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Abstract

Background

In the context of the rapid nutrition transition experienced by middle-income countries of the

Arab region, children and adolescent’s food choices and dietary behaviors are early risk fac-

tors for the development of non-communicable diseases. Assessment of factors influencing

food choices among this age group is challenging and is usually based on self-reported

data, which are prone to information and recall bias. As the popularity of technologies and

video gaming platforms increases, opportunities arise to use these tools to collect data on

variables that affect food choice, dietary intake, and associated outcomes. This protocol

paper describes the SCALE study (School and community drivers of child diets in Arab cit-

ies; identifying levers for intervention) which aims to explore the environments at the level of

households, schools and communities in which children’s food choices are made and con-

sequently identify barriers and enablers to healthy food choices within these environments.

Methods

Field studies are being conducted in primary schools, among children aged 9–12 years, in

Greater Beirut, Lebanon and Greater Tunis, Tunisia. A stratified random sample of 50 pri-

mary schools (public and private) are selected and 50 children are randomly selected from

grades 4-5-6 in each school. The study includes surveys with children, parents/caregivers,

school directors, teachers, and nutrition/health educators to assess individual diets and the

contextual factors that influence children’s food choices. Innovative locally adapted tools

and methods such as game-based choice experiments, wearable cameras and
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neighborhood mapping are used to describe the environments in which children’s food

choices are made.

Discussion

The SCALE study will generate contextual knowledge on factors in school and neighbor-

hood environments that influence child dietary behaviors and will inform multi-level interven-

tions and policies to address childhood malnutrition (under-and over-nutrition). By

integrating methods from various disciplines, including economics, data science, nutrition,

and public health and by considering factors at various levels (home, school, and neighbor-

hood), the study will identify levers for intervention with the potential to improve children’s

dietary behaviors. This will help fill existing gaps in research on food systems and conse-

quently guide positive change in Lebanon and Tunisia, with the potential for replicability in

other contexts.

Introduction

The last two decades have been marked by substantial dietary and lifestyle changes in the Arab

region, where the prevalence of overweight and obesity among children is estimated to have

doubled during this period [1–3]. In fact, diets have included ever-increasing shares of pro-

cessed foods high in fats, sugar, refined grains and salt [4], together with low levels of physical

activity [5, 6]. In middle-income countries of the Arab region, while stunting and micronutri-

ent deficiencies persist, overweight prevalence estimates in children and adolescents are simi-

lar to those of high-income countries of the region, reaching about 30% in Lebanon and 20%

in Tunisia [2]. Overweight in Arab adolescents has been linked to early metabolic syndrome,

hypertension, cardiovascular diseases, diabetes, and musculoskeletal disorders; all conditions

that are cause for higher proportions of disability-adjusted life years in the region [7]. Nearly a

third of the region’s population is aged under 15 years [8], and if diet and overweight trends

are not curbed, this youth bulge risks adding economic pressures on health systems, straining

their capacity to deal with non-communicable disease (NCD) burdens.

Evidence suggests that children’s dietary habits are established early in life and continue

into adolescence and beyond [9, 10]. Children’s weight status and food habits are influenced

by many factors that span the socio-ecological model, including individual physiology and

behaviors, family characteristics and interactions, as well as structural forces at the level of

community, society, and policy environments [11–15]. Given that children spend a large pro-

portion of their time at school, their eating patterns are also influenced by the food choices

available in schools [16–20]. Beyond the confines of schools, aspects of the neighborhood envi-

ronment, including accessibility to, amount and types of food outlets, as well as food market-

ing and advertising, are also associated with children’s food choices and body weight [21–24].

The ways in which obesogenic environments influence food choices have been shown to be

context-specific [25, 26]. While there is considerable research from high-income countries [27,

28] and from studies that investigate the specific influences of external environments only

[29], a better understanding of children’s immediate environments in a middle-income con-

text is essential to inform interventions that address childhood dietary patterns, behaviors,

food choices and overweight in the region.

Assessment of factors influencing food choices among children and adolescents is challeng-

ing, and is usually based on self-reported data, which are prone to measurement error
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including information and recall bias [30]. Technology-based tools enable an objective and com-

prehensive measurement of children’s nutrition-related behaviors and experiences around food

[31–33]. As the popularity and use of mobile technologies and video gaming platforms increase,

opportunities arise to use these tools to collect data on variables that affect food choices and diets.

Such tools can also foster a ‘people-based’ approach to measuring these exposures [34]. These

include factors in the child’s environment such as setting, social interactions and media exposure

[32]. Digital technologies can give insight on children’s lived experiences and engage younger

participants in documenting their own behavior, which may also lead to more accurate and rep-

resentative data collection [30, 33, 35]. Such technologies have been positively received by youn-

ger participants and are feasible and acceptable [32, 33, 36, 37].

Conceptual framework

Fig 1 depicts the “School and community drivers of child diets in Arab cities; identifying levers

for intervention” (SCALE) study conceptual framework showing the levels of influence on

children’s food choices, the variables to be collected by the SCALE study at each of these levels

and the tools needed to collect each set of variables. The macro level includes the economic

and policy environment. The meso level includes school food environments, the neighbor-

hood environment of the school, and exposure to the wider neighborhood food environment

in children’s trajectories to and from schools. The micro level includes the child’s household

and individual behaviors and characteristics.

Macro-level factors such as food system policies have been recognized to improve diet qual-

ity, particularly among children and adolescents [38]. For younger children, the effects of

macro-level and policy environments are mediated through their caregivers, whereas older

children engage more directly with these environments [39]. The presence of, and proximity

to, food markets that children and adolescents often encounter play a crucial role in defining

children’s food choices, especially as these markets often sell non-nutritious foods with con-

cerns about quality and safety [40]. Also, there are massive promotions of unhealthy snacks

that are cheap, nutrient-poor and energy dense, and very limited investments to promote

healthy foods [29, 41]. Additionally, nutritious foods recommended to children and adoles-

cents can be expensive, particularly in low-income settings [42].

Intermediate (meso) structures such as school, neighborhood, and community level envi-

ronments mediate the effects of societal forces on children’s eating behaviors by influencing

exposures, perceptions, understandings, and behaviors.

Usually, children consume over a quarter of their daily caloric intake at school; as such, eat-

ing patterns in schools contribute significantly to diet quality, as well as subsequent health out-

comes, including increased risk of obesity [16, 43–45]. With food availability being one of the

most salient factors associated with food choice [43], the ready availability of nutrient-poor

and energy-dense competitive foods [16, 43] at schools lead to increased energy intake and

body mass index (BMI), and decreased fruit and vegetable consumption [16, 17, 46], with neg-

ative health implications. School food policies can modify the school environment and alter

social norms relating to appropriate foods for children [47]. Food-related policies in schools,

however, have not received enough attention in low and middle-income countries, and there

is increasing financial dependence by schools on revenues generated by food sales [45], which

are used to support food service and other school activities [16]. A better understanding of

enablers and barriers to healthy eating behaviors in schools in such contexts is warranted to

inform interventions to address childhood overweight [48].

Neighborhood and community-level environments represent another set of meso struc-

tures that influence children’s dietary intake beyond the confines of schools [49]. Reviews have
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reported a number of associations between, on the one hand, neighborhood environment

characteristics–including the accessibility, amount, and types of food outlets–and, on the other

hand, food choices and body weight among boys and girls [21, 22]. For example, living closer

to convenience stores has been associated with an increased intake of unhealthy snacks, such

as chocolate and crisps, among children [50, 51]. The price of food has also been associated

with consumption [22], as documented in a study that found that a dollar increase in the price

of fruits and vegetables decreased consumption by 6.3% [22, 52]. These environmental influ-

ences on food choice have been shown to be context-specific and to manifest differences in

dietary intake [25, 53]. The complexity of food choice warrants further study of the contexts in

which these choices are made [54]. Classifying both proximity and density of food outlets is a

common method used to map spatial accessibility to food in different neighborhoods, and to

assess associations between the food environment and individual behaviors [55]. Studies that

Fig 1. Ecological framework of the study. The figure shows the variables to be collected at each level and the methods

to be used (blue boxes).

https://doi.org/10.1371/journal.pone.0264963.g001
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have categorized food outlets and retailers and mapped them according to proximity to chil-

dren’s homes and neighborhood density, have reported associations between these factors and

food intake among children [51].

Being at the center of the framework, the micro level elaborates the child’s characteristics

and autonomy in making their own food choices and decisions. Eating patterns in children

and adolescents are influenced by several factors such as physical activity, taste preferences,

and habits [40]. In addition, many other household-level factors shape children’s food choices

such as food availability, accessibility and affordability, as socio-economic status can dictate

food environments that children and their caregivers are exposed to [56]. Caregivers, play a

key role in determining young children’s eating behaviors since they procure, prepare, cook

and provide food [40].

This conceptual framework guides the design of the study in two urban centers of the Arab

world: Greater Beirut, in Lebanon and Greater Tunis, in Tunisia. These two urban agglomera-

tions provide examples of the nutritional shift occurring in many Arab countries. Lebanon

and Tunisia are both middle-income countries that have experienced rapid rates of urbaniza-

tion and economic development [1, 57] paralleled by a rapidly proceeding nutrition transition

[3, 58] with overweight prevalence in children having long surpassed that of stunting [59].

This transition has typically been most rapid in urban contexts, where the consumption of

starchy carbohydrates, food away from home, and processed foods including sugary snacks

among children are on the rise [3, 60].

Objectives

The SCALE study uses a cross-disciplinary approach and employs innovative locally relevant

tools to assess school and community-level drivers of children’s dietary behaviors. The specific

study objectives are to:

1. Develop innovative, context-specific methods that measure and account for the complex

set of factors that play a role in children’s food choices and dietary behaviors

2. Describe the environments at the level of households, schools and communities in which

children’s food choices are made

3. Identify points in the daily routine of children that represent threats to/opportunities for

healthy eating

4. Quantify the impact of the obesogenic environment on schoolchildren’s food choices and

their nutritional outcomes

5. Define context-specific multi-level interventions for influencing children’s food behaviors

and diets related to the home, school and neighborhood environments

Materials and methods

Study area

In each country, the study focuses on the urban area around the capital city (Greater Beirut, in

Lebanon and Greater Tunis, in Tunisia).

Study design

We design this study to investigate and identify school and community drivers of children’s

diets. We use mixed-methods to develop the innovative research tools. The tools are applied in
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a cross-sectional design to gather quantitative data on children’s individual, familial, school-

level and neighborhood-level characteristics.

Study participants

In both countries, the study population includes students enrolled in grades 4-5-6, in both

public and private schools. The study also includes surveys with parents/caregivers, school

directors, teachers, and nutrition/health educators.

Sample size calculations were based on simulations derived by Moineddin et al. [61] to

reduce relative bias of estimates in multi-level logistic regression models. The recommended

minimum group size was found to be 50 with at least 50 observations per group for the deriva-

tion of valid estimates. The assumptions underlying this recommendation were verified for

several key study indicators using data from published literature (e.g. expected prevalence and

intra-class correlation coefficients for diet diversity categories and overweight/obesity within

schools) [62, 63].

We therefore use a two-stage sampling approach to recruit a representative sample of 8 to

12-year-old schoolchildren. A random sample of 50 schools, stratified by school type (public

and private), is selected from the list of schools provided by the respective Ministries of Educa-

tion in both countries. Accounting for the expected non-response rates, the team contacts the

schools to schedule a meeting with the directors to explain the study objectives, protocol, and

timeline. From the schools that agree to participate in the study, we randomly select students

from grades 4-5-6 and send parental consent forms home with the selected students, with the

aim of enrolling 50 students per school: for a total of 2,500 students per city.

In the schools that agree to participate, we invite the school/section director, teachers and

nutrition/health educators that teach grades 4, 5 and 6 to participate in the study. We recruit

one director, 5–10 teachers, and 1–3 nutrition/health educators present at school on the day of

data collection to participate in the study.

Study procedures

This study protocol employs various research methods which address different levels of the

socio-ecological model. Based on the aforementioned conceptual framework (Fig 1) we pres-

ent hereafter the details of the different tools employed at each level in the study.

1. Macro and meso levels

This study aims to map structures at the macro and meso levels; that is the economic and pol-

icy environment along with school food environments, the school neighborhood environ-

ments, and exposures to the wider neighborhood food environment in children’s trajectories,

respectively. These structures are mapped using four main methods.

1.1 Desk review

A desk review of the broader food-related economic and policy environment at the country-

level for Tunisia and Lebanon is performed. This provides comparable information on the

macro-level context within which intermediate structures (schools and neighborhoods) exist

and operate in each country. For this, we systematically collect and analyze published articles,

available reports and policy documents describing the policies and economic, social and politi-

cal factors that influence child diets and nutritional status in Tunisia and Lebanon; we include

sources specific to each country, as well as more general sources on the region if relevant. Doc-

umentation pertaining to existing policies and initiatives established to reduce childhood
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overweight in Lebanon and Tunisia are also compiled. Other complementary sources are col-

lected to document economic and agricultural policies of the country, including those that

influence exposure to food promotion (exposure to food advertisements, purchase prompts at

food outlets, food labeling and packaging), food outlet density (supermarket density, fast food

outlet density), market prices (imported vs locally produced goods, food subsidies), societal

initiatives related to child nutrition, social norms related to household decision making around

food choices, and other market regulations and policies affecting food choices.

1.2 School survey

We conduct a school survey, administered to school principals and teachers in order to effec-

tively profile school food environments and assess children’s exposures to different compo-

nents of this environment. This survey builds on standardized tools to examine school food-

related policies and compliance with these [64], the extent of nutrition education available in

the curriculum, knowledge and attitudes of teachers towards nutrition and food, food avail-

ability, as well as price and quality in school food outlets [45, 65, 66]. This survey consequently

generates two sets of data: first, school profiles that can be used to inform advocacy and inter-

vention development; second, a list of school-level variables to include in multi-level analyses

of the determinants of children’s food choice and diets.

1.3 Wider neighborhood food environment and trajectory mapping

To capture exposure to different factors in children’s food environments, we use an innovative

set of tools that build on simple digital technologies to collect comparable data that can be

quantified and analyzed across the two countries. We adopted a user-centered design

approach to develop an innovative tool using wearable cameras with the aim of capturing

neighborhood food environments and food trajectories of children. Focus groups and design

activities were conducted with parents, children and school staff. These data informed the

design of this component in an ethical and culturally acceptable manner with the detailed

methods described elsewhere [67]. Based on ethical frameworks [31, 68, 69] and findings from

the formative research phase, we developed a comprehensive camera model and data collec-

tion protocol detailed in Zoughby [70]. This consists of a wearable camera, attached to a strap

worn over the child’s clothes, that automatically captures continuous footage of what children

are exposed to in their daily trajectories to and from school. Only children in grade 6 are

invited to participate in this component. Those whose parents agree to participate, wear the

camera for one full day, outside the confines of school, mainly on the road/trajectory to and

from school, and inside their homes (if parental consent and child assent is obtained). Time-

stamped images are extracted from the recorded footage and consequently filtered using

machine learning models to only retain the images relevant to the study; those related to food

advertisement, food outlets, food purchasing and food/beverage consumption and to blur all

faces in the images, therefore generating a dataset of pseudonymized images related to food

exposures. These are then further classified according to the NOVA classification–a classifica-

tion that categorizes foods into four groups according to the extent of food processing [71].

These data will allow us to uncover and quantify the magnitude and the quality of exposures

and cues to food choices and eating behaviors in children’s daily trajectories.

1.4 School neighborhood food environment mapping

We also map the community food environments that children are exposed to, including food

outlets’ proximity to schools, typology, and density, and child exposure to food advertisement

in the neighborhoods of the selected schools [51, 72, 73] A data collection module is designed
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to identify, enumerate, classify, and map food stores/advertisements within an 800-meter road

network buffer around selected schools [73]. This is programmed on a mobile phone using

two applications: Collector Classic and Survey123 (ESRI Inc., Redlands, CA). Data collectors

are given the programmed mobile phones and instructed to (a) walk around the school

according to a planned route using Collector Classic, and (b) collect data on food outlets and

food advertisements using Survey123. The geographic coordinates of each food outlet/food

advertisement, and a geotagged picture of the outlet/advertisement are collected. These are cat-

egorized into typologies of outlets (e.g. supermarket, ambulant vendor, pastry shop) as well as

food groups for advertisements (e.g. fresh fruits and vegetables, processed meats, sugar-sweet-

ened beverages). Then, they are all further classified according to the NOVA classification

[71]. The geocoded locations of schools, and detailed food outlet and food advertisement clas-

sifications are then projected to GIS software in order to analyze the proximity, density, and

clustering of food stores and advertisements relative to schools (ArcGIS 10, ESRI Inc. CA).

This method is described in detail elsewhere [74].

2. Micro level

The macro and meso-level data collected are complemented by structured interviews with

schoolchildren and parents, and anthropometric measurements and micronutrient assessment

of schoolchildren. For this, two methods are used allowing us to explore correlations between

behavioral and nutritional variables as well as factors in the school and neighborhood environ-

ments that may influence them. By doing so, we generate individual-level variables, including

socio-demographic status, dietary behaviors, food choices, nutritional outcomes, and seden-

tary behaviors [75, 76].

2.1 Parents

Family/household-level indicators are collected from children’s parents/caregivers through a

15-20-minute telephone interview using a structured questionnaire programmed on tablets.

This questionnaire includes general socio-demographic family and household characteristics

(age, sex, education, employment, household size, assets, expenditures, wealth). The question-

naire also includes a section on family food-related habits and food-related parenting style and

modeling [77–79]. We collect parents’ perceptions of the home food environment [80, 81] and

administer the Arab Family Food Security Scale (AFFSS), previously validated in Lebanon [82,

83]. The household diet diversity scale is additionally used as a proxy of household access to a

variety of foods [84]. We lastly assess parents’ level of nutrition knowledge using eight ques-

tions adapted from the General Nutrition Knowledge Questionnaire (GNKQ) [85] and collect

a self-report of parental anthropometric measurements.

2.2 Children

To collect child-level outcomes and co-variates, we employ four tools. First, students in grades

4-5-6 participate in a structured face-to-face interview and answer the children’s question-

naire. The tablet-programmed-questionnaire lasts 30 minutes and includes questions on

demographic variables (age and gender), food consumption and food purchase habits in and

around school [86–92]. It also includes a module on child diet diversity, which is used as a

proxy for children’s diet quality and nutrient adequacy [84]. We further collect data on chil-

dren’s physical activity levels and sedentary behaviors [93, 94] as well as assessing children’s

level of nutrition knowledge. Second, trained data collectors record students’ anthropometric

measurements, including height, weight (to be able to calculate BMI for age) and waist circum-

ference (WC). These measurements are taken individually, in a private space using a standard
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stadiometer for height, a calibrated weighing scale for weight, and a measurement tape for

WC. Third, a registered nurse conducts a finger stick to obtain around 400 μL of blood, part of

which is used to measure hemoglobin on the spot using a portable hematofluorometer (hemo-

cue) to gage anemia, and the other for further micronutrient analyses [95]. Serum aliquots

(between 50–100 μl each) are shipped to a laboratory in Germany, where a single ELISA has

been developed to measure plasma ferritin, soluble transferrin receptor, retinol binding pro-

tein (RBP), C-reactive protein (CRP), and Alpha-1-acid glycoprotein (AGP) [95] allowing us

to establish children’s iron and vitamin A status.

The last tool used is a digital game that employs a series of choice experiments designed to

vary key factors that shape children’s food choices [96–99]. The choice experiments are tai-

lored to the context of schools and homes in Lebanon and Tunisia and present the most fre-

quently consumed foods by schoolchildren based on previous literature. We worked with a

software developer and a graphic designer to ensure a modular, customizable and appealing

game (Fig 2). The choice experiment is composed of six different contexts or meal types within

which children are asked to select hypothetical food choices: (1) breakfast, (2) road to school,

(3) recess, (4) lunch, (5) snack and (6) dinner. In each section, children are presented with

repeated choice tasks, each composed of nine items: three beverages, three side meals and

three meals. Children get to choose their preferred items based on items’ attributes and contex-

tual effects that apply. Attributes that are being explored are item placement (accessible or hid-

den in a cupboard), preparation (ready to eat or requires an additional step to prepare), and

price, when applicable. Contextual effects are applied to the choice tasks in general and hence

equally to all items within this task (e.g. supervision by parents, food choices of friends and

peers). Also, the level of healthiness of each item is studied implicitly. Each of the three items

representing a beverage, side meal or meal, was selected to the choice task from an exhaustive

menu of ‘healthy’, ‘medium healthy’ and ‘unhealthy’ articles, respectively, that are typically

present in the Lebanese or Tunisian diet. The econometric analysis [100] of these choices

Fig 2. Examples of different scenarios and choice tasks from the choice experiment.

https://doi.org/10.1371/journal.pone.0264963.g002

PLOS ONE SCALE protocol and innovative tools to assess children’s food environments

PLOS ONE | https://doi.org/10.1371/journal.pone.0264963 July 20, 2022 9 / 18

https://doi.org/10.1371/journal.pone.0264963.g002
https://doi.org/10.1371/journal.pone.0264963


enables the estimation of preference intensities for each food item as inflected by the type of

food/beverage articles, its attributes and the contextual effects under which it is presented.

Analytical approach

Data collected from the multiple levels will be merged and analyzed using standard statistical

methods. Fig 3 illustrates the set of expected outcomes per phase and analysis level.

Descriptive statistics will be used to describe child diets and socio-demographic variables at

the child and household level. School-level variables will be generated in regard to policy,

nutrition education and food availability patterns. At the school neighborhood-level, data will

be used to generate variables related to proximity, density, and typology of food outlets. For

the wider neighborhood-level, we will use deep learning models to conduct photo analysis and

quantify the intensity, frequency, types and healthiness of food exposures captured by wearable

cameras, stratified by gender, socio-economic status, geographic areas, and nutritional status.

The determinants of children’s food choices, diet quality, and nutritional status will be

examined using logistic and linear regression models. Multilevel models [101, 102] will be

used to analyze the various levels of influence on child diets and nutritional status, allowing for

the analysis of hierarchical data [103–106]. Neighborhood and school environmental factors,

individual socio-economic characteristics and contextual effects in choice tasks, will be accom-

modated by the econometric analysis as preference intensity shifters. We will take a compara-

tive approach to analyze the similarities and differences across the two study sites, as well as

across neighborhood typologies, school typologies, socio-economic strata, and gender. All sta-

tistical analyses will be conducted using STATA version 15 (STATA Corporation, College Sta-

tion, Texas, USA).

The multiple layers of analysis included in this project will ensure the triangulation of data

from different sources and will allow us to fill knowledge gaps that exist at each of the levels of

analysis. The documentation of children’s trajectories informs data collection at every level

and allows for the validation of data collected from child and parent reports. The photo-docu-

mentation of trajectories can also be used to illustrate salient findings in the dissemination of

study results.

Ethics approval and consent to participate

All applicable institutional and governmental regulations on the ethical use of human volun-

teers were respected. In Lebanon, the study has been approved by the American University of

Beirut (AUB) Institutional Review Board (IRB) on December 23, 2019 (IRB ID: SBS-2019-

Fig 3. Meso and micro level factors that influence children’s diet diversity, nutritional status, and food choice.

https://doi.org/10.1371/journal.pone.0264963.g003
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0306). In Tunisia, the survey protocol was reviewed and approved by the Ethics Committee on

Human Research of the National Institute of Nutrition and Food Technology (INNTA) (Visa

n˚ 03/2019) on July 12, 2019 and by the National Council of Statistics in Tunisia (Visa n˚ 06/

2019) on April 28, 2019. All parents/caregivers gave their written informed consent.

The information we collect herein is treated with the utmost confidentiality; every reason-

able effort is made to keep the records confidential and preserve participants’ anonymity

across the various study components. Consent for participation is to be sought from all partici-

pants either in oral or written form, both documented in the records. All participation is vol-

untary; participants are free to opt-out of any component of the study including the fingerstick

and wearable camera components.

Current study status and timeline

Data collection began in Tunisia in January 2020 and was completed in November 2020. As

for Beirut, data collection is set to commence in September 2021.

Tunisia. Data collection began on January 30th, 2020 with the implementation of child

surveys, anthropometry, biomarker collection, school environment survey, and the wearable

cameras protocol. However, the emergent COVID-19 pandemic, which resulted in school clo-

sures, forced the team to halt data collection on March 11th, 2020. The team completed 29 out

of the 50 schools at the individual, family, and school level. Following this, extensive field work

was conducted to collect the neighborhood mapping data. School-level data collection

resumed on October 12, 2020 under stringent COVID-19 precaution measures. The second

wave was slower because of the adopted hybrid system in schools and infection mitigation pro-

tocol put in place in the country. Data collection was conducted on two consecutive days for

each school in turn allowing us to reach the desired sample size on November 16, 2020, despite

the difficult circumstances. In parallel, phone interviews with parents were conducted.

Lebanon. As for Lebanon, data collection was planned to commence in October 2019.

However, as a result of worsening economic conditions, social movements led to road and

school closures in October-November 2019 and postponement of fieldwork to 2020. The

emergent COVID-19 pandemic then shuttered schools from March 2020 with schools in Leba-

non only opening for a total of four non-consecutive weeks of hybrid schooling thus far in the

academic year 2020–2021. Beirut was also exposed to one of the largest non-nuclear explosions

in history in August 2020 causing death, injury, destruction and further economic hardship.

These overlaps between the economic, COVID-19 and Beirut blast crises have contributed to

an increase in poverty and food insecurity, changes in markets including the food environ-

ment, and an overall increase in vulnerability of residents of Greater Beirut. It will remain

essential to conduct this study when schools reopen in the aftermath of these crises; data col-

lected will capture the new reality of this population and allow us to identify key points of

intervention to improve children’s diets—essential to “building back better” post crises.

Discussion

In the context of the rapid nutrition transition experienced by middle-income countries of the

Arab region, children’s food choices and dietary behaviors affect growth and development and

are early risk factors for the development of NCDs. The current research base on overweight

among children in the Arab region has considerable gaps in how it has been problematized,

often limited to assessment of individual-level risk factors [107, 108]. In order to inform policy

and community-based interventions, there is a need to measure factors beyond the individual

that shape children’s exposure to the food environment, their food choices and subsequent

health outcomes. To our knowledge, this is the first study that takes an ecological approach to
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build a robust evidence based on school and neighborhood-level food systems and assess their

influence on food choices and behaviors among children in the Arab region.

For this, we have developed innovative and contextually validated tools and methods to

inform effective solutions to unhealthy diets in children. By mapping children’s food-related

trajectories to and from schools and assessing the influence of these trajectories and exposures

on children’s dietary behaviors, the study takes a systems approach to generate an in-depth

understanding of the drivers of children’s diets in two middle-income countries experiencing

a nutrition transition.

This investigation of how factors at the individual, family, and neighborhood levels influ-

ence food behaviors and practices among boys and girls will provide an evidence base for

efforts targeting the rising prevalence of unhealthy diets and overweight, which has implica-

tions for growth and development in the short to medium term and NCD prevention in the

long-term. The knowledge generated from this research will ultimately present practical solu-

tions at different levels (policy, school, advertisement, and neighborhood), that enable and

consequently promote mechanisms that have the potential to change dietary behaviors among

children. The findings of this study will further inform culturally appropriate and context-spe-

cific interventions which could be relevant to the broader Arab world; including urban low-

income countries that are experiencing similar rapid epidemiological and nutrition

transitions.
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98. Mötteli S, Keller C, Siegrist M, Barbey J, Bucher T. Consumers’ practical understanding of healthy

food choices: a fake food experiment. British Journal of Nutrition. 2016; 116(3):559–66. https://doi.org/

10.1017/S0007114516002130 PMID: 27256562

99. Wiseman N, Harris N, Downes M. Validation of an iPad activity to measure preschool children’s food

and physical activity knowledge and preferences. International Journal of Behavioral Nutrition and

Physical Activity. 2017; 14(1):11. https://doi.org/10.1186/s12966-017-0469-z PMID: 28143528

100. Soekhai V, de Bekker-Grob E, Ellis A, Vass C. PMU107-DISCRETE CHOICE EXPERIMENTS IN

HEALTH ECONOMICS: PAST, PRESENT AND FUTURE. Value in Health. 2018; 21:S325.

101. Huang TT, Drewnowski A, Kumanyika SK, Glass TA. A systems-oriented multilevel framework for

addressing obesity in the 21st century. Preventing chronic disease. 2009; 6(3). PMID: 19527584

102. McLeroy KR, Bibeau D, Steckler A, Glanz K. An ecological perspective on health promotion programs.

Health education quarterly. 1988; 15(4):351–77. https://doi.org/10.1177/109019818801500401 PMID:

3068205

103. Duncan C, Jones K, Moon G. Health-related behaviour in context: A multilevel modelling approach.

Social Science & Medicine. 1996; 42(6):817–30. https://doi.org/10.1016/0277-9536(95)00181-6

PMID: 8778995

104. Jones K, Duncan C. Individuals and their ecologies: analysing the geography of chronic illness within a

multilevel modelling framework. Health & Place. 1995; 1(1):27–40. https://doi.org/10.1016/1353-8292

(95)00004-6

105. Krull JL, MacKinnon DP. Multilevel Modeling of Individual and Group Level Mediated Effects. Multivari-

ate Behavioral Research. 2001; 36(2):249–77. https://doi.org/10.1207/S15327906MBR3602_06

PMID: 26822111

106. Snijders TAB. Multilevel Analysis. In: Lovric M, editor. International Encyclopedia of Statistical Sci-

ence. Berlin, Heidelberg: Springer Berlin Heidelberg; 2011. p. 879–82.

107. Hillier-Brown FC, Bambra CL, Cairns J-M, Kasim A, Moore HJ, Summerbell CD. A systematic review

of the effectiveness of individual, community and societal level interventions at reducing socioeco-

nomic inequalities in obesity amongst children. BMC public health. 2014; 14(1):1–18. https://doi.org/

10.1186/1471-2458-14-834 PMID: 25113624

108. Rutter H, Bes-Rastrollo M, De Henauw S, Lahti-Koski M, Lehtinen-Jacks S, Mullerova D, et al. Balanc-

ing upstream and downstream measures to tackle the obesity epidemic: a position statement from the

European Association for the Study of Obesity. Obesity facts. 2017; 10(1):61–3. https://doi.org/10.

1159/000455960 PMID: 28245444

PLOS ONE SCALE protocol and innovative tools to assess children’s food environments

PLOS ONE | https://doi.org/10.1371/journal.pone.0264963 July 20, 2022 18 / 18

https://doi.org/10.1093/jn/134.11.3127
http://www.ncbi.nlm.nih.gov/pubmed/15514286
https://doi.org/10.1016/j.appet.2015.09.020
http://www.ncbi.nlm.nih.gov/pubmed/26409642
https://doi.org/10.1017/S0007114516002130
https://doi.org/10.1017/S0007114516002130
http://www.ncbi.nlm.nih.gov/pubmed/27256562
https://doi.org/10.1186/s12966-017-0469-z
http://www.ncbi.nlm.nih.gov/pubmed/28143528
http://www.ncbi.nlm.nih.gov/pubmed/19527584
https://doi.org/10.1177/109019818801500401
http://www.ncbi.nlm.nih.gov/pubmed/3068205
https://doi.org/10.1016/0277-9536%2895%2900181-6
http://www.ncbi.nlm.nih.gov/pubmed/8778995
https://doi.org/10.1016/1353-8292(95)00004-6
https://doi.org/10.1016/1353-8292(95)00004-6
https://doi.org/10.1207/S15327906MBR3602%5F06
http://www.ncbi.nlm.nih.gov/pubmed/26822111
https://doi.org/10.1186/1471-2458-14-834
https://doi.org/10.1186/1471-2458-14-834
http://www.ncbi.nlm.nih.gov/pubmed/25113624
https://doi.org/10.1159/000455960
https://doi.org/10.1159/000455960
http://www.ncbi.nlm.nih.gov/pubmed/28245444
https://doi.org/10.1371/journal.pone.0264963

