England from 1900 to 2014 with key reports and national surveys

142

School meals introduced

Nutrient standards

established

Year

1904

1905

1906

1941

1944

1955

Events

School meals provided under the
auspices of charities

Education Act: provision of free school
meals; though not compulsory®°

First nutritional standards: energy, fat
and protein*®

Education Act: legal requirement for
Local Education Authority (LEA’s) to
provide school meals

Working party on nutritional aspects of
school meals: nutritional standards
reviewed (1955, 1965 & 1975)%°

Reports National surveys

Inter-departmental committee on
physical deterioration

Inter-departmental committee on medical
inspection and feeding of children
attending public elementary schools



Table 4 Historical events in school meals in England from 1900 to 2014 with key reports and national surveys continued

Gl

Nutrient standards removed

Implementation of the
‘school food policy’

Year

1980

1988

1989

1991

1992

Events Reports National surveys

Education Act: removal of all nutritional
standards®*

LEA’s no longer required to provide
school meals except for those entitled to  The Black Report>®
free school meals

Removal of entitlement to free school
meals for children living in families in
receipt of family credit

Introduction of Compulsory Competitive
Tendering

Diets of British
School Children®

The Health of the Nation - a strategy for
Health in England®”

Department of Health published energy
and nutrient recommendations for the
UK21

Caroline Walker Trust: nutrient-based
standards



Table 4 Historical events in school meals in England from 1900 to 2014 with key reports and national surveys continued

ol

Implementation of the ‘school food policy’

Year

1994

1999

2000

2001

2004

2005

2006

Events

Academies first established under the
labour government

National nutritional standards

February: Jamie Oliver's media
broadcast ‘Jamie’s School Dinners’

March: School meal review panel
established

April: School Food Trust established to
transform school food

Interim-based standards

Reports National surveys
Eat Well - action plan from the Nutrition

Task Force to achieve the Health of the

Nation targets on diet and nutrition

Saving Lives: Our Healthier Nation®®

National Diet and Nutrition

Survey

4-18y olds®
Choosing health - making healthy School meals in secondary
choices easier'! schools, England®®

Choosing a better diet - a food and
health action plan’?

School meals in primary
schools, England®



Table 4 Historical events in school meals in England from 1900 to 2014 with key reports and national surveys continued

Ll

Implementation of the

Introduction of universal

‘school food policy’

free school meals

key stage 1

Year

2007

2008

2009

2011

2012

2013

2014

Events

September: primary schools to be fully
compliant with food & nutrient-based
standards

September: secondary schools to be
fully compliant with food & nutrient-based
standards

Expert panel for the school food plan
established

September: Free school meals for all
children in Key Stage 1 (referred to in
discussion)

Reports

PSA Delivery Agreement 12 -
Improve the health and wellbeing
of children and young people*?

Foresight - Tackling Obesities - Future
Choices?

Healthy weight, healthy lives - a cross
government strategy for England**

Food matters - towards a strategy
for the 215t century*®

Healthy lives, healthy people: update and
way forward’®

The school food plan

National surveys

Low income diet and
nutrition survey

National child
measurement programme
2006-07 (annual report)®®

National Diet and Nutrition
Survey results from years
1, 2 and 3 combined?



Chapter 3 Literature review

Chapter overview:
The aim of this chapter is to provide a narrative review of the literature
examining the impact of a child’s lunch type (school or home-packed lunch)
on their dietary intake at:

» lunchtime

» in their total diet and

» across the socio-economic spectrum
A brief background is given, followed by the objective and methods used. To
conclude, a summary of the main points, the rationale and key research

questions are stated.

3.1 Background

As discussed in Chapter 2 the school food environment, in particular what
children eat at school, has gained increased attention. The implementation of
the food and nutrient-based standards to school lunch has been a major policy
change to school food in England. However, changes to school lunch are not
limited to England; school lunch is also a focus internationally. This chapter
provides a narrative review of the current literature and highlights research

questions that remain unanswered.
3.2 Objective

The objective of this narrative review is to explore the impact of a school lunch,
home-packed lunch, or, the comparison of a school/home-packed lunch on

children’s dietary intake at: (i) lunchtime or (ii) in their total diet.
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3.3 Search strategy

To ensure my search strategy was comprehensive and methodical a systematic
approach was undertaken to this (see sections 3.3.1 and 3.3.2) narrative review
of the current literature. The systematic approach for the search strategy is a
strength. A key limitation is that there was only one reviewer, therefore there is
potential for selection bias in the papers reported. This narrative review enables
key study findings to be reported and discussed, and for gaps in the literature to
be noted. This approach does not allow for an in-depth analysis of the findings

as in a systematic review or meta-analysis.”"
3.3.1 Criteria for considering studies in this review
Types of studies

All study designs were eligible for inclusion. Studies needed to be written in
English, but were not excluded based on geographical location. For studies
reporting on school lunch they needed to examine the impact of a school food
policy change as opposed to individual school level dietary interventions. For
example, studies that looked at individual school interventions to increase fruit
and vegetable intake were excluded. Studies needed to examine children’s
consumption of food or nutrients. Studies were excluded if they reported

findings based only on planned provision of food offered.
Types of participants

Children who attended primary, middle or secondary schools were included.

Studies with a focus on children attending nurseries were excluded.
Settings

Primary, middle, secondary schools and home.

Types of outcome measures

Studies had to report on one or more of the following primary review outcomes

on children’s dietary intake to be included.
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Primary outcomes
The primary outcomes of interest were children’s:

i.  mean nutrient intake
ii. mean food and drink intake, or a
iii.  comparison of children’s dietary intake against food and/or nutrient-

based standards
Secondary outcome

The secondary outcome of interest was whether studies reported any effect

across the socio-economic spectrum in the primary outcomes listed above.
3.3.2 Search methods for identifying studies

The following three commonly used electronic databases were searched:
MEDLINE, EMBASE and PsycINFO. Table 5 shows the complete search
strategies and search dates for each database, along with the terms and
searches conducted. On initial screening of the papers duplicated studies were
removed and titles were screened for eligibility. If it was not possible to make a
decision based on the title then the abstract was read. Figure 2 is based on the
Preferred Reporting Items for Systematic Reviews (PRISMA)’? template and is
included to give an overview of the total number of studies identified, excluded
and included. As noted in section 3.3 screening of studies was carried out by
one reviewer, therefore the detailed guidelines applied in a systematic review

were not undertaken.
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Table 5 Databases, terms used and searches conducted for literature review

Database resources searched

Ovid MEDLINE (R) In-Process & other Non-Indexed Citations and Ovid MEDLINE (R)
1946 to present

2 Embase 1980 to 2014 week 18

3 PsycINFO 1967 to May Week 1 2014

Terms used

1 (school lunch* or school meal* or school food* or hot school meal* or hot school
lunch*).mp

2 (home-packed lunch* or home lunch* or packed lunch* or bagged lunch*).mp
(standards for school lunch* or policy* or nutrient-based standards™ or food policy* or

3 school food policy* or nutritional requirements* or menu planning* or menu
standards®).mp

4 (diet* or nutrition* or nutritive value*).mp

5 (lunch* or meal at lunch* or midday meal*).mp

6 (school* or primary school* or secondary school*).mp
(socio-economic inequality* or poverty or socio-economic spectrum* or socio-economic

7 disparities or social class* or socio-economic factor* or index of multiple

deprivation*).mp

Searches conducted

1

1and 3and 4

1and 3and 7

1and 3and 8

1and 2 and 3 and 4

2 and 3 and 4

1and2and3and4 and 7

4 and 5and 6
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- Records identified through Additional record identified:
o database searching reviewer comment
= - 4 —
s (n=1996) (n=1)
=
=
@
=
A 4 A 4
—
Records after duplicates
( ) removed
(n=1328)
o
£
=
L+
2 Y
P 4 Records screened Records excluded
(n=1328) B (n=1301)
| S—
s
A 4
2 o
= Full-text articles included
B based on inclusion criteria
= (n =27)
| S—
F
Y
- Studies included in narrative
'g review
© (n =27)
=
—

Figure 2 Total studies identified and number included in the literature review
based on PRISMA guidelines

Data collation

The data collated from the included studies describes study authors and date,
geographical location, school (i.e. primary or secondary), children’s age and
number of participants. It also includes the study aim, design and method,
whether the data used in the studies were pre or post-policy implementation
and a summary of key findings. Two steps were employed to organise and
discuss studies. Firstly, studies were separated into two main categories: those
that examined children’s dietary intake at lunchtime, and in their total diet.
Secondly, studies were categorised by lunch type: school lunch, home-packed

lunch and a comparison of school/home-packed lunch.
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3.4 Review of included studies

Each section below begins with a general description of the identified studies
(n=27) and is structured to provide an overview of the number of studies
included, the geographical location, the study design, the children’s age and the
dietary data collection methods used. Where applicable, a summary of the main
study characteristics and findings are provided in Tables (Table 6, Table 7,
Table 8 and Table 11). The main findings are discussed under the pre-defined
outcomes: nutrient intake, food and drink intake or a comparison of nutrient/food
intake consumed against the food and nutrient-based standards, and socio-
economic effects. The studies included are from different geographical locations
therefore the policies effect on school lunch? described vary. Some examples
are given of the policies, but this list is not exhaustive. The studies of school
lunch based in the UK (England) can be expected to comply with food and
nutrient-based standards.®* These specify what foods can and cannot be
served, and minimum and maximum levels of nutrients. In the USA there are
state policies that limit portion size and fat content of high-fat/sugar foods and
drinks.” In other countries, such as Belgium the school food policy is less
proscriptive.”* Comparability of school food policies in different countries is

referenced to in Chapter 6.

3.4.1 Lunchtime: children’s mean dietary intake
3.4.1.1 School lunch

Description of studies

Eight studies were identified: one from Belgium, five from the UK and two from
the USA (Table 6). Seven studies were cross-sectional and one was a cluster
randomised study. Children’s ages ranged from 3y to 19y. Three studies were
carried out in primary schools, three in secondary schools and two included
both primary and secondary schools. Various dietary data collection methods
were used which included: questionnaires, weighed, observational and
photographs. See Table 6 for a summary of key study characteristics and

findings.

2 In this section the following terms: recommendations, food and nutrient-based standards, standards, pre-
policy & post-policy implementation are used to refer to a ‘school food policy’
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Nutrient intake

Three studies”>’” examined children’s nutrient intake at one time point only:
pre-policy implementation. A summary of their findings is shown in Table 6. Two
studies’® 7® examined the change in children’s nutrient intake pre to post-
implementation of the food and nutrient-based standards in England. Both
studies found a decrease in children’s mean consumption of: energy, per cent
energy from fat, saturated fat, NMES and absolute amounts of fat, saturated fat.
They also reported an increase in mean protein, NSP and vitamin A intakes.
There were inconsistencies reported in mean intakes of calcium, zinc and
vitamin C. For example, Haroun et al, 201078 found mean intakes of calcium
increased in the infants but decreased in the juniors. Nicholas et al, 201379
found calcium increased. The study by Mendoza et al, 201073 that examined the
impact of a school food policy pre to post-policy implementation in the USA is

discussed in ‘socio-economic effects’ section.
Food and drink intake

In 2005, Vereecken et al,’* examined the availability of food at lunch time in 197
schools (primary n=64; secondary n=183). A small proportion of primary
schools (9%) had vending machines compared with 80% of the secondary
schools. In addition, approximately half of secondary schools had no written
policy on biscuits, sweets and savoury snacks. In comparison, very few primary
schools had no policies on these foods (11%, 3% and 10% respectively). In the
secondary schools, the school a child attended and the food available was
associated with consumption of soft drinks, sweets and crisps (p<0.01).”* For
example, if soft drinks were available at school then children were more likely to

consume them.

A study by Nelson et al, 2007°" reported that children’s food choices had
deteriorated in 2004 (secondary schools) and in 2005 (primary schools)
compared with 1997. For example, in 2004 in secondary schools, children
reported a higher consumption of chips, soft drinks, desserts, cakes and
biscuits than in 1997. They also reported a lower consumption of fruit and
vegetables. In 2005, in primary schools children also reported a higher
consumption of chips and desserts, cakes and biscuits, but also more

vegetables. Post-policy implementation in England findings by Haroun et al,
24 |



Chapter 3 Literature review

201078 and Nicholas et al, 2013"° found a different scenario. Haroun et al,
201078 assessed both food and drink provision, and consumption in 136 primary
schools. They compared intake in 2005 with 2009. By 2009, schools had
improved food and drink provision. Schools provided more: vegetables and fruit
(p<0.001 for both), fruit juice and fruit-based desserts (p<0.001) and starchy
foods not cooked in fat (p=0.004). Schools provided fewer: desserts not
containing fruit (p<0.001), savoury snacks and confectionery (p<0.001).

Nicholas et al, 20137° also reported similar findings.

Comparison of children’s mean dietary intake against nutritional

recommendations for school lunch

Six of the studies compared children’s nutrient intakes against standards; four
61,7577 examined this pre-policy and two post-policy implementation.”® 7° Pre-
policy Gould et al, 20067° found fat and saturated fat intakes were above
recommendations; no child met the recommendation for iron and folate and less
than 10% met the calcium recommendation. Nelson et al, 2007%" reported
children’s mean intake of NSP, iron, zinc and vitamin A were below the
recommendations. The finding that children’s intakes did not meet
recommendations was further supported by Gatenby et al, 2007.76 Post-policy,
despite implementation of standards, children’s intakes did not meet all the
standards. For example, children’s mean intakes of iron and zinc were least
likely to meet the standards. In contrast, children’s mean intakes of fat,
saturated fat and NMES met the standards.”® 7° These findings imply children’s
micronutrient intakes are less likely to meet the recommendations as opposed
to macronutrient intakes. Potential reasons for this may be the standards apply
to food provision as opposed to what children actually consume. Comparison of
children’s intakes against the standards that does not cover the three-week
menu cycle (that nutrients are required to comply to) may be limited to
adequately assess micronutrient intakes. Furthermore, the standards have
restricted the provision of certain foods such as deep fried foods and
sweets/confectionery; these restrictions may be more effective in influencing
children’s intakes. In comparison, addressing children’s micronutrient intakes
(i.e. iron and zinc) may be more difficult as foods containing these nutrients,
such as dark green vegetables, pulses and beans, and nuts are foods that

children need to choose to eat.
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Socio-economic effects

A study by Mendoza et al, 201072 examined the impact of the Texas Public
School Nutrition Policy across the socio-economic spectrum in three schools.
This policy restricts portion sizes of snacks high in fat and sugars, and the fat
content of foods. Socio-economic status (SES) was determined by a school-
level measure: that is the number of children registered in the federal/free
reduced lunch programme. They examined the impact pre to post-policy
implementation on energy density. They found energy density had improved
(decreased) across all three schools; the greatest effect was for children in the
schools classified as ‘less deprived’. Pre-policy implementation these schools
were found to have the highest energy density compared to the ‘more deprived’
schools. As noted by Mendoza et al,”® this may be because children had more
money to spend on snack foods and foods from the vending machines in the
‘less deprived’ schools.”® Post-policy implementation the availability of these
items was restricted. Therefore, children could not purchase items such as

crisps.
Limitations

There are a number of limitations with these studies that examined the impact
of school food policies on children’s dietary intake at lunchtime. To start, a small
number of studies (n=3) reported the impact of school food policies on
children’s dietary intake pre to post-policy implementation. Therefore, the
majority of studies do not evaluate the impact of implementing the school food
policy pre and post-policy. The findings by Mendoza et al, 201072 are limited to
energy density and the study does not report micronutrients. In comparison,
other studies reported a number of nutrients related to the implementation of
nutrient-based standards.”’-"® The studies were conducted in various
geographical locations, therefore, school food policies and the findings reported

varied.

The studies also used various dietary collection methods. There are a number
of issues in the dietary data collection methods that potentially limit the dietary
data quality collection. A number of studies used a self-report dietary data
collection method.” 7# One study used different dietary data collection methods

in the two surveys reported; in the first survey dietary data were collected
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retrospectively, and in the second it was observed.®' In two studies’® 7° a 5d
weighed intake was reported but this was not for each child; rather it was for
different children randomly selected on the days of dietary data collection. A
further limitation was that the weighed intake method required weighing the
foods on offer at the counter; each food was then allocated an average portion
weight. Food weight eaten was estimated by subtracting the leftover weight
from the average portion weight. Children who did not take their leftovers to be

weighed were considered to have consumed all foods.”* 7

A number of studies reported children’s mean intake against nutritional
recommendations for school lunch. However, the dietary data collection period
did not cover the three week menu cycle that the food and nutrient-based
standards cover.”® 7® Furthermore, Martin et al, 201077 noted that the evaluation
was undertaken soon after the recommendations were introduced and schools

may not have fully implemented them.

In the study by Mendoza et al, 201072 which examined the impact of school food
policy across socio-economic status, SES was analysed at the school and not
individual level. They noted that a change in school demographics between the

two time points may be have been associated with the changes found.”
Questions that remain unanswered

These studies only focus on school lunch. As noted in the limitations only three
studies have examined the change from pre to post-policy implementation. The
question of whether there is a widening difference in school and home-packed

lunches since the introduction of policies specific to school lunch remains.

In addition, these studies examined the impact of implementing school food
policies on children’s diets at lunchtime only. Therefore, the potential wider
impact on children’s total diet is not known. For example, it may be that children
from the less deprived schools eat ‘healthier’ at school due to restrictions, but
purchase restricted items more frequently outside of school.”® This emphasises
the importance of considering the impact of implementing school food policies

on children’s diets outside of the school environment.
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Table 6 Characteristics of included studies examining school lunches (lunchtime)

Study characteristics: school lunches

Study Country | School (n) Children (n) | Age/school | Aim Design & method Data used Key findings
grade
Vereecken Belgium- Primary (64) 16560 11-18y Examine the » Cross-sectional Health » Factors affecting children’s
et al 200574 | Flanders Secondary influence of a » Frequency Behaviour soft drink consumption:
(110) school food questionnaire in School aged availability (p<0.001), no

policy on examining key children survey policy (p<0.01) and school
consumption of variables: soft from lower SES (p<0.001)
soft drinks, drink, sweets/ » Sweets: lower SES (p<0.01)
sweets and chocolate and »  Crisps: no policy (p<0.01) &
crisps crisps lower SES (p<0.001)

Gould UK Secondary 74 11-12y Examine if food | » Cross-sectional Pre-policy » 2 out of 3 schools did not

et al 20067° | (England) | (3) meets > 5d indirect meet standards
standards weighing method »  Children from lower SES had

less nutrients
Examine food »  75% of children >35% per
choice on cent energy from fat
nutrient intake »  No child met iron or folate
recommendations

Gatenby UK Primary (2) 64 9-10y Assess » Cross-sectional Pre-policy » Fat, sugar and sodium

et al 20077% | (England) nutritional > 5d weighed/ exceeded Caroline Walker
content of photographed Trust guidelines
meals and meals before & »  Children’s intakes did not
children’s after eating meet recommended

actual intake

guidelines for 11 of 17
nutrients assessed
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Table 6 continued
Study characteristics: school lunches

Study Country | School (n) Children (n) | Age/school | Aim Design & method Data used Key findings
grade
Nelson UK Primary 1456 4-18y Examine » Cross-sectional Pre-policy »  In both primary and
et al 2007°" Secondary contribution to secondary analysis secondary schools school
mean daily food from 1997 NDNS lunches did not meet CWT
and nutrient 7d weighed guidelines for most nutrients
intake » Parents may have aside from protein and
completed dietary vitamin C
Compare 1997 intake at lunchtime
data with retrospectively; in
2004-5 2004 and 2005
observed
Haroun UK Primary (136) | 6696 3-12y Examine » Cross-sectional Pre & post-policy | » Post-policy schools provided
etal 2010”® | (England) lunchtime » 1-5d observation more vegetables and salad
provision of and leftovers and fruit juice
food and drink weighed » Less condiments and
confectionery (p<0.001),
Examine starchy food cooked in fat
food/drink (p=0.004)
choices and » Post-policy consumption of
consumption NMES, fat, saturated fat and
sodium was lower;
Martin USA Primary (33) 2049 9-12y Examine food » Acluster Students » Most children met protein,
et al 20107" (Grades 4-6) selection, plate randomized study enrolled in iron, calcium and vitamin A
waste and food | » 3d photograph the Louisiana recommendations but not
intake against measuring food Health study vitamin C
standards selection, plate > Saturated fat intakes exceed
waste and food recommendation

intake
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Table 6 continued
Study characteristics: school lunches

Study Country | School (n) Children (n) | Age/school | Aim Design & method Data used Key findings
grade
Mendoza USA Middle (3) Lunch records 11-14y Assess the » Cross-sectional Pre and post- » Energy density decreased
et al 201073 (n of children (Grades 6-8) impact of the » Self-completed policy significantly (foods only
not reported) Texas Public food record post- p<0.0001; food and
Nutrition School lunch beverages p<0.0001)
policy on
children’s
energy density
Nicholas UK Secondary 5969 10-19y Assess » Cross-sectional Pre and post- » Post-policy more schools
etal 20137 | (England) | (80) lunchtime » Foods items on policy provided vegetables and
provision, offer and no. of salads, water, fruit juice
choices and portions/weights (p<0.005) for all

consumption of
food and drink

Compare pre
and post
standards

recorded

»  Lunch weighed
before and after
eating

» Post-policy children’s
consumption of NMES, fat,
saturated fat and sodium
decreased; per cent energy
from NMES, fat and
saturated fat also decreased
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3.4.1.2 Home-packed lunch
Description of studies

Three studies examined what children consume in their home-packed lunches:
one from New Zealand®, one from the USA8' and one from England.8? All of the
studies used a cross-sectional design. Children’s ages ranged from 5y to 11y.
Two studies were carried out in primary schools,® 82 and one in a middle
school.®! Various dietary data collection methods were used which included:
observational, photographs and a weighed intake. A summary of the key study

characteristics and findings is shown in Table 7.
Nutrient intake

Two of the studies®' 8 presented information on children’s mean nutrient
intakes. Conway et al, 20028" presented findings by gender and grade on four
nutrients: mean energy, total fat, saturated fat and sugars. They found that boys
home-packed lunches contained more fat than girls (p<0.001). Home-packed
lunches contained more sugar in the older boys (grade 8) compared with the
younger boys (grades 6 and 7), and boys intake of sugar was higher compared
to girls (gender by grade interaction p<0.04). Evans et al, 20108 also presented
findings on nutrients (n=14) which included: mean energy, fat, saturated fat and

sugars defined as NMES. They did not find a difference by gender.
Food and drink intake

A consistent finding in these studies was that the most common foods in the
average home-packed lunch were: sandwiches, savoury snacks or crisps,
biscuits or a cookie and a drink across the three countries.®%-82 Fruit was more

commonly consumed that vegetables.?'82

Comparison of children’s mean dietary intake against nutritional

recommendations for school lunch

The study by Evans et al, 201082 examined the nutritional content of home-
packed lunches against the food and nutrient-based standards for school lunch
in England. Although these standards do not apply to home-packed lunches

they found less than 2% of home-packed lunches met all the recommendations
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for school lunches in England. Few home-packed lunches met the nutrient-
based standards for NMES (18.5%), sodium (19.4%), iron (24.8%) and zinc
(27.9%).82

Socio-economic effects

One study by Dresler-Hawke et al, 20098 found no difference in fruit and
vegetables provided in lunches or sodium intake across the socio-economic
spectrum. However, they found children who attended schools in more deprived
areas had higher fat (p<0.05) and sugar (p<0.01) contents in their home-packed

lunches. Evans et al, 201082 did not find a difference.
Limitations

A key limitation with the studies examining home-packed lunches is that no
baseline data were reported. This limits the ability to determine if home-packed

lunches have become more ‘healthy’ or less ‘healthy’ over time.

There are also some limitations in the methods used. Conway et al, 20028’
report they observed home-packed lunches, but it is not made clear if they
observed and recorded children’s actual intake. From the methods described it
would appear they report the contents rather than actual consumption. Dresler-
Hawke et al, 20098 used a photograph method. Children’s lunch boxes were
photographed at the start of the day. To determine the food children consumed
at lunch time they measured total waste disposal contents. Therefore, this

method does not account for individual child variation.

In both studies that examined the SES effect individual child level demographics
were not used; school level classification of SES was used. Evans et al, 201082
used the % Free School Meal Entitlement; Dresler-Hawke et al, 2009%° selected
schools based on school level of deprivation. The different dietary data
collection methods and SES classification may account for the discrepancies in
studies nutrient and SES findings. Furthermore, dietary data was only collected
on one day. Therefore day to day variation in children’s dietary intake is not

accounted for.
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Questions that remain unanswered

By examining home-packed lunches only at one point in time the question of
whether they have improved remains. In addition, whether they are on average
more ‘healthy’ or less ‘healthy’ compared with a school lunch is unanswered by

these studies.
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Table 7 Characteristics of included studies examining home-packed lunches (lunchtime)

Study characteristics: home-packed lunches

Study

Country

School (n)

Children (n)

Age/school
grade

Aim

Design & method

Data used

Key findings

Conway
et al 20028

USA

Middle (24)

1381

11-14y
(Grades 6-8)

Examine
different food

types

» Cross-sectional
» Observational

Not applicable

» Common foods: beverages
(75%) and sandwiches
(70.8%)

»  Fruit more common than
vegetables (47% and 6%
respectively)

»  Savoury snacks more
common than biscuits,
sweets and cakes/pies

Dresler-
Hawke
et al 200980

New
Zealand

Primary (6)

927

5-11y

Determine food
contents

» Cross-sectional

» 1d photograph of
lunches box and
waste disposal
contents

Not applicable

» 70% contained fruit and
vegetables; 32.4% met the
standard of 2 servings

» Cakes muffins and biscuits
(44%); crisps (57%);
confectionery (15%)

»  SES: no difference in fruit &
vegetables or sodium
(p>0.05); lower SES lunches
had more fat (p<0.05) and
sugar (p<0.01)

Evans
et al 201082

UK

(England,
Wales,
Scotland &
N.lreland)

Primary (89)

England (76)
Wales (6)

Scotland (4)
N.lreland (3)

1294

8-9y

Compare
against food
and nutrient-
based
standards

» Cross-sectional
» 1d food weighed
before and after

Not applicable

» 1.1% met all standards for
school lunches

» Nutrients most likely to be
met: carbohydrate, protein
and vitamin C; least likely to
be met: energy, NMES and
sodium

» 18% had no confectionery/
savoury snacks; 40% had
both

ve
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3.4.1.3 School and home-packed lunch
Description of studies

Ten studies examined what children consumed in both school and home-
packed lunches: one study was based in Canada, one in the USA and eight in
England (see Table 8). Of the eight studies based in England, one was a
systematic review and included two of the identified studies; these two studies
are presented in Table 8 but findings are not further discussed in the text as
these are included in the review by Evans et al, 2010.83 The remaining studies
were cross-sectional. Children’s ages ranged from 4-19y. Four studies were
carried out in primary schools and three in secondary schools. Various dietary
data collection methods were used which included: observational, weighed
intakes, estimated weighed intakes and a 24hour recall. A summary of the main
study characteristics and findings is shown in Table 8. The systematic review is
not included in Table 8. These findings will be referred to at the end of the

section below on nutrient intake.
Nutrient intake

A number of macro- and micronutrients were examined in these studies. Not all
nutrients were reported in each study (see Table 9). Table 9 is provided to give
a tabular summary by study of the nutrients reported and whether the individual
studies found a statistically significant different between lunch type. Whether
school or home-packed lunches were higher or lower in nutritional content is
discussed narratively below. For a number of nutrients examined the findings
were consistent across studies. Children who ate a school lunch had a
consistently lower intake from per cent energy from fat,84-86 saturated fat 84-86.
and NMES;34 85 and absolute amounts of fat,®* 87-89 and sodium 84 86, 87,89
compared with children having a home-packed lunch. Children eating a school
lunch also had consistently higher mean intakes of protein,®4-88 NSP,84-87 zinc,3*
87 folate 8487 and vitamin A.8+ -89 Four out of the seven studies found no
statistically significant difference in children’s absolute intake of saturated fat.8%
88 For the remaining six nutrients: mean energy, carbohydrate, absolute
amounts of sugar, calcium, iron and vitamin C the findings on children’s mean

intake between school and home-packed lunches were inconsistent across
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studies (see Table 10). The inconsistencies in these nutrients may be due to
methodological differences. For example, different dietary data collection
methods were employed and the numbers of days dietary data were collected
varied. Inconsistencies may also be explained due to the variation in foods
served and available for children to select from on the various days of dietary

data collection.

Evans et al, 2010 & undertook a meta-analysis that included seven UK based
studies from 1990 to 2007 and examined the difference between children’s
lunchtime nutrient intake from a school or home-packed lunch. All studies
included children who attended primary school only. The studies included used
a range of dietary collection methods, which included: 7day weighed, 3day
weighed, and 1day observation. They examined the same nutrients as those
presented in Table 9, but did not report on per cent energy from fat, saturated
fat or NMES. They reported that children’s mean intakes of saturated fat,
carbohydrate, total sugar, NMES, and sodium were lower in school lunches
compared with home-packed lunches, but also, iron. Although the difference
between lunch types widened between the two time points (pre and during the
mid-implementation phase of the policy) there was no evidence found that this

was statistically significant.
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Table 8 Characteristics of included studies examining school and home-packed lunches combined (lunchtime)

Study characteristics: school and home-packed lunches

Study

Country

School (n)

Children (n)

Age/school
grade

Aim

Design & method

Data used

Key findings

Rogers
et al 2007%°

UK
(England)

Primary

621

7y

Examine food
and nutrient
intake

»  Sub-cohort of the
Avon longitudinal
study

» 3d un-weighed: 2
week and 1
weekend day

Pre-policy

» In both lunch types energy,
NSP, calcium, iron, folate
below recommendations; fat
and sat fat above

»  School lunch: higher protein,
NSP and most
micronutrients; lower sugar
and per cent energy sat fat
(p<0.001)

» Fruit & vegetable intake
below recommendations

Rees
et al 2008°"

UK
(England)

Primary

(4)

120

6-11y

Compare food
and nutrient
intakes

» Cross-sectional
» 1d observation

Mid-
implementation

» Energy and protein intakes
similar

» School lunch: higher per cent
energy from fat p<0.001; less
per cent energy from sat fat
p=0.021 and sugar p<0.001
than packed lunches

»  School lunch: less sodium
and calcium (p<0.001 for
both) but more iron p=0.016

Golley
et al 201087

UK
(England)

Primary

(6)

123

8-10y

Examine
lunchtime
choices and
intake

» Cross-sectional
» 2d weighed

Mid-
implementation

»  School lunch: nutrient density
significantly better: protein
(p=0.001); fat (p=0.02); NSP
(p=0.005); vitamin A
(p=0.046); folate (p=0.002);
iron (p=0.009) and zinc
(p=0.007)
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Table 8 continued
Study characteristics: school and home-

acked lunches

Study Country | School (n) Children (n) | Age/school | Aim Design & method Data used Key findings
grade
Pearce UK Primary (136) | 10002 4-12y Compare key » Cross-sectional Post-policy » In both lunch types protein,
etal 20118 | (England) differences » 1-5d fat, saturated fat and vitamin
» Weighed intake pre C met recommendations
and post (packed »  School lunch: more protein,
lunch) NSP, folate and zinc
» Weight of left-overs (p<0.001 for all) than packed
subtracted from lunches
average portion » School lunch: less fat,
weight in school saturated fat, NMES and
lunch sodium (p<0.001 for all)

»  School lunch: less calcium,
vitamin C and iron (p<0.001
for all)

Prynne UK Secondary 757 14-15y Compare food » Cross-sectional Pre-policy » In both lunch types a number

etal 201192 | (England) (18) and nutrient » 4d estimated of nutrients were below

intake dairies: 2 week and recommendations
2 weekend days » Boys: school lunches had

more protein (p=0.009), folate
(p=0.028), but also more
sodium (p<0.001). Girls:
school lunches had more
saturated fat and sodium
(p<0.001 both)

Hur USA Primary 129 9-11y Compare food, | » Cross-sectional Post-policy » School lunches: less energy

et al 201188 2) (Grades 4-5) nutrient and » 1d observational (p=0.048), fat (p=0.003) and

energy intake

added sugars (p<0.001); no
difference in per cent energy
from fat (p=0.071)

»  School lunches: less fruit but
more vegetables (p<0.001 for
both)

8¢



Table 8 continued

Study characteristics: school and home-

packed lunches

Study Country | School (n) Children (n) | Age/school | Aim Design & method Data used Key findings
grade
Pearce UK Secondary 497 11-16y Compare key » Cross-sectional Post-policy » In both lunch types protein,
etal 20128 | (England) | (11) differences » 1-5d fat, saturated fat and vitamin
» Weighed intake pre C met standards
and post (packed »  School lunch: more protein,
lunch) NSP, folate and zinc than
» Weight of left-overs packed lunches p<0.001
subtracted from » School lunch less fat,
average portion saturated fat, NMES and
weight in school sodium (p<0.001 for all), but
lunch also less calcium, vitamin C
and iron (p<0.001 for all)
Taylor Canada Primary 1980 10-12y Assess » Cross-sectional Post-policy »  School lunch: higher nutrient
et al 201289 (44) (Grades 5-6) nutritional » 1din-class survey density of calcium, zinc,
quality of food using a recall vitamin A (p<0.0001 for all)
consumed method > School lunch: less iron,

vitamin C and folate
(p<0.0001 for all) than
packed lunches

»  School lunch: higher protein
but also more fat and sat fat
(p<0.0001 for all)

»  School lunch: less sodium
(p<0.0001)
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Table 8 continued
Study characteristics: school and home-

acked lunches

Study Country | School (n) Children (n) | Age/school | Aim Design & method Data used Key findings
grade
Stevens UK Secondary 7730 10-19y Compare food » Cross-sectional Post-policy » In both lunch types protein,
etal 20128 | (England) | (80) choices and > 1-5d NMES, fat, sat fat, sodium
>

nutrient intakes

Weighed intake pre
and post (packed
lunch)

»  Weight of left-overs
subtracted from
average portion
weight in school
lunch

and vitamin C met
recommendations; neither
met iron, zinc or calcium
School lunches: more
energy, protein, iron and zinc
(p<0.001 for all);

School lunches: less per cent
energy (% E) fat and sat fat
(p<0.001 for both); no
difference in % E NMES
(p=0.703)
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Table 9 Nutrients reported in studies examining school and home-packed
lunches combined (lunchtime)

Study & country

Golley Pearce  Prynne Hur Pearce Taylor  Stevens
et al et al et al et al et al etal etal

201087 20118  2011%2  2011% 20128  2012% 20138

England England England USA England Canada England
Nutrient
Energy* st S S S S S S
Fat (%) NR* S NR NS$ S NR S
Saturated fat (%) NR S NR NR S NR S
NMES (%) NR S NR NR S NR NS
Fat () S S NS S NS S NS
Saturated fat (g) NS S S NS NS NR NS
Carbohydrate (g) NS S S S S S S
Protein (g) S S S S S S S
NSP (g) S S NS NS S S S
Sugar (g) NS S NS S NS S NS
Sodium (mg) S S S S NS S S
Calcium (mg) NS S NS S NS S NS
Iron (mg) S S NS NS S S S
Zinc (mg) S S NR NR S S S
Folate (ug) S S S NS S S S
Vitamin C (mg) NS S NS NS S S NS
Vitamin A (ug) S S NR S NS S S

*Unit for measurement not reported in table as studies report in Kcal/MJ

TS nutrient reported; statistically significant difference between school and home-packed lunch
*NR nutrient not reported
SNS nutrient reported; no statistically significant difference between school and home-packed

lunch
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Table 10 Inconsistencies in nutrients reported in studies examining school and
home-packed lunches combined (lunchtime)

Golley Pearce  Prynne  Hur Pearce  Taylor Stevens
et al et al et al et al et al et al et al
20108 20118 20112 201188 20128 20128% 20138

England England England USA England Canada England

Nutrient

Energy* It A 1(girls) ! T l T
Carbohydrate (g) NS§ ! 1 (girls) ! 0 ! 0
Sugar (g) NS ! NS l NS ! NS
Calcium (mg) NS ! NS 1 NS 1 NS
Iron (mg) ) ! NS NS 1 ! 1
Vitamin C (mg) NS ! NS NS 1 ! NS

* Unit for measurement not reported in table as studies report in Kcal/MJ

| indicates a lower nutrient intake in school compared with a home-packed lunch
#1 indicates a higher nutrient intake in school compared with a home-packed lunch
$No significant difference by lunch type

Food and drink intake

Out of the seven studies, only one did not report findings on food and drink
intake, Taylor et al, 2012.8° A few of the findings related to food-based
standards are presented: fruit, vegetables, confectionery, and ‘other drinks’. All
six studies reported on fruit and vegetable intake. Four out of the six studies
reported children’s fruit intake was lower in school lunches compared with
home-packed lunches;8+ 87-88.92 five reported vegetable intake was higher in
school lunches.4 85 87.88,92 Foyr out of the six studies®4-%6 92 reported children’s
consumption of confectionery and ‘other drinks’ (i.e. drinks that did not comply
with the standards). Confectionery intake in school lunches was found to be
lower in three studies compared with home-packed lunches.?+ 85 92 Children’s
intake of ‘other drinks’ was found to be higher in school lunches compared with
home-packed lunches in two studies.?> 8 These two studies were based in

secondary schools.
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Comparison of children’s mean dietary intake against nutritional

recommendations for school lunch

Four out of the seven studies®> 8 88.92 reported on children’s mean intakes from
school and home-packed lunches compared with the implementation of food
and nutrient-based standards. Although the recommendations apply to school
lunches only, the authors did compare both school and home-packed lunches
against these. To summarise, no study reported that children’s mean intakes in
either a school or home-packed lunch met all the recommendations. For
example, Prynne et al, 2011°? found a high percentage of children consuming
either a school or home-packed lunch did not meet the recommendations.
Stevens et al, 20138 found mean intakes of fat, saturated fat and NMES did
meet recommendations in children consuming either a school or home-packed
lunch. For the majority of micronutrients reported these were not met in children

consuming a school or home-packed lunch.
Socio-economic effects

One study not included in Table 8 or in the preliminary description of studies is
that by Cullen et al, 2009.%2 They reported the impact of the Texas Public
School Nutrition Policy on children’s food and nutrient intake from four lunch
sources: national school lunch program (NSLP: a program providing free or
reduced cost lunches to eligible children), home-packed, snack bar and vending
machine across the socio-economic spectrum. Children in grades 6-8 in two
schools (one middle and one a low socio-economic status school) were eligible
to participate. Children completed food records immediately after consuming
their school lunch: lunch records=1718 in 2001-02 (pre-policy) and lunch
records=6756 in 2005-06 (post-policy implementation). School socio-economic
status (SES) was measured on free school meal eligibility (40% of students
were eligible in the middle SES school and 80% were eligible in the low SES

school).

For children consuming a lunch from the NSLP program they reported
statistically significant year by SES interactions for a number of nutrients. Post-
policy implementation, children in the middle SES school had higher intakes of
energy (p<0.001), protein (<0.001), NSP (<0.0055), vitamin A (<0.0055), iron

(p<0.001) and calcium (p<0.001). They were also found to have a higher per
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cent energy from fat (p<0.001) and sodium (p<0.0055). For children in the low
socio-economic school no statistically significant differences were found pre to

post-policy implementation.

For children consuming a home-packed lunch they found no evidence of a
change in nutrient intakes. However, they did find that for some foods
consumed: sweetened beverages, dessert foods and snack chips there were
significant year by SES interactions. Children from the mid socio-economic
schools had higher intakes (p<0.001 for all) post-policy implementation;
differences in the lower socio-economic groups were not statistically significant.
Findings reported that differences (improvements) in consumption from snack
bars and vending machines were found in children attending the middle SES

school but not in the lower SES school.®
Limitations

There are a number of limitations with these studies that examined the impact
of school food policies on children’s dietary intake in a school or home-packed
lunch. To start, the studies only examined the impact of the school food policies
at one point of time (e.g. either pre or post-policy implementation). None of the
studies reported the impact by examining the difference in children’s dietary
intake from either a school or home-packed lunch pre to post-policy

implementation.

The studies used various dietary data collection methods and there were some
limitations with these. The key limitation is that majority of studies only reported
findings based on one day of dietary data collection.88 88 89,93 This does not
account for day to day variation in children’s dietary intake. A limitation in
assessing children’s dietary intake against the recommendations is that the data
collection period did not cover the period that recommendations apply to (i.e.

typically a 3-week menu cycle).

A limitation with the systematic review by Evans et al,®3 is that findings are prior
to the full implementation of the food and nutrient-based standards to school
lunch in England. Schools were therefore not expected to comply with the
standards. This may explain why no statistically significant differences in

children’s nutrient intakes between lunch types were found.
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A key limitation in the study by Cullen et al,®3 that examined the impact by SES
is that no individual level demographic information was collected. SES was
measured by free school meal eligibility at the school level. Furthermore, only

two schools participated, thus limiting generalisability.
Questions that remain unanswered

Despite the limitations, there were some consistent findings. For the maijority of
macronutrients, a school lunch provides a healthier option. For example,
children’s per cent energy from fat and saturated fat 84-86 and absolute amounts
of mean sodium intake were lower.8* 8. 87.8 Also, mean intakes of some
micronutrients were higher e.g. zinc.84%” However, the findings for
micronutrients were less consistent. Therefore, there is some evidence that an
average school lunch provides a ‘healthier’ option compared with a home-
packed lunch. The two studies®> 8 that found drinks that did not comply with the
recommendations and were consumed more in school lunches were both in
secondary schools. This emphasises that school compliance with nutritional

standards is important and also children’s food choices from available foods.

No study compared the impact of the school food policies pre to post-policy
implementation. Therefore, the question whether there is a widening gap
between school and home-packed lunch is not answered by these studies.
Furthermore, the question of whether a child’s lunch type has an impact on their

total diet is also not known.
3.4.2 Total diet: children’s mean dietary intake
Description of studies

Five studies examined what children consumed in either a school, home-
packed lunch or a comparison between school and home-packed lunch: one
was based in the USA, one in Canada, one in Finland and two in England (see
Table 11). All studies were cross-sectional. Children’s ages ranged from 4-16y.
Three studies were carried out in primary schools and two included primary and
secondary schools. Various dietary data collection methods were used which
included: a 24hour dietary recall, an internet-based questionnaire, a 4day
observational method and a food frequency questionnaire. A summary of key

study characteristics and findings is provided in Table 11. This section is not
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broken down further into studies examining school lunch, home-packed lunch

and school and home-packed combined due to the small number of studies.
Nutrient intake

The studies had different aims (see Table 11), thus comparisons across these

studies are more limited.

Harrison et al, 2011°* found there was no evidence of a difference by lunch type
(school or home-packed lunch) on the macronutrients reported: energy, per
cent energy from fat, carbohydrates, protein and absolute amounts of NSP.
They found a marginally statistically significant difference in energy density.
Children who consumed a school lunch had a less-energy dense diet compared
with children who consumed a home-packed lunch (p<0.05). Stevens et al,
20119 also reported the difference in mean macro- and micronutrients between
school and home-packed lunches; they found no evidence of a difference. For
one nutrient, zinc, they reported a difference between mean intake in children
aged 4-7y who consumed a bought school lunch compared with a free school
lunch (p<0.05).

Clark et al, 2009% found all children who consumed a school lunch had a higher
energy intake compared to children who did not eat a school lunch. For the high
school children they found evidence of a statistically significant difference in
mean intakes of vitamin C; children consuming a school lunch had a lower
intake (p<0.05). Mean intakes of calcium (p<0.05), fibre (p<0.05), folate
(p<0.01), and also sodium (p<0.05) were higher in children consuming a school

lunch.

Fung et al, 2013% is the only study to examine the change in mean intakes from
pre to post-policy implementation. However, the findings are not reported by
lunch type. They found post-policy children had a lower mean energy intake,
per cent energy fat, but also lower intakes of vitamin C, folate, vitamin A, zinc

and calcium.
Food and drink intake

Four out of the five studies reported findings on food and drink intake. Harrison

et al, 2011°* reported that children consuming a school lunch had a higher
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intake of chips, sweet snacks, and vegetables (p<0.05 for all). For children
consuming a home-packed lunch they found a higher mean intake of fruit,
squash/cordial, savoury snacks and confectionery (p<0.05). Stevens et al,
20119 found no evidence of a difference in mean vegetable intake by lunch
type. There was only evidence of a difference in mean fruit intake for children
aged 4-7; children who consumed a bought school lunch had a lower intake
than children who ate a home-packed lunch. Findings for chips, crisps and
confectionery were similar to those found by Harrison et al. Fung et al, 2013%
did not find evidence of a change in mean fruit and vegetable intake; mean

intakes of sugar-sweetened beverages decreased (p<0.001).

A study by Tilles-Trikkonen et al, 2011% explored how the quality of a school
lunch was reflected in overall eating patterns. They compared two groups of
children: those that had a ‘balanced’ school lunch (if it included a main dish,
salad and bread at least 3-4days/week) and those that did not. School children
who had a balanced school lunch were found to have ‘healthier’ eating patterns
(see Table 11), and parents who paid more attention to the quality of the diet
(p=0.021). Children were also found to make ‘healthier’ food choices. For
example, they consumed less pizza (p=0.010), and soft drinks (p=0.004), but
more vegetables (p<0.001), fruit and berries (p<0.001). However, for a number
of foods: hamburgers, hot dogs, French fries, sweets and chocolate,
vegetables, ice cream and buns/cookies, they found no evidence of a difference

in consumption.®8
Socio-economic effects

Two studies® °7 adjusted for socio-economic variables in the analysis; one
used parental educational attainment;®* the other household income.®” Neither
study reports that there was evidence of a difference by SES. The study by
Stevens et al, 20119 does examine the difference in school lunch, free school

lunch and home-packed lunch but only in a ‘low’ income population.
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Limitations

Few studies have examined the impact of a school food policy on children’s
dietary intake. The outcomes in the five studies are not consistent. Therefore,
the ability to draw a clear message is limited. In three of the studies®*°¢ one
used dietary data collected pre-policy;® one used dietary data from the mid-
implementation phase;% and one post-policy.®® The study by Stevens et al,
20119 did not find any evidence of a statistically significant difference by lunch
type in children’s mean nutrient intakes. This may be associated with the fact
dietary data was collected pre-policy. Also, all three of these studies only
examined the difference at one point of time. Therefore, evaluating the impact
pre to post-policy implementation has not been reported in these studies. One
study by Fung et al, 2013°% did evaluate the impact of policy implementation on
children’s total diet pre to post-policy, but did not report the impact by different
lunch types.

The studies used various dietary data collection methods. In addition, four of the
studies®-% only used one day of dietary data, thus day to day dietary variation

is not accounted for.
Questions that remain unanswered

Only one study®’ identified in this narrative literature review used a pre and
post-policy study design to examine the impact of a school food policy on
children’s total dietary intake. The following questions are not answered by the

above studies:

i. does the implementation of school food policies have an equitable impact
on children’s diets across the socio-economic spectrum?
ii. by implementing school food policies has the gap between school and
home-packed lunches changed?, and there is limited evidence on
iii. does the implementation of school food policies impact on children’s total

dietary intake? (pre and post-policy implementation).
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Table 11 Characteristics of studies included examining school, home-packed or school and home-packed lunches combined (total diet)

Study characteristics: school lunches (total diet)

Study Country | School (n) | Children (n) | Age/school | Aim Design & method Data used Key findings
grade
Clark USA Primary 2134 6-18y Explore the » Cross-sectional School nutrition » School lunch: associated with
et al 2009% Secondary (Grades 1-12) | relationship » 24hr dietary recalls | dietary more adequate intakes of
(287 in total) between school assessment calcium, vitamin C and folate
lunch and study in middle school and high
nutritional (2004 to 2005) school children. In high
quality of school children they also had
children’s diets excess sodium intake
»  Majority of children have
excess saturated fat
regardless whether they have
school lunch or not
Tilles- Finland Primary (11) 531 11-16y Explore how » Cross-sectional Post-policy »  Children who had a
Tirkkonen Middle (1) quality of » Internet-based (Spring 2010) ‘balanced’ school lunch had a
et al 20119% school lunch questionnaire healthier eating pattern at

reflects in total
diet

home as opposed to those
with an ‘imbalanced’ school
lunch; they consumed
vegetables in every meal
(p=0.002), fruit was offered
daily (p=0.007) and soft
drinks offered less (p=0.006)
» Balanced school lunch
consumers also ate healthier
snacks, for example, more
fruit/berries (p<0.001); less
salty snacks (p=0.026) and
less soft drinks (p=0.010)
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Table 11 continued

Study characteristics: school and home-packed lunches (total diet)
Study Country | School (n) | Children (n) | Age/school | Aim Design & method Data used Key findings
grade

Harrison UK Primary (90) 1626 9-10y Examine intake | » Cross-sectional Mid- »  School lunch: more NSP, and

etal 2011% | (England) (school and » 4d observation implementation a less energy dense diet than
packed lunch) (April to July packed lunches (p<0.05 for
against food- 2007) both)
based »  Children eating a school
standards lunch consumed more

vegetables, sweet snacks

Examine and chips - this was reflected
lunchtime in total diet
contribution to
overall dietary
intake

Stevens UK Primary 680 4-11y Examine food » Cross-sectional Pre-policy » In 4-7y olds free school

etal 2011% | (England) and nutrient »  24h dietary recalls | Low-income diet meals provided less sodium,
intake in school & nutrition per cent energy from fat and
(free and paid) survey sat fat compared to packed
and packed (Nov 2003 to Jan lunches, but also less folate
lunch 2005) » In4-7y & 8-11y olds there

was no difference in energy

Examine and nutrients by lunch type
contribution of
lunch type to
total diet

Fung Canada Primary 10723 11-12y Assess dietary » Cross-sectional Pre and post- » Mean energy intake

et al 2013% (Grade 5) trends pre and » Food frequency policy decreased (p<0.001)
post- questionnaire (2003 and 2011) | » Per cent energy from fat
implementation decreased and sodium
of a school (p<0.001 for both); but also

nutrition policy

vitamin C, folate, vitamin A,
zinc and calcium (p<0.001 for
all)
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3.5 Overall summary and limitations of the literature

Since 2006 there have been considerable changes to the food and drink that
can and cannot be served in school lunches in England. Internationally there
have also been changes to school food. This narrative literature review
summarised findings from 27 studies that examined the impact of a school
lunch, home-packed lunch or a comparison of both lunch types on children’s
dietary intake at lunchtime or in their total diet. The narrative review also
presented findings from studies that compared children’s intakes against

nutritional standards. An overall summary of geographical location, period of

dietary collection, data used (e.g. pre-policy implementation) and the age group

of children (e.g. primary school age) by lunch type is provided below.

Table 12 A summary of the geographical location, period of data collection, data

used and the age group of children by lunch type of the included studies

School Home-packed School & home- Total
lunch lunch packed lunch diet
n=8 n=3 n=10* n=5
Location
UK 5 1 7 2
Europe 1 1 0 1
USA 2 1 2 1
Canada 0 0 1 1
Dietary data
1 day 5+ 3 7t 4
>1 day 3 0 3 1
Data used
Pre policy 3 n/a
Post-policy 2 n/a
Pre & post-policy 3 n/a 0 1
Age group
Primary school 3 2 6 3
(ncluding midde) 3 1 4 0
S ooy & z : : z

*The systematic review by Evans et al, 2010 is not included in this table
 There is potential in two studies for children to have completed more than one day
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3.5.1 Lunchtime
3.5.1.1 School lunch

A small number of studies (n=3)"3 78 7° examined the difference in children’s
mean nutrient intake at school lunch pre to post-policy implementation. While
there is some evidence of an improvement (reduced intake) in children’s
consumption of per cent energy fat, saturated fat and NMES. The findings for
mean micronutrient intakes were less consistent. There is also some evidence
of the importance of the foods available in schools and the impact on children’s
food choices.” 78 7° In the study by Vereecken et al, 200574 they found for
children in the secondary schools, if soft drinks were available at school then
children were more likely to consume them. Findings by Haroun et al, 201078
and Nicholas et al, 20137° found post-implementation of the nutritional
standards to school lunch in England the provision of foods served had

improved and this was reflected in children’s food choices.

An important consideration highlighted by Martin et al, 201077 in evaluating the
impact of school food policies on children’s diets is the issue of when
evaluations are undertaken. Martin et al, 201077 noted at the time of their study
the recommendations had recently been implemented; therefore, schools may
not yet have been fully compliant. Compliance by schools with food policies is
an important issue. For example, Haroun et al, 201078 found in schools where
food and nutrient provision complied with nutritional standards this was reflected

in what children ate.
3.5.1.2 Home-packed lunches

A small number of studies (n=3)8%-%2 have focused on children’s mean food and
nutrient intakes in home-packed lunches. The most commonly consumed items
in home-packed lunches were crisps or savoury snacks, and biscuits or

cookies.

Although the nutritional standards do not apply too home-packed lunches one
study by Evans et al, 201082 noted few home-packed lunches met the nutrient-
based standards for NMES (18.5%), sodium (19.4%), iron (24.8%) and zinc
(27.9%).82
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3.5.1.3 School and home-packed lunch

The majority of studies (n=10) identified in this narrative review have focused on
the difference between children’s mean nutrient intakes by lunch type. The
findings highlight there is some evidence that children who consume a school
lunch have a ‘healthier’ intake. For example, children who consume a school
lunch have a lower per cent energy from fat, saturated fat and absolute
amounts of mean sodium intake compared with children consuming a home-
packed lunch.84-87.89 However, the findings on micronutrients were less
consistent. All of the studies only examined children’s mean dietary intake from
a school or home-packed lunch at one point of time (either pre or post-policy

implementation).

Children who consume a school lunch were found to have a lower fruit but
higher vegetable intake than children who consume a home-packed lunch.84 87
88,92 Reasons for this may be: vegetables are offered with the school lunch, as
opposed to a child having to choose the fruit as the dessert option, or the

availability of fruit.
3.5.2 Total diet

A small number of studies (n=5) have examined the impact of implementing a
school food policy on children’s mean total dietary intake. The study aims were
varied which limits the ability to draw a clear conclusion. Two studies®* % found
a child’s lunch type had no effect on total diet. However, both of these studies
used dietary data collected prior to full implementation of the school food policy.
This again emphasises the importance of the timing of evaluations as noted by
Martin et al.”” Two studies®: %7 found some evidence that implementation of a
school food policy can potentially have a positive impact on children’s total diet.
A limitation with these two studies is they collected dietary data for one day
only. A further study®® highlighted the influence of parents on the nutritional
quality of children’s diets. The authors found children who had a balanced meal

also had parents who paid more attention to the quality of their dietary intake.%
3.5.3 Key limitations

The majority of studies used a cross-sectional study design (this is further

discussed in Chapter 6). More than half of the studies included only one day of
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dietary data collection. None of the studies that examined children’s mean
dietary intake by lunch type (the comparison between school or home-packed)
used a pre and post-policy implementation design. Only four studies examined
the impact of school food policies on children’s dietary intake pre to post-policy
implementation: three examined the impact of nutritional standards on children’s
dietary intake from a school lunch at lunchtime only”® 78 79 and one examined
the impact on total diet.®” Socio-economic status was measured principally at

the school level.
What is known
This narrative review highlighted overall there is some evidence that:

i.  children’s mean nutritional intake from a school lunch has improved post-
policy implementation - both in the study based in the USA”® and two
studies based in England”® 7°

ii.  children who consume a school lunch compared with children consuming
a home-packed lunch have a ‘healthier’ intake. For example, children
who consume a school lunch have a lower per cent energy from fat,

saturated fat and absolute amounts of mean sodium intake.84-87. 89

On reflection of the narrative literature review three concepts emerged: the
importance surrounding the timing of evaluations examining the impact of
school food policies,’” children’s food choice from the foods available and

school compliance with the policies implemented.”4 7879
What is not known

This narrative review highlighted a number of questions that are not answered

by these studies, for example:

i.  what are the wider impacts of a change in school food policy to children’s
total dietary intake?
ii. isthe impact of a school food policy equitable across the SES for

children that consume a school lunch?
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3.6 Rationale

There are a number of reasons why it is important to evaluate a change in
school food policy and the potential impact on children’s diets. Firstly, this
narrative review has highlighted that only a small number of studies (n=4) in the
UK or internationally have evaluated the impact of a school food policy pre to
post-policy implementation.”® 78 79.97 Three of these studies’® 78 7® examined
the impact only at lunchtime and one study®” examined the impact on children’s
total diet. Therefore, there is a need to build on the existing evidence of the

impact of school food policies on children’s diets

Secondly, this narrative review found a small number of studies have examined
the wider impacts of school food policy changes, such as the impact on
children’s total diet or across the socio-economic spectrum. Aside from one
study,®” a key limitation with the studies that examined these outcomes is they
do not examine the impact pre and post-policy implementation on children’s
diets. In implementing school food policies there is the potential for both positive
and unintended negative outcomes. % %8 For example, restricting the provision
of certain foods (e.g. chips and increased availability of fruit and vegetables)
may have a positive impact on children’s diets (e.g. reduced fat intake and
increased micronutrient intake). Conversely, there is the potential that the
implementation of school food policies may not have an equitable impact on
children’s diets across the socio-economic spectrum. This may be associated
with children’s individual food choice, or school lunch take-up which may
decrease. Only a small number of studies have examined the impact on total
diet and considered the SES effect. Thus, there is a need for further research to
develop the evidence-base on the potential wider impacts of school food

policies on children’s diets.

Thirdly, school food has received considerable economic investment.®® From a
cost-effectiveness point of view evaluating the impact is also important.
However, while this is an important aspect the cost-effectiveness of school food

policies is beyond the remit of Papers II-IV.

Fourthly, the narrative review of the literature highlighted some methodological
limitations. Approximately half of the studies included dietary data from one-day

only. Therefore, children’s day to day variation in dietary intakes was not
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accounted for. In addition, the studies cited in the narrative literature review
used school level classification of SES. This highlights that additional
evaluations need to address some of the methodological issues.

Chapter 4 provides a detailed account of the dietary data methods used in
Papers I-IV. Each paper includes a short methods section. It is important to
mention at this point that there is an overlap in content between Chapter 4 and
the four papers in the recruitment, classification of SES and dietary data
collection methods.3% 47- 4 Examiners may prefer to read only the
methodological paper included in Chapter 4. The full dietary data collection
methods are included as a reference for interest. As noted at the end of section
2.3 during my PhD studies | co-authored a report for the Department of Health
(Public Health Research Consortium).*? This report also included an overview of

the methods.
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3.7 Research questions addressed in papers
Dietary outcome evaluation

i.  Did the introduction of food and nutrient-
based standards impact on lunchtime and Paper Il and
total dietary intake in children aged 4-7y and [l
11-12y?

ii. Did the introduction of nutritional standards for
school lunches have an equitable impacton ™
children’s diets across the socio-economic

spectrum?
> Paper Ill and

iii.  Did school lunch take-up change across the Vi

socio-economic spectrum following the

introduction of food and nutrient-based _/

standards?

Methodological issues

iv.  Did the use of passive or active consent affect
consent and completion rates, or dietary data Paper |

quality across the socio-economic spectrum?
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Chapter Overview:
The aim of this chapter is to present a more detailed account of the dietary
data methods used compared with those reported in individual papers. The
following aspects are considered:

» Ethical approval
Study design and setting
Recruitment

Dietary data collection and coding; data processing and handing

YV V V V

Socio-economic status
» Statistical analysis
Paper | is presented in section 4.9 which examines the use of passive and

active consent on consent and completion rates, and dietary data quality

across the socio-economic spectrum.

4.1 Ethical approval

Ethical approval was granted by Newcastle University ethics committee (reference
000011/2007; see Appendix A).

4.2 Overview of study design and setting

Repeated cross-sectional surveys were undertaken in two counties in North East
England: Tyne and Wear (Newcastle-upon-Tyne; primary schools) and
Northumberland (Morpeth, Ashington and Newbiggin-by-the-sea; middle
schools) see Figure 3. The data used in the four included papers were from:
primary school surveys 1& 3 (Paper Il and 1V), middle school surveys 3 & 5

(Paper Ill) and middle school survey 4 & 5 (Paper ).
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Cross-sectional surveys in Northumberland Middle Schools (11-12y olds) Survey 5

and Newcastle Primary Schools (4-7y olds) [Post-implementation]
Survey 4
[Mid-implementation]
Survey 3 *
[Baseline]
Survey 2 .
Middle Schools .
Survey 1
.
1980 1985 1990 1995 2000 2005 2010

Primary Schools
Survey 1
[Baseline]

L 4
Survey 2
[Mid-implementation]
Survey 3
[Post-implementation]

Figure 3 Cross-sectional surveys of Northumberland middle schools and Newcastle primary schools
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4.3 Recruitment

For clarity, the methods employed in primary and middle schools are presented

separately.
4.3.1 Primary schools

The pre-implementation survey had been completed as part of an earlier study
and was used as baseline data.®® The post-implementation survey used identical
methods. A letter with study details was posted to head teachers of the 16
primary schools in Newcastle-upon-Tyne that had participated in 2003-04. This
was followed up with a phone call to answer any questions and ascertain
interest. If required, a school visit was arranged to discuss the study with the
head teacher. This was a key aspect for this study; to recruit the same schools
for which we had dietary data pre-implementation of the policy to enable us to

compare nutrient intake pre and post-implementation.

Schools were originally selected in 2003-04 using the free school meal index'®
as a proxy measure for the level of deprivation in the school population to seek a
balance across the socio-economic spectrum. The free school meal index
indicates the percentage of children in a school eligible for free school meals.
The same schools were invited to participate in 2008-09; only after consent by
Head teachers were schools included. The results presented in Papers | and Il
include data collected from 12 schools for which comparable data were available

from the two surveys.

All children in Reception, Year 1 and Year 2 (aged 4-7 years) were eligible to
participate. A time was arranged with each school to talk to the children. This
allowed the researcher to show the children the dietary data collection tools and
provided an opportunity for them to ask questions. Each child received a letter
with study details and a form requiring active parental consent to participate in
the study (see Appendix B and C). Consent forms were collected from schools.
Once data collection was completed schools received a fruit basket and book

voucher to the value of £1 for each child that participated.
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4.3.2 Middle schools

A letter with study details was posted to head teachers of the same six middle
schools in Morpeth, Ashington and Newbiggin-by-the-sea that had participated in
1999-2000. This was followed up with a school visit to answer questions and
ascertain interest. These areas were previously selected in 1980 to be
representative of schools with catchment populations across the socio-economic
spectrum;'°1-193 these schools continued to participate in following surveys
(Figure 3). The 1999-2000 data were collected as part of a series of studies
conducted in Northumberland'9%1% to track changes in dietary patterns and used

as baseline data in this study.

As shown in Figure 3 a mid-implementation survey was undertaken in middle
schools. During discussions, head teachers suggested consent should be
changed from active ‘opt-in’ (as used in the previous studies in these schools) to
passive ‘opt-out’. The rationale was that by using active consent we excluded
children whose parents failed to return forms sent by schools, rather than just
those children whose parents actively did not want their child to participate. After
obtaining documented support from heads and school governors, an amendment
to the Newcastle University Ethics approval was granted (reference00011/2009)
for the use of passive consent in 2009-10 (see Appendix D and E). One head
preferred that the school continued to use active consent (this was the smallest
school) and the decision was taken to retain this school despite a different
consent method used. Regardless of method of parental consent (active or
passive) children could still exclude themselves from the study by not completing

food diaries and were free to leave the study at any time.

All children in year 7 were eligible to participate. A suitable time was arranged
with individual schools to present the study via a power-point presentation, show
children the dietary data collection tools and allow an opportunity for them to ask
questions. In 2009-10, each child received a parental information letter about the
study and a consent form. However, they were only required to return the
consent form if they did not wish their child to participate (Appendix F). On
completion of the data collection schools received a fruit basket and book

voucher to the value of £1 for each child that participated.
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This change in recruitment procedure from 2007-2008 (mid-implementation) to

2009-2010 (post-implementation) led to research question 4:

Did the use of passive or active consent affect consent and completion rates, or

dietary data quality across the socio-economic spectrum?
Findings and a discussion are presented in Paper | (see section 4.9).
4.4 Dietary data collection

Identical dietary data collection methods were used in each setting, primary or

middle schools, as those used in the previous baseline surveys.
441 Primary schools

Four consecutive days of dietary consumption were collected for each
participating child: three week days and one weekend day. A prospective, 24-
hour food diary method (the Food Assessment in Schools Tool (FAST)),

validated to record young children’s dietary intake was used.®°

Food diaries were distributed in a clear plastic A5 wallet to participating children
by class teachers on Tuesday afternoon enabling data collection to commence
Wednesday morning. Each child’s name, individual identification number (ID)
and class were written on the front cover of individual food diaries. The food
diaries were distributed to the children and went between school and home with
the child. Full written instructions on how to complete the food diary were
provided to parents. Parents completed the diaries at home. At each school, a
team of trained observers and myself recorded dietary intake, including,

breakfast and afterschool clubs.

Figure 4 shows the process for dietary data collection. Figure 5 shows an
example of a primary school child’s completed food diary for one week day. The
diary design enabled categorisation of foods into ‘school lunch’, ‘home-packed
lunch’, and ‘food eaten at home’. Section 4.5 discusses the procedure for dietary
data coding. See Appendix G for a full image of the dietary data collection tool

used in primary schools.
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4.4.1.1 Recruitment and training of lay observers

Due to the age of the children and the observational dietary data collection
method lay observers were recruited. Adverts were placed on the Newcastle
University website and in the Evening Chronicle newspaper; selected candidates
were asked to attend to interview. Interviews were conducted by Professor
Ashley Adamson and myself. Successful candidates were invited to attend a
training day. The training day covered a number of topics, for example, the
background to the study, development of the ‘FAST’ food diary along with a
practical session in its application. They also received information about
completion of timesheets, travel expenses, availability for shifts in schools, the
process for obtaining Criminal Records Bureau clearance and obtaining a
personal University identification card required in schools. The training
programme and practical aspects were delivered by myself under the

supervision of Professor Ashley Adamson.
4.4.1.2 Staff protocol for working in schools

An enhanced Criminal Records Bureau clearance check was obtained for all
staff working in schools. University identification badges were worn in schools at

all times.
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Tuesday: Delivery of food diaries to children with written instructions for parents

Day 1 (Wednesday): Commencement of four day dietary data collection

|
Breakfast (T1)

6-9am

Home: School Club:
Parental completion Research Assistant (RA)/
Lay Observer

Start of school day:

1. Lay observers divided into teams

2. Rec, Yr1 & Yr2 diaries collected & name stickers applied
3. Check diaries against list of consented children
4

Forgotten diaries: use of spare diary sheets with child name, ID and date for rest of

school day

[
Morning Break (T2)

Observation & recording
9:01-11am by RA & Lay Observers

Before Lunch:
1. Divide diaries into school & packed lunches
2. Lay observers divided into teams
3. Check with school cook what food available for school lunch & keep record
4. Ensure all observers know how to record the foods available for school lunch to
ensure consistency

|
Lunch (T3)

11:01-2pm

School: Packed:
Observation & recording by Observation & recording by
RA/Lay Observer RA/ Lay Observer

After Lunch:
1. Afternoon break — NO/YES:

If NO
a. Diaries placed back in wallets and returned to Rec, Yr1 & Yr2 classes
b.  Children who forgot diaries given reminder note for parents
c. Children’s name stickers removed and replaced with a ‘fun’ sticker

If YES

a. Keep diaries until after break and then follow a, b & ¢ above

I
Tea (T4&5)

2:01pm- 4pm & 4:01pm-7pm
I |
Home: School Club:

Parental completion RA/ Lay Observer & diary
returned to child

Supper (T6)
7:01pm-11pm

Home
Parental completion

Figure 4 Process for dietary data collection in primary schools
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Figure 5 Example page of a food diary used in the primary school children

4.4.2 Middle Schools

For two consecutive three-day periods (i.e. Thursday, Friday, Saturday and
Sunday, Monday, Tuesday) approximately six months apart (see Figure 6;
adapted from Hossack, 2009'%) children recorded the day, date and time when

food or drink was consumed.
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Time 1 (T1)
I

Visit 1 Delivery and instruction in completion of three day Food diary
[

4th Day
[ |
Visit 2 Visit 2
Collection of Dietary interview
food diary

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 6 months: Anthropometric measurements

Time 2 (T2)
I

Visit 3 Delivery and instruction in completion of three day Food diary
I

4th Day
[ I
Visit 4 Visit 4
Collection of Dietary interview
food diary

Figure 6 Process for dietary data collection in middle schools

Children also recorded a description of the food/drink item and amount
consumed. Prior to commencing, participating children received verbal
instructions on how to complete the food diary. An example page with
instructions was included in the food diary to allow children to refer to it if
required (see Figure 7). Food diaries were designed to be pocket size; the front
cover included the child’s ID and dates for completing. Each child received an
appointment to return on the fourth day for an interview with myself to clarify the
information recorded and estimate the portion size consumed using food models
and a photographic food atlas for 11-14yolds (Figure 8 shows the food models
used).'%” This method has been described in detail*? 102194 and validated in

previous Northumberland studies.' 1% The food diary and method used
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allowed foods to be categorised into ‘school lunch’, ‘home-packed lunch’ and
‘food consumed outside of school hours’. Section 4.5 discusses the procedure
for dietary data coding. See Appendix H for a full image of the dietary data

collection tool used in the middle schools.
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Figure 7 Example page of a food diary used in the middle school children
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Figure 8 Food models used in the dietary data collection in middle schools

4.5 Portion size and dietary data coding
Primary schools

FAST assesses foods within six defined daily time slots, along with age- and
sex-specific portion sizes, derived from the National Diet and Nutrition Surveys
(NDNS).8 Each of the six defined time slots contained two sections for recording

dietary intake (see Figure 5):

i. a pre-printed tick list of foods most commonly consumed by children aged
4-7y in each of the six timeslots as derived from the NDNS referred to as
‘standard foods’

ii. a facility to record foods not listed referred to as ‘other foods’

Portion sizes for foods recorded as ‘other foods’ were determined retrospectively
from NDNS data and work by Wrieden et al, 2008'%° For these foods portion

sizes were not age and sex-specific but were an average for 4-7y olds.
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Middle schools

Food weight consumed was calculated from the food models and food

photographs'®” as noted in section 4.4.2.
Primary and middle schools

All dietary coding for nutritional composition was based on McCance and
Widdowson'’s Integrated Composition of Food Dataset.'’® This dataset was
incorporated into a Microsoft (MS) ACCESS relational database used for all data
storage and analysis of food and nutrient intake. Occasionally for some foods
where no matching food composition code was available a product search was
conducted using the three main supermarkets. This allowed nutritional
information to be obtained and subsequently the food composition code best

matching the nutritional composition of the food item recorded was used.

School recipes and menus were obtained to allow for coding of school food. The
nutritional composition information was incorporated in the MS ACCESS
relational database. If school recipes were not available foods were coded using

McCance and Widdowson'’s Integrated Composition of Food Dataset.'"°
4.6 Data processing and handling

Primary and middle schools

4.6.1 Data entry

All data were entered onto separate but identical purpose-built ACCESS
relational databases; one for each survey. Each child’s information was recorded
at an individual level. Databases were password protected for security; diaries

were stored according to University policy and regulations.
4.6.2 Data checking
Primary and middle schools

A number of procedures were adopted to ensure consistency of food coding

across the datasets:
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i. a Microsoft Excel spreadsheet was created at the start of dietary coding
containing all food codes used/allocated to foods. This was referred to
frequently to ensure the same food code was allocated for these foods in
individual diaries and across the databases (this was applicable to ‘other
foods’ in primary school children and all foods in middle school children)

i. on completion the dietary coding an output of all food codes, weights and
food groups allocated across the datasets were exported and
interrogated. This enabled consistency to be checked; any
inconsistencies were identified and changes were made to relevant
individuals across the datasets (this was applicable to ‘other foods’ in

primary school children and all foods in middle school children).
4.7 Socio-economic status

Socio-economic status was estimated using the English Index of Multiple
Deprivation (IMD) 2007, allocated using individual children’s postcodes. IMD
is calculated at lower layer super output areas in England and provides a single
deprivation score based on seven domains: income, employment, health and
disability, education, skills and training, barriers to housing and services, crime
and living environment.'" The IMD categorisation is discussed in the method
section of Papers |, lll and 1V, as a slightly different approach was taken in

primary and middle schools.
4.8 Statistical analysis

The sample size of the study was pragmatic and determined by the number of
children in the participating schools, and by the number of these schools
prepared to participate in the survey. However, in the earlier surveys with
children aged 11-12 years and using the same method of recruitment, important
and statistically significant changes in selected macro- and micronutrients were
identified.'93-105 The approach for the statistical analysis was determined by the
key aims and questions of the individual papers (addressed in section 3.7); the

analysis used is discussed under sub-headings below.
Method of consent, completion rates and dietary data quality [Paper I]

Four logistic regressions were performed. In each, a binary outcome was related

to factors indicating IMD quintile, the method of obtaining consent, and the
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interaction of these factors, all adjusted for gender. The outcome in the first
analysis was whether or not each eligible child’s parent gave consent to be in the
study. In the second, the outcome was whether or not each eligible child
provided a complete dietary diary. These analyses give estimates of the
probability of giving consent and of the probability providing a complete dietary
diary, respectively. The third analysis also considered whether or not a child
completed their dietary diary but only amongst children who agreed to participate
in the study: this gives an estimate of the conditional probability a child provides
a complete diary, given that they have agreed to participate in the study. The
outcome in the final analysis considered data quality, that is whether or not

children providing diaries were classified as an under-reporter or not.

Children’s mean nutrient intake at lunchtime and in total diet [Papers Il &
1]

The analysis assessed the direct effect of changes in school lunch standards,
and in Paper Il considered only children who ate school lunches. The mean
intake of macro- and micronutrients of each child from this source alone were
compared between the 2003-2004 and 2008-2009 surveys. The analysis
presented in Paper Ill examined the change at lunchtime in children’s mean
macro and micronutrient intake from a school or home-packed lunch between
1999-2000 and 2009-2010.

A more detailed analysis in both papers using a linear mixed effect model
considered the intake of macro and micronutrients from the total diet: this
analysis explored the year of the survey, whether the child ate a school or home-
packed lunch, and the interaction between these factors. All analyses adjusted
for the effect of gender, with year (of survey), and lunch type (school or home-
packed lunch) taken as fixed effects: potential correlation between responses on
children within the same school and also within children were accommodated by
fitting random effects for school and child. The models were fitted using xtmixed
in Stata (version 11) and Ime in R (version 2.14.0). Vitamin C was log
transformed for analysis and for this variable geometric means and ratios were

reported.
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Children’s mean nutrient intake and the effect of level of deprivation at

lunchtime and in total diet [Papers Il & 1V]

The analysis examined the change in children’s mean macro and micronutrient
intakes at lunchtime and in total diet across the socio-economic spectrum. A
similar approach to that discussed above was used. Using a linear mixed effect
model this analysis considered the effect of year, whether a child ate a school or
home-packed lunch, level of deprivation and the interaction(s) between these
factors (i.e. year by lunch type, year by level of deprivation, lunch type by level of
deprivation and the three-way interaction year by lunch type by level of
deprivation). All analyses adjusted for the effect of gender. Potential correlation
between responses on children within the same school or within children was
accommodated by fitting random effects for each. The models were fitted using
xtmixed in STATA (version 11) and ‘ime’ in R (version 2.14.0).

The effect of the introduction of food and nutrient-based standards on
school lunch take-up [Papers lll & 1V]

A linear model was fitted directly to the proportion of children taking school lunch
using maximum likelihood (fitted in R using optim), which allowed for differences
between IMD quintiles, between years and their interaction. The linear model
allowed a more natural interpretation than would have been possible with a

logistic model.
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4.9 Paper I: Does the use of passive or active consent affect consent or
completion rates, or dietary data quality? Repeat cross-sectional
survey among school children aged 11-12 years
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BMJ Open Does the use of passive or active
consent affect consent or completion
rates, or dietary data quality? Repeat
cross-sectional survey among school
children aged 11-12 years

Suzanne Spence,’ Martin White,”* Ashley J Adamson,"* John N S Matthews*

ABSTRACT

Objectives: An expectation of research is that
participants should give fully informed consent.
However, there is also a need to maximise recruitment
to ensure representativeness. We explored the impact
of passive or active parental consent on consent,
completion rates and on dietary data quality in a survey
among children aged 11-12 years.

Setting: Six middle schools in North-East England.
Participants: All children aged 1112 vears attending the
six middle schools were eligible to participate (n=1141).
Main outcomes: Primary outcomes: whether or not
gach eligible child’s parent gave consent and provided a
complete dietary diary; whether or not a child completed
their dietary diary but only among children who agreed to
participate, and whether or not children providing diaries
were classified as an under-reporter or not.

Resulis: Parents were more likely to consent passively
than actively. This difference was greater among the more
deprived: OR 16.9 (95% Cl 5.7 10 50.2} in the least and
129.6 (95% Cl 39.9 to 420.6) in the most deprived
quintile (test for interaction: method of consent hy level of
deprivation, p=0.02). For all children eligible, completion
was more likely if passive consent was used (OR 2.8, 9%
C12.2 to 3.7). When only children who gave consent are
considered, completion was less likely when passive rather
than active consent was used (OR 0.6, 95% Gl 0410 0.9).
Completion rate decreased as level of deprivation
increased; we found no evidence that the OR for the
method of consent varied by level of deprivation. There
was no evidence that the quality of dietary data, as
measured by an assessment of under-reporting, differed
hy method of consent (OR 0.8, 95% C10.5t0 1.2).
Conclusions; Passive consent led to a higher
participation rate and a more representative sample
without compromising data quality.

INTRODUCTION

A central tenet of health and social research
1s that no onc should be recruited to a study
without providing informed consent. When

Strengths and limitations of this study

We have shown that using passive consent can
lead to a higher participation rate and a mare
representative sample.

Data quality was not compromised.

m [0 S0me circumstances passive consent may
offer an ethical alternative to active consent
ensuring that all children have an equal oppor-
tunity to participate in research.

It is possible that the differences are due to dif-
ferences between the two academic vears:
2007-2008 and 2009-2010 as the method of
consent used was almost totally confounded
with year.

the rescarch involves children, the situation
is further complicated by the need to obtain
consent from the child’s legal guardian.
While the main concern is that recruits
should be fully informed and free 0 make

their choice, all researchers are conscious of

the ellect of a low recruitment rate on the
representativeness of the sample obtained' ?
and thus the generalisability of findings. In
any particular context, there may be several
equally acceptable ways by which consent
may be obtained. If the proportion of those
approached who agree to participate varies
with the method used, then this is likely to
have implications for the usefulness of the
inferences that are ultimately made.

We report two dietary surveys of children
aged 11-12 years where consent was obtained
using two methods: ‘passive’ and ‘active’. For
both methods a letter containing informa-
tion about the study was sent to the child’s
parent or guardian (parent used through-
out) via their school. When passive consent
was used the parent was required to return a
signed form only if they did not want their
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child to participate, while for active consent a signed
form had to be returned giving permission for their
child to participate. The use of active consent has some
limitations. Letters sent from school are less likely to be
returned from children in more deprived areas,”
thereby inducing a socioeconomic bias in the sample
obtained, while parental apathy’ * reduces participation
rates. Monaghan et al’ and Mellor e af showed that
parents excluded their child if the research focused on a
topic they were currently encountering, for example,
dental caries or overweight/obesity. These factors led to
low participation rates and biased samples.” ® 7 Passive
consent has the potential to address these issues by
increasing participation and including individuals who
may otherwise not participate. However, it is important
that the data obtained are not of poorer quality. This is
particularly relevant for dietary surveys: larger numbers
of participants are advantageous only if records are com-
pleted. To our knowledge, there is no research that
examines the effect of passive or active consent on
dietary data quality. This paper uses data from two cross-
sectional surveys in 11-12 year-olds to explore the effect
of passive or active consent across the socioeconomic
spectrum on the percentage of children for whom
consent was given, who on go to complete dietary
diaries and also on the quality of the data that they
provide.

METHODS

Study design and recruitment

We used data from iwo crosssectional surveys that formed
part of a series of dietary surveys in middle schools in
Northumberland, North-cast England.*"" In 2007-2008
and 2009-2010, schools were invited to participate by
letter, followed by a presentation at each school. Following
the presentation each child was given a parental informa-
tion letter to take to parents which included information
on the study, consent and a form for return to school. In
2007-2008, parents were asked to return the form if they
wished their child to participate. In 2009-2010, during
preparatory discussions with head teachers it was suggested
the consent method should be changed from active to
passive. The rationale given by head teachers was that by
using active consent we were in effect excluding children
whose parents routinely failed to return forms sent by
schools as well as children whose parents actively did not
wish their child to participate. After obtaining documen-
ted support from head teachers and school governors,
Newcastle University Ethics Committee granted permis-
sion for passive consent to be used in this study (reference
00011,/2009). Therefore, in 20092010, the consent letter
sent to schools asked parents to return the form only if
they did not wish their child to participate. There was one
exception to this; the head teacher of the smallest school
preferred to continue to use active consent: data from this
school have been retained in the following analysis. In
both surveys, children were able to exclude themselves by
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not completing the food diaries or by refusing to have
anthropometric measurements taken and were free to
withdraw from the study at any time.

Categorising socioeconomic status and under-reporting
Socioeconomic status

Anonymised full (7 digit) postcodes were obtained for
all eligible children; participating children provided
individual postcodes. Socioeconomic status was  esti-
mated using the English Index of Multiple Deprivation
(IMD) 2007,'® matched to individual children’s post-
codes. IMD is based on lower layer super output areas in
England and provides a single deprivation score based
on seven domains: income, employment, health and dis-
ability, education, skills and training, barriers to hnmmg
and services, crime and living environment.'”® This
allows areas to be ranked by level of deprivation.' IMD
scores were categorised into quintiles relative to national
data: quintile 1 included children living in the 20% least
deprived area and quintile 5 included children living in
the 20% most deprived areas.

Under-reporting

Likely under-reporting was used as a marker of data
quality in this study. Dietary data collected were assessed by
comparing the child’s mean 6-day energy intake (2x3 days;
El) with the predicted basal metabolic rate (BMR). The
ratio ELBMR was used to estimate the number of likely
under-reporters; we used values below 1.1 to identify
under-reporters. The methods of calculating BMR," and
the cutoff for identifying ‘under-reporters’ were those
used in a previous Northumberland study."

Statistical analysis
Four logistic regressions were performed. In each, a
binary outcome was related to factors indicating IMD
quintile, the method of obtaining consent and the inter-
action of these factors, all adjusted for gender. The
outcome in the first analysis was whether or not each eli-
gible child’s parent gave consent to be in the study. In
the second, the outcome was whether or not each eli-
gible child provided a complete dietary diary. These ana-
Iyses give estimates of the probability of giving consent
and of the probability of providing a complete dietary
diary, respectively. The third analysis also considered
whether or not a child completed their dietary diary but
only among children who agreed to participate in the
study: this gives an estimate of the conditional probabil-
ity that a child provided a complete diary, given that
they agreed to participate in the study. The outcome in
the final analysis considered data quality, that is, whether
or not children providing diaries were classified as an
under-reporter or not.

Tests of main effects and interactions are reported
along with appropriate ORs and 95% Cls. All analyses
were conducted in R (V.2.14.0) and STATAV.11.

Spence S, et al. BMJ Open 2014;4:2006457. doi:10.1136/bmjopen-2014-006457
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Ethics

The amendment to the method of consent from active
Lo passive was granted by Newcastle University Ethics
Committee (reference 00011/2009).

RESULTS

Table 1 shows the number (percentage) ol all eligible
children for who consent was given ( parcntal), and who
completed by method of consent and level of depriv-
ation. Tables 2 and 3 present the ORs and 93% CI for
the method of consent, level of deprivation and the
interaction (method of consent by level of deprivation)
relevant o the outcomes. Table 4 presents the ORs and
93% CI for the method of consent and level of depriv-
ation in children who under-reported.

All eligible children

We found a higher percentage ol children’s parents con-
sented using passive (96%) compared with active
consent (41%). With passive consent a similar percent-
age of children’s parcnts conscnted in cach deprivation
quintile, whereas when active consent was used the
consent rate decreased as level of deprivation increased
(table 1). We found evidence of an interaction between
the method of consent and level of deprivation for the
proportion of children’s parents that consented
(p=0.023). When using passive consent, children’s
parcnis in IMD quintle 1 (lcast deprived) were 16.9
times more likely to consent than when using active
consent in IMD quintile 1 (OR 169, 9% CI 5.7 w0
50.2), while in IMD quintile 5 (most deprived) this value
rose to 129.6 (95% CI 39.9 to 420.6; table 2).

The method of consent also affected the percentage of
children who completed their dietary diaries. A higher
percentage ol children completed their dietary diaries
when consented using passive (53%) compared with active
consent (29%; table 1; OR 2.8 (95% CI 22 w0 37,
p<0.001). Although there was no evidence that the effect
of the method of consent changed with the level of depriv-

ation (test for interaction, p=0.73), there was suong

evidence that the chance of completing decreased with
increasing level of deprivation, with a strong linear trend
across the quintiles (p<0.001 for lincar wend, p=0.37 for
noninearity; see table 3 for estimates of the ORs).

Only children for whom consent was given

For those children whose parents gave consent the per-
centage completing was lower [or passive (55%) com-
pared with active consent (69%; OR 0.6, 95% CI 0.4 to
0.9, p=0.004). Again, there was no evidence that the
cffect of the method of consent varicd with level of
deprivation (p=0.99), but there was strong evidence that
the chance ol completing decreased with increasing
level of deprivation (p<0.001 for linear trend, p=0.21 for
non-linearity). Children in IMD quintile 2 were 0.5
times as likely to complete as children in IMD quindle 1
(least deprived; 95% CI 0.3 to (.8, p=0.01); with children
in IMD quintile 5 (most dcprived) being 0.2 times as
likely to complete as children in IMD quintile 1 (95%
C10.1 to 0.3, p<0.001; table 3).

We found no evidence that underrepordng was
affected by the method of consent (OR 0.8, 95% CI 0.5
to 1.2, p=0.28). There was marginal cvidence that under-
reporting was more likely in the most deprived quintile;
children in the most deprived quintile were (.6 times as
likely to underreport as children in the least deprived
quintile (95% CI 0.3 w 1.0, p=0.03; see table 4 lor est-
maltes of the ORs).

DISCUSSION

We found that parents were more likely to consent using
passive compared with active consent. The size of the
ctfect of the change in method (active to passive) was
greater in more deprived groups. The method of
consent also allected the percentage of children who
completed: use of passive consent gave a higher comple-
tion rate. In contrast, when only children lor whom
consenl was obtained were considered, those children
whose parents had actively consented were more likely
to complcte than children whose parents had passively

Table 1 Number (percentage) of children who consented* and completed by method of consent and level of deprivation
Method of consent
Passive Active
Completed as Completed as
All percentage of  All percentage of
eligible Consented Completed consented Eligible Consented Completed consented
n n (%) n (%) % n n (%) n (%) %
Total 502 484 (96) 268(53) 55 639 264 (41) 183(29) 69
IMD quintile
1 (least deprived) 95 91 (96) 70 (74) 77 91 52 (57) 44 (48) 85
2 83 78 (94) 50 (60) 64 102 49 (48) 35(34) 71
3 66 63 (95) 41(62) 65 86 36 (42) 28(33) 78
4 73 70 (96) 34(47) 49 121 52 (43) 34 (28) 65
5 (most deprived) 185 182 (98) 73(39) 40 239 75 (31) 42(18) 56

*Parental consent.
IMD, Index of Multiple Deprivation.

Spence S, ef al B Open 2014;4:¢006457. doi:10.1136/hmjopen-2014-006457
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Table 2 Consent: number (percentage) of all eligible children with OR and 95% Cl for method of consent and level of

deprivation interaction

Method of consent

Passive Active
All eligible Consented All eligible Consented
n n (%) n n (%) OR (95% CI)*
Total 502 484 (96) 639 264 (41) -
IMD guintile
1 (least deprived) 95 91 (96) 91 52 (57) 16.9 (5.7 to 50.2)
2 83 78 (94) 102 49 (48) 14.0 (5.2 to 37.9)
3 66 63 (95) 86 36 (42) 39.2 (8.9 t0 172.0)
4 73 70 (96) 121 52 (43) 25.6 (7.6 to 86.7)
5 (most deprived) 185 182 (98) 239 75 (31) 129.6 (39.9 to 420.6)

*p Value for interaction: method of consent by level of deprivation p=0.023 {adjusted for gender).

IMD, Index of Multiple Deprivation.

consented. Nevertheless, the (inal completion rate was
higher when passive consent was used. Although the
chance of completing decreased with increasing level of
deprivation, we found no evidence that the OR for the
effect of the method of consent varied with the level of
deprivation. We found no evidence that the quality of
data, as measured by assessment of under-reporting, dif-
fered between the methods of consent.

A strength of this study is that we were able to cxplore
the use ol two dilferent consent methods in the same six
schools as a result of a poor consent rate in a dietary
survey in 2007-2008, and after discussions with head tea-
chers of schools who expressed the opinion that we were
excluding children by using active consent. A limitation is
our classification of socioeconomic status. Socioeconomic
status  was estimated using the Index of Multiple
Deprivation, which docs not measure individual levels of
deprivation, and may lead to misclassification bias."* In
this study we assumed that the ditferences were due to the
methods of consent. As the method of consent used was

Table 3 Completion: OR and 95% CI for method of
consent and level of deprivation (relative to least deprived)
in all eligible children and children for who consent was
given

Completed
All eligible* Consentedt
OR (95% Cl)
Method
Passive relative o 28(221t037) 0.6(0.4100.9)
active
IMD quintile
1 (least deprived) - -
2 0.6 (0.41t00.9) 0.5(0.31t00.8)
3 06(041t009) 0.6(03t01.1)
4 0.3(02t005) 0.3(0.1100.5)
5 (most deprived) 0.2(0.11t003) 0.2(0.11t00.3)

*p<0.001 for linear trend; p=0.37 for non-linearity.
1p<0.001 for linear trend; p=0.21 for non-lingarity.
FAdjusted for gender.

almost totally conlounded with vear it is possible that the
differences are due to differences between the two aca-
demic years: 2007-2008 and 2009-2010; however, one
school continued to use the same method of consent in
both 2007-2008 and 2009-2010 with a slight fall in partici-
pation, highlighting the effect of the method of consent.
In additon, the main outcome of interest was to examine
the citect of the method of consent used on the pereent-
age of children for whom conscnt was given, adequately
completed their dictary data, and on the quality of data
provided. Our study found the use of active consent to be
associated with lower participation, a finding previously
reported, though not previously in school-based dietary
studies.? 7 '? For example, in a smoking prevention study,
by changing the method of consent from active to passive,
non-participation reduced by 36%.2

There is an opinion that passive consent should be
advocated for rescarch where there is low risk to partici-
pants,' The UN convention on the Rights of the Child
advocates that a child should be involved in decisions
and their opinions should be taken into account when
adults are making decisions that affect them.® This con-
sideration should also be respected in research, irre-
spective of the method of consent; research involving
children needs to make clear that: participation is volun-
tary;'" there should be no pressure to participate;® they
can change their mind® and leave the study at any
point.'” If these are made clear to children from the
outset of the study, our [indings support the use of
passive consent in dietary surveys to obtain a higher par
ticipation rate, and a more representative sample,
without compromising data quality. The implications
regarding the use of passive consent in this study relate
specifically to dietary surveys. There is potential that
passive conscnt is applicable o other arcas of rescarch
and sctiings (ic, the school cnvironment). Howcever,
regardless of the type of rescarch or setting the factors
noted above need to be adhered to. A high participation
rate and a representative sample are paramount to
research; our findings show that the use ol passive
consent helps achieve this. Passive consent led to a

Spence S, et al. BV Operr 2014;4:6006457. doi:10.1136/bmjopen-2014-006457
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Table 4 Under-reporting: number {percentage) of children with OR and 95% ClI for method of consent and level of

deprivation
Method of consent
Passive Active
Completed Under-reporterst Completed Under-reporters
n n (%) n n (%) OR (95% CI)*
Total 257 116 (45) 167t 65 (39) 0.8 (0510 1.2)
IMD quintile
1 {least deprived) 69 29 (42) 43 18 (42) -
2 48 19 (40) 31 9 (29) 1.3(0.7t02.4)
3 36 13 (36) 26 7(27) 15(0.8102.9)
4 31 13 (42) 30 12 (40) 1.0 (0.5102.0)
5 {most deprived) 73 42 (58) 37 19 (51) 06(0.3101.0)

*Adjusted for gender; OR passive relative to active and level of deprivation relative to least deprived.
1The ratio EI: BMR was used to estimate the number of likely under-reporters; we used values below 1.1 to identify under-reporters as used

in previous Northumberland surveys.'® '®

FNo weight/height information in passive (n=11) and active consent (n=16).
BMR, basal metabolic rate; El, energy intake; IMD, Index of Multiple Deprivation.

higher participation rate and a more representative
sample without compromising data quality.

Acknowledgements The authors thank the schools, parents/guardians and
children who provided us with extensive data. Thanks to all members of the
research advisory group including representatives from the Department of
Health, Northumbria county council, Newcastle primary care trust, the Sehool
Food Trust (now Children’s Food Trust), and Professor Andrew Rugg-Gunn
(Professor Emeritus Newcastle University} for his invaluable expertise and
guidance. They thank Alison Hoessack who collected the 2007-2008 data and
Jennifer Delve who assisted in 2009-2010.

Contributors AJA conceived the research and with MW and SS designed the
study. 58, Jennifer Delve and Alison Hossack collected the data. SS and JNSM
conducted the analyses. SS drafted the manuscript and all authors commented
on drafts and approved the final version. AJA is the study guarantor.

Funding This work was undertaken as part of the research programme of the
Puhlic Health Research Gonsortium. The Public Health Research Gonsortium
is funded by the Department of Health (DH) Policy Research Programme.
Infarmation about the wider programme of the PHRG is available from hitp:/
phre.Ishim.ac.uk/. The funders had no role in the study design, data collection
or analysis, interpretation of findings, writing of, or the dacision to submit for
publication. All authors had access to data, and take responsibility for the
integrity of the data and the accuracy of the data analysis. AJA is director and
MW previous director of Fuse, the Centre for Translational Research in Public
Health, a UK Clinical Research Collaboration (UKCRC) Public Health Research
Centre of Excellence. Funding for Fuse from the British Heart Foundation,
Cancer Research UK, Economic and Social Research Council, Medical
Research Council, and the National Institute for Health Research, under the
auspices of the UKCRC, is gratefully acknowledged. AJA is funded by the
National Institute of Health Research as an NIHR Research Professor.
Opinions expressed are not necessarily those of the above named funders.

Competing interests None.

Ethics approval Newcastle University Ethics Committee.

Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement No additional data are available.

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 and the use is non-commercial.
See: http://creativecommans.org/licenses/by-nc/4.0/

REFERENCES

1.

10.

1.

12

13.

14.

15.

16.

17.

Junghans C, Feder G, Hemingway H, et al. Recruiting patients to
medical research: double blind randomised trial of ‘opt-in’ versus
‘opt-out’ strategies. BMJ 2005,331:940.

Severscn H, Ary D. Sampling bias due to consent procedures with
adolescents. Addict Behav 1983;8:433-7.

Monaghan N, Jones S, Morgan M. Do parents of children with caries
choose to opt-out of positive consent dental surveys in Wales?
BrDent J2011;210:E1.

Dent C, Galaif J, Sussman S, ef al. Demographic, psychosocial and
behavioral differences in samples of actively and passively
consented adolescents. Addict Behav 1993;18:51-6.

Mellor J, Rapoport R, Maliniak D. The impact of child obesity an
active parental consent in school-based survey research on healthy
eating and physical activity. Eval Rev 2008;32:288-312.

O'Neill O. Some limits of informed consent. J Med Ethics
2003,29:4-7.

Lacy K, Kremer P, de Silva-Sanigorski A, et al. The appropriateness
of opt-out consent for monitoring childhood obesity in Australia.
Pediatr Obes 2012;7:e62-7

Adamson AdJ, Rugg-Gunn AJ, Butler TJ, et al. Nutritional intake, height
and weight of 11-12-year-old Northumbrian children in 1990 compared
with information obtained in 1980. Br J Nutr 1992,68:543-63.
Adamson AJ, Rugg-Gunn AJ, Butler TJ, et af. The contribution of
foods from outside the home to the nutrient intake of young
adolescents. J Hum Nutr Digt 1996;9:55-68.

Fletcher ES, Rugg-Gunn AJ, Matthews JN, et al. Changes over

20 years in macronutrient intake and body mass index in 11- to
12-year old adolescents living in Nerthumberland. Br J Nutr
2004;92:321-33.

Rugg-Gunn AJ, Fletcher ES, Matthews JN, et al. Changes in
consumption of sugars by English adolescents over 20 years. Public
Heaith Nutr 2007;10:354-63.

Communities and Local Government Indices of Deprivation. 2007.
http://webarchive. .nationalarchives.gov.uk/+/http:/fwww.communities.
gov.ukicommunities/neighbourhoodrenewal/deprivation/
deprivation07/ (accessed 30 Jun 2011).

Schofield WN. Predicting basal metabolic rate, new standards and
review of previous work. Hum Nutr Clin Nutr 1985;39(Suppl 1):5-41.
Pockett R, Adlard N, Carroll S, ef al. Paediatric hospital admissions
for rotavirus gastroenteritis and infectious gastroenteritis of all
causes in England: an analysis of correlation with deprivation. Curr
Med Res Opin 2011;27:777-84.

Nellist K, Coats K, Friedrichs M. Using a representative sample of
elementary school students to determine the statewide prevalence of
childhood overweight and obesity in Utah. Prev Chronic Dis 2009;6:
A136.

UNICEF The UN Conventions on the Rights of the Child. http:/www.
unicet.org/cro/files/Rights_overview.pdf (accessed 23 Sep 2014).
Ross J, Sundberg E, Flint K. Informed consent in school health
research: why, how and making it easy. J Sch Health
1999;69:171-6.

Spence S, ef al. BMJ Open 2014;4:2006457. doi:10.1136/hmjopen-2014-006457

78|



Chapter 5 Results of the impact of school food standards on

children’s diets

Chapter overview:
This chapter provides a summary of the key dietary findings addressed in the
three research questions:

» Research question 1: Did the introduction of food and nutrient-based
standards impact on lunchtime and total dietary intake in children aged
4-7y and 11-12y? [Papers Il & Il1]

» Research question 2: Did the introduction of nutritional standards for
school lunches have an equitable impact on children’s diets across the
socio-economic spectrum? [Papers Il & 1V]

» Research question 3: Did school lunch take-up change across the
socio-economic spectrum following the introduction of food and

nutrient-based standards? [Papers Il & V]

The respective papers are inserted at the end; Paper Il in section 5.2, Paper

[l in section 5.3, and Paper IV in section 5.4.

5.1 Key findings on the impact of school food standards on children’s

mean dietary intake (4-7y and 11-12y olds)

Research question 1: Did the introduction of food and nutrient-based standards
impact on lunchtime and total dietary intake in children aged 4-7y and 11-12y?

(Paper Il and IIl)

Research question 3: Did school lunch take-up change across the socio-
economic spectrum following the introduction of food and nutrient-based
standards? (Paper I, lll and V)

Table 13 provides a summary of the key findings included in Papers I, lll and IV.
These papers evaluated the impact of implementing food and nutrient-based

standards on children’s mean nutrient intake at lunchtime and in total diet.
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School lunch take-up is reported in Paper lll and IV. Table 13 also presents the

results on school lunch take-up.

Table 13 Key findings on the impact of implementing school food standards on
children’s mean nutrient intake at lunchtime and in total diet by age

Age

4-7y
n=407 (2003-2004)
n=641 (2008-2009)

11-12y
n=298 (1999-2000)
n=215 (2009-2010)

Lunchtime Post-policy implementation there

(school lunch) were reductions in per cent
energy from fat (p<0.001),
saturated fat (p<0.001), NMES
(p<0.001) and absolute amounts
of sodium (p<0.001), and
increases in micronutrients, such
as calcium (p<0.001), vitamin C

(p<0.001) and iron (p<0.001)

Post-policy implementation there
were reductions in per cent
energy from fat (p<0.001)
saturated fat (p<0.001) and
absolute amounts of sodium
(p<0.001), but also, a decrease in
NSP (p<0.001) and iron
(p<0.001)

Total diet Post-policy implementation a
child who ate a school lunch had
a lower per cent energy from fat
(compared to higher pre-policy),
and increases in nutrients, such

as protein, NSP and vitamin C)

compared with children who ate a

home-packed lunch.

These year and lunch type
interactions were all found to be
statistically significant: per cent
from fat (p<0.001); protein
(p=0.04); NSP (p=0.001) and
vitamin C (p<0.001)

Per cent energy from fat was the
only nutrient where a year and
lunch type interaction was found
(p<0.001)

Decreased from 60% to 51%

post-policy implementation

School lunch

take-up

Decreased from 81% to 36%

post-policy implementation

The findings at lunchtime in both 4-7y and 11-12y olds show improvements in

mean intakes of some nutrients post-policy implementation. For children aged
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11-12y there was evidence of a decrease in certain key micronutrients which
was not observed in primary school children (see Table 13). In the 4-7y olds, the
changes at lunchtime post-policy implementation were also reflected in their total
diet. There was limited evidence of this in the 11-12y olds. Potential explanations
for these differences may be associated with a number of factors. The dietary
data collection methods were different. In the 4-7y olds an observed four-day
dietary data collection was used; trained observers completed these in schools
and parents at home. The 11-12y old children completed a 2 X three-day food
diary and a researcher-led interview. However, identical dietary data collection
methods were used pre and post-policy implementation in both age groups.
Children’s food choices and the food available to choose both at lunchtime and
outside of school may also explain differences. The younger children’s food
choices may have been guided more by dining staff whereas 11-12y olds
exercise more independence in their food choices. At home, parents may have
had more influence on the 4-7y olds dietary intake than on the 11-12y olds. Also,
school lunch take-up decreased more in the 11-12y olds pre to post-policy
implementation (81% to 36%) compared with the 4-7y olds (60% to 51%). The
impact of changes to school lunch, however beneficial, have no effect on

children who do not do not consume them.48

There may be a number of reasons for this decrease and these are discussed in
Paper lll. To provide some short discussion one additional factor ‘children’s
lunch type preference’ is discussed here. In a study by Warren et al,''? they
found in children aged 10-11y there was a preference for home-packed lunch.
This was associated with children having more freedom to choose the foods they
wanted to eat in a home-packed lunch; for some parents they had little influence
on the nutritional content of their child’s home-packed lunch. The contents of the
home-packed lunch were largely chosen by the child.''? In contrast, the 7-8y
olds preferred a school lunch as they could sit with friends and also leave foods.
Whereas if they had a home-packed lunch they had to eat it.''? This potentially
highlights that different factors influence lunch type choices between younger
and older children. Social factors also play an important role in children’s food
choice, for example, eating the same as a friend is considered more important

than choosing a healthy option."® 114 Other aspects are discussed in Paper lIl.
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Research question 2: Did the introduction of nutritional standards for school

lunches have an equitable impact on children’s diets across the socio-economic

spectrum?

Table 14 provides a summary of the key findings from the second research

question stated above in the 4-7y and 11-12y old children. This is followed by a

short discussion of the key findings. A small number of 4-7y olds were excluded

in this analysis as no socio-economic information was available.

Table 14 Key findings on the equitable impact of implementing school food
standards on children’s mean nutrient intake at lunchtime and in total diet by age

Age group

4-7y
n = 368 (2003-2004)
n =624 (2008-2009)

11-12y
n = 298 (1999-2000)
n = 215 (2009-2010)

Lunchtime

(school lunch)

There was evidence of an increasing
difference across deprivation groups
in mean NSP, iron and zinc intakes
regardless of lunch type (year and
level of deprivation interaction:
p=0.001; p=0.004 and p=0.002

respectively)

Children in the most deprived groups
were found to have a lower mean

intakes of these nutrients

There was no evidence found that
level of deprivation had an effect on

mean nutrient intake

Total diet

Children in the most deprived
quintile had a lower mean NSP, iron
and zinc regardless of lunch type
(year and level of deprivation
interaction: p=0.014; p=0.002 and
p=0.007 respectively).

Year, lunch type and level of
deprivation were found to influence
children’s mean per cent energy
from NMES and vitamin C, and there
was a widening difference by lunch
type (year, lunch type and level of
deprivation interaction: p=0.047 and

p=0.035 respectively)

Children in the most deprived
quintile had a lower mean vitamin C
and calcium intake regardless of
lunch type or year (p<0.001 and
p=0.04 respectively)

There was no evidence found of any

3-way interactions

82 |



Chapter 5 Results

In the 4-7y olds, the findings at lunchtime showed there was evidence that by
2008-2009 children in the most deprived families had a lower mean micronutrient
intake regardless of their lunch type. These findings were also reflected in
children’s total diet (see Table 14). In total diet, year, lunch type and level of
deprivation were found to influence children’s mean per cent energy from NMES
and vitamin C (mg). For example, for children who consumed a school lunch, per
cent energy from NMES reduced to similar levels for all the deprivation groups,
thereby narrowing inequalities. While for children who consumed a home-packed
lunch, the decrease was less marked in the least deprived group. This indicates
school lunch may have some influence on addressing children’s dietary
inequalities. In the 11-12y olds, there was no evidence found of a difference
across the deprivation groups in children’s mean intakes at lunchtime. In total
diet, there was some evidence that children in the most deprived quintile had a
lower mean intake of micronutrients regardless of year or lunch type (see Table
14). In both age groups, children’s per cent energy from saturated fat and NMES
exceeded recommendations (DRVs) as did the absolute amounts of sodium. For
the 11-12y olds, mean iron intake was below the RNI. This highlights that despite
a major policy change to school food in England, there is still a need to address
children’s diets in both primary and middle school aged children. The papers

present the full analysis and provide a detailed discussion.
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5.2 Paper Il The impact of food and nutrient-based standards on primary
school children’s lunch and total dietary intake: a natural

experimental evaluation of government policy in England.
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Abstract

In 2005, the nutritional content of children’s school lunches in England was widely criticised, leading to a major policy
change in 2006. Food and nutrient-based standards were reintroduced requiring primary schools to comply by September
2008. We aimed to determine the effect of the policy on the nutritional content at lunchtime and in children’s total diet. We
undertook a natural experimental evaluation, analysing data from cross-sectional surveys in 12 primary schools in North East
England, pre and post policy. Dietary data were collected on four consecutive days from children aged 4-7 years (n=385 in
2003-4; n=632 in 2008-9). We used linear mixed effect models to analyse the effects of gender, year, and lunch type on
children’s mean total daily intake. Both pre- and post-implementation, children who ate a school lunch consumed less
sodium (mean change —128 mg, 95% Cl: —183 to —73 mg) in their total diet than children eating home-packed lunches.
Post-implementation, children eating school lunches consumed a lower % energy from fat (—1.8%, —2.8 to —0.9) and
saturated fat (—1.0%; —1.6 to —0.5) than children eating packed lunches. Children eating school lunches post
implementation consumed significantly more carbohydrate (16.4 g, 5.3 to 27.6), protein (3.6 g, 1.1 to 6.0), non-starch
polysaccharides (1.5 g, 0.5 to 1.9), vitamin C (0.7 mg, 0.6 to 0.8), and folate (12.3 pg, 9.7 to 20.4) in their total diet than
children eating packed lunches. Implementation of school food policy standards was associated with significant
improvements in the nutritional content of school lunches; this was reflected in children's total diet. School food- and
nutrient-based standards can play an important role in promoting dietary health and may contribute to tackling childhood
obesity. Similar policy measures should be considered for other environments influencing children’s diet.
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diets is the need to reduce intakes of fat, saturated fat, and NMES,
while increasing nutrient density.

Although the food children consume at home is of great
importance, up to a third of children’s daily energy and
micronutrient intake is provided by school lunch [9]. Over the
last four decades, policy changes have had a significant impact on
the nutritional quality of school lunches in England. The 1980

Introduction

The causes, complexities and adverse health effects of obesity
are well documented [1-5]. Diet has played a significant role in
contributing to childhood obesity levels in the United Kingdom
[4]. The National Child Measurement Programme identified 23%
of reception (4-5 year olds) and 33% of year 6 (10-11 year olds)

children in England as overweight or obese in 2011 [6]. National
Diet and Nutrition Surveys report children’s diets exceed
recommended intakes of per cent energy from saturated fat and
non-milk extrinsic sugars (NMES), and contain low levels of some
micronutrients, such as iron [7,8]. Central to improving children’s

PLOS ONE | www.plosone.org

Education Act removed nutritional standards, first introduced in
1941. Despite government introducing food-based standards for
school lunches in 2001, [10] findings from a national survey of
primary and secondary school lunches reported they contained too
much fat and sugar, and lacked key micronutrients [9,11]. In
February 2005, TV chef Jamie Oliver’s media broadcast “Jamie’s

October 2013 | Volume 8 | Issue 10 | e78298
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School Dinners” attracted both public and Government attention
and led to intensive lobbying by parents and pressure groups
[12,13]. In March 2003, a national School Meal Review Panel was
established to advise on school food, [14] and in April of the same
vear the School Food Trust was established to “transform school
food™ [13]. A major policy change ensued in England, which
recetved legislative support in 2006 [16]. New food- and nutrent-
hased standards were introduced and primary schools were
expected to comply by September 2008 ([17]. Food-based
standards specify which foods can and cannot be served, and
how often. Nutrient-based standards apply to the average
nutritional content of school lunches over three-weeks, and specify
minimum and maximum levels [18]. Both food- and nutrient-
hased standards focus on planned provision, not consumption.

To date, research has focused on changes to school and packed
lunch [19-22]. There is a lack of research in the UK examining
the wider effects of this important policy change, i.e. on the impact
of school food standards on children’s total dietary intake. In this
paper, we report a natural experimental evaluation [23] to assess
whether the introduction of food- and nutrient-based standards in
primary schools had an impact on children’s lunchtime dietary
intake and their total diet.

Methods

Ethics Statement

Ethical approval was granted by Newcastle University ethics
committee (reference 000011/2007). Parents provided written
informed consent prior to children’s participation.

Study Design, Setting and Participants

We undertook cross-sectional surveys during two academic
vears: 20054 (pre-) and 2008-9 (post-implementation) in 12
primary schools, North East England. The pre-implementation
survey had been completed as part of a prior study [24]. The post-
implemenmtiou survey used the same methods, which are
described briefly here.

A letter with study details was posted to head teachers of the 16
primary schools that had participated in 2003-4. The results
presented in this study are based on 12 schools for which
comparable data were available from the two surveys. These
schools had been identified to represent a comprehensive range of
socio-economic circumstances, determined using the free school
meal index at school level [25].

All children in Reception, Year 1 and Year 2 (aged 4-7 vears)
were eligible to participate. Each child received a letter with study
details and a form requesting parental permission to participate in
the study: consent forms were collected from schools by the study
nutritionist.

Data Collection

We used a prospective, 24-hour food diary method (the Food
Assessment in Schools Tool (FAST)), validated to record young
children’s dietary intake [24]. FAST assesses foods within six
defined daily time slots, along with age- and sex-specific portion
sizes, derived from the National Diet and Nutrition Surveys
(NDNS) [7].

Four consecutive days of dietary consumption were assessed:
three week days and one weekend day. Full written instructions on
how to complete the diary were provided to parents. At each
school, a team of trained observers and the study nutritionist
recorded dietary intake, including, breakfast and alterschool clubs.
The diary design enabled categorisation of foods into ‘school
lunch’, ‘packed lunch’, and ‘food eaten at home’. All dietary
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coding for nutritional composition was based on McCance and
Widdowson’s Integrated Composition of Food Dataset [26].
School recipes and menus were obtained to allow for coding of
school food and assessing compliance with food- and nutrient-
based standards.

Al nutrients reported were checked for completeness in
MecCance and Widdowson'’s Integrated Composition of Food
Database [26]. To ensure consistency of dietary coding, all food
codes, weights and food groups allocated were exported and
interrogated, allowing identification and correction of inconsis-
tencies.

Main Outcome Measures

Main outcome measures were changes in mean daily intakes of
macro- and micro-nutrients in school lunch, packed lunch and
total diet. The values for vitamins A and C had skewed
distributions and were log-transformed before analysis.

Statistical Analysis

The sample size of the study was pragmatic and determined by
the number of children studied in the earlier survey of the
participating schools, and by the number of these schools prepared
to participate in the more recent survey. Similar studies with
smaller numbers of children aged 11-12 years have identified
important and statistically significant changes in selected macro
and micronutrients [27-29].

The first analysis assessed the direct effect of changes in school
lunch standards, and considered only children who ate school
lunches, The mean intake of macro- or micro-nutrients of cach
child from this source alone were compared between the 20034
and 20089 surveys. A more detailed analysis considered the
intake of macro- and micro-nutrients from the total diet: this
analysis explored the importance of year of the survey, whether the
child ate a school or packed lunch, and the interaction between
these factors. All analyses adjusted for the effect of gender and used
a lincar mixed effect model, with year (of survey), gender and
packed/school lunch taken as fixed effects: potential correlation
between responses within the same school and child were
accommodated by fitting random effects for school and child.
The models were fitted using xfmived in Stata (version 10) and Ime
in R (version 2.14.0}.

Results

Across all 12 schools, 586 (45% of those eligible) and 775 (55%)
children consented in 20034, and 2008-9 respectively. Children
eligible, consenting and completing, and reasons for exclusion are
shown in Figure 1. The analyses included observed dietary intake
from 407 children (boys = 198; girls n=209) in 20034, and 641
children (boys 2= 322; girls n=1319) in 2008-9. In 2003-04, 233
children ate school lunch (boys n=106; girls = 127); in 2008-09,
323 children ate school lunch (boys 7= 164; girls n=139).

Lunchtime Intake: Change in Mean Daily Nutrients from
School Lunches between 2003-4 and 2008-9

Table 1 shows the change in children’s mean daily macro- and
micro-nutrient intake from school lunches. Between 20034 to
2008-9 there was a statistically significant fall in children’s mean
daily per cent energy intake of fat (mean change —11.2%, 95%
confidence interval —12.1 o —10.4), saturated fat (—5.3%, —5.8
to —4.7), and NMES (—1.3%, —1.9 to —0.7), despite a small
increase in mean energy intake (44 keals, 26.6 to 62.0). Post-
implementation children’s mean daily intake of sodium fell; intakes
of calcium, vitamin C, iron, zine, vitamin A, and folate intake all
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Primary Schools Number Eligibl b ting (%
2003-4 (pre-implementation) 16 schools n=1289 n=586 (45)
2008-9 (post-implementation) 13 schools n=1400 n=775 (55)
Excluded
Mon-comparable schools

"1 2003-4 n=4 (136 children)
2008-8 n=1 (46 children)

Excluded
Incomplete food diary
20034 n=43
2008-9 n=88

Excluded
Mixed lunch/absent from school
20034 n=22
2008-9 n=9

2003-4 n=385 (66)
2008-9 n=632 (82)

Numbers in total diet analysis (% consenting)

Figure 1. Flowchart detailing numbers (%) of children eligible, consenting, completing four-day food diaries and included in

analysis.
doi:10,1371/journal.pone.0078298.g001

increased; these were also statistically significant (Table 1). In
relation to the planned nutrient-hased standards children’s mean
intake from calcium, iron, zinc and vitamin A remain below the
minimum standard.

Total Dietary Intake: the Effect of Year and Lunch Type on
Mean Daily Nutrient Intake

The results of the analysis of total diet are tabulated in Tables 2
4. Table 2 presents the results showing the effect of year, Table 3
the effect of lunch type, and Table 4 presents those variables for
which there was a significant interaction between year and lunch
type.

In children’s total dietary intake between 20034 and 2008-9,
there was a statistically significant reduction in mean daily intake
of per cent energy from NMES (mean change —2.4%, 93%
confidence interval —3.0 to —1.7), and in absolute intakes of fat
(=95 g, —11.0 to —8.0), satrated fat (—4 g, —4.8 0 —3.3),
NMES (—16.9 g, =20.3 to —15.7), and sodium (— 148 mg, —202
to —93). There was no evidence of a change in children’s mean
daily intake of vitamin A, calcium, iron, or zinc (Table 2). In
2008-9 children’s mean daily intake of per cent energy from
NMES and absolute amounts of sodium (mg) remain above the
dietary reference value. Mean daily intakes of vitamin A (ug) and
zine (mg) remain below the dietary reference value.

Table 3 shows the effect of children’s lunch type (school or
home-packed lunch) on their mean total dietary intake adjusted for
year (pre- and post-implementation). Children who ate school
lunch consumed a lower mean per cent energy from NMES (mean
change —2.6%, 95% confidence interval, —3.2 to —1.9) and lower
absolute intakes of saturated fat (—1.5 g, —0.8 to —2.2), NMES
(—10.3 g, —13.6 to —7.0), and sodium (—128 mg, —183 10 —73)
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than children eating a packed lunch. Mean daily intakes of vitamin
A and zinc were higher in the total diets of children who ate a
school lunch (Table 3). Although total fat intake was shghtly lower
and iron slightly higher in children who ate a school lunch, there
was no statistically significant change. Children who ate a school
lunch had a statistically significant lower intake of calcium
(=29 mg, —54 to —4) in their mean total daily intake.

For a number of macro- and micro-nutrients examined, there
was a significant interaction between year (pre- and post-
implementation), and lunch type (school or home-packed lunch),
and the consequent effect on total dietary intakes (Table 4). In
20034, children who ate a school lunch had a lower mean daily
energy intake compared with children consuming a packed lunch
(=57 keals); by 2008-9, children who had a school lunch had a
slightly higher mean daily energy intake, though this difference
was very small (29 keals). In 20034, children who ate a school
lunch had a higher per cent energy from fat (0.6%); by 2008-9
children who ate a school lunch had a lower per cent energy from
fat in their total diets than those who ate a packed lunch (—1.2%).
Mean total daily per cent energy intake from saturated fat was
lower in children who ate a school lunch in 20034 and remained
lower in 2008-9 (Table 4). Carbohydrate and vitamin C intakes
were lower in 20034 in those consuming school lunches; by
20089 children who ate a school lunch had a higher intake. In
20089 children who ate a school lunch had significantly higher
mean daily total intakes of protein, NSP, and folate than children
who ate packed lunches (Table 4). There was no statstically
significant interaction between year and lunch type and children’s
mean daily total intake of per cent energy from NMES and
absolute amounts of fat, saturated fat, NMES, sodium, vitamin A,
calcium, iron, or zinc.
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Discussion

Summary of Main Findings

This natural experimental evaluation of the nutrient standards
for primary schools in England identified important reductions in
both per cent energy and absolute intakes of fat, saturated fat, and

Table 1. School lunch: change in primary school children’s mean daily intake of nutrients from 2003-4 to 2008-9 compared with
planned nutrient-based standards.
Nutrient Standard Mean® Mean difference’ 95% CI P-value®
2003-4 2008-9 2008-9-2003-4
n=233 n=323
Energy (keals) target 530 450 494 440 266, 62.0 <0.001
% energy Fat n/a 395 283 =11.2 =121, =104 <0.001
% energy Sat Fat nfa 153 10.0 —a3: —58, 47 <0.001
% energy NMES n/a 94 8.1 -1.3 -18, 07 =0.001
Fat (g) Max 20.6 199 156 -43 =517=235 <0.001
Saturated Fat (g) Max 6.5 17 55 -22 -25,-18 <0.001
Carbohydrate (g) Min 70.6 57.1 714 14.3 11.6, 169 =<0.001
Protein (g) Min 7.5 14.3 19.2 4.9 4.2, 57 <0.001
NSP (g) Min 4.2 29 4.7 1.8 1.6, 2.0 =0.001
NMES (g) Max 15.5 14 10.6 -0.8 -1.6, 0.0 0.05
Sodium (mg) Max 499 530 463 —67.0 =942, 398 =0.001
Calcium (mg) Min 193 133 166 330 214,436 <0.001
Vitamin C El‘ng]' Min 105 1.8 46.0 39 35, 43 <0.001
Iron (mg) Min 3 18 23 0.5 0.4, 0.6 <0.001
Zinc (mg) Min 2.5 14 1.7 03 02,04 <0.001
Vitamin A (ug)’ Min 175 69.2 845 12 10,15 0.03
Folate (ug) Min 53 45.7 59.1 134 10.2, 16.7 <0.001
*Mean adjusted for gender.
'Arithmetic means and differences are reported except for vitamins A and C (highly skewed) where geometric means and ratios are given,
*Confidence intervals and P-value derived from a linear mixed effects model with random term for schools.
doi:10.1371/journal.pone.0078298.1001

NMES in school and packed lunches post-implementation. While
we observed a small increase in the energy content of a child’s
average school lunch post-implementation, the average energy
content provided by either a school or packed lunch was similar
494 and 504 keals respectively) and
remained below the target stated in the requirements of

post-implementation

Table 2. Total diet: effect of year on children’s mean daily nutrient intake compared with Dietary Reference Values/Reference

Nutrient Intakes®.

Nutrient DRV/RNI Mean' Mean difference’ 95% Cl P-value
20034 2008-9 2008-9-2003-4
n=385 n=632

9% energy NMES n 180 15.6 -24 -30,-17 <0.001

Fat (g) nfa 603 50.8 -85 =110, -80 0.001

Saturated Fat (g) nfa 256 216 —4.0 —-48, -33 <0.001

NMES (g) 60 775 60.6 ~169 -203, 137 <0.001

Sodium (mg) 700 2000 1852 —148 -202, —93 <0.001

Vitamin A (ug)* 400 210 224 1.08 1,00, 1.16 0.05

Calcium (mg) 450 677 669 —~80 —-33,18 0.57

Iron (mg) 6.1 6.8 6.7 0.1 -02,02 0.73

Zinc (mg) 65 49 49 0.0 -02,0.1 077

“Dietary reference value/reference nutrient intake®

"Mean adjusted for gender and lunch type.

*Geometric mean and ratio reported for vitamin A.

doi:10.1371/journal.pone.0078295.1002
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530 keals/day. Post-implementation the average level of all micro-
nutrients except calcium were higher in school lunches than
packed lunches.

A number of these key changes in children’s mean daily intake
from school lunch were reflected in children’s total diet. Post-
implementation a child who ate a school lunch had a lower per
cent energy derived from fat and sawrated fat, but more
carbohydrate, protein, NSP, vitamin C and folate in their total
diet than children who ate a packed lunch. Findings show that
children mean daily intake of % energy from saturated fat and
NMES, and absolute amounts of sodium remain above Dietary
Reference Values. Children’s mean daily intake of Vitamin A and
Zine continue to remain below the Reference Nutrient Intake.

Reference Nutrient Intakes*.

Table 3. Total diet: effect of lunch type on children’s mean daily nutrient intake compared with Dietary Reference Values/
Reference Nutrient Intakes*.
Nutrient DRV/RNI Mean' Mean difference’ 95% CI P-value
Packed Lunch School Lunch sL-PL*
n=461 n=556
% energy NMES 1 179 153 -26 -32,-19 <0001
Fat (g} n/a 55.0 538 -1.2 -2.7, =04 0.13
Saturated Fat (g) nfa 239 224 =15 —22,—08 <0.001
NMES (g) 60 726 62.3 10.3 136, —7.0 <0.001
Sodium (mg) 700 1978 1850 -128 —183, -73 <0.001
Vitamin A (ug)* 400 206 230 112 1.04, 1.20 0.002
Calcium (ma) 450 688 659 =29 =54, —4 0.02
Iron (mg) 6.1 6.7 6.8 02 0.0, 04 0.12
Zinc (mg) 6.5 48 5.0 02 0.0, 03 0.02
*Dietary reference value/reference nutrient intake®®
"Mean adjusted for gender and year.
*Geometric mean and ratio reported for vitamin A.
%SL (schoal lunch) PL {packed lunch).
doi:10.1371/journal.pone.0078298.t003

Strengths and Weaknesses of the Study

This natural experimental evaluation was dependent on
repeated cross-sectional surveys, and as such, we were limited in
the extent to which changes in nutrient intakes could be attributed
to the implementation of the school food policy. Externally
imposed time constraints for the implementation of the new
standards precluded a stronger, prospective study design. Never-
theless, the study offers a unique evaluation of national policy,
enabled by the availability of pre-implementation data, collected
for an carlier study [24]. To avoid introducing measurement bias,
the same methods were employed post-implementation. The study
was restricted to a sample of primary schools in one city in North
East England, which potentially limits generalisability.

Table 4. Total diet: effect of year and lunch type on children’s mean daily nutrient intake compared with Dietary Reference Values/

Mean' Mean*

Difference between differences

Nutrient DRV/RNI* 95% ClI P-value

2003-4 2008-9 2003-4 2008-9

n=385 n=632

sL" pL" SL PL SL-PL  SL-PL  [2008-9 SL-PL] - [2003-4 SL-PL]
Energy (keals) : 1568.8 16253 14527 14236 -565 291 85.6 152, 1561 002
% energy Fat 35 34.1 335 308 321 06 -12 -18 ~28,-09 <0.001
% energy Sat Fat 1 143 145 128 140 -02 -1.2 ~1.0 ~16, 05 <0001
Carbohydrate (g) n/a 2247 2368 2111 2067 —121 43 16.4 53,276 0.004
Protein (g) 19.7 472 471 503 466 01 37 36 11,60 0.004
NSP (g) n/a 8.7 85 105 88 02 17 1.5 05,19 0.001
Vitamin C (mg)* 30 58.1 678 890 726 12 08 0.70 060,081 <0001
Folate (ug) 100 1633 1600 1717 1559 35 158 12.3 9.7, 204 0.03

*Dietary reference value/reference nutrient intake*™
"Mean adjusted for gender.

*Geometric mean and ratio reported for vitamin C.
iiI?r\:ly' (1715 keals), Girl (1545 keals).

doi:10.1371/journal.pone.0078298.t004

PLOS ONE | www.plosone.org 5

s (Total intake of children having School Lunch), PL (Total intake of children having Packed Lunch).

October 2013 | Volume 8 | Issue 10 | e78298

89 |



Food and nutrient-based standards for primary schools are
based on the average school lunch over a three-week menu cycle.
Some foods on which standards are based, such as oily fish, only
have to be served once in this three week cycle. A potential
limitation to assessing the impact of food and nutrient-based
standards on children’s total diet is that our data collection did not
cover a full three week cycle in primary schools. However, there is
a selection of food items available at school lunch each day.
Children make choices both at the counter and, once seated, they
may or may not choose to consume particular food items served.
Our findings are based on children’s actual food consumption.

Relationship to Previous Work

This study has shown changes in the nutrient content of both
school and packed lunches, but also provides evidence of a
widening gap between school and packed lunches. The finding
that packed lunches contained more fat, saturated fat, sodium and
NMES than school lunch confirms the findings of previous studies
[201.130-33]. This study, along with others, [19], [32,33] provides
some evidence of the potential advantages of planned, nutrient-
based lunch provision compared with home-prepared packed
lunches. Our findings on total diet are similar to those of the
NDNS [34] and show some improvements i children’s nutrient
intake over recent years. This study provides evidence that at least
part of this improvement is associated with the change in school
food policy. Although this study has not reported on children’s
weight gain following the implementation of the standards, a
recent study in the US examined the impact of stricter nutritional
standards and student weight gain [33]. Their findings show that,
in states with stringent regulation of school food, children eating
school lunches improved their weight status. This adds further
support for regulation of foods offered at school lunch and the
potential impact of such legislation on child health.

Future Research

Both the Healthy Lives, Healthy People (2010) [36] and
Foresight [4] reports have highlighted the issue of social
mequalities in children’s diets. Schools offer a unique opportunity
to influence the food choices of all children with the potential to
reduce inequalities [37]. Further research is needed to assess
whether the introduction of new school food- and nutrient-based
standards has had a comparable effect on children’s total diet
across the socio-economic spectrum,

Conclusions and Implications
Although our findings show reductions in children’s average
daily intake of per cent energy from saturated fat and NMES, and
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absolute intakes of NMES and sodium, intakes remain above the
Dietary Reference Values [38]. These remain key areas for public
health action, necessitating a focus on children’s food choice at
school and beyond. At school, more encouragement and
supervision of children at lunchtime with selection of foods, more
time to eat, and more child friendly dining environments have
been advocated [39]. Following implementation of the nutritional
standards, school lunches appeared to have a positive impact on
children’s total diet, but this can only be realised fully in children
who eat school lunch. School lunch competes against packed
lunch where children bring their choice of foods. Although it was
ohserved some schools do impose rules (e.g. no sweets, chocolate,
or crisps), there are more often no regulations as to what can and
cannot be brought from home in a packed lunch.

It has been advocated that to address the complexity of obesity
there is a need for political will [1,5], [40,41]. In 2011, Swinburn
etal [39] commented that to enable ‘healthy choices’, policy
interventions are required at thc environment level. After a highly

p
provided legislative and financial support for this chdng-. in policy,
thereby ereating an environment to enable healthier food choices
in schools. Within the limitations of the natural experimental
design, we found that children’s total diet has improved since the
reintroduction of food- and nutrient-based standards. Our findings
of a positive effect on both lunchtime and total diet intake provide
evidence to support this level of intervention in primary schools.
Similar policy approaches should be considered for other schools
and academies, and other environments influencing children’s diet
outside school. Prospective evaluation of public health policy
interventions would add considerably to the evidence base.
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Introduction: In September 2009, middle and secondary schools in England were required to comply with food and
nutrient-based standards for school food. We examined the impact of this policy change on children’s lunchtime and total
dietary intake.

Methods: We undertook repeat cross-sectional surveys in six Northumberland middle schools in 1999-2000 and 2009-10.
Dietary data were collected from 11-12 y olds (n=298 in 1999-2000; n=215 in 2009-10). Children completed two
consecutive 3-day food diaries, each followed by an interview. Linear mixed effect models examined the effect of year, lunch
type and level of socio-economic deprivation on children’s mean total dietary intake.

Results: We found both before and after the introduction of the food and nutrient-based standards children consuming a
school lunch, had a lower per cent energy from saturated fat (—0.5%; p=0.02), and a lower intake of sodium (—143 mg;
p=0.02), and calcium (—81 mg; p=0.001) in their total diet, compared with children consuming a home-packed lunch. We
found no evidence that lunch type was associated with mean energy, or absolute amounts of NSP, vitamin C and iron
intake. There was marginal evidence of an association between lunch type and per cent energy NMES (p=0.06). In 1999-
2000, children consuming a school lunch had a higher per cent energy from fat in their total diet compared with children
consuming a home-packed lunch (2.8%), whereas by 2009-10, they had slightly less (—0.29%) (year by lunch type interaction
p<0.001; change in mean differences —3%).

Conclusions: We found limited evidence of an impact of the school food and nutrient-based standards on total diet among
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of a levelling off in childhood obesity [4,5], in 2011-12, the
National Child Measurement Programme in England identified a

Introduction

Reducing childhood overweight and obesity are public health

priorities [1]; improving diet is central to achieving a healthier

lifestyle and losing weight [2,3]. Although there is some evidence
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third of 10-11 y olds as overweight or obese [6], and socio-
economic disparities persist [4,7].
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Obesity has been found to track from adolescence to adulthood
[8,9]; one potentially contributing factor is poor dietary patterns
[9]. The English National Diet and Nutrition Survey found per
cent energy from saturated fat and non-milk extrinsic sugar
(NMES) exceeded the Dietary Reference Value of 11%; per cent
energy from NMES was highest in 11-18 y olds (15.3%) [10].
Only 11% of boys and 8% of girls met the recommended *3-a-day’
for fruit and vegetables [10]. Certain micronutrients, for example
iron, were below the Reference Nutrient Intake,

Improving dictary intake in this age group is complex. During
adolescence there is increasing independence in food choice [11]
with social factors playing a crucial role[12-14]. For adalescents,
food and drink consumption is related to ‘identity” and ‘status’
[12,13]. One effort to tackle adolescent’s diets has been a change
in government policy requiring middle and secondary schools in
England to comply with food and nutrient-based standards for
school food from September 2009 [13]. These specify the
provision of certain foods and the average nutrient content school
lunches must provide over a three week menu cycle [16]. The
majority of studies exploring the impact of the food and nutrient-
based standards have focused on change in lunchtime intake in
primary schools[17-24]; few have reported on middle and
secondary schools [25,26]. Following the implementation of
nutritional standards, Fletcher et al. reported the increased selling
of junk food by students and suggested these standards ignore the
wider contextual issues associated with food choice [14]. Studies
have also highlighted negative aspects of school lunches, for
example pricing [14] and a preference to socialise with friends at
lunchtime [12]. Findings also reveal negative aspects of the dining
environment, for example overcrowding, queuing [12,14,27] and
noise [14].

With limited findings from quantitative studies, it is important to
examine whether the food and nutrient-hased standards could
potentially affect nutrient intake among adolescents. In this paper
we report research which examined the impact of the introduction
of food and nutrient-based standards for school lunch on the
lunchtime and total diet of a representative sample of children
aged 11-12 years, between 1999-2000 (before) and 2009-10
(after) introduction of the policy in England.

Methods

Ethics statement

Ethical approval was granted by Newcastle University ethics
committee (reference  000011/2007). In 2009-10, Newcastle
University ethics committee granted approval for opt-out to be
used as the method of consent (reference 00011/2009). Parents
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were provided with a written information letter about the study
and a consent form, however, they were only required to return
the consent form if they did not wish their child to participate.
Newecastle University ethics committee approved our study design,

methods and the consent procedure used for this study. All the

data in this study were anonymised.

Study design, setting and participants

Cross-sectional studies were undertaken in middle schools in
Morpeth, Ashington and Newbiggin-by-the-Sea in Northumber-
land, North East England over two academic years: 1999-2000
(before) and 2009-10 (after implementation of the standards).

These areas w to |
2 LOU arlas .

were pre , s
schools with catchment populations across the
spectrum [28,29]. The 1999-2000 data were collected as part of a
series of studies conducted in Northumberland[11,30-32] to track
changes in dietary patterns and used as the baseline in this study.
The same schools were invited by letter in 2009 to participate in
this study. This was followed up with a school visit to answer
questions and ascertain interest. During discussions with heads of
schools they suggested consent should be changed from ‘opt-in” (as
used in the previous studies in these schools) to “opt-out’. The
rationale was that by using opt-in we excluded children whose
parents failed to return forms sent by schools, rather than just
those children whose parents actively did not want their child o
participate. After obtaining documented support from heads and
school governors, an amendment to the Newcastle University
Ethics approval was granted for the use of opt-out in 2009-10
(reference 00011/2009). One head preferred that his school

continued to use opt-in (this was the smallest school) and the

nreviy ¢
Y o De

decision was taken to retain this school despite a different method
used in the consent process. Children could still exclude
themselves by not completing food diaries and were free to leave
the study at any time.

All children in year 7 were eligible to participate. A presentation
was given at individual schools and each child received a parental
information letter and a consent form to return if they did not wish
to participate. Participating children received a unique identifica-
tion number to anonymise data. All data were stored securely
according to Newcastle University policies and regulations.

Data

Dietary consumption. We used dietary assessment methods
identical to those used in the previous Northumberland studies
[11,30]. This method has been described in detail [11,27,30,33]
and validated [29,34]; a brief overview is provided here. Verbal

Table 1. Number of children consenting and reasons for exclusion in 1999-2000 and 2009-10.

1999-2000 2009-10
Number consenting n=424 n=295
Reasons for exclusion:
From non-comparable school* 19 -
Mixed lunch’ % 73
No postcode 6 7
Completed less than 6 food diary days 5 0
Number included in analysis 298 215

*Non-comparable school: one school had closed from 1999-2000 to 2009-10.
"Mixed lunch means a child having both a school and home-packed lunch.
doi:10.1371/journal.pone.0112648.1001
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instructions on how to complete the diary were given to each
participating child; the diary also included an example page with
instructions. Children recorded the day, date and time when [ood
or drink was consumed, descriptions of items and amounts of
foods/drinks for two consecutive three-day periads (for example
Thursday, Friday, Saturday and Sunday, Monday, Tuesday). On
the fourth day the child was interviewed by a trained rescarcher to
clarify information recorded and estimate portion size using food
models and a photographic food atlas for 11-14 y olds [35]. Foods
were coded using McCance and Widdowson's Integrated Com-
position of Food dataset [36]. If available, school recipes were used
to code school lunch, and if not, foods were coded as above. Foods
were categorised into ‘school lunch’, ‘home-packed lunch® and
‘food consumed outside of school hours’, In common with the
large majority of secondary schools in England [37]none of the
schools permitted pupils to leave school premises at lunchtime.
The macro- and micronutrients examined in this paper relevant to
the nutrient-based standards are: energy (keals), per cent energy
from fat, saturated fat, and non-milk-extrinsic sugars (NMES); and
absolute amounts of non-starch polysaccharides (NSP) (g), sodium
(mg), vitamin C (mg), calcium (mg) and iron (mg).

Socio-economic status, Socio-economic status was estimat-
ed using the English Index of Multiple Deprivation (IMD) 2007
[38], allocated using individual children’s postcodes. IMD is
caleulated at lower layer super output areas in England and
provides a single deprivation score based on seven domains:
income, emplovment, health and disability, education, skills and
training, barriers to housing and services, crime and living
environment [38]. The IMD scores were categorised into quintiles
for the analyses: quintile 1 included children living in the 20% least
deprived areas, quintile 5 included children living in the 20% most
deprived areas.

[1999-00]-[2009-10]
Decrease in %

61
51
36
40
32
45

(%6)
20)
27)
44)
38)
51)

(36)

Total
55
41
34
26
59

5

MNo. having school lunch

2009-10
12
11
15
10
30
78

(%)
@1
(78)
(B0)
(78)
(83)
81)

Main outcome measures

Main outcome measures were mean daily intakes of macro- and
micronutrients in ‘school lunch’, *home-packed lunch’ and total
diet, measured as indicated below.

Total *
54

55

5

49

a0

298

Statistical analysis

We undertook three sets of analyses. The first considered the
change in school lunch take-up. A linear model was fitted directly
to the proportions taking school lunch using maximum likelihood
(fitted in R using optim), which allowed for dilferences between
IMD quintiles, between years and their interaction. The second
examined the change at lunchtime in children’s mean macro- and
micronutrient intake from a school or home-packed lunch on
school days only between 1999-2000 and 2000-10. The third
analysis considered the intake of macro- and micronutrients in
children’s total diet: this explored the effect of vear (before and
after the food and nutrient-based standards), lunch type (school or
home-packed lunch) and level of deprivation. We used linear
mixed effect models 0 examine the eflect of these variables;
interactions between variables were considered (year by lunch
type, vear by level of deprivation and lunch type by level of
deprivation). Where there was no evidence for a particular
interaction for a given nutrient, the interaction was excluded from
the final model. All analyses adjusted for the effect of gender and
day type (week or weekend day). Within each model random
effects were included for school and child. Data were analysed
using Stata version 11 and models were fitted using xtmixed.
Vitamin C was log transformed for analysis, and for this variable
geometric means and ratios are reported in tables.

No. having school lunch

1999-2000

44
43
40
38
75
240

no. having school and home-packed lunch.

Table 2. Number (percentage) of children consuming a school lunch by year and level of deprivation.

doi:10.137 1/journal.pone.0112648.t002

Level of deprivation
Quintile 1 (least)
Quintile 2

Quintile 3

Quintile 4

Quintile 5 (most)

All children

*Total
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Results

Study sample characteristics
Table 1 shows the number of children who consented to take

part by vear and reasons for exclusion. There was a similar

percentage of males and females participating in 1999-2000
(m=47%; =53%) and 2009-10 (m=350%; {=50%), and there
was 1o evidence of a statistically significant difference in children’s
mean IMD score (p=10.3).

From Table 2 it can be seen that school lunch take-up was
similar across all IMD quintles in 1999-2000: between 1999~

2000 and 2009-10 there was a decrease in the percentage of

children consuming a school lunch, with evidence that the

Table 3. Lunchtime: Change in children’s mean daily nutrient intake from school lunch between 1999-2000 and 2009-10, and
nutrient-based standards [16].
Nutrient Standard  Consumption from school lunch

1999-2000  2009-10  12909-10]-[1999-2000]

n=240 n=78

mean* mean difference 95% Cl for difference p-value'
Energy (kcals) 610 729 497 -232 -276; —189 <0001
% energy fat - 406 30.7 -99 ~114; -85 <0.001
% energy saturated fat - 125 106 -19 =17 =13 <0.001
% energy NMES - 19 130 1.1 -04;27 02
NSP (g) min 49 39 32 -07 -1.0; -04 <0.001
Sodium (mg) max 714 908 518 -390 =453; =328 <0.001
Vitamin C (mg) * min 123 288 282 10 08 1.1 07
Calcium (mg) min 350 2065 1842 -3 —444; -03 0.05
Iron (mg) min 52 28 21 -07 -08; -05 <0.001
“Mean adjusted for gender.
'P-value derived from a linear mixed effects model,
*itamin C log transformed; geometric means and ratios reported.
doi:10.1371/journal pone.0112648.6003

decrease differed across the IMD quintiles. The fall in school
lunch take-up decreased linearly across the IMD quintiles (linear
by year interaction p = (.01, likelihood ratio test), with a fall of 61
percentage points in the least deprived group compared with a
mean reduction of 32 percentage points in the most deprived

group.

Lunchtime diet

Tables 3 and 4 show the change in children’s mean daily
nutrient intake in school and home-packed lunches respectively
between 1999-2000 and 200910, compared with the nutrient-
hased standards [16]. In school lunches, between 1999-2000 and

Table 4. Lunchtime: Change in children's mean daily nutrient intake in home-packed lunch between 1999-2000 and 2009-10, and
nutrient-based standards [16].
Nutrient Standard  Consumption from home-packed lunch
1999-2000  2009-10  2009-10)-(1999-2000)
n=58 n=137
mean* mean difference 95% Cl for difference p-value'
Energy (kcals) 610 605 578 -27 -7 23 03
% energy fat - 340 323 =17 ~4.0; 0.7 0.2
% energy saturated fat - 141 14.2 0.1 =13 15 08
% energy NMES - 178 171 =07 =30;1.7 06
NSP (g) min 4.9 29 34 05 00410 0.03
Sodium (mg) max 714 954 889 —65 —165; 34 02
Vitamin € (mg) ** min 123 269 347 13 1116 0.006
Calcium (mg) min 350 2232 2921 68.9 21.; 6.7 0.005
Iron (mg) min 5.2 26 24 -0.2 -05;01 03
“Mean adjusted for gender.
'P-value derived from a linear mixed effects model.
*yitamin C log transformed; geometric means and ratios reported.
doi:10.1371/journal pone.0112648.1004
PLOS ONE | www.plosone.org 4 November 2014 | Volume 9 | Issue 11 | 112648
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2009-10, there was strong evidence of a decrease in mean energy
intake (mean difference —232 keals; p<<0.001), per cent energy
from fat (—9.9%:; p<<0.001) and saturated fat (—1.9%; p<0.001),
and in absolute amounts of sodium (=390 mg; p<<0.001), but also
a decrease in mean NSP (—0.7 g; p<<0.001) and iron intake (—
0.7 mg; p<0.001). We found no evidence of a change in per cent
energy from NMES (1.1%; p=0.2), mean vitamin C (ratio 1.0;
p=0.7) and marginal evidence of a change in calcium intake (—
22.3 mg; p=0.05) (Table 3). In 1999-2000, children’s mean
energy and sodium intake from school lunch were above the target
for the current school nutrient-based standards. By 2009-10,
mean intakes were below these targets [16]. In 1999-2000, mean
intakes of NSP, calcium, iron and vitamin C intake were below the
nutrient-based standards [16]; these deficits persisted in 2009-10
(Table 3).

In packed lunches, between 1999-2000 and 2009-10, there was
a statistically significant increase in absolute amounts of mean NSP
(mean difference 0.5 g; p=0.03), calcium (68.9 mg; p = 0.005) and
vitamin C intake (1.3; p=10.006) (Table 4). We found no evidence
of a change in mean energy (—27 keals; p=0.3), per cent energy
from fat (—1.7%:; p = 0.2), saturated fat (0.1%; p=0.8), NMES (-
0.7%; p=0.6), or absolute amounts of sodium (=65 mg; p=0.2)
or iron intake (—0.2 mg; p=0.3) (Table 4).

Total diet

The results from the total diet analysis are shown in Tables 5, 6,
7 and Figure 1. Table 5 shows the effect of year (before and after
the food and nutrient-based standards), Table 6 the effect of lunch
type (school or home-packed lunch) and Table 7 the effect of level
of deprivation. There was evidence of a year by lunch type
interaction only for per cent energy from fat (Figure 1).

In total diet, between 1999-2000 and 2009-10, there was strong
evidence of a decrease in mean energy intake (mean difference —
259 keals; p<<0.001), and absolute amounts of sodium (=475 mg;
p<0.001), but also a decrease in NSP (—0.9 g; p =0.002), and iron
intake (— 1.0 mg; p<<0.0001). Mean calcium and vitamin C intake
increased (104 mg; p<0.001 and ratio 1.2; p<<0.001 respectively)
(Table 5). We found no evidence of a change in per cent energy
from saturated fat (—0.2%; p=0.4) or NMES (-0.5%; p=0.3)
(Table 5). In 2009-10, children’s per cent energy from saturated

Intakes (DRV/RNI) [39].
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fat and NMES remained above the recommendation of =11%
[39]. Mean vitamin C intake was the only micronutrient to meet
the Reference Nutrient Intake [39].

Table 6 shows the effect of lunch type (school or home-packed
lunch) on children’s mean total dietary intake, with data from
before and afier the introduction of the legislation combined.
There was clear evidence that children who consumed a school
lunch both before and after the implementation of the food and
nutrient-based standards had a lower per cent energy from
saturated fat (mean difference —0.5%; p=10.02), and absolute
amounts of sodium (=143 mg; p=0.02), and calcium intake (=
81 mg; p=0.001) compared with children who consumed a
packed lunch (Table 6). We found no evidence of a statistically
significant effect of lunch type on mean energy, or absolute
amounts of NSP, vitamin C and iron intake in total diet. We found
marginal evidence of an effect on per cent energy from NMES (-
0.9%; p=10.06) (Table 6).

In both 1999-2000 and 200910, we found strong evidence of a
level of deprivation effect on mean vitamin C intake. Mean intakes
were lowest for children in the most deprived quintile (test for the
effect of level of deprivation: p<<0.001, Table 7). We found no
evidence of an effect on mean energy, per cent energy from fat,
saturated fat, NMES, or absolute amounts of NSP and sodium
intake. We found marginal evidence of an effect on mean calcium
and iron intake. Mean intakes were lowest for those in the most
deprived quintile (test for the effect of level of deprivation: p=0.04
and p=0.08 respectively) (Table 7).

For one nutrient, per cent energy from fat, we found a
statistically significant year by lunch type interaction on children’s
total dietary intake (p<<0.001; Figure 1). This was because there
was a markedly higher per cent energy from fat in school lunches
compared with packed lunches in 1999-2000 (35.9% and 33.1%
respectively; mean difference 2.6%), whereas the corresponding
difference in 2009-2010 was very small (31.9% and 32.1%
respectively; —0.2%). The change in these differences: (2009/10~
1999/00) is (—0.2) —2.8=—=3% (95% CI —4.4 o —1.4; see
Figure 1). We found no evidence of any statistically significant year
by level of deprivation or lunch type by level of deprivation
interactions.

Table 5. Total diet: The effect of year on children’s mean daily nutrient intake and Dietary Reference Values/Reference Nutrient

[2009-10]-[1999-

Nutrient DRV/RNI 1999-2000* 2009-10  2000]
Mean' Mean difference 95% Cl for difference p-value®

Energy (keals) M*=2220; F*=1845 1924 1665 -259 -332 —185 <0,001

9% energy saturated fat =11 129 127 -02 -06;02 04

9% energy NMES =11 165 16.0 -05 -13; 04 03

NSP (g) - 108 99 -09 =15:=03 0,002

Sodium {mg) 1600 2593 ms ~475 —590; 361 <0001

Vitamin C (g} 35 67.6 79.4 12 1.1;13 <0.001

Calcium (mg) M=1000; F =800 698 802 104 60; 149 <0.001

Iron (mg) M=113; F=148 96 86 -10 ~16; 05 <0.001

*Number of children participating in 1999-2000 (n=298) and 2009-10 (n=215).
'Mean adjusted for gender, day-type, lunch type and level of deprivation.

*95% Cl and p-value derived from a linear mixed effects model.

*M (male) F (female).

IVitamin C log transformed; geometric means and ratios reported.
doi:10.1371/journal. pone.0112648.1005

PLOS ONE | www.plosone.org 5 November 2014 | Volume 9 | Issue 11 | e112648
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Table 6. Total diet: The effect of lunch type (school or home-packed lunch) on children’s mean daily nutrient intake and Dietary
Reference Values/Reference Nutrient Intakes (DRV/RNI) [39].

Nutrient DRV/RNI Packed (PL)*  School (SL)  [SL-PL]
Mean' Mean difference  95% Cl for difference p-value®

Energy (keals) M =2220; F* = 1845 1792 1788 -4 -78; 71 09

% energy saturated fat =1 132 127 -05 -09; -0 002

% energy NMES =1 16.9 16.0 -09 -1.800 0.06

NSP (g) = 10.1 102 01 —05;07 08
Sodium (mg) 1600 2490 2347 -143 ~261; 26 002
Vitamin C (mg)' 35 708 724 10 09; 1.1 05
Calcium (mg) M=1000; F =800 778 697 -81 -127; -35 0001

Iron (mg) M=113;F=148 92 88 -04 -09;02 02

*Number of children participating in 1999-2000 (n=298) and 2009-10 (n=215).
Mean adjusted for year, gender, day-type and level of deprivation.

%959 Cl and p-value derived from a linear mixed effects model.

5M (male) F (female).

IIVitamin C log transformed; geometric means and ratios reported.
doi:10.1371/journal pone.0112648.1006

Discussion findings are similar to those from a national survey of 80 secondary
schools in England [26]. In school lunch, per cent energy from fat,
Summary of key findings saturated fat and NMES were comparable with the national

Between 1999-2000 and 2009-10, the number of children
consuming a school lunch decreased with the greatest decline in
children from more affluent families. At lunchtime, in 200910,
we found that children eating school lunches consumed a healthier
diet with regard to per cent energy from fat, satrated fat, NMES
and sodium, but had a lower mean micronutrient intake than
children consuming packed lunches. In total diet, between 1999
2000 and 2009-10, there was a statistically significant decrease in
mean intakes of energy and sodium, but also a decrease in NSP
and iron, while vitamin C and calcium intake increased. We found
no evidence of a change in per cent energy from NMES or
saturated fat. There was limited evidence that a child’s lunch type
was associated with a change in children’s mean total dietary
ntake. The only association found between year (before and after
the introduction of the food and nutrient-based standards) and a
child’s lunch type (school or home-packed lunch) was in relation to
per cent energy from fat consumed. By 2009-10, children who
consumed a school lunch had a slightly lower intake of per cent
energy from fat in their wtal diet compared with those who
consumed a home-packed lunch. We found little evidence that
mean nutrient intakes were associated with level of deprivation.

Relationship to other studies

In 200910, school lunch take-up in the six Northumberland
middle schools participating in this study was 36%. A study in
English academies and city technology colleges found school lunch
take-up was 37.6% in 2010-11 [40].

There is limited research examining the impact (before and
after implementation) of the food and nutrient-based standards in
England on dietary intake at lunchtime and the impact of this
policy change on total dict in 11-12 y olds. A number of studies
have examined nutritional intake in this age group at school or in
their total diet. What this study adds is a consideration of school
and home-packed lunch both separately and in the context of total
diet, prior to and following a major change in school food policy.

At lunchtime, we found mean energy, NSP, calcium and iron
intakes were below the nutrient-based standards in both school
and home-packed lunches; however, vitamin C was above. These

PLOS ONE | www.plosone.org

survey. In home-packed lunch, we found a lower per cent energy
from fat, but a higher per cent energy from saturated fat and
NMES compared with the national survey. In contrast to other
studies, [26,41,42] we found that a school lunch provided a lower
mean energy, NSP, and micronutrient intake than a home-packed
lunch. Our findings concur with those by Hur etal [43] and
Taylor et al [#4] who found children who consumed a school
lunch had a lower mean energy intake than children consuming a
home-packed lunch. Similarly Taylor et al [#4] also found lower
intakes of some micronutrients, such as iron and vitamin C. The
lower mean intakes of micronutrients for children consuming a
school lunch in our study may be due to the lower mean energy
intake which highlights the need for increased nutrient quality with
lower energy intakes. These findings show some inconsistencies in
energy and some micronutrient intakes in studies that have
investigated what children eat in a school or home-packed lunch.
These differences may be due to a number of factors, for example:
age of children studied and variation in food provision and wider
support to which children are exposed, however, differences due to
dietary data collection methods cannot be excluded. A study by
Pearce et al [45] showed that some portion sizes of foods on offer
had decreased since the implementation of the policy; variation in
portion sizes served across schools may also explain inconsistencies
in findings.

A study by Fung et al [46] that examined change in children’s
total diet pre to post-school lunch policy in Canada (Grade 5
children) reported similar {indings to our study. For example, they
found a decrease in per cent energy from fat and absolute amounts
of sodium; and also a decrease in mean fibre intake. In contrast to
our study they found mean iron intake increased. [46] In total diet,
we found children’s mean energy, calcium and iron intake were
below recommended intakes [39]; per cent energy from saturated
fat and NMES, and absolute amounts of sodium were above. This
is similar to findings from 11-18 v olds in the National Dietary
and Nutrition Survey (NDNS) [47]. Between 1999-2000 and
2009-10, we found a decrease in energy, per cent energy from fat
and saturated fat, and lile change in per cent energy from
NMES. Mean vitamin C and calcium intake increased, but iron
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Figure 1. Total diet: The effect of year and lunch type interaction on children’s per cent energy from fat (adjusted for gender, level

of deprivation and day type).
doi:10.1371/journal pone.0112648.g001

decreased; these findings are also similar to the trends observed in
the NDNS [47,48]. This decrease in mean energy and per cent
energy from fat was also observed in a previous study in
Northumberland examining the macronutrient intake in 11-12 v
olds between 1980 and 2000 [11]. In contrast, in this later study
we found no evidence of a change in per cent energy from NMES
which remained above recommended intakes [38] (16% compared
with 11%). This suggests products with a high sugar content, such
as breakfast cereals, confectionery and fruit juices, remain a
constant element of children’s dietary intake.

Strengths and Limitations

This is the first study in a middle school setting to use a natural
experimental, repeat cross-sectional design before and after the
implementation of the standards to evaluate the impact both at
lunchtime and in total diet [49]. A limitation of this approach is
attributing causality [24]. National implementation of the food
and nutrient-based standards in primary, middle and secondary
schools prevented the use of a stronger study design with a control
group and prospective follow-up of individual children [24]. This
study was limited to the North East of England, so, findings may
not be generalisable [24]. Socio-economic status was estimated
using IMD, which does not measure individual levels of
deprivation, and is therefore subject to potential misclassification
bias [30]. We used identical prospective dictary data collection
methods at both time points to ensure consistency. The data
collection method relied on sell=report and was potentially subject
to misreporting [31]. We collected two three-day periods of dietary
data to limit this bias,

Conclusions and implications

The school environment offers an opportunity to influence
dietary intake. Yet, our findings have shown limited evidence of
the food and nutrient-based standards affecting total diet m this
age group, which is in contrast to the results among younger
children [24]. Reasons for this may be a reduction in the
proportion of children consuming a schoal lunch, less than full
compliance with the food and nutrient-based standards, or
individual food choice. School lunches have potential to improve

PLOS ONE | www.plosone.org

children’s dietary intake but only if they are consumed. This study
found a decrease in school lunch take-up which suggests the
importance of addressing the wider social aspects of overcrowding,
noise and queues in school dining rooms [12,14,27] to provide an
attractive environment conducive to healthy eating. Other factors
may also be associated with a decrease in school lunch take-up.
The standards limit the frequency of serving of certain foods and
also restrict what food and drink can be served. A process
cvaluation undertaken parallel 1o this study highlighted that
parents of younger children (4-7 v olds) supported the restriction
of food choice, However, there was more ‘ambivalence in the
parents of middle school children (1112 y olds) for who personal
preference was an important issue. In the 11-12 v olds some
parents were more concerned about value for money and that
children had enough to eat, therefore, some parents preferred to
give their children a home-packed lunch as this was considered
cheaper and ‘less risky’. [27] This may be reflected in the lower
decline of take-up in children from more deprived families who
would be more likely to be in receipt of free school meals.

We noted variation in provision between schools and not all of
the middle schools that participated in this study were fully
compliant with the standards. For policy changes to be
implemented  effectively in schools and achieve the potential
impact, support needs to be available for all stakeholders,
including catering suppliers, head teachers and school catering
staff. Policies affecting the provision of school food should also take
account of the views of students using these facilities, [12,14] both
at policy development and implementation stages. Straiegies o
support and guide food choice by pupils remains important; on a
positive note children consuming school lunches were shown to eat
a lower per cent energy from fat, saturated fat, NMES and sodium
than those consuming home-packed lunches, but fewer micronu-
trients, which is a cause for concern. This study shows
improvements are needed in the nutriional content of both
school lunches and home-packed lunches. Our findings highlight a
persistent need to improve dietary intake in this age group both at
school and throughout the day. Across the socio-cconomic
speetrum, children’s consumption of saturated fat and NMES
remain above the recommended limits, while micronutrients
remain below. In 1984, Hackett et al. noted the need for a focus
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on nutrient density in children’s diets due to falling energy intakes
[33]. This remains relevant today. These findings reiterate the
importance of considering the influence of the wider environment
in this age group, and also, the need for both policy and societal
approaches.
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Abstract

Background: The 2008 nutritional standards for primary school lunch in England improved nutritional content.
The impact on socio-economic inequalities is unknown. We examine the impact of the nutritional standards on
children’s nutrient intake at lunchtime and in total diet by level of deprivation,

Methods: We conducted cross-sectional studies in 12 English primary schools before and after legislation. Dietary
intake was recorded for 4-7y olds using a validated, prospective four-day food diary. Socio-economic status was
estimated using the Index of Multiple Deprivation; three groups of approximately equal sizes were created. Linear,
mixed-effect models explored the effect of year, lunch type {school or home-packed lunch), level of deprivation
and the interaction(s) between these factors on children’s diets.

Results: 368 and 624 children participated in 2003-4 and 2008-9 respectively. At lunchtime, between 2003-4 and
2008-9, the increase in non-starch polysaccharide (NSP) intake was larger in the least compared to the most
deprived group (difference in mean change 0.8 mg; 95% CI 04, 1.3). There were similar differences in mean changes
for iron (0.3 mg; 0.2, 04) and zinc (0.3 mg; 0.1, 0.5). In total diet, differential effects were observed for NSP, iron and
zing; we found no evidence these changes were associated with lunch type. Lunch type was associated with
changes in per cent energy from non-milk-extrinsic sugars (NMES) and vitamin C. Per cent energy from NMES

was lower and vitamin C intake higher in school lunches in 2008-9 compared with 2003-4. The corresponding
differences in home-packed lunches were not as marked and there were subtle but statistically significant effects of
the level of deprivation.

Conclusions: By 2008-9, NMES at lunchtime and in total diet was lower for children consuming a school lunch; this
change was equitable across the deprivation groups. Vitamin C intake increased more for children in the most
deprived group, narrowing the socio-economic inequality. A range of significant differential effects of the nutritional
standards were observed and important socio-economic inequalities in dietary intake remain. Additional interventions
to promote equitable nutrition in children are needed to support legislative measures and maximise their impact.
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Background

Dietary intake has an important influence on child
health [1,2] but there remain important socio-economic
inequalities [3]. Identifying solutions has proved challen-
ging [4-6] because children’s diets are influenced by
many individual, social and environmental factors [1,7].

The school environment has long been considered im-
portant in the promotion of child health nationally and
internationally [8,9], and there is increasing evidence for
the effectiveness of school interventions to tackle obesity
[10-12]. Schools are important environments for dietary
interventions, due to the time children spend in school,
exposure to school food [12] and their potential to influence
food choice and behaviours [13-15] across the socio-
economic spectrum [16].

Primary schools in England have been required to com-
ply with legislation detailing specific food- and nutrient-
based standards for school food since September 2008
[17,18]. This was in response to a number of factors; for
example, national surveys of school lunch in primary and
secondary schools [19,20] and a media broadcast in April
2005 “Jamie’s School Dinners” [21] highlighted the poor
nutritional content of school lunch. The introduction of
these standards to school lunches aimed to improve chil-
dren’s dietary intake at lunchtime. Several studies have re-
ported improvements in children’s mean nutrient intake
from a school lunch associated with the introduction of
the food and nutrient-based standards [22,23]. In a recent
study we examined the impact of this legislation on
children’s mean intake at lunchtime and in total dietary
intake. Our key findings showed a widening difference in
mean macro- and micronutrient intakes between a school
and home-packed lunch, with the average school lunch
providing a ‘healthier’ option. Improvements were also
found for children consuming a school lunch in their
mean total dietary intake [24]. However, it is not known if
the changes to school lunch impact equitably across the
socio-economic spectrum, for example, does improving
food provision at school lunch inadvertently increase the
difference in children’s mean nutrient intake due to indi-
vidual food choice? As the standards focus only on school
lunch, what is the impact of home-packed lunch on nu-
trient intake across the socio-economic spectrum? With
the recent UK Government announcement that all chil-
dren aged 4-7 years in England will be entitled to a free
school lunch from September 2014 [25], understanding
further the impact of school lunch on children’s diets
across the socio-economic spectrum is important.

The primary aim of this paper is to examine the im-
pact of the 2008 food and nutrient-based standards on
socio-economic inequalities in food consumed at lunch-
time and in total diet in children aged 4-7years. A se-
condary aim is to examine the change in school lunch
take-up across deprivation groups.

Chapter 5 Results
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Methods
Details of the methods have been previously reported
[24,26]; a brief summary is provided below.

Setting and participants

Cross-sectional studies were undertaken in primary
schools in Newcastle, North East England over two aca-
demic years: 2003—4, n = 16 (before) and 2008-9, n = 13
(after implementation of the legislation). The 20034 data
were collected as part of a previous study [27] and used as
baseline. The analysis presented includes data collected
from 12 schools that participated in both 2003-4 and
2008-9. This was a key aspect for this study; to recruit
the same schools for which we had dietary data pre-
implementation of the policy to enable us to compare nu-
trient intake pre and post-implementation. Schools were
originally selected in 2003-4 using the free school meal
index [28] as a proxy measure for the level of deprivation
in the school population to seek a balance across the
socio-economic spectrum. The free school meal index in-
dicates the percentage of children in a school eligible for
free school meals. The schools that participated were se-
lected to cover a range of deprivation areas in Newcastle;
Newcastle consists of 26 wards with varying levels of
deprivation (Index of Multiple Deprivation (IMD) range:
7.56 to 75.57), the schools that participated were from 9
wards with a range in IMD: 7.56 to 73.92. The same
schools were invited to participate in 2008-9; only after
consent by Head teachers were schools included. After
parental consent individual level IMD was determined
from postcodes and used in the analysis. All children in
reception, year 1 and 2 were eligible to participate. Parents
provided informed, written consent prior to children par-
ticipating and ethical approval was granted by Newcastle
University Ethics Committee (reference 000011/2007).

Data

Dietary

We used identical dietary data collection methods in
2003-4 and 2008-9. Using a previously validated pro-
spective four-day food diary (the Food Assessment in
Schools Tool (FAST)) [24,27], we recorded children'’s
dietary intake over three consecutive week days and one
weekend day (Wednesday to Saturday inclusive). Parents
received written instructions on how to complete the diary
at home. At each school a team of trained observers and
the study nutritionist recorded dietary intake. Foods were
categorised into ‘school’, home-packed lunch’, and ‘food
consumed at home'. Dietary coding for nutritional com-
position was based on McCance and Widdowson's
Integrated Composition of Food Dataset [29]. The specific
macro- and micronutrients examined in this paper rele-
vant to the nutrient-based standards are: energy, per cent
energy from fat, saturated fat and non-milk intrinsic
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sugars (NMES), and absolute amounts of non-starch poly-
saccharide (NSP), iron, zinc and vitamin C. Children’s
mean nutrient intakes were compared to the nutrient-
based standards [30] at lunchtime and to dietary reference
values [31] for total diet.

School lunches were coded using school lunch recipes,
made available by relevant primary school catering
services.

Socio-economic

Socio-economic status (SES) was estimated using the
English Index of Multiple Deprivation (IMD) 2007,
matched to full (7 digit) postcodes at the Lower Layer
Super Output area level for individual children’s home
address [32]. IMD is a composite measure of deprivation
including seven domains; income, employment, health
and disability, education, skills and training, barriers to
housing and services, crime and living environment [32].
This enables areas to be ranked by relative deprivation
[32]. The IMD scores were then categorised into three
groups of approximately equal size for the analyses:
group 1 included children living in the 20% least de-
prived areas, group 2 children living in the 60% mid-
deprived areas, and group 3 included children living in
the 20% most deprived areas.

Statistical analysis

The analyses examined the change in school lunch take
up and children’s mean macro- and micronutrient in-
takes at lunchtime and in total diet.

Logistic regression was used to examine the change in
school lunch take up by year and level of deprivation. The
analysis examined the effect of year (before and after legis-
lation), a child’s lunch type (school or home-packed
lunch), level of deprivation (least, mid and most deprived
groups), as factors and the interaction(s) between these
factors. We used a linear mixed effect model, with year,
lunch type, level of deprivation and gender taken as fixed
effects. Potential correlation between responses within the
same school or child were accommodated by fitting ran-
dom effects for each. The models were fitted using ‘lme’
in R (version 2.14.0). Data for vitamin C were log-
transformed because of skewness and geometric means
are reported.

Variables

Main outcome measures were change in mean daily in-
takes of macro- and micronutrients in school and home-
packed lunch, and total diet by level of deprivation.
Macro- and micronutrients reported in this paper are:
energy (kcals), per cent energy from fat, saturated fat
and non-milk extrinsic sugars, non-starch polysaccha-
rides (g), iron (mg), zinc (mg) and vitamin C (mg). Pre-
dictors were year, lunch type and level of deprivation.
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Results
Participants and school lunch take up in 2003-4 and
2008-9
The analyses included 368 children in 2003-4 (63% of
those consenting) and 624 (81% of those consenting) in
2008-9; reasons for exclusion are shown in Figure 1. There
were similar numbers of boys and girls participating in
2003-4 (male n = 181 (49%); female n = 187 (51%)) and
2008-9 (male »n = 317 (51%); female n = 307 (49%)), mean
age was 5.8y in 2003-4 and 6.1y in 2008-9. We found no
statistically significant difference in the level of deprivation
for children included in the analysis in 2003-4 and 2008-9
(mean IMD 27.0 and 26.1 respectively, p = 0.50) (Table 1).
Between 2003—4 and 2008-9, there was a decrease in
the percentage of children consuming a school lunch
across all deprivation groups (p = 0.005; Table 2); the odds
ratio (OR) for consuming a school lunch in 2008-9 com-
pared with 2003—-4 OR was 0.68 (95% CI 0.52 to 0.88).
Children in the most deprived group were more likely to
have a school lunch compared with those in the mid and
least deprived groups (p <0.001, OR 141, 1.23 to 1.62).
There was no evidence of any interaction between year by
level of deprivation (p = 0.38), indicating no change in the
relationship between level of deprivation and school lunch
take-up over time.

Children who consented
2003-4 n=586
2008-9 n=775

Children in non-comparable schools
2003-4 n=136 (4 schools)
2008-9 n=46 (1 school)

Children not completing a 4-day
food diary

2003-4 n=43

2008-9 n=88

Children having a mixed lunch (both
school & packed lunch)

2003-4 n=22

2008-9 n=9

Children with no postcode
information

2003-4 =17

2008-9 n=8

y
Children included in analysis
2003-4 =368
2008-9 n=624

Figure 1 Flowchart for number of children consenting, reasons
for exclusion and final number included in analysis.
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Table 1 Study sample characteristics
2003-4
{n = 368)

(Male = 181; Female = 187)

Mean
Age 38
Index of Multiple Deprivation 270

Children’s mean nutrient intake
Lunchtime

Level of deprivation Children in the least deprived
group had a higher mean energy intake (520 kcals) at
lunchtime compared with those in the mid and most de-
prived groups (mid = 487 keals, least deprived = 492 keals;
p = 0.002), regardless of year or lunch type.

Year by level of deprivation interaction We found no
evidence of a year by level of deprivation interaction in re-
lation to children’s mean intake of per cent energy from
fat (p = 0.7), saturated fat (p = 0.7), non-milk-extrinsic
sugars (NMES) (p = 0.4) or vitamin C intake (p = 0.6). In
2003-4, there was little difference in children’s mean NSP,
iron or zinc intake between deprivation groups (Figure 2
and Table 3). Between 20034 and 2008-9, mean NSP in-
take increased in all deprivation groups; the mean change
was greatest in the least deprived group (year by level of
deprivation interaction, p = 0.001; Figure 2). Between
2003-4 and 2008-9, mean iron and zinc intake increased
in the least and mid-deprived groups, but there was little
change in the most deprived group (year by level of
deprivation interaction, p = 0.0004 and p = 0.002 respec-
tively; Figure 2 and Table 3). These changes were not asso-
ciated with lunch type.

Lunch by level of deprivation We found no evidence
of any lunch by level of deprivation interactions on the
nutrients examined.

Although children in the least deprived group had a
higher mean NSP, iron and zinc intake, mean intakes
remained below the nutrient-based standards for school
lunch of 42 g, 3 mg and 2.5 mg respectively [30],

Table 2 Number (percentage) of children consuming a
school lunch by year and level of deprivation

2003-4 2008-9
Level of deprivation: n (%) n (%)
Least deprived 43 (54) 21 (42)
Mid deprived 90 (54) 105 (50)
Most deprived 89 (74) 132 (60)
All children 222 (60) 318 (51)
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2008-9
(n=624)
(Male = 317; Female = 307)
sD Mean sD
Q.7 6.1 09
20 261 21

regardless of whether they consumed a school or home-
packed lunch.

Total diet

Year by level of deprivation interaction Between
2003-4 and 2008-9, there was a decrease in mean energy
intake in total diet in all deprivation groups (year by level
of deprivation interaction, p = 0.001; Figure 3); this de-
crease was smallest in the least deprived group (-73 keals)
and largest in the most deprived (253 keals).

Children’s mean per cent energy from fat and saturated
fat both improved (decreased) from 2003-4 and 2008-9,
but there was no evidence of a year by level of deprivation
interaction (p = 0.4 and p = 0.06 respectively) (Table 4). In
2003-4 and 2008-9, children’s mean intake of per cent
energy from fat was below the recommended guideline
level of 35%, but above the recommended level of 11% for
saturated fat [31].

In 2003-4, there was little difference in children’s mean
NSP, iron and zinc intake between deprivation groups. Be-
tween 2003-4 and 2008-9, there was an increase in mean
NSP intake in the least and mid-deprived groups, but a
decrease in the most deprived group (year by level of
deprivation interaction, p = 0.014; Figure 3). Between
20034 and 2008-9, there was little change in children’s
mean iron and zinc intake in the least and mid-deprived
groups, but a fall in intake for children in the most
deprived group (year by level of deprivation interactions:
p = 0.002 and 0.007 respectively) (Figure 3). These
changes were not associated with lunch type. Across all
levels of deprivation, children’s mean iron intake met the
reference nutrient intake of 6.1 mg/day; mean zinc intake
was below the recommended 6.5 mg/day [31].

Level of deprivation, year and lunch type interaction
In total diet a significant interaction between level of
deprivation, year and lunch type was found for two
nutrients: per cent energy from NMES (p = 0.047) and
vitamin C (p = 0.035) (Figure 4). In 20034, children
from across the deprivation groups who ate a school
lunch had a lower per cent energy (%E) from NMES
compared with children who ate a home-packed lunch
(Figure 4 and Table 5). The difference between a school
and home-packed lunch in the least deprived group was
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(adjusted for lunch type and gender).

NSP Zinc
54 1.8
16 1
4 1.4
1.2 4
3
1 4
o
o
£
0.8 4
2 4
06 -
1 0.4
p=0.001 02 | p=0.002
2003-4 2008-9 2003-4 2008-9
Iron
25
2
15 1 — Least deprived
S | Mid
14 = Most deprived
0.5 4
| p=0.0004
0+
2003-4 2008-9

Figure 2 The effect of year by level of deprivation on children’s mean nutrient consumption of NSP, iron and zinc at lunchtime

0.5%E and in the most deprived group 2.1%E. Between
2003-4 and 2008-9, per cent energy NMES intake from
school lunch fell and children who ate a school lunch
continued to have a lower intake. For children who ate a
home-packed lunch, mean intake remained similar bet-
ween 2003-4 and 2008-9 in the least deprived group

(mean change -0.3%) but fell in the most deprived group
(-3.1%) (difference in mean change -2.8%; 95% CI -5.5
to —0.1). This led to an improvement in mean percent
energy from NMES in all deprivation groups for children
consuming a school lunch, but a disparity for children
consuming a home-packed lunch with higher levels in

Table 3 Lunchtime: the effect of year by level of deprivation on children’s mean nutrient intake compared with

nutrient-based standards [30]

2003-4 2008-9 [2008-9] - [2003-4]
Nutrient Standard Level of deprivation Mean* (Mean change) 95% p-value for interaction®
confidence interval (year by level of deprivation)

NSP* (g) Min 4.2 Least 26 40 141318

Mid 26 37 (110814

Mast 28 34 (06) 0309 000
Iron (ma) Min 3 Least 19 23 04) 03,06

Mid 18 21 03) 0204

Most 19 20 (0.1-0102 0.0004
Zinc (mg) Min 25 Least 14 1.7 03) 0204

Mid 13 16 (0.3) 01,04

Most 15 15 0.0 -0.0,01 0002
Vitamin C (mg)* Min 105 Least 165 334 (049) 040,061

Mid 142 326 (044) 037,051

Most 143 319 (0.45) 0.37,054 0.64

*Arithmetic means are reported, except for vitamin C (highly skewed) where geometric means and ratios are given.
'p-value for interaction derived from a linear mixed effects model with random term for schools.

*NSP (non-starch polysaccharide).

108 |



Spence et al. International Journal of Behavioral Nutrition and Physical Activity 2014, 11:128

http//www.ijbnpa.org/content/11/1/128

Chapter 5 Results

Page 6 of 11

Energy
1600 e r—
1400 el
1200 -
« 1000
E BOO - o
600
400
200 1 p=0.001
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20034 20089

Figure 3 The effect of year by level of deprivation on children’s mean nutrient consumption of energy, NSP, iron and zinc in total diet

(adjusted for lunch type and gender).
p

NSP

p=0.007

2003-4

2008-9

UMUH;‘:;;;;'—

— Least
deprived

- Most deprived

2008-9

Table 4 Total diet: the effect of year by level of deprivation on children’s mean nutrient intake compared with

DRV/RNI's [31]

Nutrient DRV/RNI* Level of deprivation

Least
Mid

Energy (kals)

Most
% E far* 35 Least
Mid
Most
Least

Mid

% E saturated fat*t 11

Most
NSP* (g) - Least
Mid
Most
Least

Mid

Iron {mg) 6.1

Most
Zinc (mg) 6.5 Least
Mid
Most

2003-4

Mean

1589
1612
1630
333
345
341
144
148
14.1
9.1
87
89
7.1
68
68
50
49
49

2008-9 [2008-9] - [2003-4]
(Mean change) 95%
confidence interval

1516 (~=73) -143-2.2

1450 (-162) -216-107

1377 (-253) -315-121

315 (1.8 -28-08

315 (-30)-34-19

319 (-22) -30-14

133 (-06) -1.200

134 (-14)-18-09

134 (-07) -1.2-02

100 (09) 03,16

95 (08) 03,13

86 (-0.3) 0904

74 (03)-0.7,01

69 (0.1) 04,02

6.2 (-06) -1.0-03

53 (03) -0.1,05

49 (00)-02,02

45 (-04) -06,-0.1

p-value for interaction
(year by level of deprivation)

0.001

04

006

0014

0.002

0.007

*Dietary reference value/Reference nutrient intake [31].

"p-value for interaction derived from a linear mixed effects model with random term for schools.

“Boy (1715 keals), Girl (1545 keals).
*a5 E fat/saturated fat (per cent energy derived from fat/saturated fat).
*NSP (non-starch polysaccharides).
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Figure 4 The effect of level of deprivation, year and lunch type

on children’s mean per cent energy NMES and vitamin C intake
in total diet (adjusted for gender).

the least deprived group. Across all groups, children’s
mean per cent energy NMES remained above the dietary
reference value of 11% in their total diet [31].

In 2003-4, children who ate a school lunch had a lower
mean vitamin C intake in all deprivation groups compared
with children who ate a home-packed lunch (Figure 4 and
Table 5). The difference between children having a school
and home-packed lunch in the least deprived group
was -4.3 mg and in the most deprived group -15.9 mg. In
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2008-9, children who ate a school lunch had a higher
mean vitamin C intake, which was similar in the least and
most deprived groups; the increase was smaller in the least
deprived group (22.2 mg) compared with the most de-
prived group (36 mg; Figure 4). For children who ate a
home-packed lunch, mean intake increased in the least
deprived group (11.7 mg) but fell in the most deprived
group (-7.5 mg), leading to a wider difference between
lunch type in the least deprived group (Figure 4). Across
the deprivation groups, children’s mean vitamin C intake
met the reference nutrient intake of 30 mg/day in 2003-4
and 2008-9 [31].

Discussion

Summary of key findings

In 2008-9, following legislation to introduce nutritional
standards for primary school lunches in England, school
lunch take-up decreased across all deprivation groups.
Between 2003-4 and 2008-9, our findings show a
widening difference by level of deprivation in mean NSP,
iron and zinc intakes at lunchtime and in total diet, but
we found no evidence this was influenced by lunch type.
In total diet, year, lunch type and level of deprivation
were found to influence children’s mean per cent energy
from NMES and vitamin C, and there was a widening
difference by lunch type. For children consuming a
school lunch per cent energy from NMES reduced to
similar levels for all the deprivation groups thereby nar-
rowing inequalities, whereas for children consuming a
home-packed lunch, the decrease was less marked in the
least deprived group. For children consuming a school
lunch children’s vitamin C intake was now similar, lea-
ding to a narrowing of socio-economic inequalities; in
contrast, for children consuming a home-packed lunch
there was a widening of socio-economic inequalities,
with children from the least deprived families now
having a substantially higher intake.

Table 5 Total diet: the effect of level of deprivation, year and lunch type on per cent energy NMES and mean vitamin

C intake
School lunch Packed lunch
20034 2008-9 [2008-9] - [2003-4] 20034 20089 [2008-9] - [2003-4]
Mutrient Level of deprivation Mean" (Mean change) 95% Mean (Mean change) 95%  p-value for
Confidence Interval Confidence Interval  interaction’
% energy NMES  Least 175 144 (=3.1)-49-13 180 177 (=03)-21,15
Mid 159 144 (-15)-29-0.1 196 168 (-28) -42-14
Most 175 143 (=3.2)-45-18 196 165 (=3.1)-5.1-11 0,047
Vitamin C (mg)*  Least 786 100.8 08) 0709 829 946 090711
Mid 640 1091 (06) 0507 768 B0.O (1.0) 08,11
Most 619 979 (06) 0507 778 703 (1.1) 09,13 0,035

*Arithmetic means are reported, except for vitamin C (highly skewed) where geometric means and ratios are reported.
"p-value for 3-way interaction derived from a linear mixed effects model with random term for schools.
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Strengths and limitations

We used identical dietary data collection methods in
2003-4 and 2008-9 to avoid introducing measurement
bias [20]. Key strengths of this dietary data collection
method are that it was previously validated, is easy for
parents to use and all food consumed was observed [27].
This limited the problems associated with dietary self-
report methods in this age-group.

Previous studies [21,22] have only collected data post-
legislation with no baseline against which to assess the im-
pact of change at lunchtime or in total diet. This is the
first study to use a natural experimental [33], repeat cross-
sectional design to evaluate the 2008 legislation to im-
prove the nutritional content of school food in England,
and to analyse differential impact according to socio-
economic status. A limitation of such a design is attri-
buting causality. In addition, this study cannot account for
other secular changes that may be associated with changes
in diet such as national campaigns or the economic cli-
mate. However, we have reported change in intake from
school lunch which can be attributed to a change in
school food policy. As previously reported, national imple-
mentation of the food- and nutrient-based standards
imposed time constraints that prevented the use of a
stronger study design with prospective follow-up of indi-
vidual children [23]. This study was also limited to 12 pri-
mary schools in Newcastle in the North East of England,
so, findings may not be generalisable.

For children consuming a school lunch we had no in-
formation on free or paid school lunch at an individual
level; this could have been advantageous for a more de-
tailed analysis examining the impact of lunch type (free
and paid school lunch) on children’s total diet.

A limitation of using IMD is that it does not measure
individual socio-economic status, and is therefore sub-
ject potentially to the ecological fallacy [34] resulting in
misclassification bias [34].

Relationship to previous work

Socio-economic differences in diet are well established;
children from more deprived families have been found to
consume more energy dense [35-38] and less nutrient-
dense foods [39]. Factors such as availability, accessibility
[40], parental education and income [37], and cost of
foods have been identified as contributing factors [41].

In 2010, a study found a statistically significant diffe-
rence in children aged 3-17y mean total dietary intake of
per cent energy NMES across socio-economic groups;
children in the least deprived group consumed less [42].
In our study, between 2003-4 and 2008-9, we found a
statistically significant difference between deprivation
groups in children’s mean total dietary intake of per cent
energy NMES. But, in contrast, between 2003-4 and
2008-9, we found children consuming a home-packed
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lunch in the least deprived group had a higher mean in-
take of NMES compared with those in the most de-
prived group; for children consuming a school lunch
there was a similar intake across the deprivation groups.
A key difference between these studies was that we ex-
amined the impact by lunch type.

Findings from a cross-sectional study using data from
the low income diet and nutrition survey collected bet-
ween 2003 and 2005 did not find any significant diffe-
rences in energy or nutrient intake between those having
a school or home-packed lunch over the whole day [43].
In contrast, we found some evidence that, following the
introduction of nutritional standards, between 2003—4
and 2008-9 a child’s lunch type had an impact on mean
total nutrient intake across levels of deprivation (e.g. per
cent energy NMES and vitamin C). However, we were
not able to differentiate between children who ate free
or paid school lunches, nor limit the analysis to only
those children in the most deprived groups, which may
explain some of the differences in our findings compared
with those previously published [43].

A study in Texas using a pre- (2001-2) and post-policy
(2005-6) evaluation in middle schools found reductions
in children's mean energy density intake (2.08 kcal/g to
2.17; p <0.0001) in school lunches associated with policy
changes [44]. Changes included restrictions to portion
sizes of certain foods and drinks, fat content, and fre-
quency of provision [14,44]. In addition, they examined
the effect of socio-economic status across schools and ob-
served the greatest changes in schools from the higher
and mid-socio-economic areas [44]. In our analysis we did
not examine energy density, but we found there was no
statistically significant impact of school level variation,
and therefore we assessed the impact of deprivation at an
individual rather than school level.

What this study adds

There is evidence to suggest that legislation to improve
the nutritional content of school lunches has been ef-
fective overall [22-24,45,46]. However, this is the first
study to examine whether the changes following the
2008 legislation introducing nutritional standards for
school lunches in English primary schools had a similar
impact on children’s diets across levels of deprivation.
Our findings for lunchtime suggest that the least de-
prived children are consuming more nutrient-dense
foods from both school lunch and home-packed lunch
compared with the most deprived children. Despite this,
even for children in the least deprived group, mean NSP,
iron and zinc intakes remained below the nutrient-based
standards of 4.2 g, 3 mg and 2.5 mg respectively [30].
This highlights children’s dietary intake from either a
school or home-packed lunch needs to be addressed
across the socio-economic spectrum, but most urgently
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in children from the most deprived families. We found
evidence of widening inequalities in children’s mean
NSP, iron and zinc intake in total diet; however, there
was no evidence lunch type influenced this. Never-
theless, within the limitations of this study there is some
evidence that lunch type influences socio-economic
inequalities in children’s total diet. Legislative changes
affecting nutritional content of school lunches were as-
sociated with an improvement in per cent energy NMES
intake across the deprivation groups; and mean vitamin
C intake improved more for the most deprived children,
leading to a narrowing of socio-economic inequality.

Implications for policy, practice and further research
Although legislation introducing nutritional standards for
school lunches has the potential to improve children’s
diets, consideration must be given to the possibility that
population-based interventions may be differentially ef-
fective across socio-economic groups and may have other
unintended consequences [47,48].

The findings of this study show where we found evi-
dence of an improvement in children’s total dietary in-
take associated with regulation of the nutritional content
of school lunches, for example per cent energy NMES;
this benefitted children equally. Although vitamin C
intake improved more for the most deprived children,
this policy change benefitted children across the social
spectrum, and there was a levelling in inequalities, How-
ever, we also found that, despite the introduction of
legislation to improve the nutritional content of school
lunches, there was a widening in inequalities in chil-
dren’s mean NSP, iron and zinc intakes at lunchtime and
in total diet. These findings suggest that to achieve its
full potential, regulation of nutritional standards for
school lunches may need to be supplemented by ad-
ditional behavioural interventions [49] to improve chil-
dren’s food choice at school lunch, particularly for those
in the most deprived groups. Guidance aimed at parents
and children’s food choices when preparing and consum-
ing home-packed lunches is also required. The finding
that children in the least deprived group consuming a
home-packed lunch post-legislation have a higher per cent
energy from NMES may be due to a higher consumption
of products such as smoothies and fruit juices, perceived
as ‘healthy’; this reinforces the need for parental awareness
of nutritional content of products [42].

An unintended outcome of implementing the food and
nutrient-based standards may be the subsequent decrease
in school lunch take-up. While this decrease may in part
be attributable to cost and increasing pressures on family
budgets, this study found a decrease in school lunch take-
up across levels of deprivation. Free school meals are to be
introduced for all children in England aged 4-7 years
from September 2014 [25], which is expected to increase
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take-up. However, it is not known whether free school
meals will be taken up equally by all, or whether this inter-
vention may potentially widen or narrow inequalities in
children’s diets. Further detailed and robust prospective
evaluation is needed. Future policy changes to school food
in England, such as the equity impacts of the universal
free school lunch, need to consider evaluation outcomes
prior to implementation. A whole school approach which
goes beyond change in provision and encourages chil-
dren’s food choice may offer a potential solution to
inequalities in food choice [50]. The findings from this
study suggest that interventions to supplement the re-
gulation of school food, which considers social and eco-
nomic factors beyond the school environment, are
needed to address the complexity of inequalities in chil-
dren’s total dietary intake [51,52].
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Chapter overview:

The four first author papers included in this doctoral statement each gave the
key findings, relationship to other studies and key strengths and limitations. A
brief summary only of the key findings, relationship to other studies and
strengths of these papers are given in this chapter. In an attempt to consider
issues that extend beyond Papers |I-1V it was considered appropriate to take a
broader approach to the limitations of this body of work. Therefore limitations
will be discussed with a focus on study design, evaluation: the ‘ideal’ and
‘reality’, and the outcomes measured. The key policy implications and areas for

future research are considered, and finally some concluding remarks

6.1 Summary of key findings
Dietary

The findings in Papers Il and Ill show that the implementation of legislation to
school lunch in England has been associated with positive changes to children’s
diets at lunchtime and in their total diet; this was more apparent in the 4-7y olds.
At lunchtime, children who ate a school lunch post-policy implementation
derived a lower per cent of energy from fat, saturated fat and consumed lower
absolute amounts of sodium (mg). In the 4-7y olds, mean intakes of calcium
(mg), vitamin C (mg) and iron (mg) increased (Paper Il). In 11-12y olds, non-
starch polysaccharides (g) and iron (mg) decreased (Paper Ill). A child’s lunch
type was associated with change in the total dietary intake in 4-7y olds. Post-
policy implementation children eating a school lunch had a healthier total diet
compared with children eating a home-packed lunch (Paper Il). In 11-12y olds,
there was limited evidence found that lunch type was associated with change in
total diet (Paper Ill). There was some evidence that post-policy implementation,

lunch type and level of deprivation were associated with differences in per cent
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energy from non-milk extrinsic sugars and vitamin C (mg) intake in the total diet
of 4-7y olds (Paper V). For children consuming a school lunch per cent energy
from NMES reduced to similar levels for all the deprivation groups thereby
narrowing inequalities, whereas for children consuming a home-packed lunch,
the decrease was less marked in the least deprived group. For children
consuming a school lunch children’s vitamin C (mg) intake was now similar,
leading to a narrowing of socio-economic inequalities. Whereas, for children
consuming a home-packed lunch there was a widening of socio-economic
inequalities; with children from the least deprived families now having a
substantially higher intake (Paper IV). There was no evidence of a lunch type
and level of deprivation effect found in 11-12y olds (Paper lll). Post-policy
implementation, school lunch take-up decreased in both age groups (Paper Il
and V).

Methodological

For all children eligible, completion was more likely if passive consent was
used. When only children who gave consent were considered, completion was
less likely when passive rather than active consent was used. There was no
evidence found that the odds ratio for the method of consent varied by level of
deprivation. There was no evidence that the quality of dietary data, as
measured by an assessment of under-reporting, differed by method of consent
(Paper I).

6.2 Relationship to other studies

The findings reported in Papers Il and Il on the impact of implementing
nutritional standards on children’s mean dietary intake at lunchtime are similar
to other studies.”® 7° For example, children’s per cent energy from fat and
saturated fat decreased. The finding that the impact on children’s mean
micronutrient intakes is inconsistent is also similar to other studies®* &5 92 cited
in the narrative literature review. For example, in the 4-7y olds (Paper II)
children’s mean calcium, vitamin C and iron intakes increased (statistically
significant for all). In the 11-12y olds (Paper Ill) mean iron intakes decreased
(statistically significant) and there was no evidence of a statistically significant
difference in mean calcium and vitamin C intakes. Suggested reasons for the

differences observed in the 4-7y and 11-y olds were discussed in section 5.1. A
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number of reasons potentially explain the differences across studies (those
cited in the narrative literature review and in Papers Il and Ill) in children’s
micronutrient intakes. For example, the dietary data collection methods and
duration of studies differed. The ages of children were also different. Also, there
is variation in what individual children choose to eat from the foods available.
The food-based standards specified which foods could, and perhaps more
importantly, which foods could not be served. For example, the reduction in the
frequency of serving of deep fried foods such as chips. The restrictions to what
foods can be served may have a greater impact on children’s dietary intake as
opposed to increasing availability of fruit and vegetables. This is supported by
the nutrient findings presented in Paper Il & lll and those cited in the narrative
literature review: per cent energy from fat and saturated fat decreased, whereas

change in children’s micronutrient intakes is inconsistent.

The findings on children’s total diet in Papers II-1V are unique. No previous
study has reported the impact of implementing nutritional standards (pre and
post-policy implementation) to school lunch in England on children’s total diet.
In addition, only one study in Canada®’ cited in the narrative literature review
has examined the impact of a change in school food policy on children’s total
dietary intake. No prior study has examined the impact of a change in school
food policy on children’s dietary intake across the socio-economic spectrum
using individual level socio-demographic information. The findings in Paper | are
unique; the author is not aware of any previous papers reporting similar
outcomes in dietary surveys. Previous research on the method of consent and
adolescents has focused on tobacco and alcohol.''® 116 117 These studies also
highlight the ethical questions surrounding the use of active and passive
consent. However, they also note a number of negative implications with the
use of active consent: adolescents may be put off from finding treatment or
participating, the sample may be biased to include adolescents who have fewer
problem behaviours and more parental involvement.''®> Unger et al, 2004""" also
noted boys, students with poorer grades, and students involved in behaviours,
for example smoking, were more likely to have parents/guardians who did not
respond to the use of active consent. By excluding these students this
potentially leads to an underestimation of smoking prevalence which impacts on

the conclusions of school-based program evaluations.''” Henry et al, 20021
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further support the view that using active consent impacts on the
representativeness of the sample and generalisability of findings. They found
the sample using active parental consent represented students that were less at
risk from problem behaviours than would have been obtained had passive
consent been used.!'® There is no question that the use of active and passive
consent poses various ethical questions for researchers. More research is
required on the effects of the different consent procedures.''” Furthermore,
researchers have to ‘weigh up’ the need to obtain a representative sample

against the need to protect children and adolescents."8
6.3 Strengths and limitations
6.3.1 Strengths

The key strengths of the body of work reported in Papers II-IV are that they
address some of the methodological limitations noted in previous work cited in
Chapter 3. For example, more than one day of dietary data was collected. In
children aged 4-7y dietary data were collected for a period of four days. This
included three week days and one weekend day. In the 11-12y olds a 2 X three-
day food diary was used; this also covered a range of week and weekend days.
Therefore, this takes into account the issue of day to day variation in children’s
dietary intake. Furthermore, identical dietary data collection methods were
employed both pre and post-policy implementation. Considering the effect of
SES (Papers Il & 1V), individual child level socio-economic demographic data
were used in the analysis as opposed to using school level SES relied upon in

the majority of previous work.
6.3.2 Limitations

Papers I-IV each includes a discussion of the limitations of the studies. While
writing Papers II-IV and conducting the narrative literature review, it was
apparent a number of limitations with research evaluating the impact of
nutritional standards in England exist; for example, the study designs and
outcomes measured. These limitations apply beyond Papers II-1V. In an attempt
to consider the key issues a broader approach to the limitations of this body of
work has been taken. Three key aspects are discussed below: study designs,

evaluation of the ‘ideal’ and the ‘reality’, and the outcomes measured.
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6.3.2.1 Study design

To address childhood obesity, and as part of this children’s diets, there has
been increased pressure for governmental support and policy level
interventions.!® 36. 119,120 A recent systematic review by Driessen et al, 201412
supports the view that national level policy changes to the school food
environment can have a positive impact on what children eat.'?" A prior
systematic review of interventions for preventing childhood obesity also noted
that improvements in the nutritional quality of school food is a positive policy
strategy.'??> However, this review by Waters et al, 2011'?? also acknowledged

that improvements are needed in study designs.

A limitation across research that evaluates the impact of the nutritional
standards in England on children’s dietary intake is the study design. Cross-
sectional studies are the most frequently employed as noted in Chapter 3. The
study design used in Papers Il-IV is no exception; a repeated cross-sectional
survey was employed in all papers. As noted in Papers II-1V, this limits the
extent to which changes in children’s dietary intake can be attributed to the
implementation of nutritional standards.3% 474 However, a major limitation that
precluded the use of other study designs in the context of the body of work
reported here is that there was national implementation of the nutritional
standards in primary and secondary schools in England.3® 4748 With national
implementation and no strategy for evaluation of the potential impact on
children’s diets,*® this has limited the study designs that can be employed.
Waters et al, 2011'22also identified other issues related to evaluation that need
to be addressed: the process of implementation, the equitable impact and the

evaluation of longer term outcomes.’??
Active and passive consent

The consent method used in research poses many ethical questions. Whether
active ‘opt-in’ or passive ‘opt-out’ consent is used there are a number of issues
for researchers to consider. As noted in Paper | a key aspect is that no one
should be recruited without providing informed consent. When children are
involved this is further complicated as parental/guardian consent is required.'?3
In this thesis two different methods of consent were used in the published

papers on children aged 4-7y and 11-12years dietary intake (papers Il, 11l and
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IV). Active consent was used in the 4-7y olds and passive consent was used in
the 11-12y olds. The method of consent was changed in the 11-12y olds due to
a low response rate in the 2007-08 survey and in response to preparatory
discussions with head teachers who suggested the consent method should be
changed from active to passive consent. This decision to change the
recruitment procedure was not taken lightly; permission was granted by the
Newcastle University Ethics committee. Documentation provided for ethical
review included signed forms by head teachers and school governors to support

this request.

There are a number of limitations in using active consent applicable to both age
groups. The literature on active consent highlights that where letters are sent
from schools (a method employed in this thesis) letters are less likely to
returned from children in more deprived families,'?* parental apathy also
reduces consent rates'?* 25 Other limitations more relevant for the 11-12y olds
have been mentioned in section 6.2. Considering these limitations it is
reasonable to suggest the method of consent may have impacted on the
representativeness of the sample and thus generalisability of the findings. This
is perhaps more pertinent in the 4-7y olds where active consent was used.
Therefore, it is possible that a higher proportion of those who consented were
from less deprived families and so the findings are less generalisable. In the 4-
7y olds, to address whether there was a difference in the sample who
consented and those who did not warrants further analysis. However, for this
study, while it would be possible to examine this further in the 2008-09 data it is
not possible to compare this in the 2003-04 data. This is a question for future
research. It is important to note that between the two surveys there was no
statistically significant difference in the mean IMD for those parents who
consented to participate. Furthermore, we found that those in the more deprived
families had lower mean intakes of key micronutrients. So while the sample may
have been potentially biased towards less deprived families the key public
health message from these findings does not change: public health strategies to
address children’s diets are required, perhaps even more importantly, in those
from more deprived families. Had passive consent been used there is potential
that the IMD effect would have been even more evident. In contrast, in the 11-

12y olds passive consent was used in 2009-10 but not in the 2007-08 data
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collection period. Analysis for Paper | was undertaken post dietary analysis
(Paper IV) and provides some evidence that by using passive consent this
provided a more representative sample and thus the findings are more
generalisable. The aim of Paper | was to examine the effect of the different
methods of consent and also the effect on the dietary data quality obtained. If
active consent had been used it would be reasonable to suggest a much
smaller sample would have participated and both the representativeness and

generalisability of the findings would have been affected.
6.3.2.2 Evaluation ‘the ideal’ and the ‘reality’

A basic concept to evaluation is to identify whether an intervention is effective or
not.'?%: 127 An intervention is defined as ‘a set of actions with a coherent
objective to bring about change or produce identifiable outcomes’;'?® this
includes policy. However, the process to establish this is not as easy. A number
of aspects are noted as to what constitutes an ‘ideal’ evaluation in Table 15.
This list is not exhaustive. Rather, it gives a contrast between criteria that are
considered ‘ideal’ and some of the constraints in ‘reality’. An ‘ideal evaluation’
would include: a theoretical basis,'?® 130 appropriate timing (i.e. not to soon
post-implementation),'3'- 132 g mixed methods approach, '3 robust evaluation
designs,'?”- 134 consideration of the potential wider impacts and pre-defined
outcomes with suitable analysis'> 13¢ (see Table 15). In reality, the ‘ideal’
evaluation is limited by a number of factors. For example, public health
interventions often lack theory,'?” interventions are often implemented before
baseline data can be collected'®” and there is a disparity and often tension
between what policymakers want to know and the type of evidence available3®:
138 (see Table 15). This disparity alludes to the fact different agendas operate in
policy making: researchers focus on evidence, for policy makers there is the

consideration of both evidence and political factors.'3°
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Table 15 Evaluation: the ‘ideal’ and the ‘reality’

Ideal

Reality

Theoretical basis

Public health interventions based on theory
can be more effective (NICE, 2007'40)

Complex public health interventions
often lack theories (Moore et al,
2014?7)

Interventions to promote healthy eating
need a theoretical basis (Atkins et al,
2013129)

Policies to improve public health are
often complex. Theories to support
development and implementation are
often inadequate (Ogilvie et al,
2011141)

Theory should be used to provide evidence
that the intervention has the desired impact
(Campbell et al, 200013°)

The MRC new guidance emphasise the
importance of developing a theoretical
understanding of the intervention (Craig et
al, 2008"26)

Disparity can occur between the
concern for a theory and what policy-
makers want to know (Ogilvie et al,
2011141)

Robust evaluation designs

Need for randomised control trials (RCT’s)
(Petticrew et al, 2012134)

RCT’s not always appropriate or
possible (Achana et al, 2014'36),

A systematic review found key
aspects of using research in policy
making are, for example, timeliness
and clear recommendations.
Research based on an RCT only
reported in 3/24 studies (Innvaer et al,
2002138)

Timing of evaluations

Evaluations undertaken too soon after
implementation may explain why
interventions do not demonstrate an impact
(Nutbeam,1998"3'; Hawe et al, 200432 and
Ogilvie et al, 201141)

Policies are often implemented
without an opportunity to collect
baseline data (House of Commons,
2009137)

Mixed method designs

Use of quantitative and qualitative research
(Taylor et al, 2010"33)

Need for improved analysis and evaluation
methods (Smith et al, 201073%)

Need for process evaluations to understand
how complex interventions are delivered
and received (Moore et al, 2014);'?” how
they work (or do not work) and if the impact
is equitable (Craig et al, 2008"26)
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Table 15 Evaluation: the ‘ideal and the ‘reality’ continued

Ideal

Reality

Consideration of the wider impacts of
the intervention

Consider the wider impacts on community,
society and cost-effectiveness (NICE,
2007140)

Evaluations focus on a few individual
health outcomes (Smith et al, 2010'25)

Identified outcomes and appropriate
analysis

Smith et al, 201235 argue that ‘individual
level’ analysis for macro-level interventions
limits the evaluation

Achana et al, (2014'3%): public health
interventions are complex, consider
various factors and often outcomes
are not clear.

Table 15 highlights the external constraints that may impede the ability to fulfil

an ‘ideal’ evaluation. The MRC framework 2008'%® was developed to provide a

structure to guide the development and evaluation processes (Figure 9).

Feasibility and piloting

Testing procedures

Estimating recruitment and retention
Determining sample size

Development

Identifying the evidence base
Identifying or developing theory
Modelling process and outcomes
]
Implementation
Dissemination

Surveillance and monitoring

Long term follow-up

—

Evaluation

Assessing effectiveness
Understanding change process
Assessing cost effectiveness

Figure 9 The MRC framework 2008: Key elements of the development and

evaluation process

However, the processes in the MRC framework 2008'%¢ such as theory

development and piloting were not considered prior to full implementation of the

food and nutrient-based standards to school lunch in England. Some of the

challenges specifically related to evaluating school food policies and potential

solutions are discussed next.
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Challenges and potential solutions for evaluating school food policies

External constraints limited factors in the evaluation of this policy change to
school lunch and the impact on children’s diets. Section 6.3.2.1 discussed

limitations with the study designs in the evaluation process.

There are a number of difficulties with evaluating the school food policy. For
example, there is the potential that multiple outcomes could be evaluated,
considering the study designs used there is difficulty in attributing causal
inferences and there is potential for both positive and negative outcomes. Other
difficulties include variation in school compliance and the timing of the
evaluation. The importance of timing of evaluations was highlighted in the
literature review by Martin et al, 2010.”” They noted in their study that schools
may not have been fully compliant with the new recommendations as the study
was undertaken soon after implementation; this potentially may have had an
impact on findings.”” The issue of school compliance is not covered in Table 15
but is of relevance to evaluations of school food policies. School compliance
with policies need to be considered in evaluations and should be reported. A
number of studies’® 7° 8 cited in the narrative literature review and Papers II-IV
have considered children’s mean nutrient intake from school lunches against
the food and nutrient-based standards. However, the comparisons are limited

as they do not cover the three-week menu cycle that the standards apply to.

One approach to address some of the constraints noted in Table 15 and
discussed above is the use of a natural experiment design. This was the study
design used and reported in Paper Il. The use of a natural experiment is
valuable for evaluating interventions such as the school food policy. In certain
situations, study designs such as RCTs are inappropriate or impossible to use
due to universal implementation of an intervention.'#? However, the use of
natural experiments should not replace more robust evaluations when these are

possible.'2
Process evaluations

A further aspect highlighted by Waters et al, 2011'?? was that evaluations need
to consider the process of implementation. The implementation of the nutritional

standards to school lunch was a ‘top’ down approach.'3® On reflection
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stakeholders such as catering staff, lunchtime supervisors, local county
councils, parents, head teachers and children were not considered in the
development and implementation process. This omission to involve children in
changes to school food has been a re-occurring issue in the history of school

meals.%6. 113

To understand the complexity of health interventions there is an increasing
awareness that process evaluations are needed.’?” Complex health
interventions can include, for example, more than one outcomes and individuals
potentially affected by the intervention.’?® School food policies are complex
health interventions; they comprise a number of aspects which affect more than

one outcome.

Process evaluations are required to explore the acceptability and context in
which the intervention is delivered.'?8 27 This potentially allows researchers to
understand the strengths and weakness of the intervention'?®: 27 and areas
which need to be addressed. The implementation of the food and nutrient-
based standards required a change in practice among the numerous staff
involved in the provision of school meals. Moore et al, 2014'%7 highlight that
behavioural changes are required by those implementing the policy and that
personal skills and attitudes may be influential.'#3144 These aspects potentially
impact on the delivery of the intervention, in this case the school food policy.
For example, a lack of compliance by schools and staff with the food and
nutrient-based standards impacts on children’s dietary intake. Understanding
further the issues surrounding a lack of compliance is important to provide
supportive measures for those implementing the policy. These are areas that

cannot be elucidated by the quantitative approach taken in Papers II-IV.

Future evaluations of school food policies would benefit from the use of mixed
methods approaches. These would enable more effective understanding of the
impact of school food policies using the combined strengths from quantitative
and qualitative analysis. For example, quantitative analysis enables
identification of the impact on dietary related outcomes; qualitative analysis
would assist in interpretation of findings and identification of practical areas for

improvement.
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Evaluation: school food policies

The importance of school food and school food policies has been recognised
nationally and internationally.®® A recent report by Bonsmann et al, 201445
mapped national school food policies across the EU, plus Norway and
Switzerland. They found that while all countries (n=34) had a school food policy,
half were voluntary. The most common aims of school food policies were to:
improve child nutrition (97%), provide education on healthy diet and lifestyle
habits (94%), and reduce/prevent childhood obesity (88%). Tackling health
inequalities was an objective in about half.'> The report also noted that not all
countries considered evaluation. In the countries that did the top four outcomes
evaluated were: food provision (56%), take-up of school meals (35%), nutrition
of children (29%) and food consumption (24%).'4% Although the most common
aim was to improve child nutrition (97%), children’s nutrition and food
consumption are evaluation outcomes in only approximately one quarter. This
report and The EU Action Plan on Childhood Obesity 2014-2020 highlight the

need for a greater focus on evaluating interventions.4% 146

In January 2012, | attended an international workshop in London on developing
the evidence base for policy relating to school food. This was a joint WHO-
Europe and School Food Trust event. A number of key aspects pertaining to
school food policies relevant to national and international contexts were
discussed. Two of the main themes and ideas/discussions are presented in
Table 16. The importance of the availability of baseline data was considered as
well as potential outcomes that evaluations should consider. A further issue
discussed was the variation between countries in what a school food policy
entails; this was also noted in Chapter 3. This variation in school food policies
means to date there is no internationally accepted framework for evaluating
school food policies'” Although Nelson et al, 2012'%® suggest universal
guidance on school food policies is inappropriate, Bundy et al, 2013'4° highlight

that engagement between policymakers across countries would be useful.

This section demonstrates that evaluations of school food policies are faced
with numerous challenges. Additionally, the report by Bonsmann et al, 2014 45
highlights the variation in outcomes measured to evaluate the impact of school

food policies. For example, only a quarter consider the impact on children’s food
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consumption. Papers II-IV used baseline data collected pre and post-policy
implementation and considered some of the wider impacts; for example,
children’s total diet and the impact across the socio-economic spectrum. These
findings can add to the evidence base on school food policies and the impact on
children’s diets. However, there are also limitations with the outcomes
measured. The body of work cited in the narrative literature review and in

Papers lI-1V have focused on quantitative outcomes.

Table 16 A few of key ideas for developing the evidence base for policy relating
to school food (WHO-Europe and School Food Trust)

Themes Ideas/Discussions
Policy, guidelines Need for baseline measurements; quantitative & qualitative
and standards methods

Evaluations should consider:

» school lunch take-up

» compliance

» what children eat in their school and home-packed
lunches,

» impact on total diet

» educational aspects (attendance, attainment) health
(growth, obesity)

» economic (local food production, viability of school
catering services)

Wider evidence base | Understand the impact according to socio-economic factors

Nelson et al, 2012148

6.3.2.3 Outcomes

The outcomes evaluated in Papers II-IV and the body of work cited in the
narrative literature review consider only the short term impacts of a school food
policy on children’s dietary intake. In addition, the evaluation in Papers II-1V

focused on quantitative outcomes as did the body of work cited in Chapter 3.

The specific research questions in Papers II-IV were to examine the impact of
implementing school food standards to school lunch in England on children’s

dietary intake at lunchtime and in total diet. The evaluation was quantitative and
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focused on policy change at the macro-level. As discussed in section 2.3 a
number of factors influence what children eat at the macro, physical, social and
individual level.®® Therefore, while the evaluations in Papers II-1V did not directly
consider other levels it is important to acknowledge these. Table 17 provides a
list of some of those identified in the literature, for example, lunchtime
supervisors'®? and peer influence.* Also, included are physical and
environmental factors that have an influence, for example, the dining room
environment."" Using the basis of the socio-ecological framework,3® a pictorial
image of these factors is given in Figure 10. This shows the numerous factors
that potentially influence children’s dietary intake with specific reference to
school lunch. Moore et al, 2011 15" argue that the impact of macro-level
interventions are potentially limited if other factors are not considered. Papers IlI-
IV reported that implementation of the school food policy in England at the
macro-level has been associated with positive change in children’s dietary
intake both at school and in total diet. However, in the 11-12y olds the impact
was more limited. This may be because other factors (e.g. eating with friends)
are equally influential in this age group. Therefore, evaluations that combine
quantitative and qualitative methods would contribute to the evidence base on

the impact of school food policies.
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Table 17 Potential factors influencing what children consume at lunchtime

Level Potential factors of influence
Macro Food and nutrient-based standards®*

Restrictions on availability: i.e. no soft drinks®
Increased availability of fruit & vegetables®
Compliance with standards®
Catering staff, service & menu planning'%? 153
Promotion of menus/whole school approach'>?
Lunchtime supervisors; pressure, encouragement,
rewards 0. 151
Engagement with parents & pupils re menus'52
Dining ambience, seating'" 154
Food presentation and position on counters?
Marketing of healthy options'%?
Cost of foods: cheaper fruit & vegetables'?
Meal deals'>?
Able to eat with friends, peer influence’'# 155
Time available, queues'™*
Attitudes3®
Tastes, Food preferences3 155

\/ Knowledge®®

Individual Age, Gender38
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Restrictions on availability: no soft drinks, confectionery

Catering staff: service & planning of menus
Cost of foods
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Marketing of ‘healthy options’
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Figure 10 The multiple factors affecting what children eat in their school lunch and factors for future
evaluations to consider (an adaptation of the socio-ecological framework)
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6.4 Strategies for improving children’s diets

Section 2.3 highlighted that many factors influence children’s diets; section
6.3.2.3 focused on those relevant to the school environment. Two age groups
were included in this thesis; strategies to improve diets of children may require
a different focus for different age groups. While policy interventions to school
food are applicable for all children different approaches to implement policy and
to address other aspects of children’s diets are likely to be needed. This section
makes suggestions for approaches which are applicable to both age groups and
makes specific suggestions that may be more appropriate to younger children
(4-7y olds) and then older children (11-12y olds).

Improving children’s diets at school requires addressing both the food available
from which children are able to choose and additional factors, such as,
individual, social and physical environments3® as noted in section 2.3. An aspect
that other research has focused on is the school dining hall. Moore et al,
2010"%3 noted that children’s eating experiences are influenced by both physical
and social aspects in the school dining hall. Key issues which impact on
children’s eating experiences are space and time for eating. For example, it has
been found that in some schools the arrangement of seating is for convenience
and children are pressured to eat their lunch quickly.'3 % There are often
different seating areas for children eating school and home-packed lunches. It
has been noted that children who eat home-packed lunches receive less
supervision and also have more time to socialise with friends.'®® These are
issues relevant to both 4-7 and 11-12y olds. There is a need across all age
groups to make dining halls more conducive to have a positive impact on
children’s eating at lunch time. The school food plan has noted a number of
strategies that schools have reported as practical tips to improve the dining
experience and make lunchtimes a more positive social experience.’®” A few
examples are: the use of round tables to encourage more interaction, the use of
plates and bowls rather than plastic compartmented trays, encouraging children
to try new foods and teachers eating with children. Other solutions have
included integrating the school lunch into the curriculum where small groups of
children sit with teaching assistants and talk about the food, and are served
their food and encouraged to use a knife and fork."” Interestingly, the majority
of reported solutions are focused on primary aged children, with less of a focus
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on what works in secondary schools. One strategy noted in the older children is
the use of allotments and children being involved in the growing of foods. Whilst
these are reported as having had a positive impact there is no formal evaluation

of these approaches or evidence that these are replicable across schools.

Other suggestions that could be tried at lunch time to improve children’s dietary
intake in the younger children are practical solutions such as cutting up fruit and
placing it on the table for children to eat. This is in contrast to what was
observed frequently in the primary schools during this research where whole
pieces of fruit are placed beside the cake/biscuit and children are expected to
choose fruit over cake and then manage a whole piece of fruit. For 11-12y olds
there is a more limited focus on this age group in the literature and in the School
Food Plan; work is needed to engage with 11-12y olds to identify potential

solutions to improve their diets at lunch time.

School food can achieve only so much. To achieve the radical improvement
needed in children’s diets there is also a need to focus outside of the school
environment. Whilst policy interventions can potentially influence large numbers
of children, parental influence also has a key role in the younger children.®® It
is reasonable in the younger children that strategies to improve children’s diets
need to involve and focus on parents. Parents have a role in developing
children’s eating habits by encouraging food preferences and tastes.'8 This
requires parents to encourage children to eat healthy foods and availability of
healthy foods in the home.'%% 198 Strategies to support parents to encourage

young children to eat healthy foods are potential approaches.

Older children (11-12y olds and above) have more personal control over what
and where they eat and so other strategies are required. In this age group
factors such as price and convenience are important.’® Cost has been noted to
have a greater influence than providing nutritional information such as the
calorie and fat content of foods."®® There is an increasing focus on using
taxation as a strategy to improve diets. One strategy has been to tax sugar
sweetened beverages. Waterlander et al, 2014'%° found using a RCT within a
three-dimensional web-based supermarket that higher taxes were effective in
reducing the purchases of sugar sweetened beverages. A limitation with this

study is whether these findings would be replicated in a ‘real life’ supermarket
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situation. Despite this, the use of soft drink taxation to promote healthy dietary
changes is further supported in a review by Thow et al, 2014."%" There are also
some areas for consideration with the use of this strategy. Darmon et al,
201462 highlighted that food price policies, for example, reducing the cost of
fruit and vegetables may improve the diet but may adversely increase dietary
inequalities. They found reducing the cost of fruit and vegetables and taxing
unhealthy foods improved some aspects of the nutritional quality of food
choices for women in both low and middle income groups, however, women
from the low income group benefitted the least.’®? Comans et al, 201363
highlight that the area of food taxation is complex. They argue that as there is
no clear definition of what constitutes ‘healthy’ or ‘unhealthy’ foods; applying tax
to food is more difficult than applying taxation to alcohol or cigarettes.’®® What
this highlights is varied impacts and opinions in the use of food taxation and that

more evidence in required.

A further area where strategies are required is in relation to food marketing; this
is relevant to children of both age groups.38 There is a need for a shift in food
advertising to include the promotion of healthier foods and to include other
types of media such as social media the wider internet.3® This implies there is a
need for strategies to include engagement with media and the food industry
concerning advertising, food taxation and the nutritional content of products. It is
apparent a combination of strategies is required to improve children’s diets.
There are also instances when age-specific interventions may be more

appropriate.
6.5 What Papers II-1V add to the evidence base on school food

Papers II-1V add a number of unique and important aspects to the evidence
base on school food policies. The findings in Papers II-IV address a number of
issues that were identified as priorities in evaluating school food policies at the
joint WHO-Europe and School Food Trust event in January 2012. For example,
the use of baseline data, children’s consumption in school and home-packed
lunches, the impact on total diet and the impact across the socio-economic

spectrum.
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Lunchtime
Limitations with previous research

Out of the eight studies cited in the literature review that examined what
children consumed in their school lunch, only three studies used a pre and post-
policy design. One was conducted in primary school aged children and two in
middle/secondary aged children. No previous study identified in the literature
review has compared the difference between what children eat in school and
home-packed lunches using a pre and post-policy design. In addition, the

majority of these studies have used only one day of dietary data (see table 10).
What my research adds

A strength of the findings presented in Papers II-1V is the analysis has included
more than one day of dietary data collection. Therefore, children’s dietary
variation in week and weekend days has been considered. In addition, the
findings in Papers II-IV add to the limited evidence available on the effect of a
change in school food policy and what children eat in their school lunch in two

age groups: 4-7y olds and 11-12y olds.

The findings at lunchtime in both 4-7y and 11-12y olds show improvements in
mean intakes of some nutrients post-policy implementation. For children aged
11-12y there was evidence of a decrease in certain key micronutrients which
was not observed in primary school children. This highlights the potential
positive influence school food policies can have on children’s intake at lunch
time. It also highlights that for children aged 11-12y there is a need to
understand other factors that potentially influence children’s intakes at

lunchtime as a decrease in some key micronutrients was reported.
Total diet

Limitations with previous research

Only one previous study in Canada has examined the effect of a change in
school food policy on children’s total diet in primary school aged children. The
study used dietary data collected only on one day both before and after policy
implementation. Therefore, there is very limited evidence of the wider impacts of

school food policies on children’s total dietary intake.
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What my research adds

Papers II-1V add evidence on the impact of implementing a school food policy
on children’s dietary intake in 4-7y and 11-12y olds in England. This study used
dietary data collected pre and post-policy implementation to included week and

weekend days.

The findings provide some evidence that change in school food policies are also
reflected in children’s total diet. For example, in the 4-y olds post-policy
implementation a child who ate a school lunch had a lower per cent energy from
fat (compared to higher pre-policy). Children were also found to have higher
mean intakes of some micronutrients. The findings in the 11-12y olds of an
impact on their total diet were limited reinforcing that to address children’s diets

in this age group additional approaches are required.

In both age groups, children’s per cent energy from saturated fat and NMES
were above the DRVs as were the absolute amounts of sodium. For the 11-12y
olds, mean iron intake was below the RNI. This highlights that despite a major
policy change to school food in England, there is still a need to address

children’s diets in both primary and middle school aged children.
Impact across the socio-economic spectrum
Limitations with previous research

A small number of studies have examined the effect of SES; this has been
limited to school level analysis as opposed to individual level. In addition, no
study identified in the literature review has examined the effect of a change in
school food policy across the socio-economic groups by lunch type at lunch

time or in children’s total dietary intake.
What my research adds

The findings in Papers Il and IV are unique. No previous study has examined

the impact of a change in school food policy on children’s dietary intake using

individual level data. This research is the first to provide some evidence on the
impact of implementing school food policies across the socio-economic

spectrum on children’s dietary intake at lunchtime and in their total diet.
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In the total diet of 4-7y olds, year, lunch type and level of deprivation were found
to influence children’s mean per cent energy from NMES and vitamin C. For
example, for children who consumed a school lunch, per cent energy from
NMES reduced to similar levels for all the deprivation groups, thereby narrowing
inequalities. While for children who consumed a home-packed lunch, the
decrease was less marked in the least deprived group. The findings from this
research indicate school lunch may have some influence on addressing

children’s dietary inequalities.
School lunch take-up

School lunch take-up decreased more in the 11-12y olds pre to post-policy
implementation (81% to 36%) compared with the 4-7y olds (60% to 51%). The
impact of changes to school lunch, however beneficial, have no effect on
children who do not do not consume them. This highlights a need for strategies
to address school lunch take-up particularly in the 11-12y olds. A large
percentage of 11-12y olds in this study sample choose home-packed lunches.
Therefore, approaches to improving home-packed lunches also need

consideration.

To continue to develop the evidence base on the impact of school lunch on
children’s diets there is a need for more national and international collaboration

to ensure more consistent, robust and thus comparable evaluations.
6.6 Implications for policy and further research
6.6.1 Key policy implication

In September 2013, the government announced that free school meals would
be available for all children in reception, year 1 and year 2 in state-funded
schools from September 2014.'%* This announcement followed a
recommendation from the School Food Panel, an independent review of school
food published in July 2013.1%5 Members of this expert panel included school
heads, cooks, city council members and academics. The recommendation was
to some extent based on consideration of scientific evidence on home-packed

lunches,®? school lunches3% 42 84 and the free school meal pilot."%®
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All statutory funded schools in England, including new Academies and free
schools are expected to adhere to this under the Children and Families Act
2014.7%7 The School Food Plan also devised new school food based standards
and removed the nutrient-based standards. The rationale for the removal of
nutrient-based standards was that they were somewhat complicated and
perhaps impeded innovation by school cooks and chefs.'%® The new food-based
standards have been approved and will become a legal requirement for schools
from January 2015.

The recommendation of universal free school meal (UFSM) can potentially
impact on large numbers of children’s diets. It is regrettable that evaluating the
impact of UFSM on children’s dietary intake has not been included in how the
success of the School Fool Plan will be measured. Chapter 12 of the School
Food Plan sets out how the government will measure the success in five points.
The two of relevance are: monitoring school meals take-up and the nutritional
quality of the food assessed by the number of schools meeting the new
standards.'®> Possibly, of more relevance, would have been a focus on
evaluating what children actually eat. With national implementation since
September, 2014 there has also been a missed opportunity to collect baseline
data and evaluate the impact pre to post-implementation. This reiterates the
persistent gap between issues in obtaining ‘ideal’ evaluations and ‘reality’.
There is a need for a more concerted effort for public health professionals,
academics and government not only to recognise evaluation as an integral
component during the development periods of major policy changes, but to

ensure that this happens.

In addition, the wisdom of removal of the nutrient-based standards is
debateable, and requires monitoring and evaluation. In practice, nutrient-based
standards are more complex to implement, however, research that has
evaluated the impact of nutrient-based standards has found improvements in
children’s nutrient intakes;3° 48.78.7° gvidence of their effectiveness. Rather than
the complete removal of nutrient-based standards, an alternative solution would
have been to revise their complexity: the period could have been changed to
cover a one-week menu cycle rather than three thus simplifying calculations

required.
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6.6.2 Future research

There are a number of areas for future research to consider in evaluating the
impact of nutritional standards in England on children’s diets. Further studies
are needed to support the findings in Papers Il-IV that examine the wider
impacts on children’s total diet and across the socio-economic spectrum.
Closely related to this point is the need for studies to use pre and post-policy
implementation designs to evaluate the impacts. Whether the use of a

controlled before and after study can be employed needs considered.

With limited evidence of a lunch type effect in the 11-12y olds future research

needs to involve and consider strategies on how to improve their diets.

Research to date has focused on short term outcomes. Future evaluations
could consider how to evaluate longer term effects of school lunch. For
example, are there any longer term benefits on children’s dietary intake and
habits? Does exposure to improved school food translate to food preferences

and do these preferences track to adulthood?

With the implementation of UFSM for children in Key Stage 1 there is a need to
evaluate the impact. Ideally pre-implementation data should have been
collected to examine the impact on children’s diets across the socio-economic
spectrum. Although this opportunity has been missed, studies could consider
methodological approaches to examine the potential ‘wider’ impacts of this
policy change. For example, in the family diet; does economic savings from not
having to pay for children’s school/home-packed lunch impact on the family’s

diet at home?

There is some potential that routinely collected dietary data in the NDNS could
be used to examine the impact of universal free school meals. This would
enable trends to be noted in free school meal uptake and total diet. For
example, using the NDNS data could enable a comparison of children receiving
UFSM in the new rounds of NDNS data collection compared to pre-UFSM and
whether there is an impact on total diet. The NDNS collects data that includes
England, Wales, Scotland and N. Ireland. Currently, in England there is a legal
requirement for the provision of universal free school meals for children in Key

stage 1; this is not a legal requirement in Wales, Scotland and N. Ireland. This
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factor would need to be considered in evaluations using the NDNS dietary data.
However, there are limitations with this approach. One key limitation is the
ability to assess more detailed dietary related outcomes of the impact of free
school meals on children’s total dietary intake. The NDNS collects information
on time of intake but not by lunch type. Also, dietary intake is reported by
parents; proxy reporting for the younger children having a school lunch is a

further limitation considering the difficulties of self-report in this age group.
6.7 Concluding remarks

This doctoral statement started with an overview of child health and the shift in
focus from under- to overnutrition. The history of school meals reflects the
challenges in child health over the last 100 years. Initially, school meals were
introduced to improve children’s diets due to under-nutrition.*® The current focus
is on improving what children eat and developing ‘healthier’ eating habits to
reduce childhood overweight and obesity.'" 12 A key focus has been on
improving the nutritional quality of school lunch and there have been many

improvements. In 2013, Gove (then Minister for Education) stated:

ST making sure that there is a proper lunch to look forward to; and

making sure that as well as having choice, children are eating food that is
healthy. The school lunch or dinner- the central meal of the day for many
children - needs to be of the highest possible quality’ (Gove, 2013 p21)65

Papers II-1V highlighted the implementation of school food and nutrient-based
standards in England have been associated with positive changes in children’s
dietary intake at lunchtime. For example, children’s per cent energy from fat and
saturated fat reduced. These changes were reflected in the total diets of the 4-
7y olds but evidence was more limited in 11-12y olds. There was some, though
limited, evidence that school lunch may have an influence on addressing

children’s dietary inequalities.

A number of studies’* 78 79 cited in the narrative literature review and Papers |l
& 1V highlight school compliance with school food policies and children’s food
choices are important factors. In addition, whether a child chooses to consume
a school or home-packed lunch is also key. The impact of changes to school

lunch, however beneficial, have no effect on children who do not consume
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them.*® Thus, strategies to encourage school lunch take-up are needed. In
1952, Hall®? noted that adequate supervision, sufficient time to eat and the
environment school lunches were consumed in were important factors; as noted
in section 6.3.2.3 these remain relevant today. Improving school lunch
continues to require a focus on both the nutritional quality, and also the social

and physical environments in which these are consumed.'®’

Papers II-1V found that children’s dietary intake of per cent energy from
saturated fat and NMES exceeded the recommendations (DRVs?") highlighting
strategies to address this are needed, and perhaps this requires further
legislation. Finding appropriate and effective solutions remains a persistent
challenge for professionals working in child health and for policy makers. To
identify appropriate solutions requires a concerted effort by public health
professionals, funding bodies, academics, policy makers and government to
recognise evaluation as an integral component to this. Evaluations of the impact
of school food standards on children’s dietary intake are complex as highlighted
in section 6.3.2.2 and have been limited by a number of external constraints. To
improve children’s diets in all their complexity, future interventions also need to
consider the social, environmental and behavioural contexts in which food

choices are made or directed, both in and outside of the school environment.
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Appendices

A. Ethics approval letter

Newcastle
University

Faculty Research Strategy Group
Faculty of Medical Sciences

Newcastle University

The Medical School
Framiington Place
MNewcastle upon Tyne

NE2 4HH United Kingdom

FACULTY OF MEDICAL SCIENCES: ETHICS COMMITTEE
22 January 2008

Dr Ashley Adamson

Human Nutrition Research Centre
M1.151 William Leech Building
Medical School

Dear Dr Adamson

Title: The process and impact of change in schooi food policy on food and nutrient intake both in
and outside of school

Application No: 000011/2007

On behalf of the Faculty of Medical Sciences Ethics Committee, | am writing to confirm that the
ethical aspects of your proposal have been considered and your study has been given favourable
ethical approval.

Best wishes,

Yours sincerely

Marjorie Holbrough

On behalf of Faculty Ethics Committee

cc. Professor T E Cawston, Dean of Research &
Ms Lois Neal, Assistant Registrar (Research Strategy)

tel: +44 (0) 191 222 7073
fax: +44 (0) 191 222 5164
THE QUEEN"S

frsg.medicalsciences@ncl.ac.uk ANNIVERSARY PRIZES
www.ncl.ac.uk o Heren s Pty B e
. ’ ST T—— 2005
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B. Parent information letter (primary schools 2008-09)

Dear Parent / Guardian
Newcastle School Food Study

Children in Key Stage 1 from your child’s school took part in a study last year with the aim of finding
out about their eating habits. We are delighted that your child’s school has agreed to participate in
the second stage of this study.

Whether your child did or didn't take part last year, it doesn’t matter; we would like them to take part
this year. The study is supported by the Department of Health and has been approved by Newcastle
Education Authority and by Newcastle University’s Research Ethics Committee.

What we would like you to do:

e« Record everything your child eats and drinks at home for four days. Your child will be given a
recording booklet which has a simple tick list for completion and we request that you
complete this record during the times your child is not at school. We will employ trained
observers to complete this record during the time your child is at school.

What we would like your child to do:

« While taking part in the study, we would like your child to bring the recording booklet to
school every morning and take it home in the afternoon.

e Your child will be measured for height, waist circumference, weight and body composition by
the nutritionist (Suzanne Spence) working on the study. These measurements will be taken
in private and all the information collected will be confidential. You will be invited to attend if
you wish.

What your child will gain:

¢« Previously children have enjoyed participating in this study.
e A certificate on completion of the food diary.

Your child’s school will receive book tokens to the value of £1 for each child participating in the study.
This study will take minimum time and effort and should not interfere with school work. Your child is
free to leave the study at any time without the need to give any reason. If you have any queries
about the study, please contact me (Ashley Adamson) at the above address, or ring me on the phone
number below.

Please complete and sign the consent form on the following page and return to school as soon as
possible.

Yours sincerely,

Pt froe——

Neweastle <
Ashley Adamson (Dr) Schoel Food ‘'@
Lead Investigator Study =

Senior Lecturer at Newcastle University
Tel. 0191 2225276
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C. Parent consent form (primary schools 2008-09)

CONSENT FORM

School Food Study | ID No. I

| have read the Recruitment Letter explaining how my child will be involved in the study and have had
time to consider it. | understand that participation is voluntary and that my child is free to withdraw at
anytime, without giving any reason.

Name of child .........oooiiiii e Male / female* Date of birth __/__/

Cla8S s

SChO0l e

| agree/do not agree* to my child taking part in the study

Signed (parent/guardian) Name of parent/guardian Date

| agree/do not agree* to take part in the study

Signed (child) Name of child Date

*please delete as appropriate
NAME: MITIMIESIIVIS. .ottt et ettt e e et e et e e en e e ans

A A S S e T e T S S A P A A S e S T S S T T v PR T

POStCOOE oo s s e O s e e B
QI3 =3 a T T o o AN (e = SR
TElEPHONE 0. (BVEAING) wcvuuiwsam st e s o o o LR e S % 0 ST 0 G R 08 AT 0 SRR ST o

MOBIIE PROME MO L.ttt e ettt et e e

The only medical information we need to know for this study is does your child have a pacemaker?
yes/no* *please delete as appropriate
We need to know this because the weighing scale we will use is electrical,
if your child has a pacemaker we will ensure that we use a non-electrical scale to weigh them.

[=]
Hrnﬂ.'l-'r =

?rlhw' nofl ﬂ%
Sty )T

PLEASE RETURN THIS FORM TO SCHOOL TOMORROW
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D. Letter to school heads (middle schools for 2009-10)

EEZSNewcastle

University

Dear
Northumberland School Food Study — your views please

Thank you once again for agreeing to participate in the 2009/10 Northumberland School Food Study. This is a vital
stage of the study; your agreement means we will have unique information on the food intake of 11-12 year olds in
Northumberland from 1980, 1990, 2000, 2007 and 2010.

I am contacting you to seek your advice and opinion about consent for participation in the 2009/10 study. You will
be aware that in previous surveys we have required active parental opt-in consent and child assent for participation;
this has been a requirement of ethical approval awarded to the study.

We are concerned to maximise participation. In the 2007 survey only 29% of eligible children took part in the study
in comparison with 65-69% of children in the previous studies in 1980, 1990 and 2000.

From discussions with some of the Head Teachers during the recruitment process in 2007 it was suggested that the
requirement for parental active opt-in consent effectively excludes some children who fail to benefit from
participation in the study. These children are therefore not represented in the data collected. A general view was
that this is not due to parents’ objection to participation but rather non-return of the consent form. Indeed in the
2007 survey we had very few active non-consents.

Taking these comments on board and given that we are concerned with maximising participation and ultimately
ensuring representativeness of the results, we have written to the Newcastle University Ethics Committee to request
that they consider granting approval for Opt-out recruitment rather than Opt-in. This would mean all children in
Year 7 would be asked to participate as in previous years, and that we would assume all children wished to
participate unless children and/or parents actively chose not to participate by returning the Opt-out form. Of course
children could effectively exclude themselves by non-completion of dietary diaries and would be free to leave the
study at any time. We will also offer a token of thanks in the form a £10 voucher [mobile top-up or i-tunes voucher]
for children completing all aspects of the study and a book token to each school to the value of £1 for each child
completing the study.

The Newcastle University Ethics Committee has indicated that they are willing to consider this approach but that
they would like to have the views of Head Teachers and School Governors to inform their deliberations. | am writing
to seek your views.

We seek to minimise the burden on you imposed by this consultation. We have prepared a pro forma (attached) to
record your views and return to us either by email or in writing. We would be grateful if you could consider this and
seek views of Governors. If you have any questions or would like to discuss this further please do not hesitate to
contact me. Your assistance is very much appreciated.

With thanks

/Arswuﬂ j.}A—auﬂ—

Dr Ashley J Adamson
Principal Investigator for the Northumberland Food Study

A.l.Adamson@ncl.ac.uk

0191 222 5276
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Consent for participation in the Northumberland School Food Study

Newminster Middle School

Please indicate your views by ticking one of the boxes below:

We have discussed the issue of active opt-in or opt-out consent

We DO support an opt-out consent procedure for the 2009/2010 Northumberland
|:| Food Study. Only children who return forms indicating that they DO NOT wish to
participate will be excluded.

We DO NOT support opt-out consent procedure for 2009/2010 Northumberland
|:| Food Study and would prefer parents continued to give active consent for
participation.

Signatures:
Head teacher Date
Governor Date

Please use this space for any comments (continue on reverse or on a separate sheet if
required)

Your response by 10" June 2009 would be very much appreciated
Please note if you are returning this form electronically - electronic signature will insert as a picture file

If returning by mail please return to Dr A Adamson, Human Nutrition Research Centre, M1.151 Leech building,
Faculty of Medical Sciences, Newcastle University. Framlington Place. Newcastle NE2 4HH
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Ethics approval letter for amendment in consent procedure

9 July 2009

Dr Ashley Adamson

Human Nutrition Research Centre
M1.151 William Leech Building
Medical School

Newcastle
University

Faculty Research Strategy Group
Faculty of Medical Sciences

Newcastle University
The Medical School

Framifington Place
Newcastle upon Tyne
NE2 4HH United Kingdom

FACULTY OF MEDICAL SCIENCES: ETHICS COMMITTEE

Dear Ashley

Amendment (16/05/09) to: The process and impact of change in school food policy on food and
nutrient intake both in and outside of school
Application No: 00011/2009

On behalf of the Faculty of Medical Sciences Ethics Committee, | am writing to confirm that the
ethical aspects of the amendment to your proposal have been considered and your study has been
given favourable ethical approval.

Best wishes,

Yours sincerely

1
M ’c\-vhd J’\g:&ﬁ_
Marjorie Holbrough

On behalf of Faculty Ethics Committee

cc. Professor T E Cawston, Dean of Research
Ms Lois Neal, Assistant Registrar (Research Strategy)

@

tel: +44 (0) 191 222 7073
fax: +44 (0) 191 222 5164

THE QUEEN'S
ANNIVERSARY PRIZES

Fom Hims avm FOnTILR BTN

2005

frsg.medicalsciences@ncl.ac.uk
www.ncl.ac.uk

5 8 NS LEGN 1T DMLG B N
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F. Parent information letter and consent form (middle schools 2009-
10)

Dear Parent / Guardian
Northumberland Schools Food Study

Since 1980 Year 7 children from your child’s school have been part of the Northumberland School Food
Study, which looks at children’s eating habits and how these have changed. No other studies of
children’s diets and how they have changed exist. These studies were important nationally as well as in
Northumberland and helpful in health promotion in this region. We are delighted your child's school has
once again agreed to be involved in this study, and would like to invite your child to take part.

What the study involves:

* Your child writing down everything they eat and drink for three days; followed by a brief interview
with the nutritionist (Suzanne Spence) to clarify what they have written. This will be done on two
occasions, once in the Autumn/Winter term and once in the Spring/Summer term.

s One measurement of your child’s height and weight in 2010.

* Collecting some information from you about your occupation.

The interview with the nutritionist (Suzanne Spence) and measurement of height and weight will be
private, and all the information will be confidential.

Previous studies like this have found it helpful to communicate with the child by text messaging. When
your child is given a diary they will be asked for a mobile telephone number to send a reminder text to
start their diary and attend interview.

Why your child should take part:

* Previously children have enjoyed writing down what they eat and taking part in this study.

* On completion of two 3-day food diaries they will receive a certificate of achievement and a
£10 voucher.

« They will be making a valuable contribution to their school's involvement. For each child that
completes the study the school will receive book tokens to the value of £1 per child.

* After the research is complete we will return to school to tell the children who took part, how their
diet compared with diets of Year 7 children over the last 30 years.

This study will not take much time or effort and should not interfere with school work. Your child is free to
leave the study at any time without the need to give any reason. If you have any queries about the
study, please contact me (Ashley Adamson) at the above address, or, e-mail or ring me on the phone
number below.

Yours sincerely,

Prof Ashley Adamson

Lead investigator

Senior Lecturer at Newcastle University
Tel: 0191 2225276

E-mail: a.j.adamson@ncl.ac.uk
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G. Dietary data collection tool (primary schools)

j242Yy 41 mpuQ
¢P00J 2414N0ADS
JnoA sI Joym

This
food diary

Newcastle belongs to
Scheol Food 8 Name
Class

MI. 151 Ist Floor

Tel: 0191 222 5276
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Day 2 Thursday. Qs

O Packed Lunch

O white bread or foost ©O0 Tangerine, monderin, satsuma O Orange juice, unsweetened O water

g ~ U Wholemeal bread or teast U Crisps or savoury snacks O Apple juice, unsweetened

=% 9 Margarine O Biscuits—not chocolate OO0 Mk, full-fat drink Othars
- 3 0 Butter O Biscuits—chocolate OO Milk. semi-skimmed drink

L 0 Jam or preserves O Chocslate bar 00 Squosh—reduced axer

§ E OO Apple O Chocolate sweets 0 Squash

3 OQ Banana O Sweats (et checolate) Q Fizzy drink

o 00 Pear O Diet fizzy drink

0 White bread or tocst O Pasta, boiled T Chocsi a
u.,m! U Bailed rice O Sweets (not chocolate) Q Squash
- Q Chapatti O Tce lolbes Q Foxzy drinks

o 5 | Qi 0 bhai O Yoghurt / fromage freis 0 Diet fizzy drinks
T Q Apple O Tomato Ketchgp QO Tea with milk
' ! 0 Banera Q Crisps or savoury snacks 0 Oronge juice, unsweetened O Water
£ = O Tangerine, mandorin, satsuma O Biscuits—not chocelate O Witk, full-fat drink
3 0 Oven chps O Biscuste—chocolste O Milk, semi-shimmed drirk ~ Others

O Chease 0 Onocelate bar O Wik shake powder
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H. Dietary data collection tool (middle schools)

|

el |t fumberiand Schools Food 1|
food during the three doys.
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Date ...

CHILDID: ..o

SURVEY: ..o

PLEASE LEAVE THIS SECTION BLANK
TYPE OF DAY:.....couuueeee
DAY OF WEEK...............

LUNCH CODE: S/P/H/0Q....coouvreersrsrsann

Food or Drink

Amount Eaten

Office use

Place of | Code | Weight
purchase
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