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Abstract

We evaluate the malleability of dietary habits early on in life with two interventions
targeting low-income families with very young children. The interventions were con-
ducted over twelve weeks and evaluated with a field experiment involving 285 families.
Families in the treatment groups were asked to either prepare healthy meals with in-
gredients delivered to their door, or to avoid snacking and eat at regular times. We
find that both interventions decreased children’s Body Mass Index (BMI) relative to
the control group. The effect persisted for three years for the first intervention, but

faded away for the second.
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1 Introduction

Poor diet is a major issue in most developed and developing countries. While there are many
policies targeting diets such as taxes and information campaigns' and, more recently, a series
of interventions based on insights from behavioural economics, the evidence on medium or
long-term effects of interventions remains limited. The most promising interventions with
a potential for long-term effects appear to be those targeting children (Belot and James,
2022), in line with evidence on the effectiveness of early-life interventions in other domains
of life (Baulos and Heckman, 2022). In the context of diet specifically, the nutrition liter-
ature has documented the persistence of diet from childhood to later stages in life (Birch,
1999), suggesting that habits form early. Another reason for early intervention relates to the
challenges of reversing obesity later on in life. Recent research in biology has shown that the
number of adipocytes (“fat cells”) - a strong predictor of obesity in adulthood - is set during
childhood and early adolescence (Spalding et al., 2008). For all these reasons, intervening in
childhood is likely to be more effective.

In this study, we propose and evaluate two comprehensive interventions, each lasting for
three months, aimed at changing eating habits. The interventions target low-income families
with young children (below the age of six) and involve the entire family. The first intervention
(Meal treatment) consists of providing families with ingredients and recipes, directly at home,
to prepare five meals per week over a period of twelve weeks. This intervention aims at
relaxing constraints families may face in accessing healthy foods and thereby echoes the
suggestion by Ludwig et al. (2011) to study the problem of “food deserts”.? The second
intervention (Snack treatment) targets snacking and erratic eating habits. This treatment is
inspired by evidence that suggests that a rising proportion of calories in children’s diets is
coming from snack foods, which are in turn associated with higher sugar and fat consumption
(St-Onge et al., 2003; Bellisle, 2014). Additionally, studies have shown meal irregularity to
be linked to poor dietary outcomes (Laska et al., 2015; Leech et al., 2015). Again for twelve

weeks, families are instructed to eat three meals a day, at regular times, avoiding eating

!Capacci et al. (2012) and Frisvold and Lensing (2020) propose recent reviews of relevant studies.

2Ludwig et al. (2011) propose the recruitment of low-income families to be randomly assigned to receive
free weekly delivery of fresh fruits and vegetables to their homes, in order to investigate the role of food
deserts on obesity.



(snacking) between meals.

We evaluate these interventions with a randomized controlled trial (RCT) on a sample of
285 low-income families located in two different locations in the United Kingdom: Colchester
(England) and Edinburgh (Scotland). We focus on low-income families because of the well-
documented evidence of a strong socio-economic gradient in chronic diseases and obesity
(Dalstra et al., 2005). We use different measures to evaluate the impact of the interventions:
some objective, such as body mass index (BMI), others based on incentivized choices, and
finally, methods used in nutrition research based on in-depth surveys of participants. We
collect information before, immediately after, and once a year for three years after the
interventions.

We find evidence of significant sustained changes in children’s BMI (z-score) following
the Meal treatment. Children in both treatment groups appear to have moved down in the
distribution of BMI. These effects are large (between 0.2 and 0.34 standard deviations) and
are sustained in the longer run for the Meal treatment, while they attenuate over time for
the Snack treatment and are no longer precisely estimated after the initial post period but
remain negative. Parallel to these changes in BMI, we find evidence of significant changes
in diet (measured with different methods). The changes are more sustained in the Meal
treatment, in line with the results on BMI. In particular, we find consistent evidence of a
reduction in the intake of added sugar in treated children, this is more pronounced in the
Meal treatment than in the Snack treatment. Using an incentivized measure of dietary
choices, we find that the parents of children in the Meal treatment purchase less sugary
foods post-intervention.

Notably, we find no evidence that the interventions altered preferences in favor of healthier
foods among children. Measures of food preferences indicate that children in the treated
groups seem to like sweets more after the intervention, which goes against predictions of habit
formation models (Becker and Murphy, 1988). However we do find that the interventions
affected the purchasing behavior of parents, who were less likely to purchase unhealthy items
and foods high in sugar in particular. Thus, the most plausible mechanism for the effects
we observe is that parents reduced access to unhealthy foods, in particular sweets, and that

this effectively limited weight gain in the short and medium run. We also find that the Meal



protocol was easier to follow than the Snack protocol, which could have also contributed to
why we observe long-term effects for the Meal treatment and not for the Snack treatment.

The study focuses primarily on children. However, parents were also treated, so we
collected information on them as well. We find little evidence of changes in dietary habits
among adults. Neither subjective nor objective measures show evidence of improvement in
the healthiness of their diet or their preferences for healthier foods, in the short or longer
run. These findings reinforce the conclusion in the previous paragraph, which is that parents
changed what they purchased for their children but not for themselves. Overall, our results
confirm that interventions later on in life are much more challenging.

Our study makes several contributions to the existing literature (discussed in Section
2). First, the study focuses on families with very young children (aged between 2 and 6
at the beginning of the study). The interventions also target the home setting rather than
schools, and the parents are treated along with their children. To our knowledge, this is the
first experimental evaluation of interventions targeting children and their parents at home.?
Second, we evaluate effects on the whole diet rather than on isolated single purchase/eating
decisions. Most studies rely on partial measures of dietary choices, such as the consumption
of specific items. Downs and Loewenstein (2011) identify this as a key shortcoming of existing
studies, writing that “the true success of such measures will remain unclear until researchers
are able to measure an individual’s total food intake — not only calories at a single meal or
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in a single episode of snacking.” Third, we evaluate effects on a much longer horizon than
other studies. We follow the families for three consecutive years. Most studies are typically
short-run or, if they include a follow-up at a later point in time, the horizon considered is
usually shorter than a year. Fourth, the scope of the interventions tested is unprecedented.
Particularly for the Meal treatment, we would argue that it is among the most invasive
intervention designs to be implemented with families over a temporary period.

The remainder of the paper is organized as follows: Section 2 reviews the recent relevant

literature. Section 3 presents the experimental design, Section 4 describes the main outcome

measures and Section 5 presents the analysis and results. In Section 6, we discuss possible

3Charness et al. (2023) find in a school-based experiment that involving the parents is key to the long-
term success of an intervention aiming at encouraging healthy choices at school. The interventions tested
are one-shot, they show that using a grading system for informing children about the healthiness of foods is
effective in encouraging healthy choices, with effects carrying on weeks after the information was given.



mechanisms behind the effects we find. In Section 7, we discuss the robustness of the results,

and in Section 8 the external validity. Section 9 concludes with a discussion of our findings.

2 Related Literature

The paper fits within the recent literature testing and evaluating interventions aimed at
fostering healthier habits. Charness and Gneezy (2009) were the first to show that an
intervention of a temporary nature (presumably long enough to form new habits) could lead
to a sustained change in a lifestyle behavior - in their case, exercise. In their study, students
were incentivized to exercise for one month. They found that these students were then more
likely to exercise, even when the incentives were removed.

The idea of using temporary interventions to encourage healthier habits has also found
encouraging support in the domain of nutrition. Several studies (Just and Price, 2013;
List and Samek, 2015; Belot et al., 2016; Loewenstein et al., 2016) have shown promising
evidence that children’s dietary choices can be influenced over sustained periods. However,
the evidence relates to isolated single eating decisions, and the evidence on long-run effects is
very limited. Also, these studies do not evaluate the short- or long-run effects on the overall
diet or other relevant measures such as weight or body mass index (BMI).

There are very few studies focusing on very young children (below the age of 6). A
recent study by Griffith et al. (2018) studies the effects of a fruit and vegetables voucher
scheme targeting low-income families with children below the age of 3 in the UK. They find
a significant impact on purchases of fruit and vegetables for eligible families.* Daniels et al.
(2012) conduct an RCT to evaluate an educational intervention targeting parents of infants
and aiming to encourage healthy feeding practices. They find that the intervention had an
impact on the BMI of the treated children measured 6 months after the intervention. Neither
study investigates effects in the longer-term though.

More broadly and not targeting children specifically, Cawley et al. (2016) and List et al.
(2022) conduct field experiments in collaboration with a supermarket and test different

types of interventions targeting the prices of nutritious and less nutritious foods (subsidy,

4They use as a comparison group families with a pregnant mother or with children slightly older than 3.



taxes, information) to increase the consumption of the former. These experiments show
that these interventions affect purchasing behavior (low-income families purchased more of
both nutritious and less-nutritious food under the subsidy framing in Cawley et al. (2016)
and that incentives can lead to sustained changes in the purchase of fruit and vegetables
even when the incentives are removed, suggesting habit formation has taken place List and
Samek (2015). However, overall spending in the store involved in the experiment was low,
suggesting that most other food purchases were taking place elsewhere. Brownback et al.
(2019) also target grocery shoppers (with a low-income) and examine the effects of combining
food subsidies with other behavioral interventions (giving shoppers greater agency in the
choice of subsidies and introducing a waiting period before the shopping trip). They find
that these behavioral interventions substantially increase the effectiveness of food subsidies.
While providing encouraging evidence, these studies focus on purchasing behavior rather
than consumption, they only have a partial picture of what people buy or eat, and they do
not evaluate effects in the longer-term either.

Our paper also contributes to a recent literature on the effects of the quality of food
environments one is exposed to. Allcott et al. (2019) use a structural model to simulate
the effects of a hypothetical experiment where low-income households would have access to
the same products and prices as high-income households. They find that this would reduce
nutritional inequality by only approximately 10 percent. This is because the demand for
healthy foods is lower among low-income households. Here we provide experimental evidence
where families are actively encouraged to try different foods, and the goal is therefore to
evaluate whether it is possible to affect the demand.

Our study also relates to recent work in Economics on the formation of preferences, and
the role of parents in the formation of fundamental economic preferences such as risk and
trust attitudes (Zumbuehl et al., 2021) and in early childhood development (Baulos and
Heckman, 2022). The general finding is that early interventions in a range of domains are
more effective than later interventions, and that parental involvement tends to be associated
with the development of more favorable preferences, that is, traits that are correlated with
better life outcomes. Our study findings are in line with these general lessons.

Finally, our study also relates to the recent literature on paternalism. Ambuehl et al.



(2021) study what motivates choice architects when designing a choice environment.® To
this date, there is very little work on understanding parental attitudes towards paternalistic
interventions. There is evidence that people are willing to restrict other people’s choices for
their own good (Krawczyk and Wozny, 2017) and may be more patient for others than for
themselves and act as “projective paternalists” who seek to align others’ choices with their
own aspirations (Shapiro, 2010). Our study shows that parents are willing to impose certain

choices on their kids without necessarily adopting these choices themselves.

3 Experimental Design

The experiment was reviewed and approved by the Ethics Committee at the University of
Edinburgh and was pre-registered on the AEA RCT Registry.® Full details of the experi-
mental design and deviations from the pre-analysis plan are provided in the online Appendix
Section A.3. All the relevant documentation, protocols and survey instruments are accessible

in the following Dropbox folder.

3.1 Selection of Experimental Sample

We are interested in evaluating two interventions targeting young children (eating solid foods)
from low-income families in the UK. As mentioned earlier, the evidence suggests a negative
correlation between socioeconomic status and the risk of childhood obesity. Following the
suggestion in List (2020), we describe the process by which we selected our sample and
present summary statistics on key variables comparing our target population (low-income
families in the UK) with our experimental sample.

First, we selected two areas in the UK to conduct the study: Edinburgh (Scotland) and
Colchester (England). These two locations were chosen because of practical reasons (we had

access to University facilities where families could come - we had access to a computer lab

5We thank an anonymous referee for suggesting this connection.

5Details of the registered trials can be found on AEA RCT Registry: Belot, Michele et al. 2018. “The
formation and malleability of dietary habits: A Field Experiment with low-income families.” AEA RCT
Registry. October 04. https://doi.org/10.1257/rct.3281-1.0. Pre-registration was not common practice at
the start of the data collection, so the experiment was registered after the start of the experiment but before
the end of data collection. The trial was however described in detail in the ethical approval application at
the University of Edinburgh, which was approved before the start of the experiment. The main deviation
from the original plan is in the fractions allocated to each treatment, which we discuss below.


https://www.dropbox.com/scl/fo/q6gvrbumj31ljr2o2snsw/h?rlkey=2itk1bfs8qiqo66z41qxkh9uy&dl=0

to conduct surveys, facilities where children and adults could be measured and, in the case
of Edinburgh, facilities where blood samples could be collected.)

Second, families were required to satisfy the following criteria to participate in the study:
have a child aged between 2 and 6 years old at the start of the study, own a fridge and
a hob (cooktop), live in Edinburgh or Colchester, have a household income below £26,426
for Scotland, and £26,600 for England.” Families with severe chronic health issues were
excluded. These criteria are likely to matter for the generalizability of our findings. Not all
low-income families in the UK have access to a fridge and a hob. Recent research revealed
that 1 in 7 low-income households (with household incomes equal to or below £35,000) live
without at least one essential household item (washing machine, fridge, cooker, or freezer).®

Various recruiting methods were used, such as adverts in public spaces, community cen-
ters, nurseries, buses, and shopping malls; letters sent to school principals, advertisements
on radio, and individual letters targeting low-income areas. Samples of our recruitment ma-
terials (leaflet and poster) are shown in Appendix Figure A.la and Figure A.1b. Families
needed to sign up for the study by registering on a dedicated website or calling a dedicated
phone number.

For ethical reasons, participants needed to provide informed consent before being included
in the study. To mitigate potential self-selection concerns, we were careful in not disclosing
our research question and providing only general information about the study - such as the
study being related to health and lifestyle choices, and the study duration of three years.
Also, participants received monetary compensation commensurate to the time required to
spend on visiting the facilities (between £350 and £400 for six visits of around two hours),
which should mitigate potential self selection effects. This said, we can of course not claim
that our sample of families is not self-selected in characteristics that could matter for the
effects of the treatments, such as their motivation and openness to change.

Our baseline sample consists of 285 families (91 families in Edinburgh and 194 in Colch-

ester)?. Appendix Table A.7 compares our experimental sample with the targeted population

"These thresholds correspond to the median individual income at the time. Since a large fraction of our
families are single-headed households, we used a measure based on individual income.

8See report by the National UK Charity Turn2us ”Living Without - The Scale and Impact of Appliance
Poverty” available on their website https://www.turn2us.org.uk.

90riginally 377 families registered for the study but 285 came to the initial sessions. 11 pregnant women



on several key observable characteristics. The table shows that our experimental samples
are on average slightly better off than the targeted population. As mentioned earlier, we
excluded families who do not own a cooker or a fridge. The statistics we have for Edinburgh
and Colchester in the representative surveys do not exclude such families, so this could ex-
plain the differences. And, of course, this also means that our findings will not extrapolate

to populations who may not have access to basic cooking equipment.

3.2 Experimental Interventions

We implemented two protocols, both for 12 weeks. These protocols were implemented in a
natural manner: families were asked to follow these protocols as part of their normal life.
While these protocols aimed at introducing significant changes in dietary patterns, they
allowed for some flexibility on the side of participants. As recent work by Beshears et al.
(2021) shows, interventions that impose rigid constraints may in fact be counterproductive.

One of the key parameters here is the length of intervention. We settled on 12 weeks.
This choice was motivated by earlier studies evaluating interventions encouraging children
to eat healthier foods (see Belot and James (2022) for a review of relevant studies). The
interventions tested usually last between two and four weeks. Because the long term effects
of these interventions have been mixed, we extended the length of the intervention to the
maximum feasible. The constraints were related to holiday periods in the UK, which would
have perhaps reduced compliance.

In Section A.3.4 of the Appendix we provide details explaining our design choices.

Treatment 1 - “Meal Treatment”
The first treatment, referred to as “Meal Treatment”, consists of providing (free of charge)
ingredients and recipe booklets every week, for 12 weeks, directly at participants’ homes for

five main meals for the whole family.'® The main goal here is to get families to try new

were excluded from the analysis of adults. There were 6 pairs of twins at initial session so a maximum of 291
children were included in the analysis. It is often the case that for some measurements in children, we have a
few observations missing. Note that we collected information only from one child in the family, the youngest
child between the age of 2 and 6. When the youngest children were twins, both children were included in
the study.

10Families could select between a regular or vegetarian food basket. For a list of recipes by week see
Appendix Tables A.3 and A.4.



recipes and be exposed to new foods for a period of 12 weeks.

The protocol has been designed to ensure convenience and limit non-financial costs that
could be important obstacles in adopting a healthy diet: Families do not have to plan for
these meals, i.e. they do not have to search for suitable recipes, organize the shopping,
etc. The food is delivered at home, and families receive a weekly booklet of recipes for
the ingredients delivered. The recipes have been chosen by a nutritionist for their low cost
and simplicity of execution, which ensured that the food families were exposed to would be
part of the usual British cuisine.!! Most of them were borrowed from a government website
associated with the largest UK public health campaign around healthy eating at the time
(“Change4Life”). This protocol has also been deliberately chosen over protocols that would
impose more constraints on families on all meals and food consumed, to ensure its feasibility.

Also, by providing the food for free, we aimed to maximize compliance during the 12
weeks of treatment. The costs of the meals have, however, been calibrated to the average
weekly budget of low-SES families in the UK so families can afford to continue buying the
ingredients and recipes once the interventions are over.'?

Of course, the subsidizing of food may have spillover effects on other expenditures through
income and substitution effects. This is a key reason why collecting measures of the whole

diet and of BMI is important.

Treatment 2 - “Snack Treatment”
The second treatment, referred to as “Snack Treatment”, consists of regulating eating pat-
terns and avoiding unhealthy snacking, again for 12 consecutive weeks. Adults in the family

were asked to eat three meals per day at regular times (selected by participants) and to

1 An isocaloric comparison (fixed at 365 calories, the average calories of the meals) between the rec-
ommended nutritional guidelines and our recipes shows that our recipes are overall consistent with the
recommendations, and are lower than the maximum thresholds on sugar and fat (and saturated fat), com-
pensating for these calories via higher carbohydrate and protein contents. This can be seen in Appendix
Table A.10, by comparing the second and the third columns.

12Based on ONS household expenditure data for 2015 (see https://tinyurl.com/Familyfooddatasets and
https://tinyurl.com/householdexpend), average food expenditure for the first five income deciles was £28.81
per person per week (average taking into account both expenditure for adults and children). Our sample has
an average household composition of 1.65 adults and 1.9 children per household. Based on this we calculate
that our families would spend on average £102.28 per week on all in-house food and non-alcoholic drink
expenditure. No data exists to capture the amount of this spent on the evening meal, though we hypothesize
that this will be circa one-third of this budget. Based on this assumption, we calculate that £34.09 per week
is spent on seven evening meals, and thus £24.35 is spent on five evening meals per week on average. This
final figure was our benchmark for calibrating the cost of the meals.


https://tinyurl.com/Familyfooddatasets
https://tinyurl.com/householdexpend

avoid consuming any food or calorific drinks between meals. For the children, the protocol
included an additional morning and afternoon snack (to be consumed at regular times). The
snacks were provided by us and determined by a nutritionist. The list of snacks can be found
in Appendix Table A.5.

This intervention draws on a body of evidence in economics and nutrition suggesting
a link between snacking and obesity. A review of changes in childhood food consumption
patterns by St-Onge et al. (2003) suggests that the rising proportion of calories coming from
snack foods, which are in turn associated with higher sugar and fat consumption, may be a
contributor to rising overweight and obesity in children. A review paper by Bellisle (2014)
suggests that snacking often contributes to the calorie count but little nutrition, especially
among obese children and adults. Although snacking is often blamed for rising obesity rates
(Cutler et al., 2003), research on the effects of snacking on BMI is not conclusive (Field
et al., 2004; Larson and Story, 2013).

A number of studies have also shown an association between meal irregularity and poor
dietary outcomes more generally (Laska et al., 2015; Leech et al., 2015), and there may be
metabolic advantages to eating at more regular and structured intervals (Alhussain et al.,
2016). In the case of adults, people appear more likely to choose healthier foods when
they select them in advance than when they select them at the moment when they will be
consumed (Read and Van Leeuwen, 1998; Sadoff et al., 2020). A related body of literature
in biology hypothesizes that irregularity of food intake could have a significant impact on
diet and total calories, although this hypothesis is not supported in non-animal experiments
(Hume et al., 2016).

Aside from providing healthy snacks for children, families were not instructed to alter
the content of other meals. The focus remained on limiting and regulating snacking for the
family, to create a source of exogenous variation across groups, and study how that has an
impact on diet.

We will discuss compliance with both protocols in Section 3.6. Of course, it is difficult
to enforce full compliance and we will therefore only be able to estimate “intention-to-treat”

estimates.

Control Group

10



Control group participants were instructed to carry on as usual with their daily routines.
Note that we were very careful not to communicate this instruction as an endorsement of
their current diet — these instructions were framed as protocol instructions and it was clear
that these could not be based on any information on their current diet, since that information
could not have been available to the person instructing them on the first visit.

All groups received one-on-one instructions on the protocols during their first visit to our

facilities.

3.3 Randomization

When registering to take part, families were asked to indicate several dates when they
would be available to come to our facilities for the first session of measurements. All initial
sessions’ dates had been randomly pre-assigned to a specific treatment (control or one of the
two treatments), and families were randomly assigned to one of their selected dates, without
knowing these corresponded to the two different treatments and/or the control group.

We deliberately assigned a higher proportion of the families to the Control and Meal
Treatment groups: 109 families were originally assigned to the Snack treatment, 141 to
Control, and 146 to Meal. We did so after realizing the challenges of recruiting such a large
sample. We decided we would drop one treatment arm if we did not succeed in recruiting
at least 50 families for each treatment group. To prevent having to cancel the entire study
if the sample was too small for two treatment arms, we decided to allocate proportionally
more families to one of the treatments (Meal Treatment). The show-up rate at baseline was
above 71% in the Meal group, it was a bit higher in the Snack group with a show-up rate
of 72%, and it was 82% in the Control group.

Table 1 presents descriptive statistics of our sample for the different treatment groups.
Overall, there are no statistically significant differences between the Control and the treat-
ment groups at baseline. As defined by the recruitment criteria, the average age of the
children is about 4 years old, and the average income is below the English and Scottish me-
dian income.'® Every household receives at least one type of welfare payment. Our sample

contains more women than men; either because they were single mothers or the father was

13We did not enforce the income eligibility criterion as we could not ask for a reliable proof of income.
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not available to attend the session.

3.4 Chronology of Data Collection

The experiment was conducted in two waves. The first wave was conducted at the University
of Edinburgh and data collection started in February 2015. The second wave was conducted
at the University of Essex (located in the city of Colchester) and started in August 2015.
Participating families were expected to visit the University facilities six times over four years.

The chronology of the data collection is as follows:

1. Session 1: Pre-intervention visit (“baseline”, 2 weeks prior to the first week of inter-

vention) - February 2015 in Edinburgh, August 2015 in Colchester
2. 12-week protocol starting
3. Session 2: Intermediary session (mid-intervention period)
4. End of 12-week protocol

5. Session 3: Post-intervention visit (“After”, 2 weeks after the end of intervention) -

June 2015 in Edinburgh, December 2015 in Colchester

6. Session 4: 1 year after Session 1 - February 2016 in Edinburgh, August 2016 in Colch-

ester

7. Session 5: 2 years after Session 1 - February 2017 in Edinburgh, August 2017 in

Colchester

8. Session 6: 3 years after Session 1 - February 2018 in Edinburgh, August 2018 in

Colchester

3.5 Compensation

Families were compensated for each visit to our facilities. We estimate that the minimum

time families would have to hold free to attend a session was around 3 hours (2 hours at

12



the facilities and 1-hour door-to-door transportation including walking from the parking or
walking from the nearest bus station). They received £50 for each session (expected to last
for two hours) except a for much shorter mid-intervention session (session 2), where they
received £20. The amount for the initial session was increased to £100 to motivate families

to attend the first session.!*

3.6 Compliance

Compliance was assessed in various ways, such as asking families to provide pictures of the
meals prepared and writing feedback information (see Appendix Section A.6).

To make sure that families fully understood what was expected from them, we met
with each of them (treated and control) one-to-one at baseline and provided face-to-face
instructions about the study and the protocols they should follow. Families in both treatment
groups were told that we were interested in learning how easy the protocols were to follow
and would value feedback on the difficulties they encountered. In Appendix A.6, we present
details on the compliance measures. Overall our compliance measures show relatively high
compliance with the protocols. The Meal Treatment appears to have been easier to follow
compared to the Snack Treatment. Of course the estimates we will report are Intention-to-

Treat estimates and the compliance tasks are part of the treatments we evaluate.

4 Main Outcome Measures

We evaluate the effects of the interventions on BMI and dietary habits. Note that these
treatments were not designed as weight-loss programmes and did not impose any calorie
restriction. Nevertheless, these protocols were expected to have longer-term effects on BMI
through a change in dietary habits.

We collected measures at five different points in time: At baseline, after completion of

14The national living wage in the UK in 2015 was equal to £6.5 per hour. Since we invited both adults
in the family (and at least one child), the equivalent pay for 2 adults spending three hours, with the
compensation for a daily family bus ticket worth £8.5 would be £47.5, close to the compensation fee we
offered. The compensation was higher in session 3 (£130) because participants had to bring back materials
such as feedback leaflets and sim cards with pictures). The total compensation over three years added up
to £350 in Edinburgh and £400 in Colchester for all visits, spread over the 6 visits.
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the 12-week treatments, as well as one, two and three years after the interventions had taken
place. Figure 1 shows the timeline of measurement of the different outcomes and indicate
whether they were pre-registered as primary and secondary.'® All measures were collected

on site at the Universities of Edinburgh and Essex.

Figure 1: Study timeline

Baseline

After
(+12 weeks)

Year 1
(+1 year)

Year 2
(+2 years)

Year 3
(+3 years)

primary

Body mass Index |

24h dietary recall

Body mass Index
primary

24h dietary recall

not pre-registered

Body mass Index
primary

24h dietary recall

not pre-registered

Body mass Index
primary

24h dietary recall

not pre-registered

Body mass Index
primary

24h dietary recall

secondary j primary primary primary primary
Self reported Self reported Self reported Self reported
changes changes changes changes

not pre-registered

Supermarket Supermarket
choice choice
secondary secondary

4.1 Anthropometric Measurements and BMI (primary)

Participants were weighed and measured by a trained member of the team. Height and
weight data were used to create age-adjusted BMI for children using BMI cut-offs (based on
the percentiles) recommended by the Childhood Obesity Working Group of the International
Obesity Taskforce (Vidmar et al. 2004).

4.2 Measures of Diet

We collected data on diet using three methods. For each method, we focus on variables that
are most indicative of the healthiness or unhealthiness of a diet: total calorie intake, fruit

and vegetable consumption, saturated fat, and added sugar (otherwise known as Non-Milk

15The baseline and post-experiment measurements were collected during two-week time windows before
and after the 12-week treatment period.
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Extrinsic Sugar (NMES) or free sugars).'® Importantly, these should not be considered as
outcomes we wish to study independently. As we noted earlier, one major drawback of
existing studies is that they usually focus on a single measure of diet, often based on an
isolated food consumption or purchasing event. Our goal is to identify a consistent and
robust pattern across these different measures and understand the mechanisms behind the

changes observed.

4.2.1 24h dietary recall (primary)

The first measure of dietary intake relies on a method commonly used in nutrition research,
called the “24-hour diet recall”. The method consists of asking participants to recall in
detail what they have eaten in the last 24 hours. The data was recorded face-to-face with
nutritionists at baseline and immediately after the intervention, and using a computer-based
British software called Intake24 for the three subsequent years.

In our study, a parent (most often the mother) provided the information on behalf of
the child and for themselves. The data was then entered into a nutritional analysis software
(called WISP) which computes measures of dietary intake based on a large database of food
items available in the UK. The software then provides direct information on calorie intake
and macro-nutrient composition. More information on the method is provided in Appendix
Section A.4.1.

One important challenge with our implementation of the 24-hour diet recall method is
that participants could anticipate having to report their dietary intake and adjust their
consumption the day before their visit. Of course, this challenge applies to all groups, and
it is unclear whether the risk of bias is greater for treated or control groups. However, it is
possible that those in the treated groups feel particularly inclined to under-report certain
foods. The best way to address this concern is, in our view, to correlate the various measures

we have and identify a pattern across the various measures we have.

16See a report from the National Diet and Nutrition survey (https://tinyurl.com/NDNS20122014) claiming
that diets low in saturated fats and sugars and high in fruit and vegetables are typically recommended for
health.
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4.2.2 Self-Reported Changes (not pre-registered)

The second measure is based on a computer survey where parents were also asked to report
changes in the consumption of specific food items (for their child and themselves). Specif-
ically, participants were asked to report whether consumption increased, decreased, or did
not change, relative to the previous visit for specific items. Specifically, for the first year
follow-up we asked: “Could you indicate how your consumption has changed over the last
9 months for the following items?” For the second and third year follow up we asked to
indicate the change over the last 12 months to reflect the timing of the visit.

We grouped these items into three categories: fruit and vegetables, foods high in fat, and
foods high in added sugar. We calculate an index equal to the number of items for which an
increase is reported, minus the number of items for which a decrease is reported. Therefore,
these can be interpreted as net changes in the consumption of different food categories. So
that the changes we observe are relative to their first visit (baseline), we sum the changes
over the respective sessions. Therefore, this variable could reflect changes in just one item of
the index, or many. For example, in year 1 someone may indicate that they have increased
their consumption of vegetables but not fruit, so the variable would take a value of one.
Then in year 2, they may indicate that over the last 12 months they have further increased
their vegetable consumption, so this variable would now take a value of two. Similarly, in
year 3 they have further increased their vegetable consumption but not fruit so that variable
will now take a value of three. Alternatively, another participant could have a value of three
in year 3 because they increased their fruit consumption and their vegetable consumption in
year 1 and only their vegetable consumption in year 2.

This measure has been collected throughout the whole experiment i.e. after the treat-
ments. Specifically, immediately after the end of the intervention, and then in the three
subsequent years. Participants were also asked about other lifestyle changes (what they
need to do to meet the food guidelines) and their perceived health. Note that this analysis
was not initially pre-registered. We decided to include it as we believe it is helpful in the

identification of a robust pattern across measures.
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4.2.3 Supermarket Choice Tool (secondary)

The third measure is an incentivized measure based on a one-shot post-experimental choice
of a supermarket basket worth 30 British Pounds (GBP), using the tool developed by Spiteri
et al. (2019). Parents are asked to select food items among a choice set of 120 popular items
from a supermarket, organized in categories that resemble typical aisles in a supermarket
(fruit and vegetables, meat and fish, dairy, etc.). Screenshots of the tasks can be found in
Appendix Figure A.5.

Participants are instructed to shop as they normally would. This means that the shop-
ping basket is intended for the whole family rather than for themselves individually. The
basket was delivered to one in every 10 families selected at random, two weeks after the
intervention (to avoid that choices would depend on current food stocks). The tool allows us
to extract information on calories and nutrients, such as sugar and saturated fat. This task
was implemented in years 2 and 3 to avoid contamination with the interventions conducted

in the treatment groups.

5 Analysis and Results

5.1 Baseline measurements

Table 2 shows the mean BMI (z-score), as well as the percentage of children underweight,
overweight, or obese. The z-score is the number of standard deviations from the mean value.
We see that the BMI z-score of the snack group is lower compared to the control and Meal
groups but the differences between them are not statistically significant. The obesity rate of
our sample is in line with national statistics (16.5% of the children and 33% of adults). We
do not find significant differences in the distribution of weight categories between the three
groups at baseline. The table also shows baseline measurements for different diet intakes
(total calorie intake, added sugar, saturated fat, and fruit and vegetables). No significant
differences are found for those measurements at baseline.

To get a sense of how the meals in the Meal treatment compare to the pre-intervention

diet of participants, we compare the nutritional content holding calories constant (benchmark

17



of 365 calories). The average diet of participants contained twice the amount of fat (15g
versus 8g) and twice the amount of sugars (20g versus 10g) found in the meals (see Appendix
Table A.10). Participants’ diets at baseline were lower in carbohydrates and protein relative

to the Meal treatment.

5.2 Attendance and Attrition

Table A.7 provides descriptive statistics on attendance and attrition. The attrition rate
after the 12-week intervention was very low (3.85%). The overall show-up rate remained
high in the subsequent data collection years (87% in 2016, 84% in 2017, and 82% in 2018
relative to the first “baseline” session). However, the attrition rate differs slightly between
treatments. There is a slightly higher rate of attrition in the Snack treatment at year 3
relative to baseline (20%) compared to both the Meal treatment (11%) and the Control
group (16%). We discuss how attrition affects our results in Section 7. The main conclusion

is that attrition is unlikely to drive the significant treatment effects we identify.

5.3 Intention-to-Treat (ITT) Estimates of the Impact on BMI and
Diet

We now turn to the core results of the paper and present I'TT estimates of the effects of
the treatments. For measures with baseline information, the estimates are difference-in-
differences estimates. For measures with only post-intervention information, the estimates
relate to the difference between the treated and control groups. All estimates are from linear
models, with standard errors clustered at the household level.

As mentioned earlier, we are looking for consistent evidence across measures. For this
reason, we report all treatment effect estimates in one table for each treatment: Table 3 for
the Meal Treatment and Table 4 for the Snack Treatment.

We report the treatment effects on BMI and measures of diet. For the measures of
diet, we report treatment effects on measures derived from the 24h-dietary recall, measures
derived from the survey (self-reported changes), and measures derived from the incentivized

supermarket tool (shopping basket), the latter corresponding to parental choice.
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Starting with the Meal treatment (Table 3), we find a precisely estimated and negative
treatment effect on BMI, of the order of 0.20 standard deviations in the early years and equal
to 0.34 in year 3. The size of the effects is initially very similar across both treatments. The
effect is remarkably robust and persistent. Turning to the measures of diet, we present the
individual coefficients as well as the tests for joint significance across measures (in a given
year and across years).

We find evidence from all measures pointing at a reduction in sugar consumption in one
and two years after the intervention. By year 2 we find that on average, relative to baseline,
children have reduced their consumption of items high in sugar by around 3.7 items.!” In
year 3, the effects across the board for sugar are less precisely estimated. We also have
evidence (albeit weaker) of a reduction in fat consumption. While all except one of the point
estimates is negative, only three of the 10 coefficients are precisely estimated. Jointly across
all the coefficients on fat we do, however, find a significant effect. On the other hand, we
do not find consistent evidence of a change in fruit and vegetable consumption. We find
small but imprecise reductions in fruit and vegetable consumption in the 24 hour diet recall
measures. In contrast, we find an increase in consumption when looking at the self-reported
measures.

We also do not see a statistically significant drop in calories, but the reduction in added
sugar consumption for the Meal group could be consistent with a drop in calories (corre-
sponding to 75% of the point estimate change in calories at -109.6). After three years, we do
not see a significant difference in added sugar intake, and the point estimate of the difference
in calorie intake becomes positive (but remains insignificant). The self-reported measures are
still significant, and the supermarket choice is also negative but is not precisely estimated.

For the Snack treatment (Table 4), we see less consistent effects. We find a negative
treatment effect on BMI immediately after the intervention, and negative effects in each of
the subsequent years albeit these are not precisely estimated (p=0.093 in year 1). There
is also evidence of a drop in fat and sugar consumption in year 1 (only precisely estimated

for sugar), but no consistent evidence emerges of significant changes in year 2 and beyond.

17 As indicated in section 4.2.2 this could include different items or could be the same item over a number
of years.
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These results do fit well with the observed changes in BMI.'®

Figure 2 presents the kernel density function for the distribution for the percentile ranks
of BMI of children, at baseline, immediately after and in year 3, for the different control and
treatment groups. The top left panel shows the density for the control group and the two
treatments before the intervention. The top right panel shows the kernel density function
for the control group and the two treatments after the intervention. The bottom left panel
shows the kernel density function for the control group and the two treatments after three
years. The table below the Figure also reports the p-values from two comparison statistical
tests (Kolmogorov-Smirnov and Mann-Whitney tests). We can see that the distribution
of the percentile rank shifts from the top of the distribution for both the Meal and the
Snack treatments, albeit more pronounced in the Meal treatment. For both treatments,
the intervention has moved children from the top of the BMI distribution more toward the
bottom half of the distribution. Mann-Whitney comparison tests show that immediately
after the intervention, the median percentile rank in children is significantly lower in the
Meal and Snack groups compared to the control group (p-values respectively j0.05 and
i0.01). The difference between the treatment groups and control group remains positive up
until year 3 but is less precisely estimated (p-value 0.075 for the Meal and 0.095 for Snack).

Altogether, these results provide evidence that children reduced their consumption of
foods high in sugar, and to a lesser extent fat, which in turn affected their BMI. The effects
are persistent and precisely estimated for the Meal treatment. They are less clear for the
Snack treatment, with estimates becoming noisier over time.!”

We present additional results in the Appendix. First, we present results including in-
dividual fixed effects (see Appendix Section A.7), which are almost identical. In Appendix
Section A.8, we report the results of the analysis on the adult sample, for which we find no

consistent evidence of improvements in dietary habits or changes in BMI. We also collected

18As an alternative analysis (available upon request), we have also computed two healthy eating indices.
The first index uses the recommendation threshold for each macronutrient (a dummy variable is created for
each macronutrient, which is equal to 1 if the participant is within the recommendations’ ranges, 0 otherwise.
We then sum those dummies to create an index). A second index is inspired by Handbury et al. (2015).
We use the share in the recommended quantities and percentage from calories allowing us to have an index
informing on the diet quality. We find no significant treatment effects on any of these two indices, for children
or adults.

9In Section 7 we examine the robustness of the results to alternative inference procedures, multiple
hypotheses testing and attrition.
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blood samples from a sub-sample of adults to identify several key biomarkers, but again did

not find evidence which would indicate improvements in diet (see Appendix Section A.9).

5.4 Mediation Analysis

The evidence presented so far points to the temporary reduction in sugar intake, where we
find the most consistent change in diet and this resulted in a sustained decrease in BMI. To
examine this more formally we carry out the following exercise. We estimate the treatment
effects for BMI and then we repeat the exercise controlling for sugar intake, as measured
by the 24h-dietary recall. We then compare the change in the coefficients and test to see
whether the differences we find are statistically significant. We test the difference between
the effects for each treatment for each period individually, as well as jointly across all periods.
We repeat this analysis for fat, and fruit and vegetable consumption.

This exercise is shown in Appendix Section A.11 Table A.26. We note that when added
sugar is included as a control, the point estimates of the treatment effect decrease for each
year and for both treatments. On average, the treatment effects are 11% and 11.5% lower
when added sugar consumption is controlled for in the meal and snack treatments respec-
tively. This is not the case for saturated fat, or fruit and vegetable consumption, where the
pattern is not so consistent. When controlling for added sugar the difference in treatment
effects are not always statistically significant. However, when we jointly test all the coeffi-
cients, we find that controlling for sugar statistically significantly reduces the point estimates
in the Meal treatment. We find a similar effect for the Snack treatment albeit less precisely
estimated.

As described above, while we do not find a statistically significant reduction in sugar
consumption immediately after the treatment for the Meal intervention, controlling for added
sugar consumption does reduce the treatment effect by 19%. Thus, even if we do not detect a
significant treatment effect on added sugar immediately after the intervention, there appears
to be a correlation between a change in BMI and a change in added sugar consumption in
the direction we would expect: those who experience a decrease in BMI are more likely to
be those who reduce their added sugar consumption. This is again evidence pointing to the

reduction in sugar being a driver of the reduction in BMI. Controlling for added sugar does
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not explain the entire effect on BMI though, but we would not expect this to be the case
either. The measure of added sugar relates to a specific window of 24 hours. It is not a
perfect measure of someone’s diet over a long period. We interpret these results as indicative

that a change in diet is indeed an important driver of the change in BMI we observe.

6 Mechanisms

The results suggest that both interventions had an impact on children’s diet and body
mass index in the short run, and for at least 3 years after the intervention for the Meal
treatment. The interventions were designed to be as effective as possible and therefore
exploited several potential levers simultaneously. We now discuss key potential mechanisms,

as well as evidence we have for the role they may have played.

6.1 Financial constraints

In both interventions, families received ingredients for free. Thus, the first obvious mecha-
nism driving the effects could be a relaxation of financial constraints.

Our results suggest this is unlikely to be the case. First, we see effects beyond the year
of intervention, which are not plausible if the key mechanism is financial constraints. We
also see no indication that children increased their consumption of healthy foods, rather we

see an indication that they reduced their consumption of foods high in sugar and in fat.

6.2 Non-financial costs of implementation

Both interventions potentially alleviated other non-financial barriers to the adoption of
healthier habits. In the Meal Treatment, families got everything they needed at their
doorstep: The groceries are delivered directly to their home and they receive a weekly
booklet of recipes using the ingredients delivered. The recipes have been chosen for their
simplicity of execution. Similarly, for the Snack treatment, we asked families to follow a
simple protocol (eat at regular times and avoid eating between these times) and healthy

snacks were delivered directly at home. However, we did ask families to adhere to a specific
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protocol for 12 weeks, which is quite a long period, and these protocols do obviously impose
constraints.

The compliance measures discussed in Appendix Section A.6 give us an an idea of how
these protocols were experienced by families. For example, we know that the Meal protocol
was perceived as relatively easy to follow. Participants from both treatments were asked
whether they experienced any difficulties in implementing the protocol, and if, in general,
adults and children liked and ate the food that was delivered. Appendix Table A.11 shows
differences in self-reported measures regarding the ease of implementation of the protocols.
We find notable differences between the two treatment groups. For instance, 42.5% of the
Snack sample found it difficult or very difficult not to snack between the meals. In contrast,
83.7% of those in the Meal treatment say they found it easy or very easy to cook the recipes.

In the Meal treatment, one year later, families reported cooking on average 6.05 recipes,
a number that remained stable over the next years (5.7 in year 2 and 6.2 recipes in year 3),
and on a 5-point Likert scale (from 1 being very easy to 5 being very difficult) adults report
an average difficulty of 1.7 (s.d=0.5). Those results corroborate the self-reports displayed in
Appendix Table A.11, showing that this treatment has been perceived as relatively easy to
follow.

In the Snack treatment, the feedback leaflet allows us to check the regularity in the meal
times as participants were reporting the time of the three (five for the children) meals they
had during the twelve weeks. For each week, we set the mode time as the regular time and
we look at the frequency of a deviation of at least 30 minutes from this mode. 18.7% of the
adults’ breakfast deviated from their mode, and 16.5% for the children.

Thus, it is plausible that the ease of sustaining the protocol in the Meal treatment may

explain why it had more sustained effects.

6.3 Information and Learning

Since following a healthy diet and preparing healthy meals is not trivial, and in general
‘experimentation’ is costly, both interventions could have had an impact by subsidizing ex-
perimentation’ and helping families to discover new recipes to prepare healthy and affordable

meals, and snack options that are to their liking.
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While this is plausible, it is striking that we do not see an impact on adults. Also, adults
do not indicate having difficulties accessing healthy foods at baseline, and they seem to be
generally well-informed about what they would need to change to adopt a healthier diet.
Section A.12 includes two tables showing the percentage of responses for different questions
about information access asked during the computer surveys, at the different sessions. Hence,
about 94% of the participants believe they have access to healthy food, already at baseline.
90% of them are convinced that they can have influence on their own health (see Appendix
Table A.27). They also seem well aware at baseline about the different guidelines as they
know which food or drink items consumption they should increase/decrease to meet the
guidelines (see Appendix Table A.28). Those answers do not evolve much over time.

This said, it is plausible that parents in the Meal treatment added new and healthier
meals to the repertoire they use with their children, whereas for the Snack treatment, the

challenges of adhering to a regular meal pattern seemed to have been large.

6.4 Food Preferences (primary outcome)

One question is whether the treatments significantly affected children’s tastes, in line with a
habit formation type of model (Becker and Murphy (1988)). To investigate this possibility,
we collected direct measures of food preferences. These measures were pre-registered as
primary outcomes of interest.

Due to the young age of the children at the beginning of the study, our main variable is a
simple non-incentivized measure of preferences for a range of foods. We collected additional
incentivized measures of food preferences based on single one-shot decisions in year 1 for
adults and year 3 for children (see Appendix Section A.10).

Children and adults were asked independently to rate their liking of a set list of foods.
The survey was computer-based for parents, while for children it was administered on a one-
on-one basis in a separate room by a member of our team. The questionnaire included 20
food items aimed at capturing a range of different food groups and five recipes that featured
in the Meal treatment (see Appendix Table A.22) for the full list of items). For each item,
participants had to answer on a 4-point scale how much they liked the item (really dislike to

really like, illustrated with smiley emoticons), with the additional possibility of an “allergic”
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or “never tried” option. Items were then grouped into food categories following the “eatwell
plate” food categories (fruit, vegetables, meat/fish/eggs, cheese, bread, unhealthy processed
food and sweets).?

The I'TT estimates are presented in Table 5. We find that children in the Meal treatment
report a weaker preference for foods high in saturated fat, immediately after the intervention.
The impact remains negative although not precisely estimated in the years after the inter-
vention. In contrast, children report liking sweets more. The point estimates for the Meal
treatment effects are all positive, but they are neither jointly nor individually statistically
significant. In the Snack treatment, the point estimate is initially positive and significant
but then the sign changes in subsequent years. Overall, however, we find a positive and
significant increase in the preference for sweets for those in the Snack treatment, although
neither of the estimates for the effect on preferences for sweets remain statistically significant
with more conservative inference procedures (Appendix Table A.30).

An increase in the liking of sweets seems a priori inconsistent with a model of habit
formation, but is consistent with the most basic economic model of decreasing marginal
utility of consumption, and with evidence in nutrition research, which shows that restricting
access to certain foods can increase their valuation (Fisher and Birch (1999)).

In addition to the self-reported measure, we also collected a measure based on a one-shot
incentivized choice in year 3 for children, when they were presumably old enough to fully
understand an experimental protocol with incentives. The task was conducted one-on-one
with each child and with the same investigator.

Children were offered a choice between a low-calorie food item and a high-calorie item.
They were presented with four different pairs of items involving either sweet or savory food,
fresh or storable. To ensure that the low-calorie item was attractive, we chose to impose a
price on each item. The simplest price we thought we could implement was to attach a risk
of not obtaining it. More precisely, if the child chose the low-calorie item, she would have
two chances out of three of actually getting it, while if she chose the high-calorie item, she
would only have one chance out of three to get it. The child had to indicate which item she

chose among four different pairs of low-high calorie items (see Appendix Figure A.6)

20The eatwell plate is a policy tool used to define the British government recommendations on eating
healthily and achieving a balanced diet.
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The outcome measure of interest is a simple count of the number of times the child picks
the low-calorie (healthy) item. Great care was taken to ensure that the child understood the
instructions.?!

We find no statistically significant difference across treatments (see Table 6). That is,
we have no indication that children in either treatment group developed a preference for
“healthier” foods.

Altogether, these results provide little evidence that the interventions resulted in stronger

preferences for healthier foods. But the results indicate that the Meal treatment intervention

affected purchasing behavior of the parents.

6.5 Summary

Summarizing our findings, we conjecture that the most plausible mechanism for the changes
observed is that parents adjusted the food they provided to their children for the longer-term.
In the Meal treatment specifically, they continued preparing some of the healthy meals, and
they purchased less sugary foods.

The fact that we do not see an effect on adults also fits with this explanation as it may
be easier for parents to control their children’s diet than it is to control their own. It could
also be that dietary habits are much more ingrained later on in life and are therefore much

less malleable.

7 Robustness and Attrition

In this section, we document various robustness checks of the main effects. We focus on
alternative inference procedures as well as the issue of attrition. We include individual fixed
effects for all outcome measures that were taken pre- and post-intervention. The relevant

tables are presented in Appendix Section A.13.

21Gince the price involves risk, we also collected a measure of risk preference, inspired by the bomb task
(Crosetto and Filippin (2013), see Appendix A.10.2 for further details).
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7.1 Alternative Inference Procedures

We perform a randomization inference procedure set out in Young (2019). This involves a
test of a sharp null (all participants of a particular treatment have a zero treatment effect
rather than an average treatment effect of zero). These results are shown in Table A.29 for
BMI, Table A.30 for food preferences, and Table A.31 for dietary intake. Point estimates that
are statistically significant when estimated with standard errors clustered at the household

level remain so under the randomization inference procedure.

7.2 Multiple Hypotheses Correction

Recall that adjustments to p-values are made in Tables 3 and 4 for multiple hypotheses test-
ing on the joint tests for coefficients for each of the variables we examine (i.e. BMI, calories,
sugar, fat and fruit and vegetables). Here we now document adjustments made within the
analysis of food preferences (Table A.30) and dietary recall (Table A.31) separately. The cor-
rected p-values which adjust for the family wise error rate (FWER) as proposed by Romano
and Wolf (2005a) and Romano and Wolf (2005b) are shown in square brackets.

We find that those point estimates that are significant in Table 5 are also statistically
significant when carrying out these more conservative inference procedures except for the
increased preference for sweets that we found in the snacking treatment after the intervention.
Table A.31 shows that those point estimates that were precisely estimated in Tables 3 and

4 remain so correcting for multiple hypothesis testing.

7.3 Attrition

As mentioned earlier, there is some attrition in our sample. To evaluate how attrition affects
our main results, we carry out three exercises. First, we compare the baseline characteris-
tics of all those who started the experiment with the baseline characteristics of those who
attended the final session in year 3. The idea is to see whether those who do and do not
drop out differ based on the baseline measures of interest (our outcomes). There are no sta-
tistically significant differences - the means are remarkably similar (Appendix Tables A.32,

A.33 and A.34). The biggest differences occur in the Snack treatment, as might be expected
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due to the larger attrition rate, however, the differences for both adults and children are in
absolute size small.

A second way to examine the impact of attrition, and specifically to see whether differ-
ences in attrition from session to session affect our estimates, is to compare the treatment
effects of the sample of participants who attended every session (or who attended the final
session) with the baseline estimates. We focus on the two outcomes with significant treat-
ment effects and for which we have repeated measures: children’s BMI and consumption of
added sugar.

The estimated treatment effects on a balanced sample or on a sample of those who
attended the last session are slightly smaller but are very similar to the baseline estimates
(Appendix Tables A.35 and A.36, suggesting that attrition was not systematically related
to improvements in outcomes.

The third exercise is to estimate bounds on the treatment effects taking attrition into
account in the spirit of Lee (2009). We describe the procedure in detail in Appendix Section
A.13.4. Here again we focus on children’s BMI and consumption of added sugar. For each
session, we sort the difference in outcomes comparing the baseline to the particular session
within each treatment group from highest to lowest. Then for that particular session, the
sample is trimmed from above and below to produce groups that have equal rates of attrition.
We then re-estimate the treatment effects based on the trimmed samples (Appendix Tables
A.37, A.38, and A.39). We do not trim to produce equal groups because we did not begin
with equal groups by design as described above. Our conclusions are robust to this exercise.

These three exercises show that attrition cannot explain the significant treatment effects

we have identified for children’s BMI and added sugar consumption.

7.4 Power

As it was not standard practice when we designed the experiment, we did not perform power
calculations before implementing the interventions. But we can present ex-post calculations
that are based on data that existed prior to our study, and would have been natural anchors

to do such calculations ex-ante.
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Starting with BMI, a recent Cochrane review by Brown et al. (2019) summarizes the
findings from 16 RCTSs evaluating interventions targeting diet and physical activity among
children between the age of 0 and 5 and find a mean effect on BMI z-score of -0.11 (95%
confidence interval -0.21 to 0.01). They only report one study targeting dietary habits,
by Daniels et al. (2012). The intervention tested is a universal educational intervention to
promote protective feeding practices that commence in infancy. They find a reduction in
BMI z-score of 0.19 six months after the intervention. Using this as a benchmark, for the
Meal treatment we would have 0.793 power to detect such an effect. The Snack treatment
was slightly under-powered at 0.7.

To examine the power to detect effects in nutrient intake we use data from the National
Diet and Nutrition Survey (NDNS) (2012/13-2013/14) as a baseline measure. The data is
grouped into various ages and we use the closest one to our sample (children aged between 4
and 10 years old). The mean daily consumption of calories from this survey are 1,462 with
a standard deviation of 317. Our realized mean calorie consumption of the children in our
sample (control) is 1,439, which is close to the NDNS mean, although the standard deviation
is somewhat larger of 539, suggesting our measure is quite noisy. Few studies have targeted
calorie reduction of children, so we test power against a 10% change and a more conservative
5% change in intake.

Under an assumption of a correlation between baseline and follow-up measures being
0.8, we have over 80% power to detect a 10% change in calories in both the Meal and Snack
treatment. We are below 80% power in some circumstances however. These include: for a
5% reduction in added sugar in the snack treatment, a 5% change in saturated fat in both
treatments, and we are under-powered for a 10% effect for both treatments with respect to
fruit and vegetable consumption. Otherwise, we have over 80% power to detect up to 5%
changes in the various nutrient intake measures.

For food preferences, we can use data collected by Wardle et al. (2003), a seminal study
on food preferences. To convert their 5-point likert scale to our 4-point one we multiply their
measure by 0.8. Mean preferences from Cooke and Wardle (2005) for fruit, meat, eggs, fish,
dairy, and vegetables are broadly similar to our baseline means. As a benchmark for the

estimates, we use results from Wardle et al. (2003) who have examined repeated exposure
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to vegetables on liking. They found increases of around 1.6 to 1.3 based on adjusted likert
scales. We have over 80% power for all our measures on food preferences for a change in the
liking by 1, equivalent to going from on average from “good” to “awesome” which is more
conservative than those changes found by Wardle et al. (2003).

Overall, while our sample size may appear at first to be small, it is relatively large in
comparison to other studies, particularly in the area of diet. A recent review of studies
evaluating interventions targeting the prevent of childhood obesity by Perdew et al. (2021)
only found eight studies targeting families, five of them with a sample of less than 100
families, and only two of them with a larger sample than in our study.?? These interventions
were not evaluated with a RCT. On the whole, for key measures, we are not under-powered

to detect reasonably and economically significant effect sizes.

8 External Validity

As with any field experiment, one can question the external validity of the results. We dis-
cuss here the transparency checklist proposed by List (2020) that should help understanding

to what extent our results are generalizable.

Selection: The study focuses on low-income families in the UK. As mentioned earlier,
the experimental sample was selected in various ways. First, we selected two specific loca-
tions in the UK where the study could be conducted. Second, we targeted families satisfying
specific eligibility criteria. Third, families self-selected into participating in the study. For
ethical and practical reasons, participants had to be informed that participation in the study
could involve having to follow a protocol for 12 weeks. One may perhaps expect these fami-
lies to be more receptive than the average to policies encouraging changes. It could be that
the results we find for children are an upper bound if we believe the parents taking part
in this study are more motivated than the average parent in encouraging healthy eating in
their children. The baseline data does not provide much indication of positive selection, in

particular the diet of children does not meet the UK recommendations. So we do not have

22The study with the largest sample size had 808 families involved.
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indication of positive selection on baseline characteristics.

Selection could have also be influenced by the size of the incentives provided for partic-
ipation. As explained earlier, the compensation was carefully chosen to be commensurate
to the time and efforts expected from participating families. However, recent work by Dutz
et al. (2021) shows that incentives do not only affect participation rates but can also bias
the participating pool. One interesting feature of our study is that we did increase the par-
ticipation incentives between wave 1 in Edinburgh and wave 2 in Colchester. It is not as
ideal as an experiment as the one discussed in Dutz et al. (2021). But interestingly these
two samples compare well on observables (see Appendix Table A.7 as well). For example,
the average household income is essentially identical in both samples.

Also related to selection, one may wonder how the UK compares to other countries.
There are varied criteria for defining obesity in children and not all countries collect sys-
tematic surveys in nationally representative samples. Nevertheless, the available data from
various countries clearly show a growing epidemic of childhood obesity in both developing
and developed countries (Dalstra et al., 2005; Waters et al., 2011). That is, the UK is not
an outlier in child obesity trends.?

Attrition: The previous section addressed issues related to attrition. An important aspect
of the study was that compliance was not incentivized, but participation to the measure-
ments was. This feature of the design limits a possible correlation between compliance and
attrition. The feedback leaflets made it clear to participants that we were interested in the
difficulties they encountered in implementing the protocols. The anecdotal evidence we have
suggests that non-participation was more likely to be caused by external factors, such as
incompatible working schedules or personal circumstances unrelated to the interventions or
the study.

Naturalness: One concern could be that the interventions placed participants in an artifi-

cial setting. We took great care to ensure that this was not the case. The main reason for

23Note that for adults, the accumulated evidence also suggests an inverse association between Socioeco-
nomic status and obesity among women in developed societies, see Bennett et al. (2008). Among all racial
and ethnic groups combined, women of lower income are approximately 50% more likely to be obese than
those with higher income levels. Evidence of the inverse association is less consistent among men. A few
studies conducted in the US show that, in men, the association varies by race. In white men, obesity was in-
versely associated with income, while for black men obesity and income were positively associated Miyawaki
et al. (2021).
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opting to deliver food at home was to ensure that participants could eat in a familiar setting.
Online supermarket deliveries are common in the UK and the ingredients were purchased
from one of the largest supermarkets in the UK. The fact that the food was provided for free
may appear unusual, however programs which target low-income families do exist (such as
food banks).

Scaling: The primary goal of the interventions tested here was to examine the malleabil-
ity of dietary habits. Providing food for free and delivering it at home is relatively costly.
This said, food and meal delivery programs targeting vulnerable households do exist. In
the UK, Meals on Wheels (MOW) programs provide home-delivered meals to over 1.5 mil-
lion older adults. In the US, the Commonwealth Care Alliance (CCA), a not-for-profit
community-based health plan that manages and administers care for adults, runs such a
program targeting adults dually eligible for Medicare and Medicaid.

The costs of rolling out such interventions would need to include the costs of the logistics,
but since online supermarket platforms are now common in most countries, organizing the
delivery of the food should be feasible at low cost. The costs of the food ingredients are also
relatively low. For a family of two (one parent and one child) this is approximately £12 per
person per week. For a family of more than 2, this is approximately £10-11 per person per
week. The costs to deliver the snacks were about £5 per child per week. Such costs are well
within the range of costs of alternative interventions that have been implemented in public

policy programs in the UK and in the US.

9 Discussion and Conclusion

This paper presents the evaluation of two interventions targeting dietary habits. The first
changes what families eat (Meal treatment), while the second targets regularity of eating
and snack choices and behaviors (Snack treatment).

We find that, relative to the control group, children in both treatments moved down
the distribution in terms of weight and BMI, particularly those from the top half of the
distribution. This result persists for three years for the children exposed to healthy meals

(Meal treatment), but does not persist for those in the Snack treatment.
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The most plausible explanation is that parents purchased less unhealthy foods (e.g. foods
high in sugar) and that resulted in a lower BMI in the treated groups. The difference in
consumption of added sugar disappears in year 3 though, but the effect on BMI persists. So
it could be that the temporary reduction in sugar intake (for a couple of years), has led to
a sustained decrease in BMI. The effects are weaker and less consistent across measures in
the Snack intervention, and hence the lack of persistence of the BMI effect.

Is the change in BMI observed for children large? As mentioned earlier, the only other
study we are aware of that also targeted young children is a study by Daniels et al. (2012),
who evaluated an intervention promoting protective infant feeding practices to prevent child-
hood obesity and found a reduction in BMI z-score of 0.19 six months after the intervention.
In comparison, the effects we find here (0.34 decrease in BMI z-score for the Meal treatment)
are large.

The changes we observe do not seem to affect preferences for healthier foods. Thus we
do not find evidence of a habit-formation mechanism in the spirit of habit-formation models
(Becker and Murphy, 1988). Of course, the interventions may not be long enough to alter
preferences.

Finally, even though these interventions are not meant to be policy proposals, the effects
we find provide encouraging evidence that interventions aimed at changing children’s diet
early on in life can have a longer-term impact. In our view, they could be realistically

implemented as cost effective policy interventions.

10 Data Availability

Code replicating the tables and figures in this article can be found in Belot et al. (2024)
(Replication Data for: “Changing Dietary Habits Early in Life: A Field Experiment with
Low-Income Families”. 2024. doi: 10.7910/DVN/QMRM7W.)
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Tables and Figures

Figure 2: Changes in the distribution of the BMI percentile rank in children
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Note: Each line shows the kernel density function for the distribution for the percentile ranks of
BMI of children. The top left panel shows the kernel density function for the control group and the
two treatments before the intervention. The top right panel shows the the kernel density function
for the control group and the two treatments After the intervention. The bottom left panel shows
the kernel density function for the control group and the two treatments after three years.

Control vs. Meal Control vs. Snack

Comparison tests - reported p-values
Kolmogorov-Smirnov  Mann-Whithney test Kolmogorov-Smirnov ~Mann-Whitney test

Baseline 0.928 0.591 0.368 0.252
After 0.144 0.046 0.102 0.013
Year 3 0.215 0.075 0.390 0.095
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Table 1: Demographic characteristics at baseline and across groups

Control Meal Snack  P-value P-value
Mean (std)
(1) (2) )  (H=(2) 1)=0B)
Sample size (families) 111 103 71 - -
(Present at the start of study)
% Female adults among all sample 72.2 79.6 75.3 0.15 0.59
% Female pregnant among female sample 8.1 6.0 1.9 0.62 0.13
# Adults in household 1.7 1.61 1.7 0.43 0.85
(0.9) (0.6) (0.7)
# Children in household 1.9 1.8 1.9 0.76 0.75
(0.9) (1.0) (1.0)
Age (adults) 35.1 34.7 34.0 0.67 0.23
(7.5) (6.6) (6.9)
Age (study child) 4.1 4.0 3.9 0.71 0.22
(1.4) (1.6) (1.4)
Mean annual household income 20,855 21,167 23,928 0.15 0.42
(10,056) (19,227) (21,844)
% Receiving child benefit 85.4 85.6 84.9 0.97 0.92
% Receiving tax credit 74.8 70.5 75.3 041 0.94
% Receiving job allowance 2.6 5.3 2.2 0.25 0.81
% Receiving housing benefits 35.1 40.9 34.4 0.31 0.91
% Receiving income support 21.9 15.2 18.3 0.15 0.50
% Receiving other benefits 9.3 9.1 6.5 0.96 0.44
% Higher degree 19.6 16.9 18.3 0.57 0.80
% No qualifications 2.7 3.1 3.2 0.85 0.81

Note: Means with standard deviations in parentheses. Col. (4) and (5) report the P-value of a t-test of
equality of estimated parameters in Col. (1) and (2) and in Col. (1) and (3) respectively. “Higher Degree”
includes having a first degree, higher degree, SVQ level 5, profesionnal qualifications and other higher
education qualifcation. “No Qualifications corresponds to respondents who ticked the “No Qualifications”
option. A descriptive statistics table for panel A Edinburgh and panel B Colchester can be found in Appendix
Table A.7. Pregnant women at baseline: 6 in the control group, 4 in the Meal treatment, 1 in the Snack
treatment.
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Table 2: Baseline measurements (children)

Control ~ Meal Snack  P-value P-value
Mean (std)
(1) (2) @) 1)=2) 1)=0)
Body Size
BMI z-score 0.5 0.5 0.3 0.59 0.25
% Underweight 0.0 0.0 1.5 1.00 1.00
% Normal weight 71.0 76.0 75.0
% Overweight 12.2 6.8 8.8
% Obese 16.8 17.3 14.7
N 107 104 68
Diet Intake
Total calorie intake (Kcal)  1407.8  1460.2  1386.8 0.29 0.85
(464.5) (476.0) (379.4)
Added sugar (g) 18.0 25.9 18.1 0.25 0.45
(22.7)  (34.7)  (20.2)
Saturated Fat (g) 23.1 26.1 23.9 0.14 0.87
(9.6)  (13.0) (11.6)
Fruit and veg (g) 101.8 122.8 119.6 0.10 0.41
(125.8)  (126.4) (138.2)
N 110 103 72

Note: Means with standard deviations in parentheses. 4th and 5th columns
report the p-value of a Wilcoxon signrank test of estimated parameters in Col.
(1) and (2) and in Col. (1) and (3) respectively. p-values from Kolmogorv-
Smirnov test of distribution are reported to compare the BMI categories distri-
bution between groups, rank-sum tests were performed to compare BMI levels.
A descriptive statistics table for Edinburgh and Colchester sample separately
can be found in Appendix Table A.7. Self-reported preferences: An item that
has never been tried or for which the participants declares to be allergic to is
considered missing. 1 corresponds to not liking at all, 4 to liking very much.
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Table 3: Impact of Meal Treatment on Body Mass Index and Diet of Children

Estimate Post Year 1 Year 2 Year 3
Body Mass Index (z-score for children) DD -0.20 (0.06)** -0.22 (0.08)** -0.21 (0.09)**  -0.34 (0.12)**
Joint significance of all coefficients 0.003 [0.004]
Total calories (kcal)
24h-dietary recall DD _54.0 (T1.7)  -109.6 (107.7) -170.3 (115.5)  68.2 (116.8)
Supermarket parental choice Treat-Control -19.8 (21.4) 10.2 (22.3)
Joint significance coefficients by year 0.2158 0.7730
Joint significance of all coefficients 0.3657 [0.366]
Sugar
24h-dietary recall (added sugar, g) DD -5.9 (5.2) -21.4 (8.1)*  -28.8 (10.3)** 1.2 (9.0)
Self-reported changes (foods high in sugar) : # changes (-8 to 8) Treat-Control ~ 0.19 (0.61)  -2.0 (0.76)*** -3.69 (0.95)*** -5.20 (1.10)***
Supermarket parental choice (g) Treat-Control -4.23 (1.61)** -1.92 (1.58)
Joint significance coefficients by year 0.49360 0.00110 0.00000 0.00010
Joint significance of all coefficients 0.000 [0.001]
Fat
24h-dietary recall (saturated fat, g) DD -2.82 (1.84) -3.23 (2.47) -3.42 (2.48) -1.07 (2.59)
Self-reported changes (foods high in fat) : # changes (-8 to 8) Treat-Control ~ 0.40 (0.57)  -1.89 (0.70)**  -3.48 (0.85)**  -4.64 (1.01)**
Supermarket parental choice (saturated fat in g) Treat-Control -0.98 (0.88) -0.41 (0.92)
Joint significance coefficients by year 0.2334 0.0100 0.0004 0.0001
Joint significance of all coefficients 0.0000 [0.001]
Fruit and vegetables
24h-dietary recall (g) DD 142 (21.2)  -6.90 (40.0)  -28.3 (27.0) -38.9 (26.5)
Self-report changes ( # of changes out of 2 categories) Treat-Control ~ -0.28 (0.19)  0.66 (0.24)**  1.46 (0.30)** 2.26 (0.37)**
Supermarket parental choice (% spent on F&V) Treat-Control 0.24 (0.56) -0.25 (0.54)
Joint significance coefficients by year 0.2600 0.0234 0.0000 0.0000
Joint significance of all coefficients 0.0000 [0.001]

Note: Standard errors in parenthesis clustered at the household level. p<0.01 ** p<0.05 *. Joint significance of all coefficients is the p-value of the test as to whether
all coefficients are jointly significant for that particular outcome, in square brackets are the FDR g-value calculated using the method from Benjamini and Hochberg
(1995) and Anderson (2008). Estimate indicates the estimation strategy with "DD” being difference-in-differences and ” Treat-Control” tests the difference between the
treatment and control group at for that particular time period. For self-reported changes for foods high in sugar and fat these range from -8 to 48, and for for fruit and

vegetables, these are reported as the number of changes out of 2 categories.
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Table 4: Impact of Snack Treatment on Body Mass Index and Diet of Children

Estimate Post Year 1 Year 2 Year 3
Body Mass Index DD 0.22 (0.09)*  -0.18 (0.11)  -0.12 (0.14)  -0.15 (0.19)
Joint significance of all coefficients 0.078 [0.098]
Total calories (kcal)
24h-dietary recall DD 484 (74.0)  -149.8 (101.2) -188.9 (111.3) -103.0 (107.0)
Supermarket parental choice Treat-Control 8.85 (26.1) 32.3 (29.1)
Joint significance coefficients by year 0.2282 0.2898
Joint significance of all coefficients 0.4586 [0.459]
Sugar
24h-dietary recall (added sugar, g) DD -0.53 (4.7) -18.9 (8.6)* -20.8 (10.8) -8.7 (9.2)
Self-reported changes (foods high in sugar): : # changes (-8 to 8) Treat-Control  -0.45 (0.68)  -2.21 (0.87)* -2.90 (1.04)** -3.08 (1.21)*
Supermarket parental choice (g) Treat-Control 0.83 (1.90) 2.21 (2.23)
Joint significance coefficients by year 0.7962 0.0054 0.0142 0.0413
Joint significance of all coefficients 0.009 [0.012]
Fat
24h-dietary recall (saturated fat, g) DD -1.59 (2.01) -1.76 (2.42) -3.19 (2.45) -2.13 (2.54)
Self-reported changes (foods high in fat) : : # changes (-8 to 8) Treat-Control  0.43 (0.58)**  -1.11 (0.76)  -2.16 (0.90)*  -2.35 (1.07)*
Supermarket parental choice (saturated fat in g) Treat-Control 0.11 (1.19) 0.42 (1.11)
Joint significance coefficients by year 0.5488 0.2627 0.0713 0.1272
Joint significance of all coefficients 0.0054 [0.011]
Fruit and vegetable consumption
24h-dietary recall (g) DD 239 (25.7)  -33.4 (32.9)  -34.4 (31.0)  -27.1 (30.0)
Self-report changes ( # of changes out of 2 categories) Treat-Control ~ -0.18 (0.20)  0.86 (0.26)**  1.49 (0.32)**  2.30 (0.39)**
Supermarket parental choice (% spent on F&V) Treat-Control 0.48 (0.76) -0.44 (0.84)
Joint significance coefficients by year 0.4318 0.0046 0.0000 0.0000
Joint significance of all coefficients 0.000 [0.001]

Note: Standard errors in parenthesis clustered at the household level. p<0.01 ** p<0.05 *. Joint significance of all coefficients is the p-value of the test as to whether
all coefficients are jointly significant for that particular outcome, in square brackets are the FDR qg-value calculated using the method from Benjamini and Hochberg
(1995) and Anderson (2008). Estimate indicates the estimation strategy with "DD” being difference-in-differences and ” Treat-Control” tests the difference between
the treatment and control group at for that particular time period. For self-reported changes for foods high in sugar and fat these range from -8 to +8, and for for

fruit and vegetables these are reported as the number of changes out of 2 categories.



Table 5: Meal and Snack treatment effects on food preferences (children)

Meat
Fish Processed
Fruits  Vegetables Eggs Food Sweets  Bread  Cheese
After 0.13* -0.06 -0.00 0.07 -0.14%* 0.05 0.20%*
(0.06) (0.07) (0.10) (0.05) (0.07) (0.10) (0.10)
1-year 0.05 -0.00 0.16 0.05 -0.09 0.01 0.01
(0.07) (0.08) (0.10) (0.07) (0.08) (0.10) (0.11)
2-year 0.07 -0.08 0.00 0.08 -0.17* 0.02 0.02
(0.09) (0.09) (0.12) (0.07) (0.08) (0.11) (0.13)
3-year 0.02 -0.12 0.09 -0.07 -0.30%* -0.15 -0.24
(0.08) (0.09) (0.11) (0.07) (0.09) (0.10) (0.14)
Meal x After -0.11 0.02 -0.08 -0.21%* 0.17 -0.16 -0.32%
(0.09) (0.10) (0.14) (0.08) (0.09) (0.13) (0.13)
Meal x 1-year -0.01 0.04 -0.09 -0.09 0.11 -0.11 -0.07
(0.10) (0.11) (0.15) (0.09) (0.13)  (0.13)  (0.16)
Meal x 2-year -0.05 0.04 -0.07 -0.13 0.24 -0.19 -0.18
(0.12) (0.12) (0.16) (0.09) (0.13) (0.14) (0.18)
Meal x 3-year -0.02 0.10 -0.18 -0.03 0.21 -0.12 0.03
(0.11) (0.12) (0.16) (0.09) (0.13) (0.14) (0.18)
Snack x After 0.03 0.14 -0.14 0.02 0.21%* 0.24 -0.18
(0.11) (0.11) (0.14) (0.09) (0.10) (0.15) (0.16)
Snack x 1-year 0.15 0.13 -0.26 0.05 -0.04 0.13 -0.11
(0.12) (0.12) (0.19) (0.11) (0.15)  (0.14)  (0.17)
Snack x 2-year 0.17 0.24* -0.18 0.14 0.19 0.13 -0.20
(0.13) (0.12) (0.18) (0.12) (0.11)  (0.17)  (0.20)
Snack x 3-year 0.11 0.07 -0.15 0.07 -0.09 -0.03 -0.23
(0.15) (0.12) (0.17) (0.12) (0.14)  (0.17)  (0.21)
Constant 3.20%* 2.58%* 2.67*%* 3.35%* 3.53%*  3.47F*  3.20%*
(0.03) (0.03) (0.04) (0.02) (0.03)  (0.04)  (0.04)
# Obs 1,239 1,250 1,250 1,253 1,247 1,244 1,240
R-squared 0.01 0.01 0.01 0.02 0.04 0.03 0.03
# individuals 287 288 288 288 288 288 287

Note: Each column is from a separate regression. All regressions include individual
fixed effects. Standard errors in parentheses are clustered at the household level, **
p<0.01, * p<0.05.
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Table 6: Meal and Snack treatment effects on children’s incentivized food preferences

Number of unhealthy items chosen

Meal 0.05  0.06 0.08
(0.16) (0.17) (0.17)
Snack -0.18  -0.15 -0.14
(0.19) (0.20) (0.20)
Risk preference 0.01 0.004
(0.03) (0.03)
Controls for gender and age N N Y
Observations 224 212 212

Note: Each column in each panel represents a separate regression. Data was
collected on children’s incentivized food preferences in year 3 only.
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