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Editorial on the Research Topic
Digital strategies to reduce salt consumption

Salt consumption has become a pressing public health concern worldwide, with most
individuals consuming double the daily recommended amount set by the World Health
Organization (WHO) (1). This increase can be attributed to the proliferation of ultra-
processed foods and lifestyle changes that prioritize convenience over health (2). The
consequences of high salt consumption are dire, leading to preventable non-communicable
diseases such as high blood pressure, cardiovascular disease, and stroke (3).

Addressing the challenge of reducing salt consumption requires concerted efforts at both
the individual and population levels (4). While individuals must take responsibility for their
dietary choices, it is crucial to incentivize and facilitate salt reduction strategies on a broader
scale (5). These strategies can range from policy changes to social marketing campaigns and
behavior change interventions. In this context, the advent of digital health presents a wealth
of opportunities for cost-effective public health interventions to reduce salt consumption at
the population level (6).

The aim of the Research Topic “Digital strategies to reduce salt consumption” is to
shed light on the latest research surrounding digital interventions aimed at reducing salt
consumption. Specifically, the articles published in this Research Topic collectively provide
valuable insights into the use of digital technology to address salt intake reduction and related
health concerns across diverse regions.

For digital platforms to be effective and scalable in reducing salt consumption, the
following themes warrant special consideration:

1. Digital engagement: Smartphone applications and social media tools have emerged as
effective channels for educating communities, with a particular focus on school children
and families. In Sun et al. and Jarrar et al, researchers explore the potential, and
effectiveness, of digital platforms to engage populations in reducing salt intake.

2. Health behavior associations: Emphasizing holistic public health approaches that
consider the complex interplay of factors such as stress, unhealthy dietary habits, and
lifestyle choices is essential for overall wellbeing. Yang et al. and Mahmoud et al.
investigate these intricate connections among populations.
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3. Cultural variations and vulnerable populations: Adapting
interventions to suit specific cultural and regional contexts
is crucial when designing digital strategies to reduce salt
consumption. The study by Al-Qahtani sheds light on unique
cultural influences on dietary choices among male university
students in Saudi Arabia.

4. Education and awareness: Effective mass media campaigns
should actively involve the target audience and use tailored
communication materials to engage and educate vulnerable
subgroups. Capitao et al. focuses on the development of such
campaigns to promote healthy eating.

5. Preventive strategies: Prioritizing preventive measures in the
development and implementation of digital strategies for
reducing salt consumption is key. Negesse et al. examine broader
health concerns, including dental caries, obesity, and diarrhea
prevention, in specific Diarrhea hot-spot regions of Ethiopia,
stressing the importance of considering various factors such
as residence, educational level, health insurance, and media
exposure in designing prevention and control strategies.

6. Policy recommendations: The implementation of policies such
as food reformulation, warning labels, and communication
campaigns can effectively promote healthier eating habits and
reduce sodium consumption. Campos-Nonato et al. provide
policy recommendations, particularly in the context of Mexico,
to reduce table salt intake and monitor salt consumption.

Increasing evidence suggest the potential of digital health
digital
platforms, and legislative interventions, to address the pervasive

interventions, comprising smartphone applications,

issue of excessive salt consumption and its associated health risks
(7). These digital strategies should be complemented with tailored

communication, education, and behavior change initiatives for
wider uptake and effectiveness.
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In conclusion, digital strategies offer promising avenues
to tackle the global burden of high salt consumption (Jarrar
et al.). By leveraging technology and implementing evidence-based
interventions, we can create scalable and sustainable solutions to
reduce population-level salt intake (8). However, further research
and collaboration are needed to optimize these strategies and
ensure their effectiveness in diverse contexts. By embracing digital
health innovations, we can pave the way for a healthier future,
reducing the burden of non-communicable diseases and promoting
wellbeing for all (9).
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Objectives: Digital technologies in public health are primarily used in medical settings
and mostly on an individual and passive way of use. There are research gaps on
digital media facilitating participation, empowerment, community engagement, and
participatory research in community settings. This scoping review aims to map existing
literature on digital formats that enable participation in the field of health promotion and
prevention in community settings.

Design: The databases Medline, EMBASE, and PsycINFO were used to identify studies
published from 2010 up to date (date of literature search) onward that used digital formats
in all or in the main sequences of the process to enable high levels of participation in health
promotion and prevention activities in community settings.

Results: This review identified nine out of 11 included studies relevant to the research
question. We found five studies that applied qualitative participatory research, two studies
on peer support and one study each on empowerment and crowdsourcing. The digital
technologies used varied widely and included social media platforms, bulletin boards,
online forum webpages, and customized web providers and programs. Most studies
mentioned anonymity, flexibility, and convenience as benefits of digital interventions.
Some papers reported limitations such as difficulties by interpreting written-only data
or the possibility of selection bias due to the digital divide.

Conclusion: This scoping review identified only few studies relevant to our objective,
indicating an existing gap in research on this topic. Digital formats were found to be
particularly suitable for purposes where anonymity and flexibility are beneficial, such as
for online peer exchange and peer support programs.

Keywords: health promotion, digitalization, public health, participation, community, empowerment

INTRODUCTION

The Ottawa Charta and the Alma Ata Declaration defined community participation as a basic
element and key principle for health-promoting activities and programs (1, 2). The Ottawa Charta
for Health Promotion was published at the conclusion of the first International Conference on
Health Promotion by the World Health Organization (WHO) in Ottawa on November 21, 1986.
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Digital Formats for Community Participation

It is considered one of the most important follow-up documents
to the Declaration of Alma-Ata (1978), in which WHO
declared basic health care and health promotion to be a
fundamental human right. Since these declarations, community
participation has become an increasing subject of interest in
research and practice (3). Involving members of a community
in health promotion may increase the effectiveness of public
health interventions and reduce health inequalities for socially
disadvantaged groups (4). Participation processes can strengthen
social networks that reinforce healthy behaviors and reduce
feelings of isolation (5). On an individual level, participation
in decision-making processes increase the experience of self-
efficacy. Furthermore, participation may initiate a process
of empowerment, which enables communities to shape their
environment, health, and lives according to their own interests
(6). Community-based participatory strategies are based on the
assumption that community members are experts of their own
lives and thus know best how to improve the health of their
community (6).

Communities can be defined as geographic entities ranging
from neighborhoods to towns or cities, as well as larger
geographic areas (7). Irrespective of geographic boundaries, a
community can also be defined by common identity “based
on race, gender, religious belief, sexual orientation, or a
community-based organization united for a particular cause”
(8). Participation was first categorized in Arnstein’s ladder of
citizen participation. It consists of eight rungs describing a
range from non-participation to tokenism to the degree of
citizen power (9). This idea has been further developed and
adapted in the stage model of participation by Wright et al.
(10). They define true participation as involving community
members in the decision-making process, including the level in
which community members are encouraged to make decisions,
have partial decision-making authority, or have decision-making
power (11). Below these stages, there are preliminary stages of
participation, such as consultation like surveys, or stages that are
not considered as participation, such as instruction. Beyond the
level of participation goes empowerment by teaching participants
necessary skills to initiate and carry out measures in a self-
organized manner (12).

Advancing digitalization offers opportunities to exploit new
possibilities in the implementation of health promotion and
prevention programs (13). Many digital technologies, specifically
devices such as computers, mobile phones, and tablets, are
already accessible to a wide range of people of all ages
and continue to evolve. A review by Clar et al. (14) on
existing systematic reviews about the use of digital methods
in public health found a wide variety of examples for digital
approaches in the public health sector such as eHealth services,
social marketing campaigns, apps, video games, telephone

Abbreviations: COVID-19, Coronavirus disease 19; FB, Facebook; GBMSM, Gay,
bisexual, and other men who have sex with men; GBQ, Gay, bisexual, and
queer; HIV, Human immunodeficiency virus; LGBTQ, Lesbian, gay, bisexual,
transgender, queer; MSM, Men who have sex with men; WMD, Wheeled mobility
devices.

interventions, online photovoice, online discussion forums,
virtual communities, or online collaborative writing applications.
The review found that digital technologies were primarily used
in medical settings and mostly in an individual and passive
manner. Identified research gaps were digital media facilitating
participation, empowerment, community engagement, and
participatory research in community settings.

To our best knowledge, there is no review identifying
existing studies on digital formats for community participation,
irrespective of a specific group or a specific type of community
participation. For this reason, we conducted a scoping review to
systematically map the research in this area on a broader level and
identify core concepts.

This scoping review aims to map existing literature on
digital formats that enable participation in the field of health
promotion and prevention in community settings to provide a
better and more comprehensive understanding of the research
area. This review will focus only on interventions with a true
level of participation according stage model of participation
by Wright et al., meaning that participants had at least to
be involved in the decision-making process, and interventions
that follow a digital approach at all stages of the participative
elements. Specific aims are to describe (1) the participatory
elements that were used in the interventions, (2) how the
digital formats were used to conduct health promotion and
prevention activities ensuring participatory approaches, and
(3) benefits and limitations mentioned in relation to the
digital format.

METHODS

We conducted a scoping review to identify existing literature on
digital formats that enable participation in the field of health
promotion and prevention in community settings. The aim of a
scoping review is to map existing literature on a specific topic and
to identify characteristics and concepts behind it (15). In contrast
to a systematic review, the focus is not on the synthesis of results
on a specific question, e.g., the effect of an intervention, but on
providing an overview and a description of the field of research.
As another goal is to identify the range of evidence on the topic,
different study designs may be included and a formal assessment
of the methodological quality of the included studies is usually
not performed (16).

This scoping review was based on the framework of
Arksey and O’Malley (17) and incorporated suggestions for
improvement from Levac et al. (18), Daudt et al. (19) and the
Joanna Briggs Institute (20). Additionally, the preferred reporting
items of the PRISMA checklist for scoping reviews (PRISMA-
ScR) (21) were taken into account.

The following steps were conducted:

Step 1: Identifying the research question

Step 2: Identifying relevant studies

Step 3: Study selection

Step 4: Charting data

Step 5:  Collating, summarizing and reporting results
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TABLE 1 | Inclusion and exclusion criteria.

Category Inclusion criteria Exclusion criteria

Population Members of a community, including geographically defined Institutional settings (e.g., health care settings, school settings, or
communities, communities connected through common interests occupational settings), clinical populations
or lifestyles or virtual communities

Concept Interventions or research methods that use digital formats in all, or Interventions or research methods that
in the main sequences of the participatory process - use analogous formats in all, or in the main sequences of the
Participation is defined as level 6-9 of the stage model of participatory process
participation by Wright (10) - only allow participation under level 6 of the stage model of

participation by Wright, Unger and Block (10)

Context All actions and programs relating to health promotion or health Actions and programs not related to health promotion or health
prevention prevention

Study design Any empirical study design - Non-empirical studies (e.g., commentaries, letters, editorials,

recommendations, guidelines or overviews)
- Reviews or meta-analyses

Arksey and O’Malley suggest an optional Step 6 where
practitioners and consumers can be consulted (17). This step was
not performed in this review.

A protocol was developed a priori by the author team,
following the same guidelines as described in this scoping
review. The final protocol was registered with the Open Science
Framework on February 21, 2021 (https://osf.io/v9jfc/).

Step 1: Identifying the Research Question
This scoping review was guided by the question: What kind
of literature does already exist on digital formats that enable
participation in the field of health promotion and prevention
in community settings? Specific questions were: (1) Which
participatory elements were used in the intervention? (2) How
were digital formats used to conduct health promotion and
prevention activities ensuring a participatory approach? (3)
What benefits and limitations were mentioned related to the
digital format?

We focused on the participation levels six to nine, according
to the stage model of participation by Wright et al. (10). It
defines true participation as participants being involved in the
decision-making process or reaching a level of self-management.
Furthermore, we were looking for an end-to-end digital approach
that would be maintained throughout all or most sequences of the
participation process, so that it would be feasible even in times of
contact restrictions, as with the coronavirus pandemic.

Step 2: Identifying Relevant Studies

Literature searches were conducted in the databases Medline,
EMBASE, and PsycINFO. The search strategy for the database
search included database-controlled vocabulary and additional
keywords, using truncations to search by title and abstract. The
search strategy was identical for all three databases, adapted to
the respective subheadings of the database and contained the
following terms: communit* OR municipal® OR citi* OR city OR
local OR neighborhood OR rural OR urban AND community
participation OR participatory research OR participat* OR
empower® OR involve* OR engage® OR partnership AND
internet OR mobile applications OR social media OR smartphone
OR mobile OR online OR digital OR photo* OR video*

AND health promotion OR public health OR prevention OR
health education.

Given the rapidly changing technological developments over
the last decade, the search was limited to publications from
2010 to current studies (up to date when search was performed:
11/13/2020). Only studies in English were included.

Hand searches were additionally performed from the
reference list of relevant reviews identified during the title and
abstract screening to search for literature that may not have been
captured by the databases used. After the search, duplicates were
removed in the EndNote citation management software.

Step 3: Study Selection

The third stage of Arksey and O’Malley’s framework aims to
identify the studies to be included in the scoping review. To
maintain clear congruence between title, objectives, and research
question, we based the inclusion and exclusion criteria on a PCC
framework, consisting of the categories: population, concept, and
context. “Study design” was added as an additional category (20).

We searched for members of a community, including
geographically defined communities, communities connected
through common interests or lifestyles or virtual communities.
We focused on intervention or research concepts that used
digital formats in all, or in the main sequences of the process
for enabling participation or empowerment in the context of
health promotion or prevention. Any empirical study designs
except reviews or meta-analysis were included. The inclusion and
exclusion criteria are shown in Table 1.

An jterative team approach was used for the screening process,
which was conducted in two phases: first a title and abstract
screening and second a full text screening with all included
studies from the first phase. Prior to the initial title and abstract
screening, an iterative process was used to screen the first
100 citations and discussed by the research team (MC, CJS,
CS, SV) until inclusion and exclusion criteria were sufficiently
specified. For the screening of records, one author (CS) screened
100% of the citations. The other authors divided 50% of the
citations among each other, resulting in half of the records being
double-screened independently. For the screening process, the
web-based literature management program Rayyan was used.
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Conflicting reviewer decisions whether a study met the inclusion
criteria were discussed and resolved in the team.

In the following full-text screening, a similar approach
was used, resulting in 100% of the records being double-
screened independently. Again, all conflicting classifications were
discussed and resolved within the team. To ensure that no
articles were missing, reference lists of relevant reviews were
screened by the first author by title and abstract, and in full-text
where appropriate.

The selection process is illustrated by a PRISMA flow chart
displaying the results of the screening steps.

Step 4: Charting Data

In the fourth stage of the scoping review framework, data was
extracted from the included studies using an Excel spreadsheet.
Following the recommendations from Levac et al. (18), the
data extraction framework was developed collaboratively by the
research team and iteratively updated. Four of the included
studies were extracted independently by two authors and then
discussed to test the coherence of the framework.

The extraction items where categorized into general
information and specific information. The extracted data of
the general information section were author, title, journal, year,
country, health topic, study type, objectives, population (age, sex,
characteristics, total number, setting), type and description of
intervention, recruitment methods, data collection, sample size,
analysis method, and findings.

The data extracted for the specific information section were
type of digital elements and further detailed description of these
elements, type of participatory activities and further description
(such as level of participation) and benefits, limitations and
conclusions related to the use of the digital formats.

Step 5: Collating, Summarizing, and
Reporting Results

The results were collated and summarized based on relevance to
the research questions and reported in three tables. The first and
second table focus on general information about each study, with
the first table providing preliminary information and the second
table presenting details about the methodology and results. The
third table focuses on answering the three specific research
questions. It contains information about the interventions related
to the participatory aspect, the digital format, and the experiences
made with it. The presented tabular results are accompanied by a
narrative summary.

RESULTS

A total of 5,384 articles were found through database searching.
After duplicates were removed in Endnote, 3,735 articles
remained for title and abstract screening. The reference lists of
eight relevant reviews (22-29) identified in the title and abstract
screening were additionally screened, but no priorly unknown
relevant study was found. From this initial screening phase, 85
articles were included in the full-text screening. Eleven studies
were finally identified that met our inclusion criteria. The most
common reasons for exclusion in the full-text screening were “no

access to full text” (n = 28), mostly because only abstracts were
available, and “wrong concept in relation to the digital format”
(n = 29). Of the included 11 studies, three reported on the same
intervention (30-32). The process of study selection is shown in
the PRISMA flow chart (Figure 1) (33).

Characteristics of Included Studies

Table 2 provides general information on the 11 included studies
on publication year, country, study type, health topic addressed,
and the study objectives.

The included studies were published between 2010 and 2018.
Seven studies were from the USA (30-32, 34, 37, 39, 41), noting
that three studies were from the same research group, two were
from Canada (38, 40), one from Australia (35), and one from
Switzerland (36). Most studies (n = 6) followed a qualitative
study design (34-38, 41), two were feasibility studies (39, 40), and
the three studies from Young et al. were randomized controlled
trials (30-32). Various public health topics were covered in the
studies, such as breastfeeding (35), wheeled mobility devices
(38), violence prevention (40), and health promotion in informal
communities (39). The most common topic was HIV prevention,
which was addressed in five of nine unique studies (30, 34, 36, 37,
41). The study objectives of the qualitative studies were all related
to exploring the perspectives of the participants and therefore
gaining a deeper understanding of the topic under research. The
feasibility studies described the envisaged aims of their project
and the RCT studies intended to measure the effectiveness of the
intervention compared to a control group.

Table 3 presents general information of the 11 included
studies regarding the target population and community setting,
the data collection sources, the analysis methods, information on
the participants of the sample and the main results.

The target population were adolescents or young adults in
three studies (34, 36, 41), adults aged 18 years or older in
six studies (30-32, 37-39) and adolescents and adults in one
study (40). One study did not specify its target population (35).
All studies focused on community settings defined by common
identity. Four of the nine unique studies additionally searched
for a geographic community setting by looking for residents
of a specific city (30, 38-40). The remaining studies had no
specific geographic setting or only a widely defined one. One
study targeted virtual communities (35).

Of the six qualitative studies, four collected data using online
focus groups (35, 37, 38, 41) and two via written discussions
from online forums (34, 36). One study conducted in-depth
interviews in addition to focus groups (35). Three of these studies
performed content analyses (34, 37, 38) and three conducted
thematic analyses (35, 36, 41). Snider et al. (40) used a concept
mapping software for collecting the data and performed a cluster
analysis. Rothpletz-Puglia et al. (39) used various sources for
data collection, such as self-reported activity logs and participant
questionnaires, and applied a mixed methods approach. Young’s
studies also used multiple data sources, with baseline and follow-
up surveys in each study, and conducted a mix of quantitative
analysis methods (30-32).

The number of participants in the focus group studies varied
between eight and 79 participants. The crowdsourcing project
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FIGURE 1 | PRISMA flow chart according to Page et al. (33).

involved a total of 5,102 participants (36) and Snider’s (40)
concept mapping project a total of 278. Two studies by Young
etal. reported the same sample (31, 32). These had a total number
of 105 participants. The other study sample had a total number

of 498 participants (30). All studies that conducted content or
thematic analysis reported a deeper understanding regarding
their study objectives. The two studies testing feasibility were
able to confirm and reported a successful implementation and
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TABLE 2 | General information about included studies.

First author Year Country Study type Health topic Objectives

Barry et al. (34) 2018 USA Quialitative study, HIV prevention To understand how resilience processes are shared among young

based on RCT Black GBMSM.

Bridges (35) 2016 Australia Quialitative study Breastfeeding support To advance understanding of the experiences of mothers using
closed Facebook groups for breastfeeding support.

Hildebrand et al. 2013 Switzerland  Qualitative study HIV prevention To present a focused thematic analysis of a sub-section of the

(36) views expressed in the online and offline forums.

lantaffi et al. (37) 2015 USA Qualitative study HIV prevention To examine the acceptable level of sexual explicitness in HIV
prevention advertisements.

Ripat and 2016 Canada Quialitative study Wheeled mobility To gain understanding of what people who use wheeled mobility

Colatruglio (38) devices devices identify as environmental barriers to community
participation in cold weather climates.

Rothpletz-Puglia 2013 USA Feasibility study Health promotion To offer opportunity and support for women at risk for or living with

etal. (39) HIV to identify, create, and provide health promotion messaging
within their informal personal networks.

Snider et al. (40) 2010 Canada Feasibility study Violence prevention To engage youths, parents, and community workers in
conceptualizing a hospital-based violence prevention intervention
and to identify outcomes relevant to the community.

Ybarra et al. (41) 2014 USA Qualitative study HIV prevention To examine self-reported behavioral and attitudinal changes
among GBQ adolescent males who took part in online focus
groups.

Young et al. (30) 2015 USA Cluster randomized HIV prevention To examine the efficacy of using the HOPE social media

controlled trial intervention to increase HIV testing among MSM in Peru.

Young et al. (31) 2014 USA Randomized controlled HIV prevention To assess whether changes in network growth are associated with

trial increased HIV prevention and testing behaviors.

Young et al. (32) 2013 USA Cluster randomized HIV prevention To determine whether social networking communities can increase

controlled trial

HIV testing among African American and Latino MSM.

acceptability of their intervention (39, 40). The studies by Young
et al. that tested a peer-mentoring intervention were able to
confirm its effectiveness compared to a control group.

Types of Participation

Table 4 maps specific information of the interventions including
a brief description of the intervention (if applicable), a more
detailed description of the participatory elements, information
about the type of digital format and how it was used, and a
collection of strengths and weaknesses mentioned in relation to
the digital format. The three studies by Young et al. (30-32) are
combined in this table as they report the same intervention.

We found five studies that conducted qualitative participatory
research. As reported above, four of them used online focus
groups as research method (35, 37, 38,41). One study additionally
conducted in-depth interviews (35). In the focus groups and
interviews, the researchers sought a nuanced understanding
of the participants’ views and perspectives on a particular
issue affecting their lives. Participants were asked about their
experiences, opinions, ideas, thoughts and recommendations.
One study used concept mapping as a community-based
participatory research method (40). Through this process,
community members were enabled to gather their opinions and
ideas about how hospitals could help youth avoid violence in
the future. After that participants could sort and rate these ideas
through an online process. In a face-to-face meeting, these results
were developed into an intervention concept.

One intervention enabled peer support using online forums
where participants could connect and support each other by
starting conversation threads or responding to staff-generated
threads (34). Another intervention that also used a peer support
approach, trained peers of a community to become peer mentors
who provided HIV prevention by communicating with the
participants through Facebook groups (30-32).

We found one study that implemented an empowerment
project providing opportunity and support for women at risk or
living with HIV to identify, create and deliver health-promoting
messages in their informal personal networks (39). To facilitate
this project, a partnership was established between an academic
and community agency.

One study used a crowdsourcing method to allow young
people to participate in policy decision-making by both
formulating the problems and generating solutions for the
AIDS response (36). Similar to the concept mapping process,
participants were able to share ideas and vote on what should be
included in a strategy paper for the UNAIDS Secretariat, which
was created through a public co-authoring process.

Utilization of Digital Formats

Online focus groups were mostly conducted in an asynchronous
manner, meaning that participants did not have to respond
immediately. Bridges (35) used the social network platform
Facebook for both focus groups and interviews. Focus group
questions were posted on a wall using the “event” function,
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TABLE 3 | Methods and results of included studies.

Author, year

Target population and setting

Data collection

Analysis method

Sample participants

Findings

Barry et al. (34)

Bridges (35)

Hildebrand et al. (36)

lantaffi et al. (37)

Ripat and Colatruglio (38)

Rothpletz-Puglia et al. (39)

Snider et al. (40)

Age: 18-30

Sex: males

Setting: Black, gay, bisexual
MSM, recruited in
southeastern US

Age: all ages

Sex: females

Setting: breastfeeding mothers,
members of closed Facebook
groups attached to Australian
Breastfeeding Association
Age: 16-29

Sex: all genders

Setting: young people of 79
countries, connected to the
UNAIDS network

Age: 18 or older

Sex: males

Setting: MSM regularly viewing
sexually explicit media, living in
the US

Age: adults

Sex: all genders

Setting: users of wheeled
mobility devices (WMD),
residents of Manitoba, Canada

Age: adults

Sex: females

Setting: women at risk for or
living with HIV, living in

New Jersey

Age: youth and adults

Sex: all genders

Setting: youths, parents, and
community youth workers,
recruited in Toronto

Posts on the
intervention website

3 online interviews, 3
online focus groups

Data from a secondary
analysis of the themes
and texts that emerged
during the UNAIDS
discussions

13 online focus groups

1 online asynchronous
focus group

Self-reported activity
logs, participant
questionnaires, and
community-recipient
evaluations

Data was collected
through "The Concept
System’ software

Qualitative content
analysis

Thematic analysis

Focused thematic

analysis

Content analysis

Content analysis

Mixed methods
approach

Cluster analysis

Total number: 48
(RCT: 474)
Average age: 24.3 years

Total number: 23
Administrators: 3

Group members: 20
Average age: not collected

Total number: 5,102
Online forums: 3,497
Offline forums: 1,605
Average age: not collected

Total number: 79

Average age: 18-44 years
(most participants were
white, HIV-negative men)

Total number: 8
(7 wheelchair users, 1
scooter & walker user)

Total number: 57 in-person
group: 38 online group: 19

Total number: 278
Brainstorming: 48
Sorting: 103
Rating: 102
Interpretation: 25
Average age (if
youth): 12-24

Findings illustrate the width of roles that
peer-level support played in fostering resilience.
Self-acceptance and sex-positive norms were
identified as new subthemes.

Online breastfeeding support groups provide
primarily support from a trusted community.
Social networking sites are further described as
immediate, complementary to existing support
services, and a source of information for users.

Youth identified the need to change the way
sex and relationships are dealt with through
comprehensive sexuality education,
overcoming social and cultural taboos, and
changing how sex is talked about.

The acceptable level of sexual explicitness in
HIV prevention campaigns depends on factors
of audience, location, and community
representation.

“Study confirms that elements of the
environment, including the natural environment,
supports, services, policies, and WMDs can
alternatively serve as a barrier or facilitator to
community participation.” (p. 102)

Women in both groups successfully provided
health promotion to 5,861 people in their social
networks. This demonstrates the feasibility of
building social networks for disseminating
health information and reducing health
disparities in communities.

It is feasible to use information generated by

youth to develop successful and meaningful
interventions to prevent youth violence.
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TABLE 3 | Continued

Author, year

Target population and setting

Data collection

Analysis method

Sample participants

Findings

Ybarra et al. (41)

Young et al. (30)

Young et al. (31)

Young et al. (32)

Age: 14-18
Sex: males

Setting: gay, bisexual, and queer
males, recruited nationally (USA)

Age: 18 or older
Sex: males

Setting: Participants and peer

leaders are MSM with a

Facebook account, living in Lima
(Peru). Participants should be

HIV negative or
serostatus unknown.

Age: 18 or older
Sex: males

Setting: Participants and peer

leaders are MSM with a

Facebook account, living in Los
Angeles. Peer leaders should be

African American or Latino.

Age: 18 or older
Sex: males

Setting: Participants and peer

leaders are MSM with a

Facebook account, living in Los
Angeles. Peer leaders should be

African American or Latino.

4 questions
subsequent to online
focus groups

Baseline survey before
the intervention

Baseline and follow-up
survey, participants’ FB
friend lists

Baseline and follow-up
survey

Thematic analysis

Multivariate
adjusted logistic
regression

Network
visualizations,
regression
analyses

Chi-square tests,
t-tests, rates of
home-based HIV
testing

Total number: 75

Group with no sexual
experience: 36

Group with sexual
experience: 39

Total number: 498
Intervention group: 252
Control group: 246
Peer leaders: 34
Average age: 28.9 years

Total number: 105

Peer leaders: 16
Average age: 31.5 years
(90% were Latino or
African American)

Total number: 105

Peer leaders: 16
Average age: 31.5 years
(90% were Latino or
African American)

The majority reported that their participation
positively changed their views and behavioral
intentions about their sexuality. Sexually
inexperienced youth most commonly reported
positive effects of feeling less isolated.

Participants in the HIV intervention groups were
more likely to request an HIV test than were
those in the control groups. Peer-mentored
social media communities seemed to be an
effective method to increase HIV testing among
high-risk populations in Peru

Among the intervention group, a positive
trending relationship between increased
network ties and likelihood of HIV testing,
follow-up for test results, and participation in
online community discussions was found.

“Social networking communities are acceptable
and effective tools to increase home-based HIV
testing among at-risk populations.” (p. 2)
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TABLE 4 | Characteristics of interventions.

Author, year

Description of intervention

Type of
community
participation

Description of participatory
activities

Description of digital
elements

Type of digital
element

Limitations
related to the
digital format

Benefits related to the
digital format

Barry et al. HealthMpowerment is an online Peer support via Online forums created spaces for Website (mobile “The Forum was a space - Anonymity (facilitated more “It can be difficult
(34) intervention that aimed to reduce online forums participants to connect and support  phone optimized), where participants could candid questions and to interpret the
condomless anal intercourse and each other, which fostered resilience  which provided read and contribute to discussions than might have tone and intention
foster community among young processes. two online forums  existing conversation been provided in-person) of online data.” (p.
Black GBMSM. In online forums the Topics for the pre-populated or (The Forum and threads or start new - Flexibility to choose how 14)
intervention group could react to staff-generated conversations were Getting Real) for threads. Getting Real was and what to contribute
pre-populated or staff-generated identified through formative research  participant designed to be a creative - Close to real life
conversations (control group got an with young Black GBMSM. interaction space where participants interactions because
information-only website). could post and respond to  interpersonal interactions
topics with videos, poems,  increasingly take place
reflections, audio, and online, particularly among
pictures.” (p. 4) stigmatized groups
Bridges (35)  / Participatory In the interviews and focus groups, Social media Interviews were conducted - Asynchronous conduction: /
research via online participants were asked about their platform Facebook via the “Messenger” participants could answer
in-depth interviews experiences administering or used for qualitative function. Questions were any time they wanted in the
and online focus participating in closed Facebook interviews and typed in and answered interviews and focus groups
groups groups for breastfeeding support. focus groups asynchronously or - Easy accessibility via
synchronously by the Facebook: participation
participants. possible from any location
The focus groups were (both points helpful as
conducted via the “Event” participants were mothers
function. All questions were  of young children)
created as wall posts and
answered asynchronously
by participants via the
“comment” function.
Hildebrand CrowdOUtAIDS is a participatory Crowdsourcing 1) A community of interested young 1) Social media 1) Initial buzz via social - The digital crowdsourcing - Digital divide
et al. (36) online policy project using a process to enable  people were connected 2) Young and online media and implementation  processes facilitates the (counteracted in
crowdsourcing process. It consists of  policy participation people could share their experiences, platform via the online integration of grassroots the 2nd step
4 steps to enable young people to ideas, and information 3) Participants  2) Social platform CrowdOutAIDS.org perspectives from across through
both formulate the problems as well were enabled to find solutions networking 2) 9 regional online forums,  the globe, engagement, and offline forums) -
as generate solutions in the AIDS via voting 4) Final strategy document  platforms: conducted via Facebook, participation. Selection bias:
response, resulting in a strategy was co-authored in public online Facebook, RenRen, and Vkontakte 3) - Enabled participation Online participants
document for the UNAIDS sessions, and a drafting committee of RenRen and Customized osga.net beyond youth networks and had a higher
Secretariat. young people worked with the Vkontakte application for voting 4) organizations to involve socioeconomic
UNAIDS Secretariat to implement 3) Customized Customized GoogleDocs “ordinary” young people background
the strategy osga.net application (no further - “Despite the digital divide,
application description provided) online tools can effectively
4) Customized be used to mobilize for
GoogleDocs offline action.” (p. 67)
application
(Continued)
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TABLE 4 | Continued

Author, year Description of intervention Type of Description of participatory Type of digital Description of digital Benefits related to the Limitations
community activities element elements digital format related to the
participation digital format

lantaffietal.  / Participatory Participants were asked to give their ~ Adobe Connect The synchronous focus Higher confidentiality, by not Data is limited to

37)

Ripat and /

Colatruglio

(38)

Rothpletz- Shout-out Health is a

Puglia et al. community-driven health promotion

(39) approach aiming to empower
high-risk community members to
develop and provide health promotion
messaging delivered in their informal
social networks.

research via online
focus groups

Participatory
research via online
focus group

Empowerment
intervention for
providing health
promotion in
informal social
networks

opinions on HIV-prevention poster
advertisements and one video

advertisement

“The researchers were seeking a
nuanced understanding of WMD

users’ experiences regarding

community participation and winter
barriers, the strategies they employ to
overcome those barriers, and the
recommendations they had for

improving winter community
participation.” (p. 97)

Within in-person or online groups
participants identified health problems
and developed ways to promote
health information in their informal
social networks over a 5-6 week
period. Therefor a 5-step intervention

process was conducted.

used for online
synchronous focus
groups, bulletin
board for
asynchronous
follow-up
questions

WordPress.com
for hosting
asynchronous
online focus group

Asynchronous
online group (no
information about
the program)

groups were conducted via
the “chat” function, without
the use of audio or video.
After conclusion,
participants were invited to
respond asynchronously to
follow-up questions and
comments posted on a
message board.

Participants had 1 week to
respond asynchronously to
daily questions posed by a
moderator.

Over a 3-month period,
women in the online group
worked asynchronously
except for 2

conference calls. For the
participants’ convenience,
they could choose the
meeting format but could
not move back and forth

between the 2 approaches.

(no further
description provided)

using audio or video
functions.

written text and
does not give
access to audio or
visual participants’
reactions.

“Time for more in-depth and /

reflective responses from
participants, greater
participant anonymity,
increased convenience in
terms of participating from
any location at any time,
and automatic capture of
discussion data” (p. 97)

- Convenience for
participants to choose
between online and
in-person group

- No significant differences
in the productivity by group
meeting format (p. 3)

(Continued)
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TABLE 4 | Continued

Author, year Description of intervention Type of Description of participatory Type of digital Description of digital Benefits related to the Limitations
community activities element elements digital format related to the
participation digital format

Snideretal. / Community-based Opinions and ideas from community ~ “The Concept 1) Brainstorming: - Anonymity (given the - Due to

(40) participatory members about how hospitals could ~ System” software  participants were asked to  sensitivity of the subject) anonymity,
research using help youth avoiding violence in the for conducting the enter statements in - Flexibility: “Participants determination of
concept mapping  future were collected, sorted, and online concept response to a prompt could partake in any or all how many

rated online. In a face-to-face mapping (8 weeks) 2) Sorting: online  steps of the concept participants took
meeting, participants discussed the ~ processes participant sorted the mapping process.” (p. 878)  part in all four
assessment results and drafted an brainstormed statements steps not possible
intervention concept. into piles (6 weeks) 3) - “A limitation of
Rating: participants rated the software used
each statement in terms of in this study is a
importance (6 weeks) restriction on the
number of
demographic

questions that can
be asked.” (p. 883)

Ybarraetal. / Participatory Participants took part in two rounds ~ Bulletin board “Each day, questions were - Safe and anonymous /
(41) research via online  of asynchronous focus groups in used for posted on the bulletin board environment, in which
focus groups which they discussed their ideas, asynchronous in the morning and then participants could talk more
thoughts, and concerns about an HIV  focus groups and  again, in the afternoon. freely about their sexuality
prevention program. Afterward, they  the following Participants were instructed - Online focus groups
were asked 4 questions how their questions to visit the board at least represent a low-cost,
participation in the focus groups twice a day to respond to scalable intervention
influenced or changed their views or questions, reply to
behaviors. moderator probes, and

interact in discussions with
other group members.”

(. 3)
Young et al. The HOPE Social Media Intervention  Peer-mentoring MSM who were described as Social media Private Facebook groups - Low costs HIV solution - Duplicate
(80-32) tested whether MSM in Facebook and peer support  well-respected among the MSM platform Facebook consisted of 30 participants - Broader reach than respondents found
groups with peer-mentored HIV community were trained as used for and 4-6 peer leaders who  traditional public health during recruiting
prevention and behavior change peer-leaders. They were advised to conducting online  communicated by sending  interventions (non-unique
information would be more likely to communicate with their assigned intervention messages, chats, and wall - Reduce travel and time usernames)
test for HIV than those in groups participants on Facebook in addition posts. Participants had no  costs
without a peer-leader. to general “friendly” conversation obligations to respond or to - Easy implementation
about HIV prevention and testing. stay in the Facebook group. - Growing international

popularity of social media
- Easier data collection than
in field settings
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interview questions were typed in via the “messenger” function.
Tantaffi et al. (37) used Adobe Connect for conducting
synchronous focus groups via the “chat” function, without the
audio or video function, and an asynchronous bulletin board
for follow-up questions. The online focus group of Ripat and
Colatruglio (38) was also conducted in an asynchronous manner
by commenting on questions from a moderator hosted on
WordPress.com. Ybarra et al. (41) used a bulletin board to
conduct the focus groups and the subsequent behavior change
questions. Participants were able to respond to questions, reply
to moderator probes and interact in discussions with other
group members.

Barry (34) used a website that was later optimized by a mobile
phone application, which offered two online forums. In both
forums, participants had the opportunity to read and contribute
to existing conversation threads or start new threads and to post
and respond to topics with videos, poems, reflections, audio,
and pictures.

The HOPE Social Media Intervention was conducted via the
social networking platform Facebook by creating closed groups in
which the peer mentors could communicate with the participants
by sending messages, chats, and wall posts (30-32).

Snider et al. (40) used a special program called The Concept
System for the concept mapping process, in which participants
could brainstorm ideas online, sort them, and rate them over a
period of several weeks.

The CrowdOutAIDS program used various online
applications for its four-step crowdsourcing process.
Participants were recruited via social media and directed to
the CrowdOutAIDS.org website. Online forums were then
conducted through the social networks Facebook, RenRen and
Vkontakte, and additional community forums were organized
through online participant volunteers. Statements abstracted
from the forums were voted for via a customized osqa.net
application. In subsequent public online sessions, the final
strategy document was created in a co-authoring process via a
customized GoogleDocs application. A more detailed description
of the applications was not provided.

The Empowerment project by Rothpletz-Puglia et al. (39)
offered a choice between online and in-person groups. The online
group worked asynchronously except for two conference calls.
More information about the digital format and its usage was
not provided.

Benefits and Limitations Associated With
Digital Approach

One of the strengths of online forums is that they offered
anonymity, which facilitated discussion of more candid questions
(40). It was also noted by Barry et al. (34) that communication
via online platforms came close to their real-life interactions and
was therefore familiar. In addition, the flexibility for participants
to decide how and what to contribute was mentioned as a
strength. As a limitation, the difficulty of interpreting the tone
and intention of online data was noted.

Similar points were mentioned in the study from Iantaffi
et al. (37). The anonymity of online focus groups offered higher

confidentiality by not using audio or video functions, but the
lack of access to audio or visual participants’ reactions made the
interpretation of the data more difficult.

Snider et al. (40) concluded that anonymity is a strength
of the online concept mapping process, which was particularly
valuable with regard to the topic of experienced violence. Also,
the flexibility of allowing participants to decide for themselves
whether they wanted to participate in any or all steps was cited
as a strength. The disadvantage of this procedure, however, was
that it was not possible to evaluate how many participants took
part in all steps of the process.

Ybarra et al. (41) also mentioned that the online format
created a safe and anonymous environment that allowed
participants to talk more freely about their sexuality. Moreover,
it is added that online focus groups can represent a scalable
low-cost intervention.

The social media intervention The HOPE was also identified
as a low-cost solution for HIV prevention that enabled a broader
reach than traditional public health interventions, was easy to
implement, reduced travel and time costs and facilitated data
collection (30-32). A disadvantage of social media interventions
was cited as finding duplicate respondents during recruitment
through non-unique usernames.

Hildebrand et al. (36) highlighted the broader reach of digital
methods as a strength, enabling the integration of grassroots
perspectives from across the globe and the involvement of
young people who would not have normally been involved
through traditional participatory processes. As a limitation of
digital formats, Hildebrand mentioned the digital divide and
the associated selection bias, as it was assumed that online
participants have a higher socioeconomic background.

Conducting the asynchronous focus groups and interviews via
Facebook was beneficial for easy accessibility and flexibility for
participants to decide for themselves the time and place they want
to respond (35). Especially for young mothers this format was
considered suitable.

Ripat and Colatruglio (38) mentioned the increased
convenience in terms of participating from any location at
any time given by online focus groups, in addition to anonymity,
the automatic data collection, and the fact that participants have
time to give more reflective responses.

Rothpletz-Puglia et al. (39) compared the productivity
between online groups and in-person groups and found no
significant differences. They described the possibility to choose
between both formats as a convenience for participants.

DISCUSSION

With this scoping review we mapped the existing literature on
digital formats that enable participation in the field of health
promotion and prevention in community settings. Furthermore,
we gained a more comprehensive understanding of core concepts
in this research area in terms of the enabled types of participation,
the ways of utilizing the digital formats and the benefits and
limitations linked to it. We identified nine unique out of 11
included studies relevant to the research question. Although these
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are a relatively small number of studies, they seem to reflect to
some extent the diversity of methods and topics as well as certain
trends in the literature.

Characteristics of Included Studies

The majority of included studies dealt with vulnerable
populations, mostly targeting communities at risk for or
living with HIV. The huge amount of studies focusing on
community-based HIV prevention programs and activities
was also noticeable in the title and abstract screening. This
may indicate that digital interventions are often used to reach
stigmatized or vulnerable groups who commonly face challenges
in seeking support. The easier accessibility and anonymity are
particularly beneficial for reaching those populations (42).

Only youths and younger adults between 12 and 44 years were
targeted or included in the interventions of our selected studies.
This may reflect the fact that this age group can be reached
better and more easily using digital media than older adults.
As interpersonal interactions of younger adults increasingly take
place online, digital interventions more closely resemble their
real-life interactions than they do for older people, who generally
have less exposure to digital media and lower levels of e-health
literacy (34, 43).

Types of Participation

We found three studies that used community participation
methods, like crowdsourcing and concept mapping, to enable
large groups of people to actively define relevant issues for
their community themselves and help shape solutions. We also
found participatory research studies that mostly used a focus
group approach. Through this method, participants were able to
express their views and perspectives on a specific issue affecting
their lives. The deeper insights into participants’ experiences,
opinions, thoughts, and recommendations not only benefited
the researchers in generating more detailed data. Through
participation in focus groups, community members reported
benefits including new insights and a broader perspective on
issues shared within the group, in addition to a sense of
inclusion and community building (44). This was most evident
in the study by Ybarra et al. (41), which found that online
focus groups discussions should be further explored as low-cost
prevention programs.

Utilization of Digital Formats

The digital technologies used varied widely, from social
media platforms to customized web providers and programs.
Digital technologies were used in most cases to establish
direct communication between researchers and participants
or to establish communication between participants. In the
crowdsourcing, and concept mapping interventions, digital
formats were used for mass community engagement that enabled
democratic processes such as voting, brainstorming, sorting and
rating. These findings demonstrate that digital technologies can,
on the one hand, facilitate communication between community
members and thus foster social networks. On the other hand, they
can be used to create open environments to involve large groups
of individuals for community participation processes (45).

Crowdsourcing, in particular, is a method of mass collaboration
that increases in the field of public health (27).

Benefits and Limitations Associated With
Digital Approach

Three studies found that the interaction with like-minded people
in online spaces increased feelings of support and self-acceptance
among participants and reduced feelings of isolation (34, 35, 41).
It was stated that the anonymity facilitated by the digital formats
was beneficial to these interactions, as well as the easy and
immediate access to support and flexibility to decide how much
and when to participate. This is congruent with the reasons
why digital peer support formats are increasingly offered in the
field of mental health identified by a systematic review (46).
Most of our identified qualitative participatory research studies
used online asynchronous focus groups. For this method it is
essential to create a “safe space” where participants have a feeling
of confidentiality to express their opinions and experiences
freely. The frequent choice for asynchronous formats could be
an indication that this necessary environment can be created
particularly well by this approach, by allowing a higher degree
of anonymity and flexibility for participants to determine when
and where to respond.

None of the included studies mentioned ethical aspects and
data protection issues as a limitation or barrier of digital formats.
This may be due to the fact that the majority of studies
were from Anglo-American countries. This should be taken
into account when transferring the study concepts to countries
with high data protection requirements, such as Germany.
Only five studies reported limitations related to the digital
format, including difficult interpretation of written data. Previous
research has already indicated that sufficient written literacy must
be a criterion when conducting interventions limited to written
discussions (47). This carries the risk of excluding certain groups
of people, which is why suitability for the target population needs
to be considered. In the title and abstract screening, we also
found many studies on photovoice that were often not included
because the subsequent focus group discussions were mostly
conducted in a non-digital format. Since photovoice is less about
examining participants’ views on something and more about
creating an impact, face-to-face formats may be better suited for
this purpose (48).

Existing studies on digital interventions in various community
settings mention several benefits compared to traditional
formats. A review by Gilbey et al. (42) outlined in regard of the
LGBTQ (lesbian, gay, bisexual, transgender, queer) community
the anonymity aspect of digital interventions which facilitates
access to support by minimizing stigma. Wadham et al. (49)
found that specific communities like adolescents and young
adults can be easier reached with new digital media interventions,
because they use digital ways for information sharing on a regular
basis. A review by Fortuna et al. (46) mentioned that digital
peer support is increasingly delivered through social media
networks, smartphone apps, and technologies that enable
synchronous and asynchronous communication. This allows
for a wider reach of peer support services. Digital interventions
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also become increasingly popular due to easy implementation,
cost-effectiveness, and remote accessibility (50). On the other
side, higher drop-out rates and a lack of evidence on the
effectiveness of digital interventions have been reported (42, 51).
Additionally, according to Hall et al. (52), aspects of “poor
technology skills, interfaces that are not user-friendly, concerns
around data security, and a lack of support from healthcare
professionals” should be considered when implementing
digital interventions.

The COVID-19 pandemic resulted in the implementation of
certain non-pharmaceutical measures, such as cancelling public
events, restricting social gatherings to a minimum and closing
schools and workplaces (53). Social distancing demonstrated the
need and potential for using digital solutions with a consistent
digital approach to engage people in health promotion and
prevention activities.

However, there are some open questions with regard to the
implementation of digital formats in community-based health
promotion interventions which should be focused on in future
research activities. It should be considered carefully whether
digital formats could replace traditional formats for health
promotion and prevention activities especially in vulnerable
populations. From our perspective, one of the most urgent
unanswered questions is whether the implementation of digital
health promotion interventions leads to a further increase of a
selection bias or whether such interventions counteract this bias
and are used and accepted by vulnerable groups and settings in
which traditional formats fail.

Strengths and Limitations

This review contains some methodological limitations. First, we
may have missed some relevant studies related to the research
questions for a few reasons. Our search was restricted to three
databases without including grey literature. We searched for
publications in English only and therefore might have missed
studies published in other languages from geographic areas
where digital public health technologies are known to be widely
used (e.g., Korea, Japan). There were also a high number of
studies that had to be excluded because the full texts were
not available. In addition, we conducted the database search
in November 2020, which may have been too early to find
relevant studies related to the COVID-19 pandemic. Second, we
did not perform a quality assessment of the included studies
and did not focus on ethical and data protection aspects
of using digital formats. However, this was not considered
relevant to the objective of this study, which was to collect
existing literature on this topic and examine it for key concepts.
Considering the relatively low number of included studies
compared to the number of papers found by the literature
search, this might be explained by the clearly defined and
specific inclusion criteria, as we were looking for interventions
with a high level of participation for communities and a high

proportion of digital implementation in the intervention. This
focus was also reflected in the search strategy, where we searched
specifically for community, participation and their synonymous
terms. These criteria were needed for narrowing the amount
of publications found at the initial search. However, this may
have led to the omission of publications that might have been
of interest for our work. Despite these limitations, we do
consider this clear focus to be a strength and a quality criterion
of this paper.

Other strengths of this review were the sound methodology
based on recommended frameworks of Arksey and O’Malley and
the PRISMA checklist for preferred reporting items.

CONCLUSION

This scoping review only found a few studies following a
consequent digital format to enable a high level of community
participation in health promotion and prevention, indicating an
existing gap in research on this topic. Digital formats were found
to be suitable for purposes where anonymity is helpful. In the
included studies, this was apparent in qualitative participatory
research studies, particularly in online focus groups that required
participants to talk about sensitive subjects. Furthermore,
the aspects of anonymity and easy accessibility appeared
to be beneficial in supporting vulnerable and stigmatized
communities, such as through peer exchanges and peer support
programs. Further research should be conducted on the purposes
for which digital formats can be more effective than traditional
formats in enabling participation, in order to make more targeted
use of the potential of digital technologies and social media.
Disadvantages of digital formats, such as possible selection
bias due to the digital divide and difficulties in interpreting
written-only data, have to be weighed against the benefits.
The consequences of social distancing due to the COVID-
19 pandemic and the unpredictability of similar exceptional
circumstances in the future stress the need to further develop and
implement digital formats in health promotion and prevention
activities in community settings.
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Research is essential for evidence-based decision making. This study aimed to identify
research priorities in the areas of field epidemiology and public health in the Eastern
Mediterranean Region (EMR) from the perspectives of public health professionals.
A Delphi technique, using online survey, was employed to reach 168 public health
professionals who have experience in the EMR countries. The study took place between
November 2019 and January 2020. Consensus on the research priorities was reached
after two-round online questionnaires. A list of top 10 field epidemiology and public
health research priorities in the EMR was developed. Of those priorities, four fell under
health in emergency, war and armed conflict, two under communicable diseases, two
under immunization, one under digital health, and one under sexual, reproductive, and
adolescent health. Availability, adequacy, and quality of health services in crisis settings
were scored as a top priority (mean = 4.4, rank 1), followed by use of technology
to improve the collection, documentation, and analysis of health data (mean = 4.28,
rank 2), and capacity of countries in the region to respond to emergencies (mean =
4.25, rank 3). This study was conducted prior to COVID-19 pandemic and, thus, it
did not capture COVID-19 research as a priority area. Nevertheless, identified priorities
under communicable diseases including outbreak investigation of infectious diseases,
epidemics and challenges related to communicable diseases in the EMR were still
notable. In conclusion, the field epidemiology and public health research priorities
identified in this study through a systematic inclusive process could be useful to make
informed decisions and gear the research efforts to improve the health of people in
the EMR.

Keywords: field epidemiology, public health, research priorities, Eastern Mediterranean Region, conflict countries
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Public Health Research Priorities in EMR

INTRODUCTION

Strengthening the field epidemiology and public health services
in the Eastern Mediterranean Region (EMR) is a top priority
nowadays due to several health challenges that resulted from
political conflicts, environmental threats and natural disasters
(1). The recent COVID-19 pandemic clearly revealed the fragility
of health systems in many EMR countries, especially conflict-
affected countries (2, 3).

Research is a vital tool that enables the improvement of health
and health equity in low- and middle-income countries (LMICs),
taking into consideration the critical needs and importance of
sustainable development outcomes in these countries (4, 5).
The 2013 World Health Report released by the World Health
Organization (WHO) identifies four essential ways in which
health systems can support health research: setting research
priorities, building research capacity, defining norms and
standards for research and translating evidence into practice (5).
In LMICs, research should be prioritized to respond directly to
community health needs. Otherwise, there is a risk that research
conducted in LMICs will be according to funders” agendas, distort
national priorities, undermine the role of national research in
LMIC or fail to respond to explicit health needs (4, 6). If
research priorities are not set, researchers and research sponsors
cannot align their activities with national health and development
goals (4).

Knowledge of the stage of health transition of a country and
identifying diseases burden are necessary for effective setting of
research priorities. Several studies have been conducted in LMICs
to identify research priorities, including priorities in the fields
of multisectoral collaboration for health (7), human resources
for health (8), and adolescent health (9). A study conducted in
2019 that aimed to address primary care research priorities in
50 LMICs found four emerging priority areas: effective transition
of primary and secondary services, horizontal integration within
a multidisciplinary team and intersectoral referral, integration
of private and public sectors, and ways to support successfully
functioning PHC professionals (10).

There are several methods that are used for health
research priority setting, including the 3-Dimensional Combined
Approach Matrix (3D CAM) (11), the Child Health and
Nutrition Research Initiative (CHNRI) method (12), the Council
on Health Research and Development (COHRED) method
(13), and the Delphi method (14). The Delphi method is
based on a structured process for collecting and distilling
knowledge from a group of public health professionals by
means of a series of questionnaires interspersed with controlled
opinion feedback. The aim of this process is to determine the
future development of a particular topic by the public health
professionals and help decision making on a profound basis.
The features of the Delphi method include anonymity, iteration
of arguments, communicativeness, well-founded feedback, wide
range of expertise, rapidity of achieving consensus, and learning
with dialogue (14). This technique has been extensively applied
in research priority development and healthcare program
planning (15).

This study aimed to identify research priorities in the areas
of field epidemiology and public health in the EMR from the
perspectives of public health professionals. The findings of this
study are expected to help in decision making and planning of
research resources, research funding, and implementation in the
region to solve priority public health problems.

METHODS

Delphi technique was used in this study to reach an unanimity
among public health professionals on field epidemiology and
public health research priorities in the EMR Region. We
employed this technique to instigate informational cascade from
168 public health professionals to reach a structured consensus.
An experienced facilitator used a validated questionnaire
followed by a prioritization tool employing a Likert scale (1-5)
while conforming with the Delphi technique key features to reach
consensus including: anonymity to avoid domination, private
ranking in the group iteration that occurred in “rounds” and
allowing the participants to change their minds. The consensus
was reached after two rounds with controlled feedback.

We included a total of 168 public health professionals from
all countries of the region representing different institutions,
including ministries of health and academia, who were
involved in Field Epidemiology Training Programs (FETPs),
local and/or national level public health programs, and/or
research entities in the EMR countries. These public health
professionals were identified and selected from current Eastern
Mediterranean Public Health Network (EMPHNET) databases,
including its Regional Roster of Public health professionals and
the EMPHNET Resources Engine (ERE). The public health
professionals came from a wide range of background expertise
and research interests in various public health areas. They all had
leading/technical positions in their relevant institutions which
contributed to the identification of the priority research areas
during the Delphi process. They served as individuals with expert
opinion about the subject matter and key informants to the
prioritization process.

This research project comprised of a two-round online
questionnaire. A facilitator familiar with the Delphi technique
facilitated the process of identifying the focal points for FETPs
recruiting public health professionals and following up with them
in both rounds. The main language used throughout the process
(both rounds) was English. However, some initial inputs for the
first round were also provided in Arabic and were translated to
English. Both rounds took place between November 2019 and
January 2020.

The first-round questionnaire was developed using the KoBo
Toolbox platform and sent to public health professionals by
email. It collected general demographic details including years
of experience. Each expert was then requested to identify up
to five specific priority research questions in the area of field
Epidemiology and/or public health in their respective countries
or in the EMR region. They were also asked if they were
willing to receive the second-round questionnaire to prioritize
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research areas. The median duration spent on filling out the first-
round questionnaire was 17 min, with at least one third of the
participants filling out the questionnaires in 6 to 15 min.

The research questions raised by the public health
professionals in round one were then synthesized, clustered,
and grouped into 11 major areas: (1) Mental health, (2)
Sexual, reproductive health and adolescent health, (3)
Communicable diseases, (4) Non-communicable diseases,
(5) Health in Emergency, War and Armed Conflict, (6)
Immunization/vaccination, (7) Disease surveillance, (8) Field
Epidemiology Training Program (FETP), (9) Health care and
health system, (10). Health technology, and (11) Zoonotic
diseases, with research topics under each area.

The results obtained from this questionnaire (i.e., the research
topics/questions under each) were analyzed to develop the
second-round questionnaire. The second online survey that
included a battery of research topics (for countries and for the
region) was then sent using the same platform and only to those
who agreed to be contacted again. At this stage, participating
public health professionals were asked to score/rank the research
topics using five-point Likert scale; 1—Not a priority, 2—
Low priority, 3—Medium priority, 4—High priority, and 5—
Essential. Respondents were requested to rate each research topic.
The responses from the second questionnaire were analyzed
using the average scores from the above ranking. In addition
to calculation of mean priority score, the percentages of public
health professionals who rated the research topic as essential were
calculated. To conclude, the analysis was shared with the public
health professionals to standardize their responses. The overall
process is summarized in Figure 1.

RESULTS

Participants’ Characteristics

A total of 168 public health professionals (112 males and 56
females) from all EMR countries responded to first round
questionnaire. Their average years of experience after graduation
from the highest degree they earned was 9.7 years. Of the total
health professionals, 67 (39.9%) were from ministries of health,
54 (32.1%) from academia, 25 (14.9%) from FETPs, 12 (7.1%)
from local and/or national level public health programs, and 10
(6.0%) from research entities in the EMR countries.

Round 1

A total of 1,187 research questions were raised by the
public health professionals. After removing duplicates and
repetitive questions, the remaining questions (425 questions)
were synthesized by merging similar questions and coming with
broader research topics. Finally, a total of 54 research topics were
clustered and grouped into 11 major areas. The 54 research topics
were then presented and used in the second-round questionnaire
to be ranked.

Round 2

Table1 shows the priority scoring of 54 research topics
categorized according to research area. Of the top 10 priority
areas identified according to the mean priority score: four priority

areas fell under Health in Emergency, War and Armed Conflict,
two under communicable diseases, two under immunization, one
under digital health, and one under sexual, reproductive, and
adolescent health. Table 2 shows the top 10 priority research
areas. Availability, adequacy, and quality of health services in
crisis settings were scored as a top priority (mean = 4.4, rank
1), followed by the use of technology to improve the collection,
documentation and analysis of health data (mean = 4.28, rank 2),
and capacity of countries in the region to respond to emergencies
(mean = 4.25, rank 3). The other research topics identified
as among top 10 priority topics were outbreak investigation
of infectious, causes of maternal and infant mortality, state
of preparedness in the region to address a disease outbreak,
epidemics and challenges related to communicable diseases in
the EMR Region, situation of health during crisis/emergencies in
the EMR region, risk assessment of emergencies and threats in
the EMR Region, and immunization gaps in the region identified
through disease surveillance and regional response guidelines.

Using the percentage of respondents who identified the
research area as essential, two areas belonging to immunization
and surveillance were identified as of less priority. Instead,
the impact of Field Epidemiology Training Programs on the
timeliness of disease surveillance, detection, and response
(percentage = 41.7%, rank = 5) and impact of vaccination on
human health/reduction of diseases (percentage = 40.0%, rank
= 6) were identified among the top 10 research priorities.

DISCUSSION

Of the 10 priorities, four fell under health in emergency, war and
armed conflict. This finding may be explained by the fact that, in
the past years, the Region has been affected most by emergencies,
war, and armed conflict. Most of the field epidemiology staff in
these countries are dealing with issues caused by these crises,
including the issues related to the availability, adequacy, and
quality of health services, workforce capacity and preparedness
to respond to crises and disease outbreaks, and any assessments
needed during crises/emergencies. However, this study still
represents a wide view of public health professionals regarding
the field epidemiology and public health in the EMR Region.
In terms of practicality of the approach, the median duration
for filling out first round questionnaires was 17 min, which
provides insights into planning for questionnaires of a similar
length for distribution to a large list-serve/roster of public
health professionals and getting back valuable inputs in a
reasonably short period of time. This study was conducted
before the COVID-19 pandemic. Thus, the questionnaires did
not specifically ask for and capture any prioritization of COVID-
19 research. However, although not mentioned directly in the
collected questions, public health professionals provided six
questions about MERS-CoV and one on SARS in the collected
data, indicating the importance of this family of viruses even
before the COVID-19 pandemic. These questions focused on
the prevalence of SARS and MERS-CoV in the EMR region,
risk of travel associated cases of MERS CoV, exploring the
difference of MERS CoV strain of viruses from one country
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Delphi Approach to evaluate Field
Epidemiology and Public health Research
Priorities in the EMR Region

v
Specialists Selection: Non-responders
Invitations sent: 197 excluded: 29
v
Accepted/Responded:
168 public health professionals
Round 1 Questionnaire: Those NOT willing to
168 public health professionals were asked [—»| participate excluded:
to list up to five specific priority research 6 participants.
questions in the area of field Epidemiology
and/or public health in their respective
countries and were asked if willing to
Research questions provided: Topics excluded after
1,187 questions/topics: synthesis, merging,
749 for their countries removing duplicates:
Controlled 438 for the region 1,133 questions.
L

Feedback $

Topics include for prioritization:
54 topics under 11 areas.
Il

:

Round 2 Prioritization Exercise:
162 responses
54 topics scored (under 11 areas):
Likert scale 1 -5

1 = Not a priority, 2 = Low priority,

3 = Medium priority, 4 = High priority,

5 = Essential.

+

Research Topics Prioritized:
10 Research topics in under X areas

FIGURE 1 | The Delphi process to evaluate research priorities in the EMR.

to another, and the role of cultural and religious leaders in  million are now facing pre-famine conditions (17). The region
controlling MERS-CoV. is facing many health problems, including the re-emergence of
The top research priority was focused on the availability, = communicable diseases such as polio and malaria, in addition
adequacy, and quality of health services in crisis settings  to non-communicable diseases such as malnutrition, and post-
(emergency, war and armed conflict). The EMR is afflicted with ~ traumatic stress disorder (PTSD).
several foci of humanitarian crises and civil unrest, including the In areas of conflict, research is not prioritized, as resources are
Syrian, Yemeni, Libyan, Iraqi, Palestinian and Sudanese crises.  directed toward security, conflict resolution, acute humanitarian
Following the Syrian crisis in 2011, approximately 6.6 million = response, and refugee/ migration management. A study
Syrians were internally displaced, and around 5.6 million sought ~ conducted in Lebanon, a country with a long history of
refuge in surrounding countries (16). As for the Yemeni crisis  political conflicts and a home to many refugees, showed
in 2011, more than 2 million people were displaced, and 14  that there is a lack of nationwide research culture, health
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TABLE 1 | The priority scoring of 54 research topics categorized according to research area.

Research Areas and Research Topics

Priority average score

Scored as “essential”

Mean SD n %
Mental health
Mental health of refugees, particularly children and adolescents 3.83 1.08 19 31.7
Promotion and protection of the rights of people with mental disorders 3.56 0.82 10.0
Mental health promotion and advocacy 3.58 0.81 10.0
Evaluation of mental health programs 3.48 0.91 13.3
Sexual, reproductive, and adolescent health
Causes of maternal and infant mortality 4.22 0.98 30 50.0
Importance of enforcing and implementing public health legislation to reduce morbidity and 4.08 0.89 22 36.7
mortality in the EMR
Sexual transmitted diseases 3.82 0.87 15 25.0
Integrating Minimum Initial Service Package (MISP) into primary healthcare 3.78 1.038 17 28.3
Sexual Based Violence (SBV) and Gender Based Violence (GBV) 3.67 0.88 10 16.7
Pattern of domestic violence 3.32 0.85 4 6.7
Burden, leading causes and treatment of infertility 3.18 0.98 6 10.0
Zoonotic diseases
Opportunities and challenges of zoonotic disease surveillance and one health approach 4.03 0.82 18 30.0
Managing, treating and preventing common zoonotic diseases in the EMR (i.e., brucellosis, 3.93 0.92 19 31.7
rabies, hemorrhagic fever)
Climate change and the emergence of vector-borne diseases 3.82 0.97 17 28.3
Impact of war on the emergence of zoonotic disease 3.68 1.09 12 20.0
Communicable disease
Outbreak investigation of infectious diseases (H1N1, Cholera, measles, polio, brucellosis) 4.23 0.70 22 36.7
Epidemics and challenges related to communicable diseases in the EMR region 4.20 0.71 22 36.7
Real burden of Anti-Microbial Resistance (AMR), microorganisms of concern, and interventions 4.07 0.78 19 31.7
to manage/prevent AMR
Burden, management and treatment of MERS-CoV in the EMR region 4.02 0.87 21 35.0
Effect of armed conflicts in the region on the map of infectious diseases 3.92 1.06 20 33.3
Hospital acquired infections 3.92 0.77 13 21.7
Mathematical modeling to control emerging infectious diseases 3.75 0.84 10 16.7
The pattern of diseases encountered among pilgrims 3.68 0.89 1 18.3
Research topics related to Non-Communicable Diseases (NCDs)
Burden, challenges, prevention, control of Non-Communicable Diseases in the region 4.08 0.81 20 33.3
(Cardiovascular diseases, obesity, diabetes)
Effect of smoking cigarettes/ e-cigarettes on health 3.65 1.09 17 28.3
The determinants of uncontrolled obesity and how to overcome it 3.58 0.98 11 18.3
Health in Emergency, War and Armed Conflict
Availability, adequacy and quality of health services in crisis settings 4.40 0.69 30 50.0
Capacity of countries to respond to emergencies 4.25 0.75 25 417
State of preparedness to address a disease outbreak 4.22 0.72 22 36.7
Situation of health during crisis/emergencies in the EMR region 4.20 0.75 22 36.7
Development of interventions to improve the health of vulnerable populations 4.03 0.66 13 21.7
Assessment of health systems and health-related interventions in War and Armed Conflict areas 4.02 1.038 21 35.0
Health of refugees/conflict related victims and the quality of services delivered to this population 3.88 0.87 13 21.7
Association between conflicts/wars and emergence of diseases 3.77 0.93 10 16.7
Supporting sustainable development and community-based assets in fragile settings 3.76 0.86 11 18.3
Research topics related to Immunization/vaccination
Immunization gaps in the region identified through disease surveillance and regional response 4.10 0.84 21 35.0
guidelines
Re-emergence of diseases (i.e., measles) despite vaccination efforts 4.05 0.83 18 30.0
Impact of vaccination on human health / reduction of diseases 3.95 1.07 24 40.0

(Continued)
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TABLE 1 | Continued

Research Areas and Research Topics Priority average score Scored as “essential”
Mean SD n %
Impact of Expanded Program on Immunization (EPI) coverage 3.95 0.91 19 31.7

Disease Surveillance

Risk assessment of emergencies and threats 4.15 0.68 18 30.0
Initiatives to strengthen priority disease surveillance 4.08 0.65 15 25.0
Utilization of innovative tools/ research for evolving Public Health Surveillance 4.00 0.76 15 25.0
Level of networking and collaboration between stakeholders during outbreaks in the EMR 3.98 0.75 15 25.0
region

Research topics related to Field Epidemiology Training Program (FETP)

Impact of Field Epidemiology Training Programs on the timeliness of disease surveillance, 4.08 1.01 25 a1.7
detection and response

Field screening to determine disease outbreak in the region (i.e., vector-borne outbreaks) 3.98 0.83 17 28.3
Health care and health system

Challenges in ensuring data quality of health information system and utilization of data for policy 4.07 0.67 15 25.0
action

Strategies to improve the health system in the region. 4.07 0.69 14 23.3
Challenges of achieving Universal Health Coverage (UHC) in the region 4.05 0.77 18 30.0
Allocating and utilizing resources to improve the health of the community 4.05 0.62 13 21.7
Rebuilding Health Systems in Fragile and Conflict Affected States 3.95 0.84 13 21.7
The effect of social/cultural factors on shaping the health seeking behavior 3.73 0.81 7 1.7
Human right 3.67 1.08 15 25.0
Digital health

Use of technology to improve the collection, documentation and analysis of health data 4.28 0.72 25 417
Developing national electronic health records 4.02 0.83 18 30.0

TABLE 2 | The top 10 priority research topics in public health and field epidemiology.

Research areas Priority research topics Mean priority score Rank Percentage scored Rank
essential

Health in Emergency, War Availability, adequacy, and quality of health services in 4.4 1 50 1

and Armed Conflict crisis settings

Digital health Use of technology to improve the collection, 4.28 2 4.7 3
documentation and analysis of health data

Health in Emergency, War Capacity of countries in the region to respond to 4.25 3 1.7 4

and Armed Conflict emergencies

Communicable disease Outbreak investigation of infectious diseases (H1N1, 4.23 4 36.7 7
Cholera, measles, polio, brucellosis)

Sexual, reproductive, and Causes of maternal and infant mortality 4.22 5 50 2

adolescent health

Health in Emergency, War State of preparedness in the region to address a disease 4.22 6 36.7 8

and Armed Conflict outbreak

Communicable disease Epidemics and challenges related to communicable 4.2 7 36.7 9
diseases in the EMR

Health in Emergency, War Situation of health during crisis/emergencies in the EMR 4.2 8 36.7 10

and Armed Conflict

Disease surveillance Risk assessment of emergencies and threats in the EMR 4.15 9 30 21

Immunization/vaccination Immunization gaps in the region identified through 4.1 10 35 12

disease surveillance and regional response guidelines

researchers facing insufficient funding and limited access to data, ~ capacity strengthening in conflict settings aids in collecting
insufficient training of medical students to conduct research  highest standard evidence, assessing health needs of affected
and poor impact of research on policy (18). However, research ~ population, bridging the gap between research and practice, and
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eventually, informing advocacy and policy change. Furthermore,
strengthening research capacity may help address major endemic
diseases, evaluate and improve relief work, and support social
changes to improve the quality of assistance provided.

Use of technology to improve the collection, documentation
and analysis of health data was ranked the second top research
priority. In many countries in the EMR, health informatics
governance is very weak due to a lack of national strategies
and policies, or non-adherence to them, leading to a fragmented
health information development and implementation. The
public are not involved in policy development, monitoring and
accountability for health information technology, causing lack
of confidentiality and uncertainty regarding data ownership.
Furthermore, integrated health informatics education programs
are scarce in the region (19).

Ranked third and fourth top priority research topics were
capacity of countries in the region to respond to emergencies
and outbreak investigation of infectious diseases. Countries in
the EMR are a hotspot for emerging and reemerging infectious
diseases. In the past decade, Sudan has experienced 3 outbreaks of
Yellow fever, and Bahrain, Egypt, Iran, Jordan, Kuwait, Lebanon,
Oman, Qatar, Saudi Arabia, Tunisia, the United Arab Emirates
and Yemen faced the Middle East Respiratory Syndrome,
among several other widespread outbreaks in the EMR, such
as Chikungunya, Cholera, and influenza A (HIN1, H5N1, and
HON2) (20). Furthermore, internally displaced people, refugees
and host communities are at a high risk of potential outbreaks
due to fragile public health systems and weak surveillance
and detection.

Low levels of awareness concerning infection symptoms at the
early stages of the disease, especially at the primary care level and
in hospital departments for NCDs, leads to clinical diagnostic
mistakes, and poor management of infection control measures.
The regional preparedness, response and control efforts toward
communicable diseases face major challenges such as poor
surveillance, lack of integrated vector management approaches,
week multidisciplinary and intersectoral collaboration, and
the absence of comprehensive readiness and response plans
(21). Moreover, there is a need for consensus for establishing
a standard case definition for infections to prevent major
gaps in definition and reporting of mortality rates between
endemic countries.

The fifth top research priority was causes of maternal and
infant mortality. Maternal mortality ratio (MMR) is one of
the main criteria of health outcomes and an indicator of
socioeconomic development. In the EMR Region, except in
Djibouti, Palestine and Afghanistan, maternal mortality from
1990 to 2015 has declined, but the burden remains higher
than the global average (22). A study that aimed to prioritize
research on sexual and reproductive health in the African and
EMR found that one of the priorities is addressing adolescent
violence and preventing early pregnancy, as early marriage
and pregnancy leads to higher maternal and infant mortality
rates (23). Morocco and Jordan have implemented interventions
that have drastically reduced maternal mortality by >75%
from the year 1990 to 2015, while low-income countries have
seen minimal to no improvement (22). Some challenges to

improving maternal health include manmade disasters and
conflicts, political instability, domestic crises, and economic
sanctions (22, 24).

Epidemics and challenges related to communicable diseases,
health during crisis/emergencies, risk assessment of emergencies
and threats and immunization gaps were ranked among
the top 10 priority research topics. The EMR has seen
a great improvement in routine vaccination coverage, but
political unrest, complex emergencies, humanitarian crises
and socioeconomic hardship affecting the region have caused
disruption of immunization systems in several countries. For
example, the coverage of the Diphtheria, Tetanus and Pertussis
vaccine and third dose of the oral polio vaccine in the region has
dropped form 86% in 2010 to 80% in 2015, with wide inter-and
intra-country differences (25).

There are many disparities in influenza vaccination rates
between different countries in the EMR, as well as low
vaccination coverage. A study that investigated seasonal influenza
vaccination policies in the EMR showed that of the 20 countries
involved in the study, only 14 had seasonal influenza vaccination
policies at the time of the survey, and of these 14, only five
included the vaccine in their national immunization program
(26). Furthermore, of the 20 countries, three countries did not
have an active influenza surveillance system.

One of the strengths of this research approach is the
convenience and the rapid consensus that was achieved in
two rounds. The whole process was virtual without having the
participants in the same room to get the group dynamics and
reach agreement. We were able to gather wide range of public
health professionals from all countries of EMR at a relatively low
cost of administration and analysis. The respondents were free
to express their opinion against the group thinking. The Delphi
technique was useful to gain valuable insightful data about a topic
where knowledge was lacking.

Limitations

Like every other study, this one has its limitations because
the Delphi technique does not cope well with widely differing
opinions or paradigm shifts. Also, there may be chances of
selection bias involved because participation was voluntary and
those who responded to the two rounds of questionnaires might
be different from those who did not respond. However, an
explanation of the four priorities linked with public health
emergencies can be found at the beginning of the Discussion
section. Also, the existence of any selection bias could not be
detected through the implemented technique and, given the
qualitative nature of the collected information, any mechanism to
look for such bias would have little effect on the type of questions
that were generated by subject matter experts in the first round
and ranked in the second round.

CONCLUSIONS

The results of our study highlight the importance of training
future researchers in a contextualized approach toward field
epidemiology and public health in conflict settings. Furthermore,
there is a need to improve and expand health informatics
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training to increase the number of health information
technology professionals. Policymakers should be involved
in designing research agendas, and this can be achieved
by multiple stakeholder involvement and collaboration.
Strategic frameworks should be developed for prevention
and control of emerging diseases, and for integrating early
warning systems for diseases outbreaks in countries affected by
humanitarian crises. Moreover, there is a need for establishing
standard case definitions for infections, and developing an
algorithm for clinical, epidemiological, occupational, and other
demographic characteristics.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

REFERENCES

1. Mataria A, Hajjeh R, Al-Mandhari A. Surviving or thriving in the Eastern
Mediterranean Region: the quest for universal health coverage during conflict.
Lancet. (2020) 395:13-5. doi: 10.1016/S0140-6736(19)33061-2

2. Daar OB, Haji M, Jradi H. Coronavirus disease 2019 (COVID-19) : potential
implications for weak health systems and conflict zones in the Middle
East and North Africa region. Int J Health Plan Manag. (2020) 35:1240-
5. doi: 10.1002/hpm.2982

3. AlKhaldi M, Kaloti R, Shella D, Al Basuoni A, Meghari H. Health
system’s response to the COVID-19 pandemic in conflict settings:
policy reflections from Palestine. Glob Public Health. (2020) 15:1244-
56. doi: 10.1080/17441692.2020.1781914

4. McGregor S, Henderson KJ, Kaldor JM. How are health research priorities
set in low and middle income countries? A systematic review of
published reports. PLoS ONE. (2014) 9:e108787. doi: 10.1371/journal.pone.
0108787

5. World Health Organization. World Health Report 2013: Research for Universal
Health Coverage. Wahington, DC: WHO Regional Office for Africa (2013).

6. Sridhar D. Who Sets the Global Health Research Agenda?
The Challenge of Multi-Bi  Financing  PLoS  Med.  (2012)
9:€1001312. doi: 10.1371/journal.pmed.1001312

7. Glandon D, Meghani A, Jessani N, Qiu M, Bennett S. Identifying health policy
and systems research priorities on multisectoral collaboration for health in
low-income and middle-income countries. BMJ Glob Health. (2018) 3(Suppl.
4):970. doi: 10.1136/bmjgh-2018-000970

8. WHO. Identification of Priority Research Questions in Three Thematic Areas:
Human Resources for Health, Health Financing and the Role of the Non-State
Sector. WHO. 2007; Available online at: https://www.who.int/alliance-hpsr/
projects/makerere_iprqthematicareas/en/ (accessed May 5, 2020).

9. Nagata JM, Ferguson BJ, Ross DA, Ch B. Research priorities for eight areas
of adolescent health in low- and middle-income countries. ] Adolesc Health.
(2016) 59:50-60. doi: 10.1016/j.a0gh.2016.04.468

10. Goodyear-Smith F, Bazemore A, Coffman M, Fortier R, Howe A, Kidd M,
et al. Primary care research priorities in low-and middle-income countries.
Ann Fam Med. (2019) 17:31-5. doi: 10.1370/afm.2329

11. Ghaffar A, Collins T, Matlin S, Olifson S. The 3D Combined Approach Matrix:
An Improved Tool for Setting Priorities in Research for Health. Geneva: Global
Forum for Health Research (2009).

12. Chongtrakul P, Datta M, Figueroa P, Ann Lansang Chair M, Neufeld V,
Ontario H, et al. A Manual for Research Priority Setting using the ENHR
Strategy. Geneva: COHRED (2000).

13. Montorzi G, De S, Carel H, Contributions I, Kennedy A, Becerra E
et al. Priority Setting for Research for Health A management process for
countries Council on Health Research for Development (COHRED). Geneva:
COHRED (2010).

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Review Board of Jordan University
of Science and Technology. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

MAN, TC, and YK contributed to conception, design of the
study, manuscript revision, and wrote the first draft of the
manuscript. YK performed the statistical analysis. HT wrote
sections of the manuscript and contributed to manuscript
revision. All authors contributed to the article and approved the
submitted version.

14. Okoli C, Pawlowski SD. The Delphi method as a research tool: an
example, design considerations and applications. Inf Manag. (2004) 42:15-
29. doi: 10.1016/j.im.2003.11.002

15. de Villiers MR, de Villiers PJT, Kent AP. The Delphi technique
in  health sciences education research. Med Teach. (2005)
27:639-43. doi: 10.1080/13611260500069947

16. UNHCR. Situation Syria Regional Refugee Response [Internet]. 2020 [cited
2020 May 5]. Available online at: https://data2.unhcr.org/en/situations/syria/
location/36 (accessed May 5, 2020).

17. United Nations. Half the Population of Yemen At Risk of Famine: UN
Emergency Relief Chief. 2018. Available online at: https://news.un.org/en/
story/2018/10/1023962

18. El Achi N, Honein-Abouhaidar G, Rizk A, Kobeissi E, Papamichail
A, Meagher K, et al. Assessing the capacity for conflict and health
research in Lebanon: a qualitative study. Confl Health. (2020)
14:59. doi: 10.1186/s13031-020-00304-x

19. Househ M, Taweel A, Othmani MB. Middle East and North African Health
Informatics Association (MENAHIA): building sustainable collaboration.
Yearb Med Inform. (2018) 27:286-91. doi: 10.1055/s-0038-1641207

20. Buliva E, Elhakim M, Tran Minh NN, Elkholy A, Mala P, Abubakar A, et al.
Emerging and reemerging diseases in the World Health Organization (WHO)
Eastern Mediterranean Region—progress, challenges, And WHO initiatives.
Front Public Health. (2017) 5:276. doi: 10.3389/fpubh.2017.00276

21. ArajR, Alqasrawi S, Samy S, Alwahdanee G, Wadi ], Mofleh ], et al. Preventing
emerging and re-emerging infections in the Eastern Mediterranean Region:
gaps, challenges, and priorities. JMIR Public Health Surveill. (2019)
5:¢14348. doi: 10.2196/14348

22. Khalil I, Collison M, El Bcheraoui C, Charara R, Moradi-Lakeh M, Afshin A,
et al. Maternal mortality and morbidity burden in the Eastern Mediterranean
Region: findings from the Global Burden of Disease 2015 study. Int ] Public
Health. (2018) 63:47-61. doi: 10.1007/s00038-017-1004-3

23. Ali M, Farron M, Ouedraogo L, Mahaini RK, Miller K, Kabra R.
Research gaps and emerging priorities in sexual and reproductive health
in Africa and the Eastern Mediterranean Regions. Reprod Health. (2018)
15:39. doi: 10.1186/s12978-018-0484-9

24. Mokdad AH, Forouzanfar MH, Daoud E El Bcheraoui C, Moradi-
Lakeh M, Khalil I, et al. Health in times of uncertainty in the
Eastern Mediterranean Region, 1990-2013: a systematic analysis for the
Global Burden of Disease Study 2013. Lancet Glob Heal. (2016) 4:e704-
13. doi: 10.1016/52214-109X(16)30168-1

25. Al Gunaid M, Lami E Jarour N, A. Collaborative initiative to strengthen
sustainable public health capacity for polio eradication and routine
immunization activities in the Eastern Mediterranean Region. JMIR Public
Heal Surveill. (2019) 5:e14664. doi: 10.2196/14664

26. Abubakar A, Melhem N, Malik M, Dbaibo G, Khan WM, Zaraket
H. Seasonal influenza vaccination policies in the Eastern Mediterranean

Frontiers in Public Health | www.frontiersin.org

December 2021 | Volume 9 | Article 690570


https://doi.org/10.1016/S0140-6736(19)33061-2
https://doi.org/10.1002/hpm.2982
https://doi.org/10.1080/17441692.2020.1781914
https://doi.org/10.1371/journal.pone.0108787
https://doi.org/10.1371/journal.pmed.1001312
https://doi.org/10.1136/bmjgh-2018-000970
https://www.who.int/alliance-hpsr/projects/makerere_iprqthematicareas/en/
https://www.who.int/alliance-hpsr/projects/makerere_iprqthematicareas/en/
https://doi.org/10.1016/j.aogh.2016.04.468
https://doi.org/10.1370/afm.2329
https://doi.org/10.1016/j.im.2003.11.002
https://doi.org/10.1080/13611260500069947
https://data2.unhcr.org/en/situations/syria/location/36
https://data2.unhcr.org/en/situations/syria/location/36
https://news.un.org/en/story/2018/10/1023962
https://news.un.org/en/story/2018/10/1023962
https://doi.org/10.1186/s13031-020-00304-x
https://doi.org/10.1055/s-0038-1641207
https://doi.org/10.3389/fpubh.2017.00276
https://doi.org/10.2196/14348
https://doi.org/10.1007/s00038-017-1004-3
https://doi.org/10.1186/s12978-018-0484-9
https://doi.org/10.1016/S2214-109X(16)30168-1
https://doi.org/10.2196/14664
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Al Nsour et al.

Public Health Research Priorities in EMR

Region: current status and the way forward. Vaccine. (2019) 37:1601-
7. doi: 10.1016/j.vaccine.2019.02.001

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Al Nsour, Chahien, Khader, Amiri and Taha. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Public Health | www.frontiersin.org

31

December 2021 | Volume 9 | Article 690570


https://doi.org/10.1016/j.vaccine.2019.02.001
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

'," frontiers
in Public Health

ORIGINAL RESEARCH
published: 14 March 2022
doi: 10.3389/fpubh.2022.744881

OPEN ACCESS

Edited by:

Sonu M. M. Bhaskar,

Liverpool Hospital & South West
Sydney Local Health District
(SWSLHD), Australia

Reviewed by:

Mohammad Reza Anani Sarab,
Shahid Beheshti University, Iran
Lorena Saavedra-Garcia,

University of North Carolina at Chapel
Hill, United States

*Correspondence:
Puhong Zhang
Zpuhong@georgeinstitute.org.cn

Specialty section:

This article was submitted to
Digital Public Health,

a section of the journal
Frontiers in Public Health

Received: 24 November 2021
Accepted: 15 February 2022
Published: 14 March 2022

Citation:

SunY, Li'Y, He FJ, Liu H, Sun J, Luo R,
Guo C and Zhang P (2022) Process
Evaluation of an Application-Based
Salt Reduction Intervention in School
Children and Their Families (AppSalt)
in China: A Mixed-Methods Studly.
Front. Public Health 10:744881.

doi: 10.3389/foubh.2022.744881

Check for
updates

Process Evaluation of an
Application-Based Salt Reduction
Intervention in School Children and
Their Families (AppSalt) in China: A
Mixed-Methods Study

Yuewen Sun’, Yuan Li"2, Feng J. He®, Hueiming Liu*, Jingwen Sun’, Rong Luo’,
Chunlei Guo' and Puhong Zhang "#*

" Nutrition and Lifestyle Department, The George Institute for Global Health at Peking University Health Science Center,
Beijing, China, ? Faculty of Medicine, University of New South Wales, Sydney, NSW, Australia, ° Barts and The London School
of Medicine and Dentistry, Institute of Preventive Medicine, Queen Mary University of London, London, United Kingdom,
“Health Systems Science Department, The George Institute for Global Health, Sydney, NSW, Australia

Background: Salt reduction is a cost-effective, and rather challenging public health
strategy for controlling chronic diseases. The AppSalt program is a school-based
multi-component mobile health (mhealth) salt reduction program designed to tackle the
high salt intake in China. This mixed-methods process evaluation was conducted to
investigate the implementation of this program across sites, identify factors associated
with the implementation, and collect evidence to optimize the intervention design for
future scale-up.

Methods: Mixed methods were used sequentially to collect data regarding five process
evaluation dimensions: fidelity, dose delivered, dose received, reach, and context.
Quantitative data were collected during the intervention process. Participation rate of
intervention activities was calculated and compared across cities. The quantitative data
was used for the selection of representative intervention participants for the qualitative
interviews. Qualitative data were collected in face-to-face semi-structured interviews with
purposively selected students (n = 33), adult family members (n = 33), teachers (n = 9),
heads of schools (n = 9), key informants from local health, and education departments
(n = 8). Thematic analysis technique was applied to analyze the interview transcripts
using NVivo. The qualitative data were triangulated with the quantitative data during the
interpretation phase.

Results: The total number of families recruited for the intervention was 1,124. The overall
retention rate of the AppSalt program was 97%. The intervention was implemented
to a high level of fidelity against the protocol. About 80% of intervention participants
completed all the app-based salt reduction courses, with a significant difference across
the three cities (Shijiazhuang: 95%; Luzhou: 73%; Yueyang: 64%). The smartphone app
in this program was perceived as a feasible and engaging health education tool by most
intervention participants and key stakeholders. Through the interviews with participants
and key stakeholders, we identified some barriers to implementing this program at
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primary schools, including the left-behind children who usually live with their grandparents
and have limited access of smartphones; perceived adverse effects of smartphones on
children (e.g., eyesight damage); and overlooked health education curriculum at Chinese

primary schools.

Conclusion: This process evaluation demonstrated the feasibility and acceptability
of using smartphone applications delivered through the education system to engage
families in China to reduce excessive salt intake.

Clinical Trial Registration: The AppSalt study was registered at www.chictr.org.cn,
identifier: ChiCTR1800017553. The date of registration is August 3, 2018.

Keywords: process evaluation, salt reduction, mHealth (mobile Health), primary school, mixed method approach

INTRODUCTION

Salt reduction is one of the best-buy strategies for controlling the
burden of non-communicable diseases (NCDs) (1). Many high-
income countries have implemented their national salt reduction
strategies (2) and achieved a significant reduction of average
population salt intake, such as Finland and the United Kingdom
(3, 4). However, their experience might not be suitable for the
Chinese context because of the significant differences in dietary
habits. For instance, most of the salt in the Chinese diet is
discretionarily added by the consumers to dishes or soups during
cooking, such as salt, soy sauces, and other sauces (5).

Unhealthy dietary habits typically emerge from early
childhood and result in long-term health damage in adulthood
(6, 7). Therefore, cultivating healthy lifestyles to prevent related
diseases is essential during childhood and early adolescence (8).
A randomized controlled trial conducted in Northern China
demonstrated that a school-based education program (School-
EduSalt) could effectively reduce the salt intake of primary
school students and their family members (9). This program
exemplifies a potential cost-effective salt reduction intervention
model through the education system for the Chinese context
(10). However, the generalizability of this intervention model
is limited because of its reliance on teachers for intervention
delivery and the extra workload to schools. Built on the School-
EduSalt program, a further study, named AppSalt, was designed
to incorporate a smartphone application to deliver salt awareness
education in order to alleviate the workload of health education
on school teachers (11).

To test the effectiveness of the AppSalt program, the
researchers conducted a cluster randomized controlled trial
(cRCT) at 3 cities (Shijiazhuang, Luzhou, Yueyang) and recruited
54 primary schools to participate in the trial (11). These 3 cities
were located in the north, southwest, and central China, which
were selected for their geographical locations and relevant dietary
habits differences. Half of the recruited schools at each site were
randomized to the intervention group and participated in the
AppSalt intervention activities for 1 year. The control group
continued with their usual health education curriculum. The
usual health education courses for third graded students include
the following topics: infectious diseases prevention, healthy
lifestyles, sight protection, smoking cessation, etc. The knowledge

on salt is not covered in the usual curriculum. The primary
outcome for assessing the effectiveness of the trial is measured
by the difference between the intervention and control groups in
the change of salt intake measured by 24-h urinary sodium from
baseline to the end of the trial (11). The effectiveness evaluation
found that the salt intake in intervened adults decreased by
0.82 g/day (12).

Process evaluation is recommended as an integral part of
complex interventions by the UK Medical Research Council
(13). With the development of modern technology, mobile
phones and apps have become a popular platform for public
health interventions (14). However, there is a paucity of
studies investigating the implementation process of these
mobile health(mHealth) interventions, participants’ satisfaction
with these apps, or factors affecting the implementation.
Additionally, most of these mhealth programs at schools
were conducted among middle/high school students (15).

Fewer programs have used apps for health education
among primary school students, who require parents
assistance of using phones. Therefore, the intervention

mechanism of the AppSalt program is different from other
mHealth interventions.

We designed and conducted a mixed-methods process
evaluation alongside the cRCT to investigate the intervention
process of the AppSalt program in a real-world setting. Besides,
key stakeholders’ opinions on scaling up the program were
collected through semi-structured interviews.

METHODS

Intervention Design and Implementation

AppSalt program is a multi-component salt reduction platform
used to deliver salt reduction knowledge and skills to primary
school students and their families (11). The intervention
strategies were developed following the principles of Health
Belief model and Socioecological model (16, 17). In this
program, a smartphone app named “AppSalt” was designed
for delivering standardized health education courses and tasks
to third-grade students (8-9 years old) and their parents.
These courses and tasks are the core intervention strategies
at the individual level. Besides, offline intervention strategies
were developed to enable interpersonal and community impacts
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TABLE 1 | AppSalt program intervention components.

Intervention
components

Description

Objectives

Ideal frequency

Implementer

Participants
involved

App-based intervention

Online health
education courses

7-day salt intake
monitoring

Offline intervention

Parent group
meetings

Competitions and
awards

9 courses on salt reduction,
each with a 10-min video, a
quiz, and a practical task
Module 1: The basics of salt
Module 2: High-salt food in
our life

Module 3: Low sodium salt
Module 4:
Misunderstandings of
reducing salt intake in life
Module 5: First re-cap
Module 6: How to reduce
salt used in cooking?
Module 7: Salt and
pre-packaged food

Module 8: How to reduce
salt when eating out?
Module 9: Second re-cap

Use the function module
embedded in the App to
calculate the average salt
intake amount by keeping a
7-day diet diary

Teachers organize parent
group meeting at the
beginning and the end of
each term with CDC staff’s
support

Teachers organize some
competitions regarding salt
reduction. Top 30 students

e To provide the key
messages of salt
reduction to students and
their families

To improve participant’s
awareness of their salt
intake amount and the
gap between their current
intake amount and the
recommended amount to
regularly monitor the
change of salt intake

To facilitate peer
communication between
the participants

To collect

participants’ feedback

To motivate students and
parents for active
participation

Monthly

Quarterly

Twice every term

Four times in total

Central program
officer

Central program
officer

Teachers with
CDC staff’s
support

Teachers with
support from
central program

Students with
(grand)parent’s
assistance

(Grand)parents

(Grand)parents
and students

Students with
(grand)parents’
support

at each site will be awarded
with certificates and prizes

Supportive
environment

Headteachers regularly post
posters on campus

To cultivate supportive
environment for salt

reduction on campus

office

Once every month School principals Publicly available
to all students,
teachers, and
parents in the
intervention

schools

for salt reduction, including parent group meetings, class
competitions, and school environment cultivation. All students
in the selected intervention school, who have access to
smartphones with their (grand)parents’ assistance and are
willing to take part, are considered eligible to participate in
the AppSalt program. The details of the AppSalt program
intervention components are provided in Table1. These
intervention activities should be completed in two terms (~10
months). A more detailed description of the AppSalt program
and its logic model are reported in previous publications
(11, 18).

The implementation of the AppSalt program in the trial
was facilitated by a joint partnership of multiple stakeholders,
including the intervention schools, the local CDC office,
local education authority, and the central program office.
In this AppSalt program, the parents and students were
instructed by teachers to install the App and use it for salt
reduction courses and salt intake monitoring. During the
implementation, the staff of the intervention schools, especially
the teachers, were responsible for checking children’s homework,
communicating with students and parents, organizing offline
activities, and making school-level motivation schemes for
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students. Local CDC office and education departments were
responsible for providing professional support to schools
and facilitating the implementation of offline intervention
activities. The central program office provided technical
assistance and support to partners, managed the delivery
of online health education sessions, and monitored the
implementation progress.

When the intervention group received AppSalt program,
the control group continued their usual health education
curriculum. The wusual health education courses for third
graded students include the following topics: infectious
diseases prevention, healthy lifestyles, sight protection, smoking
cessation, etc. The knowledge on salt was not covered in the
usual curriculum.

Study Design and Participants

This study was informed by the process evaluation framework
proposed by Steckler et al. (19). A mixed-methods approach was
used to systematically evaluate the implementation process of
the AppSalt program, including fidelity, reach, dose delivered,
dose received, and context. We only evaluated the intervention
group in the trial. The control group was not evaluated as
they continued with their usual health education and did
not receive any extra intervention activities or materials from
the program. The detailed demograhic characteristics of the
participants in the AppSalt program could be found in our
previous publication (12).

Data Collection

Quantitative Data Collection

The quantitative data, including app logs, activity logs,
and routine monitoring data, were collected alongside the
intervention process. App usage log was generated when the users
logged onto the App and used it for health education and other
functions. Activity logs were kept by the teachers, which recorded
the details of offline intervention activities, including the date,
number of participants, and description of the activities. Routine
monitoring data was collected by a program coordinator every
week in the intervention process to evaluate the implementation
of all intervention strategies. Preliminary analysis of routine
monitoring data was conducted to identify implementation
deviations and optimize the intervention process.

Qualitative Data Collection

The qualitative data was collected using one-on-one semi-
structured interviews from October 2019 to December 2019,
i.e., within 1 month after completing the 1-year intervention of
the AppSalt program. In total, 32 students, 32 family members,
9 teachers, 9 heads of schools, and 8 representatives from
local health and education departments were interviewed by
trained researchers.

Maximum variation sampling was applied for selecting
participants for the interviews (20). At each study site, we
purposively selected three intervention schools to represent
different implementation performance levels. From each selected
school, the trained interviewers conveniently selected 3 or 4
students and their adult family members to participate in the

interviews regarding their experience of participating in the
AppSalt program. In addition, the interviewers also invited the
teachers, and school head-teachers for the interviews to ask
their experience of organizing and implementing this program.
At each study site, we also invited representatives from local
health and education authorities for interviews. More details are
published in the protocol of this study (21).

The interviews with selected students, family members,
teachers, and school principals were performed one-on-one
in the classroom or office at intervention schools; interviews
with local health and education authorities were performed at
their office. Each interviewee was offered a gift as a token of
appreciation for participating in the interviews.

Data Analysis and Interpretation

Quantitative Data Analysis

The participation rate of online health education courses
and offline activities were analyzed to represent participants’
adherence to the intervention program. The participation rate
was compared across sites. Descriptive statistics (comparisons of
means, medians, or percentage as appropriate) was used to assess
the implementation rates of the five intervention components of
the AppSalt program.

Qualitative Data Analysis

Deductive analysis of semi-structured interviews was performed
using thematic analysis and managed using QSR Nvivo 12 (22).
The lead author (YS), a public health researcher responsible
for routine monitoring of the AppSalt program, developed
the preliminary coding scheme based on the semi-structured
interview guides and the process evaluation framework adopted
in this study. Another public health researcher (JS) independently
used the preliminary coding scheme and coded 5 interview
transcripts to examine the feasibility and accuracy of this coding
scheme. Discrepancies emerged during this phase were discussed.
We refined the coding scheme through consensus-building. Once
the coding scheme was agreed by both authors, YS continued
coding all the interview transcripts. The coding scheme could
be found in Additional File 1. After completing the coding,
researchers summarized the patterns of the codes and identified
recurrent themes from these interviews. The transcripts are in
Chinese, and the selected quotations were translated into English
for use in this manuscript.

Integration

The qualitative data is triangulated with the quantitative data
during the interpretation phase to explain the 5 process
evaluation dimensions. The quantitative data evaluate how
the implementation of the AppSalt program is achieved in
different settings. The qualitative data provide complementary
information to the 5 evaluation components, which allow
researchers to investigate the in-depth reasons behind the varied
implementation performance (23). As the fidelity and dose
delivered are closely related, we combined these two components
when interpretating and presenting the results of this study (24).
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RESULTS

Reach

The total number of families recruited for the intervention
was 1,124 (Shijiazhuang: 467; Luzhou: 324; Yueyang: 333). The
number of students recruited from each intervention class varied
from 11 to 57, with a median of 46. This program’ reach
was highest in Shijiazhuang, where 96% of eligible students
participated in this program. The other two sites both recruited
about 72% of eligible students for participation.

In the interviews with participants, we found different initial
motivations for joining this program. 19 out of 32 parents said
they volunteered to participate in the program as they wanted to
learn some knowledge on salt and its health impacts. About 40%
of the parents said they were selected by the teachers and agreed
to participate in helping the teachers complete their tasks.

Although some participants were probably not self-motivated
when first joining the program, most of them completed their 1-
year participation in the AppSalt program, which helped achieve
a high retention rate. In total, 34 students dropped out of
the program during the intervention (Shijiazhuang 7; Luzhou
13; Yueyang 14), resulting in a retention rate of 97%. These
dropping-outs were mostly due to inevitable reasons, including
transferring to another school or inaccessibility of smartphones
happened during the intervention process.

Fidelity and Dose Delivered
Salt reduction knowledge and skills were delivered to the
participants through multiple channels in the AppSalt program,
including online health education courses and tasks, 7-
day salt intake monitoring, offline salt reduction activities,
communication leaflets, and brochures.

App-Based Intervention Strategies

During the 1-year intervention period, online salt reduction
courses and tasks were posted on the App following the
intervention schedule. Nine online salt reduction courses, six
online practical sessions, and four 7-day salt intake monitoring
tasks were delivered through the App as scheduled. Each online
session was open for the users for 2 weeks, from the day it
was posted.

Adaptation Made During the Intervention

The central program office performed weekly supervision
of app usage and implementation status to ensure timely
monitoring of program implementation status and identifying
potential implementation deviation. After about 4-months
of implementation, the researchers noticed that many users
answered the after-class quizzes without watching the health
education videos. This issue would reduce the amount of
knowledge received by the participants. To improve the dose of
intervention received, the researchers adapted the App, which
made watching 80% of online videos a mandate pre-requisite for
answering the quizzes.

Offline Intervention Strategies
The fidelity of implementing offline intervention activities varied
across schools in the three study sites, especially for the parent

group meetings. Four class-level activities were designed in
the protocol and implemented in all intervention schools by
teachers during the intervention. The fidelity of implementing
offline activities was higher in Shijiazhuang than that at Luzhou
and Yueyang.

Four parent group meetings were required in the protocol
and should be delivered at the beginning and the end of both
terms. Of the 27 intervention schools, 12 schools completed
four or more group meetings, eight schools did three group
meetings, and the rest seven schools did only two group meetings
(Figure 1). All intervention schools in Yueyang did not manage
to deliver the required number of parent group meetings.

Factors Affecting the Implementation of Offline
Intervention Activities
Teachers and school staff were the focal implementers of
this program and should implement the offline activities with
support from local CDC staff. Their experiences and perceptions
of the salt reduction intervention would cause a remarkable
difference in the intervention dose delivered to the participants,
especially for those offline intervention activities. Almost all
teachers recognized the importance of reducing salt intake
and said they learned some salt reduction knowledge from
this program.

One teacher said

“In the beginning, I considered this program as a task from the city
education department. Then I gradually realized the importance
and benefits of salt reduction. Now, I would not eat any high-salt
food, and even do not want to look at these foods.” (Teacher A,
School A, Luzhou)

However, many teachers said that this program created extra
time demands on their already-tight schedule, which made them
feel burned out. Therefore, they could not fully implement
this program as required, especially the parent group meetings.
Some teachers mentioned that the biggest challenge for
implementing this program was communicating with students’
parents and asking them to complete the tasks on time,
because most parents thought this program was extra work on
their schedule.

“I have to use my spare time to work for this project, including
communicating with students’ parents and making plans for
motivating students, which was challenging for me.” (Teacher B,
School B, Luzhou)

“When parents approached me with a question on this program,
I had to ask the CDC staff because I was not trained in that field.
Luckily, the CDC staff provided much support. Then I added him to
our class WeChat group so that the parents could ask him questions
directly.” (Teacher A, School A, Yueyang)

“Communicating with students’ parents was the greatest
difficulty for me when delivering the program. First, this is a long-
term program. Second, this program does not have much to do
with my teaching. I am more used to teaching students rather than
pushing parents.” (Teacher C, School C, Luzhou)
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FIGURE 1 | Number of parent group meetings held at intervention schools.

Dose Received

The Dose Received of Online Intervention Activities
Participation in online intervention strategies was high at three
study sites. About 80% of participants completed all nine sessions
of online salt reduction courses; about 75% of participants
completed four or more times of 7-day salt reduction monitoring
during the intervention process. As shown in Table 2, the
online intervention strategies achieved a significantly higher
participation rate in Shijiazhuang than in Luzhou or Yueyang.

The Dose Received of Offline Intervention Activities
The participation rate of offline activities varied across three sites
and was highest in Shijiazhuang. The knowledge competitions
were the most popular activities, while the art competition was
the least popular among the participants (Table 2).

Satisfying Experiences of Using the App Among
Participants

The participant’s experience of using the App was generally
satisfying, especially for those younger parents. Most parents said
that the App was easy and convenient to use. In the interviews,
several parents mentioned the difficulties encountered in using

the App. For example, the volume of videos was low for the first
several sessions; the App’s installation was not easy compared
with installing other apps. Most of these problems were resolved
quickly by the information technology (IT) team.

Suggestions for Improving the Contents and Design
of Intervention Materials

The videos, posters, leaflets, brochures are the main intervention
materials used in the AppSalt program. Suggestions for
improving the course videos consistently emerged in the
interviews. Three students and 3 teachers said that the videos
were a bit dull for watching and could be improved and made
more interestingby bringing in cartoon characters.

Regarding the article-based intervention materials (leaflets
and brochures), 22% (7/32) of the interviewed adult participants
said they did not read these things because they did not have
time. In addition, 50% (16/32) of the interviewed adults thought
these materials were not helpful for reducing salt intake. As for
the posters, 4 out of 9 interviewed teachers said that the posters
could not attract much attention from the students and should be
designed according to schools” context and needs.
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TABLE 2 | Participation in intervention activities at three study sites.

Intervention strategies Shijiazhuang Luzhou Yueyang Total
(N = 467) (N = 324) (N = 333) (N =1,124)

Online courses

Completed <6 sessions 0.21% 5.56% 5.99% 3.46%

Completed 6-8 sessions 5.13% 21.06% 29.94% 17.23%

Completed all 9 sessions 94.66% 72.84% 64.07% 79.31%

Practical tasks

Completed <4 tasks 1.50% 14.81% 16.77% 9.86%

Completed 4 or 5 tasks 12.39% 26.23% 38.32% 24.07%

Completed all 6 tasks 86.11% 58.95% 44.91% 66.07%

7-day salt intake

monitoring

0-2 times 1.7% 11.7% 14.7% 8.44%

3 times 6.0% 29.9% 17.1% 16.18%

4 times 38.2% 25.9% 35.7% 33.96%

More than 5 times 54.1% 32.4% 32.4% 41.42%

Offline competitions

1st knowledge competition 98.9% 95.7% 94.6% 96.7%

2nd knowledge 99.4% 91.0% 83.5% 92.2%

competitions

Art competition 83.4% 55.0% 74.2% 72.5%

Composition competitions 95.9 85.5% 75.5% 86.9%

Polarized Feedbacks on the Effectiveness of 7-Day
Salt Intake Monitoring

Participants’ feedback on 7-day salt intake monitoring was
polarized. Most adult participants thought it was a useful tool
to monitor the family’s salt reduction progress and make them
aware of the gap between their current salt intake level and the
recommended amount of salt intake.

“This (7-day salt intake monitoring) is a handy tool, which could
give you a subjective amount of your salt intake. When I saw the
result of the first 7-day salt intake monitoring, I realized that my
family members and I ate too much salt, and we have to reduce it.”
(Parent A, School A, Shijiazhuang)

Some participants said that 7-day monitoring took too much time
and effort to complete. And some participants were concerned
about the accuracy of the monitoring results.

“This task cost too much time and energy. First, we needed to weigh
the take-out food and record its weight whenever we eat it. Second,
it took seven days to complete. Sometimes, I might forget to fill it
out and need to restart it from the beginning.” (Parent A, School
B, Luzhou)

“T doubt the accuracy of its results. Because in the process, I
was not sure if I put the right information in the right place. If the
information was not accurate, I could not be sure of the accuracy of
its results.” (Parent C, School C, Yueyang)

Knowledge Sharing Within the Intervention Families
Knowledge sharing on salt reduction within the intervention
families was bidirectional, either from children to
parents/grandparents or from parents to children. Most
parents said that they would encourage the students to share
the salt reduction knowledge with their grandparents. Some
parents said that they would personally watch the online courses
first and then tell their children about salt knowledge in the
online courses.

“My mother (student’s grandmother) prepares meals for the whole
family, and the meals were salty before we took part in this program.
After we joined this program, I started to tell them the salt reduction
knowledge. And we are gradually reducing salt intake this year.”
(Parent B, School B Luzhou)

Context
For identifying enabling and barriers factors for implementing
this program, we qualitatively interviewed selected participants
and key informants. From these interviews, many key
stakeholders mentioned that some public health programs
relevant to salt reduction were being implemented regionally,
which could raise public health awareness and therefore promote
the implementation of the AppSalt program at schools.
Although the raised awareness of salt intake might be
beneficial for implementing the AppSalt program in primary
schools, we also identified some barriers for implementation and
scale-up in the interviews with selected participants and key
stakeholders. The most noted barriers are as follows.
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Perceived Adverse Effects of Using Mobile Phones
on Students

Many interviewees, including 4 parents, 5 teachers, 3 school
principals, and 2 representatives from local authorities,
mentioned their concerns about letting children use smartphones
because of the potential damage to their eyesight. Moreover,
several interviewed parents said that they would limit their child’s
screen time per day and would not give them smartphones if it
is not necessary. In addition, some interviewees were concerned
that using mobile phones would make the students exposed to
the temptations of games and other things. One school principal
said in the interview that:

“App has its advantages for adult users, such as convenience and
flexibility. Every adult has his/her own phone and are willing to
use it for self learning. However, the students usually do not have
a phone for themselves. If you let them(students) to use the phone
for education, they might use it for something else, such as games.
Therefore, the teachers and parents can not relax at all.” (School
head, School B, Yueyang)

Left-Behind Children

In the interviews with teachers and school headteachers
in Luzhou and Yueyang, left-behind children were widely
recognized as a barrier to implementing the AppSalt program
in these two sites. The left-behind students usually live with
their grandparents, as their parents left the hometown for job
opportunities in big cities. The accessibility to smartphones
might limit the availability of the intervention content among
these left-behind children. A school headteacher of a primary
school in Luzhou said in the interview:

“More than 10 students live with their grandparents. Some of
these grandparents do not have a smartphone. Therefore, our
participation rate is relatively low compared with other schools.”
(School head, School B, Luzhou)

Current Health Education Curriculum at Primary
Schools

From the interviews with teachers and school headteachers, we
perceived the difficulties of health education at primary schools.
Most school headteachers said that they did arrange health
education courses once every 2 weeks according to education
authorities” requirements. However, schools usually do not have
trained teachers to deliver health education courses. Therefore,
these health education classes were generally delivered by the
Physical Exercise (PE) teachers or the school doctors. In addition,
there is no standard textbooks and evaluation of the health
education delivered at primary schools.

Stakeholders’ Suggestions for Scaling up
the Program

To scale up the AppSalt program in broader settings, we asked
the interviewees their opinions for refining the program design
for scaling up. The followings are the suggestions collected.

To Empower the Teachers for Delivering Health
Education

In the interviews, some teachers expressed their worries for
delivering health education courses to students and their parents
as they lacked the expertise and professional training. During
the implementation process, the teachers usually relied on the
local CDC staft’s support to teach the salt reduction knowledge
and skills at parents group meetings. For scaling up the
program, more professional training are required to empower
teachers for delivering health education courses. A representative
from the local education department raised her concerns for
empowering teachers.

“Health education requires professional training. For example,
although salt reduction is not a very difficult topic for our teachers,
they still need to prepare for this course in advance. Where should
they get the knowledge? Who should provide the textbook? Who
should provide the training to teachers?” (Informant A, Education
department, Shijiazhuang)

To Design More Effective Motivation Schemes for
Teachers and Students/Parents

In the interviews with parents and teachers, some interviewees
said that this program caused many extra time demands on
families and teachers. To better motivate the students and
parents for participation, some teachers designed their student
motivation scheme. However, as for teachers themselves, there
was no effective motivation scheme to implement this program.
In the interviews, the teachers were asked what kind of
motivation would be effective for them to implement this
program. Most teachers said that the recognition from the local
education department, such as certificates or awards, would be
more valuable for them compared with monetary motivations.

To Incorporate Salt Reduction Contents Into the
Regular Health Education Curriculum

Most teachers and heads of schools agreed that it might be easier
for them to deliver the salt reduction courses if the content of
salt reduction could be incorporated into the health education
curriculum of primary schools. Almost all teachers, school
heads, and representatives from local education departments
agreed on the feasibility and potential beneficial effects of
delivering salt reduction knowledge through a regular health
education curriculum.

DISCUSSION
Summary of Major Findings

Salt reduction is an urgent and challenging public health issue
for China (25, 26). The AppSalt program proposed an app-based
multi-component intervention program through the education
system aiming to engage primary school students and their family
members to reduce salt intake (11). This article systematically
evaluated the implementation process of the AppSalt program
in 27 primary schools to enlighten the “blackbox” between
design and outcome (27). A summary of key quantitative and
qualitative findings is provided in Table 3. The mixed data
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TABLE 3 | Quantitative and qualitative findings for explaining the process evaluation dimensions.

Evaluation dimensions Quantitative findings

Qualitative findings

Number of families recruited:

e Total: 1,124;

o Shijiazhuang: 467; Luzhou: 324; Yueyang: 333
Proportion of eligible participants reached:

o Shijiazhuang: 96%

e |uzhou:72%

* Yueyang: 72%

Retention rate: 97%

Reach

Fidelity and dose delivered
courses and tasks were delivered on schedule

Class activity: moderate fidelity achieved at three sites
Group meetings: varied fidelity across 3 sites; 44% of intervention
schools organized enough meetings; higher fidelity achieved in

App-based courses and tasks: high fidelity achieved; all nine

Motivation of participating in this program:

* \Wanted to receive more knowledge on salt and its health impacts

e Selected by teachers and chose to cooperate

Reasons for dropping out:

e Transferring to other schools

® In accessibility to smartphones happened during the
intervention process

Teachers’ experience of implementing this program:

¢ | earned some health knowledge for themselves.
Demanding tasks of implementing this program

Had difficulties of communicating with parents regarding this
program

Shijiazhuang Supportive environment cultivation: low fidelity
Adaptation made during the intervention: watching videos was

made a must for completing courses.

Dose received Average participation rate:
e App-based interventions:
o Courses:
o Practical tasks:
o 7-day salt intake monitoring:

o Offline intervention activity
Context

General satisfying experience of using the app

Improving the contents and design of intervention materials,
especially those article-based materials, e.g., posters.

Polarized feedbacks regarding 7-day salt intake monitoring
Bidirectional knowledge sharing happened in the intervention
awareness

Facilitators:

¢ Relevant public health policies being implemented

e Raised public awareness regarding salt reduction
Barriers:

e Perceived adverse effects of smartphones on children
e |eft-behind children;

e QOverlooked health education curriculum

indicates that all online intervention activities, including health
education courses and salt intake monitoring, were delivered to
high fidelity against the protocol and achieved high participation
rate. This study demonstrated that the smartphone app is widely
accessible among the participants and could be a scalable tool
for implementing health education through primary schools.
Although the variation of implementing offline intervention
activities was observed across the intervention sites, the overall
dose delivered and participation rate reached an acceptable level
at most intervention schools.

Although the implementation of the AppSalt program was
generally acceptable at all three sites, higher participation rate
in intervention activities and better participants’ experience
are observed in Shijiazhuang than the other two sites. There
might be several possible socio-economic explanations for
this phenomenon.

First, the intervention families in Shijiazhuang is generally
better off than those in the other two sites, given the 12-
month household income collected in the baseline survey
(Additional File 2). Public health awareness is closely related to
participants’ socio-economic background, especially for the low-
and middle-income countries (28). Therefore, our participants in
Shijiazhuang were possibly more aware of salt’s adverse effects
and thus more interested in public health programs. Second,
people of higher income and higher education are usually more

used to using smartphones (29, 30). Therefore, an mhealth
program using a smartphone app as the primary intervention tool
tends to be better implemented in higher-income regions. Finally,
the issue of left-behind children is more prevalent in Luzhou
and Yueyang than in Shijiazhuang. The topic of left-behind
children often emerged in interviews with key stakeholders in
these two regions. The left-behind children usually live with
their grandparents and do not have access to smartphones
(31). Although the schools in Luzhou and Yueyang achieved a
relatively high participation rate in intervention activities, the
researchers should not overlook the issue of left-behind children
when scaling up the AppSalt program.

Comparison With Existing Studies

The rapid development of mobile technology brings tremendous
opportunities for public health interventions, including smoking
cessation, chronic disease self-management, weight control (32—
35). mHealth apps are also considered promising tools for
delivering health education among students in school settings. A
systematic review finds that school-based mHealth interventions
effectively reduce multiple risk factors, including unhealthy diet,
physical inactivity, smoking, and alcohol use (18). Most of these
programs are conducted among middle or high school students
who have their own mobile phones. However, unlike other
mhealth school-based interventions among adolescents, this
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AppSalt program relies on parental participation for achieving
the intended outcome, as the third-grade primary school students
were too young to use smartphones by themselves. Therefore, the
implementers, especially the teachers, need to effectively motivate
not only the students, but also their parents to participate in
this program.

The equity issue of using the smartphone app as a primary
intervention tool is also a concern that might limit the
generalizability of mHealth programs (36, 37). The left-behind
children usually live with their grandparents and suffer from
multiple neglects compared with their peers (38). This study
also indicates that the left-behind children do not have adequate
access and support for using smartphone apps for online health
education. The national monitoring data of migrant workers
indicated that 30.1% of migrant workers left their children
at home (38). This issue of left-behind children should be
taken into consideration when promoting this program on a
broader scale.

Implications for Future Scaling up

This mixed-methods process evaluation systematically examined
the implementation of the AppSalt program at the intervention
schools, whose findings will be used to speed the translation of
the AppSalt intervention to a broader scale-up (39).

Primary school health education is an inter-disciplinary
task, which calls for close cooperation of schools, local
health departments, and local education departments. In the
AppSalt program, the rapport established between the AppSalt
implementers, the teachers, and the participants is a crucial
factor that facilitated the delivery of the program. For broader
scaling-up, the local CDC office might not have the capacity
and enough personnel to support every individual school for
implementing this program. Therefore, more empowerment
training should be provided for teachers and enable them to
deliver health education knowledge to students and parents.
Besides, standardized course materials, including textbooks,
slides, and videos, should be developed and provided to schools
to support the delivery of health education courses. What’s more,
we suggest national health education authorities to incorporate
salt reduction knowledge into usual health education curriculum,
which would benefit the scaling up of this program and reduce
the extra burden on headteachers to deliver relevant knowledge.

Although almost all intervention schools in the AppSalt
program managed to achieve an acceptable or higher
participation rate, the implementation variation should be
considered when promoting this program to other regions.
This process evaluation indicates that the AppSalt program
is generally better implemented in higher-income regions.
This finding is consistent with a nutrition education program
conducted at Chinese primary schools (40). For the future
scale-up to other provinces in China, the researchers need
to accommodate more flexibility in the intervention design
for various socio-economic settings and address the barriers
identified through this study. For example, a combination of
online and offline salt reduction intervention packages should
be designed, which would allow schools to choose suitable
intervention activities according to their local context and
therefore improve the scalability of this program.

Strengths and Limitations
This study is a comprehensive process evaluation that involves
mixed methods and multiple stakeholders. Both quantitative
and qualitative data were used to evaluate the implementation
process, and multiple stakeholders were interviewed in this study.
The study also has some limitations. First, only the
participants from the intervention group are interviewed.
Without evaluating the control group, we might overlook the
contamination of the controlled arm during the study. However,
we presume that the contamination effect should be minimal as
the access to the App is strictly managed by the project office,
and only the students in the intervention group were granted the
account to use the App. Second, the selection of the informants
from local health and education departments was carried out
by local research collaborators (local CDC), which could also
result in some recruitment bias. To minimize such bias, the
researchers communicated in advance with local collaborators to
explain the recruitment criteria. Third, although the schools were
selected based on the maximum variation sampling methods, the
interviewees, including parents and students, were actually self-
volunteered to participate in the interviews from each selected
school. We should acknowledge the possibility of recruitment
bias brought by this convenience recruitment method. Fourth,
we did not perform any observations to subjectively evaluate
the implementation of this program in real settings due to time
and personnel constraints. All monitoring data were collected
with the implementers/teacher’s assistance. Therefore, some
implementation problems might be neglected or not reported.

CONCLUSIONS

School can and should become a primary setting for children to
receive health education and build up healthy life habits (41, 42).
However, the health education curriculum in Chinese primary
schools is usually overlooked and not followed due to the burden
of getting higher marks for “more important” lessons.

The AppSalt program demonstrated the feasibility of a
new mHealth model for providing health knowledge by using
smartphone apps. This multi-component app-based school-
based salt reduction program indicated that smartphone
applications are feasible tools to provide salt reduction
knowledge and skills to primary school students and their family
members. Further work is underway to scale up the program to
larger populations in diverse settings.
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Hypertension (HTN) and cardiovascular diseases (CVD) are important public health
problems in Mexico. High sodium intake is linked to high blood pressure and
increased risk of developing CVD. International organizations suggest consuming <2g
of sodium/day; however, the Mexican population consumes amounts above what is
recommended: 3.1 g/day. Although efforts have been made to mitigate this problem,
interventions are needed to improve cardiovascular health. This policy brief offers a short
review of the current sodium consumption situation in Mexico and the importance of why
decision makers should consider actions to reduce consumption. Recommendations to
reduce sodium/salt intake include: Reformulation of ultra-processed-foods, promote the
use warning labels, communication campaign, reduce the use of table salt, and monitor
sodium intake.

Keywords: sodium, sodium reduction, salt, policy action, public health, Mexico

INTRODUCTION

In Mexico, the main cause of mortality is cardiovascular disease (CVD), with an estimated rate
of 134 deaths per 100,000 people (1). High blood pressure, or hypertension (HTN), is the most
important risk factor for the development of CVD (2), which two out of four adults experience.
This number could be higher, as 55% of people with this disease are often undiagnosed and have
no symptoms (3).

One in ten deaths and one in five premature deaths (in people under 70 years of age) are
attributable to sodium, both due to cardiovascular causes (4). The World Health Organization
(WHO) recommends that sodium consumption does not exceed 2 g per day or 5g of salt (one
teaspoon) (5). However, the Mexican population, including children, adolescents and adults, exceed
what is reccommended by this organization (6, 7).

Sodium is an essential nutrient to maintain balance in humans since it participates in the
regulation of the transmission of nerve impulses, and the contraction or relaxation of skeletal
muscle, among other cellular processes (8). However, excess sodium intake causes increased sodium
excretion through urine, which induces an increase in vascular resistance and blood pressure or
HTN (9). This increase in HTN is related to kidney damage. Likewise, high sodium intake is related
to other diseases; for example, to Helicobacter pylori infection, one of the main factors for stomach
cancer; increased calcium absorption which leads to the presence of stones; and the consumption
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of sugary drinks or total energy consumption, which is related to
overweight and obesity (4, 9, 10). Therefore, high sodium intake
may contribute to poor health (9). In addition, high sodium
intake is usually combined with low potassium intake, which
is related to different metabolic disorders (11), and increased
vascular volume (12).

Of the total deaths in Mexico during 2019 (n = 738,424),
23% were due to CVD, of which 5.4% were attributed to high
sodium intake. In addition, of the total deaths attributed to
high sodium intake, 9% were due to hypertensive disease, 7%
to stomach cancer, 5.5% to ischemic heart disease, 5.1% to
infarction, and 4.6 % to atrial fibrillation. Among the states with
higher mortality from hypertensive disease due to high sodium
intake are Oaxaca, Veracruz, Jalisco, State of Mexico, and Mexico
City (Figure 1) (1).

Policies to reduce sodium intake are cost-effective to help
lower blood pressure (13, 14). Different countries have chosen
policies according to their context. The actions that have had the
greatest impact are the mandatory reformulation of foods, food
labeling, taxes, and communication campaigns, since they have
shown greater reductions in the total consumption of sodium
in the population (15). This policy brief offers a review of the
current sodium consumption situation in Mexico and discusses
the importance of considering actions to reduce consumption
among the population. It also provides evidence-based actions
for decision-makers to reduce sodium intake and improve
population cardiovascular health.

CHALLENGES

Current Sodium Intake Situation

Sodium is an essential nutrient. Foods and beverages that are
naturally high in sodium are milk, eggs, and meat. Sodium is
also found in industrialized foods and beverages or in processed
and ultra-processed foods, since it is added to enhance flavor
and texture, fix colors, and extend shelf life, among other
things (16). During the last decade, the purchase of processed
and ultra-processed foods has increased among the Mexican
population (17), becoming one of the main dietary sources
and contributing between 39 and 50% of sodium consumed
(6). Ultra-processed foods that contain high added sodium
content include: breads, crackers, processed meats, seasonings,
and instant soups (18).

However, sodium is not only found in these foods; it is also
found in the salt we add in food preparation and in ready-made
foods. Due to its use and its importance in the diet, table salt is
the second source of sodium in the Mexican diet (6).

In Mexico, most of the population consumes sodium in
excess, since school children (5-12 years) consume about 2.8 g of
sodium/day (7.1 g salt), adolescents (12-18 years) consume 3.7 g
of sodium per day (9.4 g salt), while adults (>18 years) consume
3.1 g of sodium per day (7.8 g salt) (6). In addition, the amount of
salt consumed by a large part of the population is still unknown,
as well as the adverse health effects of excessive salt intake (19).

Therefore, daily sodium intake is composed of sodium from
natural foods, processed and ultra-processed foods and sodium
from salt. However, in Mexico the consumption of this nutrient

is above the limits recommended by the WHO (Figure 2).
Therefore, the trend of sodium consumption is a public health
problem, which, together with the high prevalence of HTN, will
affect the presence of complications such as CVD, which could
increase mortality rates nationally and should be a priority for
the country.

Actions Carried Out in Latin America to

Reduce Sodium Intake

The countries where actions have been implemented to reduce
sodium consumption in Latin America. Among the strategies
that stand out in the region are, from greater to lesser
potential impact, the mandatory reformulation of processed
and ultra-processed foods, front-of-pack food labeling systems,
healthy eating habits campaigns and the reduction of the use
of salt in the production of bread. This impact is similar
to the evidence of strategies developed at the international
level (15).

In Brazil, where reformulation of processed foods has been
carried out, the food industry voluntarily reduced the sodium
content of its products (20). Despite the fact that its sustainability
could not be ensured due to the results being a voluntary policy,
the average sodium content of the included foods decreased from
5 to 21% in these first 2 years of implementation (21).

Other countries, such as Argentina in 2010, have implemented
strategies to reduce salt intake. The National Ministry of Health
in Argentina launched the “Less Salt, More Life” Initiative to
reduce sodium consumption among the general population
through different lines of action: voluntary reduction of sodium
content in processed foods and community education (22). At the
end of 2013, they became the first country in the Americas and
the second in the world to implement a mandatory reformulation
of sodium content in packaged products (23). Four years after this
law went into effect (2014), an evaluation found that over 90% of
the products included in the national sodium reduction law met
the goals outline in the Standard (24).

On the other hand, Costa Rica developed a Regional Plan for
Social Marketing and Communication for the Reduction of Salt
in Latin America (25). So far it is unknown what the effects of
this intervention are; however, these strategies are recognized by
the WHO, due to their potential to increase knowledge to create
behavioral changes (26).

To date, eight of the Latin American countries have
implemented a mandatory food labeling system to try to reduce
the intake of salt / sodium in the population. Five of these
countries (Chile, Uruguay, Peru, and Mexico) have used a
warning labeling system (27-30), which has been shown to
be more effective in promoting healthier habits among Latin
American populations and reducing sodium consumption in the
population (31). Due to the positive results, other countries such
as Brazil and Colombia are in the process of implementing this
warning label system (32, 33).

Recently (2021), the WHO (Global and Regional) published
updated sodium benchmarks for different food categories,
which helps promote the reformulation of food products and
make progress in sodium reduction (34, 35). Therefore, it is
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FIGURE 1 | Mortality due to hypertensive causes associated with high sodium intake in Mexico 2019. Source: Global Burden Disease (1).

important to consider these efforts by international agencies,
as they are useful for countries in establishing national policies
and strategies.

Strategies Carried Out in Mexico to

Reduce Sodium Intake

Despite the fact that non-communicable chronic diseases
emerged a little more than two decades ago in Mexico,
and that during 2016, two of these diseases were identified
as epidemiological emergencies (36), few efforts have been
made to treat cardiovascular problems such as HTN and
its complications.

One of the most relevant strategies was employed in 2010
during the launch of the National Agreement for Food Health
as a strategy against overweight and non-communicable chronic
diseases. Some of the objectives of this agreement were to
decrease daily sodium consumption; reduce the amount of
sodium added to foods; and increase the availability and
accessibility of low-sodium or sodium-free products, fostering
the participation of different sectors such as the government,
civil society, and the food and restaurant industry (37). To meet
this objective, the Federal Commission for the Protection against
Sanitary Risks implemented the Healthy Mexico Program,

targeting restaurants and industrial canteens. This program
raised awareness through providing training on healthy eating for
the food industry and restaurants. In addition, they encouraged
the restaurant community to voluntarily remove salt shakers
from the tables and only provide it upon request from the
customer (38).

During 2013, the Ministry of Health implemented the Less
Salt More Health campaign, which consisted of a communication
strategy to increase knowledge and educate the population about
the consumption of salt and its benefits (39). However, no
publications were identified regarding the results of this strategy.

In March 2020, the modification to the Official Mexican
Standard 051 (NOM for its Spanish acronym) was published,
which made front of pack warning labels mandatory. This
system consists of five octagonal warning labels with the
word “EXCESO” (“Excess”) followed by sodium, saturated fat,
trans fat, sugar, and calories. It also includes two warning
legends for products containing sweeteners and caffeine (30).
Given the recent implementation of NOM-051, results from
this policy are not yet available. However, Chile, which was
the first country to implement a warning labeling system,
has documented a reduction in the number of products
offered in the market after the implementation of the
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FIGURE 2 | Sources and consumption of sodium in the Mexican population. Source: Own elaboration.

warning labels, compared to the products that were offered limits for the sodium content on a 20 year plan (2013 to
before (31). 2032) (47).

BENEFITS OF REDUCING SODIUM INTAKE
RECOMMENDATIONS

The main reason to consider reducing sodium consumption is
that it is closely related to blood pressure; as sodium intake
increases, blood pressure also increases (40). Therefore, reducing
sodium consumption at the population level is one of the most
economical and profitable strategies to reduce blood pressure
(13), as well as mortality and the risk of developing CVD (41, 42).

On the other hand, studies that simulate the effect on
health when sodium consumption is reduced have shown that e According to the WHO and the American Heart Association,

In order to gather the best strategies for reducing sodium
consumption in the population, the Pan American Health
Organization (PAHO) recently published the guide SHAKE (48).
Below are some of the interventions proposed in this publication,
highlighting their importance within the Mexican context.

consuming what is recommended by the WHO (<2 g sodium) it is important to reduce sodium intake in adults to <2 g/day
reduces systolic/diastolic pressure by 7/4 mmHg in people with (5 g/day of salt) to prevent HTN and the risk of CVD, stroke
HTN and 4/2 mmHg in normotensive people (43). In addition, and coronary heart disease (5, 26, 49).
a study from Brazil has estimated that 47,000 deaths from CVD e The Mexican dietary guidelines should continue to include a
could be prevented by reducing sodium intake as recommended recommendation to reduce salt/sodium intake in the first years
by the WHO (44). Costa Rica also estimated that 13% of all deaths of life. This will help children learn to enjoy natural flavors and
from cardiovascular causes (n = 5,649) could be prevented if may help them avoid excessive consumption of salt/sodium
current sodium consumption is reduced by 46% (4 g/day), mainly in the future (50). In addition, the guidelines will support the
in coronary heart disease and heart disease (45). design of other policies or programs in the country.
Furthermore, a higher threshold (<3g sodium) has also e It is important to promote the reduction of table salt
shown positive effects since it could reduce morbidity from used when preparing and consuming food from early
coronary heart disease, stroke and myocardial infarction by life stages, as well avoidance of foods that contain large
50%, as well as reduce mortality from any cause by 48% (46). amounts of sodium, through communication campaigns that
Likewise, Brazil has estimated that the health system could save encourage behavior change and increase knowledge about
approximately $220 million dollars for the treatment of coronary health problems associated with high sodium/salt intake. This
heart disease and stroke, as well as ~$71 million dollars in action is important since part of the Mexican population does
indirect costs if the government established voluntary maximum not know what their daily sodium /salt consumption should be

Frontiers in Public Health | www.frontiersin.org 47 March 2022 | Volume 10 | Article 857818


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Campos-Nonato et al.

Reducing Sodium Consumption in Mexico

and is not aware of the health repercussions posed by the high
consumption of this nutrient (19).

Recently, Mexico implemented a mandatory warning labeling
system for all available industrialized products (30). It is
important to promote the use of this labeling system to
reduce the selection and consumption of products that contain
excessive amounts of sodium (“Exceso de Sodio”). This action
is one of the greatest emphases to be made, since processed and
ultra-processed foods are the source that contributes the most
sodium to the Mexican diet.

In addition to the above, it is important to promote
reformulation strategies for processed and ultra-processed
foods that contain large amounts of sodium. Decreasing the
sodium content in these products would reduce the total
sodium intake in the population’s diet. Although it may be
challenging for the food industry to reduce the amount of
sodium in their products, some industrialized food producers
have been able to do so successfully to avoid “excess sodium”
labels on their products (51, 52). However, this reformulation
must be in accordance with the WHO regional sodium
benchmarks in order to comply with the standards imposed
by international agencies (35). Latin American countries have
managed to implement this action, including Argentina, Chile,
Colombia and Brazil (53-56).

It is important to encourage the use of salt alternatives added
to food to reduce the amount of sodium consumed by the
population. Mexico has a great diversity of herbs, spices, and
different dried chilis.

WHO suggests continuous monitoring of sodium intake and
sources. They also recommend monitoring and evaluating the
programs and actions that have been implemented to reduce
sodium. This allows programs to be redesigned, providing
evidence for future interventions and scalability.

CONCLUSIONS

Sodium consumption is usually a health problem that is “not
visible” and poorly positioned in the public agenda as one of the
main risk factors for chronic diseases. However, excessive sodium
intake is a public health problem, which is directly related with
HTN and CVD.

The actions described above provide the federal government,
as well as stakeholders, with public policy tools that help
consumers make healthier and more informed decisions
to reduce sodium/salt intake. Some successful strategies
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Objective: Stress is a major public health challenge and is associated with
undesirable eating behavior. This cross-sectional study aimed to explore whether
there is an association between perceived level of stress and food preference among
Chinese adults.

Study Design: Perceived level of stress was measured using the Chinese version
of the 14-item Perceived Stress Scale, whereas self-reported food preferences were
investigated by means of five food classification questions, including questions regarding
the consumption of fast food, salty snacks, fruit, vegetables, and soft/sugary drinks.

Methods: The data were collected from the 2015 China Health and Nutrition Survey.
Information of 8,216 adults (>18 years) on perceived level of stress, self-reported food
preferences, and other important covariates was available and analyzed.

Results: Perceived level of stress was negatively associated with a preference for fruit
(B = —0.58, 95% Cl: —0.81 to —0.34, p < 0.0001) and vegetables (8 = —1.13, 95%
Cl: —1.41 to —0.85, p < 0.0001), while it was positively associated with a preference for
fast food (B = 0.36, 95% CI: 0.08-0.64, p = 0.011) and soft/sugary drinks (8 = 0.48,
95% CI: 0.30-0.66, p < 0.0001) after adjusting for potential confounders. No association
between a preference for salty snacks and perceived level of stress was found in either
men or women.

Conclusions: The present population-based study reported strong associations
between perceived level of stress and self-reported food preferences among Chinese
adults. Sex differences related to this association were also worthy of attention.

Keywords: perceived stress, food preference, eating behavior, population-based study, dietary
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INTRODUCTION

Stress is considered a major public health challenge in modern
society; it increases the risk of obesity, metabolic syndrome,
and various other chronic diseases (1, 2). Simultaneously, stress-
related eating is a potential factor in the obesity pandemic (3, 4).
Food preferences are influenced by a myriad of environmental
and internal factors, which include the availability and rewarding
properties of food (5, 6). Consuming highly tasty foods stimulates
the food reward system, and the pleasurable experience increases
the likelihood of repeat consumption, potentially leading to
overweight and obesity (7).

Previous studies have indicated that exposure to stress
disrupts eating patterns; individuals may attempt to relieve
stress by engaging in unhealthy—although often pleasurable—
behaviors, including undesirable eating behavior (8). The
association between the emotions related to stress and
undesirable eating behavior, such as emotional eating, restrained
eating, and external eating, has been reported in several studies
(9-11). Both men and women perceive stress as leading to
unhealthy changes in eating patterns (12). Evidence from animal
studies have shown an increased intake of palatable foods
in rats with chronic stress, which may assist in ameliorating
anxiety—the alteration of the function of the hypothalamic-
pituitary-adrenal axis may be the mediating factor in this
association (13). A randomized controlled trial examined the
effects of stress on food preferences and obesogenic behavior;
however, the findings from this study do not support the
hypothesis that perceived stress increases the preference for
highly palatable foods (14). Although there is accumulating
evidence of a possible association between perceived stress and
food preferences and selection, some studies have found that
stress suppresses appetite, whereas other studies report that
persistent stress promotes the motivation to eat, especially foods
with a high energy, sugar, and fat content (15, 16). Therefore,
the primary aim of the present study was to determine whether
there is an association between perceived level of stress and
food preference.

Furthermore, literature indicates that the influence of
perceived stress on food choice varies based on sex (17, 18).
An epidemiological study found that women with high levels
of stress have an increased preference for sweet and high-fat
foods compared to their counterparts with low levels of stress
(19). However, another study found that men with no perceived
stress consume more unhealthy foods than their counterparts
with low levels of stress (20). The preference to adopt more
indulgent eating behavior in response to stress is especially
evident in women, while stress is not associated with indulgent
eating behavior in men, regardless of the level of stress (21).
Women, more often than men, employ indulgent eating as a
stress management strategy, while men tend to follow a problem-
focused approach to cope with stress (22). Accordingly, this study
proposed to further explore sex differences in stress-induced
dietary preferences.

To date, most research on the relationship between stress
and food preferences has been conducted in Western countries;
few studies focus on this association among China’s large

population. Chinese eating patterns and food preferences vastly
differ from those of Western populations. Additionally, findings
from previous studies are inconsistent. Herein, by using the
database of the China Health and Nutrition Survey (CHNS),
the main objective was to explore the underlying relationship
between perceived level of stress and food preferences among
males and females in Chinese adults, and to verify whether this
association also exists after adjusting for potential confounders.

METHODS

Data Source and Study Participants

The CHNS comprises a series of population-based longitudinal
household surveys conducted by the National Institute for
Nutrition and Health of the Chinese Center for Disease Control
and Prevention and the University of North Carolina at Chapel
Hill in the United States (23). The household surveys cover
nine provinces in China that vary substantially in geography,
economic development, public resources, and health indicators,
which was given to participants by paper questionnaires. The
de-identified survey data are publicly available. The survey
commenced in 1989 following a multistage, random cluster
sampling method. To date, individual-level information on
health, socioeconomic status, and social and family networks has
been collected in 11 waves (i.e., in 1989, 1991, 1993, 1997, 2000,
2004, 2006, 2009, 2011, 2015, and 2018). The questionnaire was
originally in Chinese, which included questions that related to
individual activities, lifestyle, health status, marriage and birth
history, body shape, and mass media exposure. Our study only
selected the variables that we are interested in. The first survey
to include the Perceived Stress Scale (PSS) was that conducted
in 2015. The results of the 2018 wave were not yet available
at the time of the present study; therefore, we used the data
of the 2015 wave. In total, 12,863 individuals completed the
2015 CHNS interview. We excluded individuals with an age
<18 years, missing PSS data (n = 1,795), missing age, height,
weight, or education level data, and those with incorrect data
concerning any of the abovementioned variables (n = 2,852). In
total, 8,216 participants were included in the present analysis.
Figure 1 presents a detailed flowchart of participant selection.
Further information regarding the CHNS project is available at
the following URL: https://www.cpc.unc.edu/projects/china.

Data Collection

Data on all demographic variables, including age, sex, education
level, weight (kg), height (m), daily sleep duration (hours),
urban status, smoking status, and alcohol consumption status,
were extracted from the original CHNS files. Weight and
height measurements were obtained by means of detailed
physical examinations, and the remaining variables by means of
objective questionnaires.

The Chinese version of the 14-item PSS (PSS-14) was used
to measure perceived level of stress, with the total score ranging
from 0 to 56 (23). The original PSS consists of 14 items; it was
translated from English to Chinese and subsequently back to
English to ensure the accuracy of translation. Among the 8,216
included participants, we calculated the Cronbach’s alpha of the
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Participants in 2015
(n=12,863)

—'{ Individuals missing data in PSS (n =1,795) ‘

A4

Population without missing data in PSS and food preference
(n=11,068)

Individuals excluded with reasons (n = 2852)
+ <18 years old, or missing age data

» Missing education levels, or unknown

» Missing data on body weight, height, or error

\4

Final Population (n =8,216)

FIGURE 1 | Flow chart of the selection process of study participants from the
China Health and Nutrition Survey.

PSS-14 as 0.829, which is similar to the scale reliability findings
of Huang et al. calculated among 9,507 individuals from the same
database (i.e., 0.830) (23). The scale is divided into two subscales:
items 1, 2, 3, 8, 11, 12, and 14 constitute the negative subscale,
focusing on the feeling of tension, whereas items 4, 5, 6, 7, 9, 10,
and 13 constitute the positive subscale, focusing on the sense of
feeling out of control. The negative subscale included questions
regarding the frequency of negative incidents or feelings, such
as ‘In the last month, how often have you felt that you were
unable to control important things in your life?” The positive
subscale included positively stated items, e.g., “In the last month,
how often have you felt confident about your ability to handle
your personal problems?” A 5-point Likert scale was used to
assess each item, ranging from 0 = “never” to 4 = “very often”.
To obtain meaningful odds ratios, perceived level of stress was
rescaled based on the median total PSS-14 score (i.e., a low level
and high level of perceived stress).

Self-reported food preferences were investigated by means of
five food classification questions, including questions regarding
the consumption of fast food (e.g., pizza and hamburgers),
salty snacks (e.g., pretzels and potato chips), fruit, vegetables,
and soft/sugary drinks (including fruit drinks and soft drinks)
(24). For each question, the answer options were: “dislike very

much”, “dislike somewhat”, “neutral”, “like somewhat”, or “like
very much”.

Statistical Analyses

According to the Chinese Working Group on Obesity (25),
body mass index (BMI) was divided into the following groups:
underweight, normal, overweight, and obese representing a
BMI <18.5, 18.5-23.99, 24-27.99, and >28 kg/m?, respectively.
Data are presented as mean (standard deviation [SD]) or
median (interquartile range) for continuous variables, and as
percentages for categorical variables. For continuous variables,
independent sample -tests or one-way analysis of variance were

used for comparisons between two or more independent groups.
For categorical variables, the yx2-test was used to assess the
statistical significance of differences between various groups.
The Bonferroni correction was used to reduce the chances of
obtaining false-positive results (type I errors) when multiple
pairwise tests were performed on a single set of data. Linear
regression models were used to investigate the association
between food preferences and PSS scores. Regression coefficients
(B) and their 95% confidence intervals (CIs) were estimated.
The association between the risk of high levels of perceived
stress and food preferences was assessed using logistic regression
models. The maximum likelihood method was used to estimate
odds ratios and their 95% ClIs (26). We adjusted for the
confounders of basic characteristics (i.e., age, sex, education, and
urban status) and physical conditions (i.e., BMI, smoking status,
alcohol consumption status, and the presence of diabetes or
hypertension) in the linear and logistic regression models; these
were selected based on previous studies following a similar study
design (27, 28). Most potential confounders are dichotomous
or continuous variables. Only education is multicategorical
variable, the first level (i.e., Grad from primary) is considered
as reference. We used the variance inflation factor to detect
potential multicollinearity in the regression models. A two-tailed
p < 0.05 was considered statistically significant. All statistical
tests were performed using Stata Statistical Software Release 15
(Stata Corp LLC, College Station, TX, USA).

RESULTS

Basic Participant Characteristics

Table 1 presents the basic characteristics of the sample
population, stratified by sex. The 2015 CHNS wave included
8,216 adults (>18 years) with information on perceived level of
stress, self-reported food preferences, and the remaining relevant
covariates (Figure 1). In total, 4,197 (51.1%) participants were
women and the mean age was 50.8 years (SD = 14.2). The
education level of more than two-thirds of the participants was
lower than high-school level education, and most (64.7%) were
from urban areas. Approximately half of the participants were
overweight (36.1%) or obese (14.4%), while the prevalence of
diabetes and hypertension was 4.9 and 16.0%, respectively. Apart
from the prevalence of diabetes, all variables differed significantly
between men and women (p < 0.05).

Association Between Perceived Level of
Stress and Basic Participant

Characteristics

The associations between perceived level of stress and basic
participant characteristics are presented in Table 2. Participants
who differed in age group, education level, and weight category
had different levels of perceived stress (p < 0.05). Additionally,
those who resided in cities, towns, or county capital cities
experienced higher levels of perceived stress than those who
resided in suburban or rural villages (PSS-14 score: 22.9 vs.
22.3). Unexpectedly, participants who consumed alcohol and
had hypertension experienced reported lower levels of perceived
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TABLE 1 | The basic characteristics of selected participants.

TABLE 2 | The comparison of perceived stress with different basic characteristics
of participants.

Variables Total Male Female p-value*
=8, n =4, n =4, ariables n (% -14 scores p-value
(N=8216) (n=4,019) (n=4,197) Variabl (%) PSS-14 I
Age (years, 50.8 4+ 14.2 522+ 14.4 49.5+14.0 <0.0001 @ Age (years)
mean + SD; n, 18-40 1,996 (24.3) 229459 0.011
%) 41-59 3,790 (46.1) 227 +62
Education (n, %) >60 2,430 (29.6) 224 +6.3
Grad from primary 1,601 (19.5) 705 (17.5) 896(21.4)  <0.0001°  gex (n, %)
Lower middle 3,124(38.0)  1,538(38.3) 1,586 (37.8) Male 4,019 (48.9) 22.6 + 6.1 0.279
school degree Female 4,197 (51.1) 22762
Upper middle 1,386 (16.9) 726 (18.1) 660 (15.7) Education (n, %)
SChOO.' degree Grad from primary 1,601 (19.5) 23.2 + 6.1 <0.0001
Technical or 794.7) 378 (9.4) 416 (9.9) Lower middle school 3,124 (38.0) 23.0 + 6.0
vocational degree degree '
University or 1,311(16.0)  672(16.7) 639 (15.2) Upper middle school 1,386 (16.9) 204+ 6.0
college degree degree
and above . )
Technical or vocational 794 (9.7) 22.0+61
Urban Status (n, %) degree
City, town, or 4,490 (64.7) 2292(67.0) 2,198(52.4) <0.0001°  University or college 1,311 (16.0) 218464
county capital city degree and above
Suburban or rural 3,726 (45.4) 1,727 (43.0) 1,999 (47.6) Urban
village 1-city, town or county 4,490 (54.6) 229+ 6.1 <0.0001
BMI (kg/m2, 243+36  245+36  241+£37  <00001°  capital city
mean £ SD; n, 0-suburban or rural 3,726 (45.4) 223+ 6.1
%) vilage
Underweight 362 (4.4) 150 (3.7) 212(6.1)  <0.0001°  \eight category
Normal 3,702 (45.1) 1,726 (429) 1976 (47.1) Underweight 362(4.4) 23.4 £ 6.1 0.007
Overweight 2,967 (36.1)  1,542(38.4)  1,425(33.9) Normal 3,702 (45.1) 22.7 £6.0
Obese 1,185 (14.4) 601 (14.9) 584 (13.9) Overweight 2,967(36.1) 226+6.3
Smoking status (n, %) Obese 1,185 (14.4) 222 +6.2
Yes 1,850 (22.8) 1,774 (45.1) 76 (1.8) <0.0001®  Smoking status
No 6,280 (77.2) 2,163 (54.9) 4,117 (98.2) Yes 1,850 (22.8) 22,5 + 6.1 0.318
Alcohol consumption (n, %) No 6,280 (77.2) 226 +6.2
Yes 2257 (28.7) 2,301 (52.6)  226(5.7)  <0.0001°  Alcohol consumption
No 5,600 (71.3) 1,827 (47.4) 3,773 (94.3) Yes 2,257 (28.7) 223+ 6.1 0.011
Diabetes (n, %) No 5,600 (71.3) 227 +6.2
Yes 382 (4.9) 202 (5.3) 180 (4.5) 0.127 b Diabetes
No 7461(951) 3,647 (94.7) 3,814 (95.5) Yes 382 (4.9 220£67 0.071
Hypertension (n, %) No _ 7,461 (95.1) 226 + 6.2
Yes 1,254 (16.0) 664 (17.2) 590 (14.8) 0.003° Hypertension
Y 1,254 (16. 221 + 6. 002
No 6,503 (84.0) 3,187 (82.8) 3,406 (85.2) o8 1254 (16.0) 65 0.00
No 6,593 (84.0) 22.7 + 6.1

*p-value refers to the comparison between male and female. @P-values were calculated
by two-tailed t-tests. ? P-values were calculated by chi-square tests.

stress (both p < 0.05). We did not find differences in perceived
stress levels between participants with or without diabetes (p =
0.071). The comparison of low and high levels of perceived stress
based on the basic characteristics of the participants is presented
in Supplementary Table 1. The details of original results are
shown in Supplemental Table 2.

Association Between Perceived Level of
Stress and Food Preferences

No potential multicollinearity was detected in the regression
models. From the non-adjusted models, it was found that the
PSS-14 score was negatively associated with a preference for

fruit (B = —0.61, 95% CI: —0.83 to —0.38, p < 0.0001) and
vegetables (8 = —1.18, 95% CI: —1.45 to —0.91, p < 0.0001),
while it was positively associated with a preference for soft/sugary
drinks (8 = 0.52, 95% CI: 0.35-0.69, p < 0.0001). The results
remained similar for the abovementioned food preferences
(fruit, vegetables, and soft/sugary drinks) after adjusting for
confounders of basic characteristics (i.e., age, sex, education,
and urban status) in Model 1, and those of basic characteristics
and physical conditions (i.e., BMI, smoking status, alcohol
consumption status, and presence of diabetes or hypertension) in
Model 2. A preference for fast food was positively associated with
the PSS-14 score in Model 1 (8 = 0.31, 95% CI: 0.04-0.58, p =
0.026) and Model 2 (8 = 0.36, 95% CI: 0.08-0.64, p = 0.011). The
details are presented in Table 3. The logistic regression results,
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TABLE 3 | The associations between PSS-14 scores and each variable of food
preference.

Variables Model* B (95%Cl) t p-value
Fast food Non-adjusted 0.27 (0.00, 1.93 0.053
model 0.54)
Model 1 0.31 2.23 0.026
(0.04,0.58)
Model 2 0.36 (0.08, 2.55 0.011
0.64)
Salty snack food Non-adjusted 0.08 (—0.18, 0.62 0.537
model 0.34)
Model 1 0.08 (—0.18, 0.63 0.529
0.35)
Model 2 0.07 (-0.20, 0.48 0.631
0.33)
Fruits Non-adjusted —0.61 -5.20 <0.0001
model (—0.83,
—0.38)
Model 1 -0.58 —4.90 <0.0001
(-0.81,
—0.35)
Model 2 —0.58 —4.73 <0.0001
(—0.81,
—0.34)
Vegetables Non-adjusted —-1.18 —8.59 <0.0001
model (—1.45,
—-0.91)
Model 1 —-1.17 —8.53 <0.0001
(—1.44,
—0.90)
Model 2 -1.13 —7.95 <0.0001
(=1.41,
—0.85)
Soft/sugared Non-adjusted 0.52 (0.35, 6.03 <0.0001
drinks model 0.69)
Model 1 0.51 5.84 <0.0001
(0.34,0.69)
Model 2 0.48 (0.30, 5.30 <0.0001
0.66)

*Model 1: adjusted for age, sex, urban status, education.
Model 2: model 1 + BMI+ smoking status + alcohol consumption -+ diabetes
+ hypertension.

reflecting the association between a high level of perceived stress
and food preferences, are presented in Supplementary Table 3.
We found that a high level of perceived stress was associated with
a preference for fast food, salty snacks, and soft/sugary drinks
after adjusting for the abovementioned confounders. Moreover,
a low level of perceived stress was associated with a preference
for fruit and vegetables in the adjusted model.

Sex Differences in the Association
Between Perceived Level of Stress and
Food Preferences

The results regarding the association between the PSS-14 score
and food preferences in men compared with women are
presented in Table4. No association was found between a
preference for salty snacks and perceived levels of stress in

either men or women. A preference for fast food was positively
associated with perceived level of stress in women after adjusting
for potential confounders, including age, sex, education level,
urban status, BMI, smoking status, alcohol consumption status,
and presence of diabetes or hypertension (8 = 0.46, 95% CI:
0.08-0.85, p = 0.019). The association between a preference for
fruit and perceived level of stress was also significant in women
(B = —0.93, 95% CI: —1.30 to —0.57, p < 0.0001), although it
was not significant in men (p > 0.05), after adjusting for the
abovementioned confounders. Moreover, perceived level of stress
showed a significant negative association with a preference for
vegetables, and a significant positive association with a preference
for soft/sugary drinks, in both men and women before and after
adjusting for potential confounders (all p < 0.05).

DISCUSSION

Using the large database of the 2015 CHNS, our study
provides valuable evidence regarding the association between
food preferences and perceived levels of stress among the Chinese
population. Moreover, sex differences related to this association
were also explored in this study. We found that perceived
levels of stress were associated with unhealthy food preferences,
including increased intake of fast food and soft/sugary drinks
and decreased intake of fruit and vegetables. Perceived levels of
stress were positively associated with a preference for fast food
and negatively associated with a preference for fruit in women,
but not men, in the adjusted models.

Our findings are similar to those from previous Western
studies in that a higher perceived level of stress is associated
with a preference for highly tasty foods (14). Various studies
have reported that perceived levels of stress influence specific
food preferences and alter food choices (29, 30). For example,
some researchers suggest that stress induces people to eat in the
absence of hunger and to choose higher energy foods, which
may be related to the food reward system (29-31). Consistent
with our findings, several original studies exploring the foods
that individuals tend to consume under stress have confirmed
that highly caloric fatty snacks, sweets, and foods are preferred
(32-34). Accumulating evidence suggests that increased stress
levels are associated with decreased consumption of fruit and
vegetables (35-37). Similarly, we found that perceived levels of
stress were negatively associated with a preference for a healthy
dietary taste (i.e., fruit and vegetables). Overall, both our current
findings and those of multiple previous studies demonstrated
that chronic stress is positively associated with the frequency
of emotional eating, snacking, and consuming tasty foods, and
negatively associated with consuming fruit and vegetables (35-
37). However, not all opinions support our findings. For example,
a cross-sectional study among university students revealed that
students who are not stressed consume more energy and fatty
foods compared with those who are stressed when comparing the
differences in nutritional intake (38).

Perceived stress has been related to unhealthy eating patterns
in both men and women, with reports indicating that women
have an increased preference for snacks, biscuits, and sweets,
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TABLE 4 | Associations between PSS-14 scores and Each Variable of Food Preference in Male and Female.

Variable Model* Male Female
B(95%CI) z p-values B(95%CI) z p-values
Fast food Non-adjusted model 0.22 (—0.17, 0.62) 1.12 0.264 0.30 (—0.07, 0.68) 1.60 0.111
Adjusted model 0.25 (—0.16, 0.65) 1.20 0.231 0.46 (0.08, 0.85) 2.35 0.019
Salty snack food Non-adjusted model 0.34 (-0.04, 0.72) 1.75 0.081 —0.16 (=0.51, 0.20) —0.85 0.397
Adjusted model 0.37 (-0.03, 0.76) 1.83 0.068 —0.18 (—-0.55, 0.19) -0.97 0.334
Fruits Non-adjusted model —0.38 (—0.68, —0.07) —2.44 0.015 —-0.97 (—-1.32, —0.62) —5.38 <0.0001
Adjusted model —0.31 (-0.62, 0.01) -1.92 0.055 —0.93 (—1.30, —0.57) —4.97 <0.0001
Vegetables Non-adjusted model —1.18 (—1.55, —0.81) —6.27 <0.0001 —1.14 (—1.53, —0.74) —5.65 <0.0001
Adjusted model —1.14 (—1.52, —0.75) —5.83 <0.0001 —1.08 (—1.49, —0.67) —5.17 <0.0001
Soft/sugared drinks Non-adjusted model 0.39 (0.15, 0.63) 3.17 0.002 0.64 (0.40, 0.88) 5.25 <0.0001
Adjusted model 0.35(0.10, 0.61) 2.71 0.007 0.58 (0.33, 0.83) 4.58 <0.0001

*Adjusted model, adjusting for age, sex, education, urban status, BMI, smoking status, alcohol consumption, diabetes, and hypertension.

while men have an increased preference for fast food and meat
(12). Another original study found that women are more likely
than men to increase their food intake when stressed, and
experimentally demonstrated that stress causes food choices to
shift from healthy low-fat foods to less healthy high-fat foods
(39). In the present study, we also demonstrated sex differences
related to food choices when under stress. Previous studies
found that eating healthy foods such as vegetables and fresh
fruit is negatively associated with perceived levels of stress in
both men and women (40), which is slightly different from
our findings. In our study, the association between a preference
for fruit and perceived levels of stress was not significant after
adjusting confounders in men, indicating the need for further
exploration in different populations. Compared to men, women
are more health-conscious and consume a larger variety of foods;
therefore, they are more prone to lack of restraint when stress
eating (41). Accordingly, when stress reduces the inhibitory
effect induced by unhealthy high-energy foods, women are
inclined to allow themselves to consume them (39). Women are
more sensitive to emotion-centered coping methods, distracting
themselves from feelings of stress through emotional eating,
while men tend to cope with stress in a problem-centered way
(22). Interestingly, the current analysis showed that alcohol use
was associated with lower perceived levels of stress. A study
illustrated that moderate alcohol consumption reduces stress-
related neural activity; however, the chronic neurobiological
effects of alcohol on stress are uncertain (42).

Overall, our study provides preliminary evidence of the
association between perceived levels of stress and self-reported
food preference. Further longitudinal studies are required to
elucidate the effects of self-reported food preferences on changes
in perceived levels of stress. In future research, individuals should
be provided more information on the effects of stress on food
intake and on foods that may alleviate stress to help them to adopt
suitable eating behaviors to combat stress.

Strengths and Limitations
Our study has several strengths. First, the large sample size
increases the generalizability of our findings. Second, all the data

used in this study are based on highly reliable CHNS records.
Moreover, we controlled for a variety of potential confounders
during data analyses. However, the results of our study should
be interpreted considering certain limitations. First, causality
cannot be inferred owing to the cross-sectional design. Second,
the large excluded sample also should be noted. Third, the PSS-14
is a self-report scale and the CHNS only assessed perceived stress
levels once, which may have introduced measurement errors and
cannot reflect long-term conditions. Moreover, differences may
exist between eating preferences and eating behaviors. Finally, the
dietary information of the included participants—gathered for
the 2015 CHNS—was not publicly available, which limited the
exploration of the relationship between perceived level of stress
and dietary behavior.

CONCLUSION

The present population-based study reported strong associations
between perceived level of stress and self-reported food
preferences among Chinese adults. Further exploration of these
associations using a longitudinal design in different populations
is warranted. Dietary behavior should be considered in future
studies. Moreover, the current findings provide valuable evidence
inform that the future researches should consider the effects of
stress on food intake and on foods, which may alleviate stress to
help them to adopt suitable eating behaviors to combat stress.
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Background: Non-communicable diseases (NCDs) are the leading causes of mortality
globally, accounting for more deaths than all other causes combined. World Health
Organization launched its initiative in 2013 to reduce the intake of salt, the number of
countries that have national sodium reduction strategies reached to 89 countries in 2017.
In 2020, a study conducted in UAE showed more than 65% of the population exceeded
WHO recommendations for salt intake. This study aimed to measure effectiveness of
using digital platform approach to deliver educational materials to facilitate salt reduction
in a sample of UAE population.

Methods: A controlled parallel intervention study was conducted in 2020. A sample
of 121 participants completed the study and fulfilled the inclusion criteria with female
to male ratio of (0.95:1.05). Participants were distributed randomly into three groups
Control group, WhatsApp group, and Electronic Brochures group. Educational materials
were distributed among participants of WhatsApp and Electronic brochures groups for
6-weeks. 24-h urinary excretion for sodium, potassium and creatinine, were measured
in addition to KAP questionnaire and physical activity on two occasions at baseline and
endpoint after 10-weeks (6-weeks of educational intervention).

Results: Both intervention groups showed a reduction in sodium with 278 mg (p <
0.001) for WhatsApp group (n = 41) and 169 mg (p < 0.018) for Electronic brochures
group (n = 41), while Control group didn’t show any significant change. Moreover,
the percentage of participants exceeding WHO recommendation of sodium intake was
significantly reduced at the end of intervention, (o = 0.004). WhatsApp group was more
efficient in the percentage of reduction of participants exceeding WHO recommendation
compared with baseline, with p = 0.023. A significant reduction in the practice toward
adding salt during cooking, use of table salt, adding salt before tasting the foods and
use of chicken stocks for both intervention groups was noted with p < 0.05. Intervention
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groups showed a significant improvement (p < 0.001) in Food and Health related
knowledge after 6-weeks of intervention.

Conclusion: The digital platform approach such as WhatsApp and Electronic Brochure
were effective in salt reduction. This study proves that UAE population is ready to reduce
salt intake with appropriate education materials and easy delivery approach.

Keywords: social media, intervention, urinary sodium and potassium excretion, Knowledge, attitude and practice

(KAP), digital platform

INTRODUCTION

Noncommunicable diseases (NCDs) are the leading causes of
mortality globally, accounting for more deaths than all other
causes combined. Nearly 80% of NCD-related deaths occur in the
low- and middle-income countries (LMICs) (1). In the Eastern
Mediterranean Region, it is estimated that NCDs account for over
50% of annual deaths (2.2 million deaths) and 60% of the disease
burden (2, 3).

It is projected that deaths from NCDs will increase by 25%
in the Region, recording the second highest projected increase
among the 6 WHO regions (2). In fact, it is estimated that NCDs
cause between 65 and 78% of deaths in the Gulf Cooperation
Council (GCC) (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia,
and the United Arab Emirates (UAE) (4, 5), specifically, the
prevalence of cardiovascular diseases (CVDs), which is rapidly
growing, constitute the main underlying causes of morbidity and
mortality in countries of the Eastern Mediterranean Region (2, 6).

High blood pressure is recognized as a major underlying risk
factor for CVDs (7). According to WHO, it is estimated that
62% of all strokes and 49% of coronary heart disease events are
secondary to high blood pressure (8, 9). Globally in 2017, high
sodium intake led to ~3 million deaths and loss of 70 million
disability-adjusted life-years (7).

A key factor in the success of efforts to reduce sodium intake is
that salt (sodium chloride), the primary source of sodium in the
diet—has desirable characteristics from a culinary perspective.

Many Asian countries that have documented sodium sources
consume most of their sodium from discretionary food sources,
accounting for most dietary sodium intake. In the People’s
Republic of China, most (76%) dietary sodium was from
salt added in home cooking, about 50% less in southern
than northern areas of the country. In Japan, most (63%)
dietary sodium came from soy sauce (20%), commercially
processed fish/seafood (15%), salted soups (15%), and preserved
vegetables (13%) (10).

In the United States, the United Kingdom and Australia most
(95%) of dietary sodium came from processed foods, including
breads/cereals/grains (6).

WHO has recommended different strategies approach to
reduce salt intake at country levels, these includes; consumer
education and awareness food reformulation, Front-of-pack
labeling, and salt taxation (2, 7, 11). The number of countries that
have national sodium reduction strategies doubled from 2010 to
2014 (7, 11). As 0of 2016-2017, 89 countries have national policies
that support sodium reduction (5, 7). Although the specific

strategies vary, almost all take a multi-component approach.
Consumer education is the most common intervention, although
an increasing number incorporate a regulatory approach as well
(7,11).

Strategies should be appropriate to the local context in terms
of the sources of dietary sodium, existing regulatory mechanisms,
and access to resources. No single strategy is enough to reach the
WHO goal of a 30% reduction in sodium intake by 2025 (7).

Two cross sectional studies conducted in UAE one among
adult population (4) and other one among University student
(12). Both studies showed KAP toward salt intake was poor and
most of the participants failed to recognized foods with high salt
contents. Consumer awareness strategy recommended by WHO
for salt reduction (2), promote Social Cognitive Learning Theory,
which acknowledges the constant interaction that exists between
the individual and his or her environment, both structural and
social, to shape behavior (11, 13).

To date, there is no published intervention study conducted in
the UAE that has used urinary sodium excretion and knowledge,
attitude, and practice (KAP) to assess salt intake before and
after an educational intervention. Therefore, this parallel study
aimed to assess the efficiency and effectiveness of two different
intervention approaches for 6-weeks (WhatsApp and electronic-
brochures) to reduce sodium intake.

MATERIALS AND METHODS

This study obtained ethical approval from the University
Research Ethics Committee at Oxford Brookes University
(UREC), Number: 191337. In addition to, ethical approval
from United Arab Emirates University (UAEU) Research
Ethics Committee (ERS_2020_6107). This study was conducted
according to the stated principles in the Declaration of Helsinki
(14). All subjects gave written informed consent to participate in
the study, and all the communication were online as a response
to COVID-19.

Study Design and Participants

A controlled intervention parallel design study comparing
the efficiency and effectiveness of two different educational
intervention approaches (WhatsApp and electronic brochures)
to reduce sodium intake, with a control group receiving
no educational materials for the intervention period. The
primary outcomes of the study were urinary sodium, potassium,
knowledge attitude and practice (KAP), physical activity. All
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these outcomes measured in two occasions at baseline and at
endpoint after 10-weeks (6 weeks of educational intervention).

The sample size was determined based on the WHO Eastern
Mediterranean Region Office (WHO-EMRO) protocol published
in 2010 for 24-h urine collection and analysis (13). Participants
were divided into two age groups, 20-29.9, and 30-40. To be
able to detect a difference in 20 mmol/day of sodium (~459 mg
of sodium) with 25 mmol standard deviations, the sample
size needed for each age stratum was 32 participants from
both genders. Therefore, for the three intervention groups, 96
participants, (alpha = 0.05, power = 0.80), were recommended.
To account for attrition—e.g., non-participation, incomplete
collection, or implausible values—which may be as high as 20%,
up to 115 participants from all age and gender strata should be
recruited (13).

The parallel intervention study was conducted from October
2020-January 2021 in the United Arab Emirates. A random
sample of 148 healthy individuals aged between 20 and 40
years were recruited to participate in the study from the
three geographical areas of UAE (Western, Northern, and
Eastern region). Participants were randomly distributed into
the three groups (Control, WhatsApp, and Electronic Brochure)
using Altman and Bland (15) procedure. RAND() function
was generated according to gender-age group and the three
intervention groups.

Several different methods were used for recruitment: email
circulation to students and staff (Non-medical students and staff)
from Applied Sciences and Humanities Colleges members of
UAE University, and social media approach such as WhatsApp
and Instagram for population out UAEU.

Inclusion criteria at screening were participants aged 20 to
40 years for both gender, non-pregnant, and non-lactating,
no known chronic kidney disease, renal failure, hypertension
with medications, and liver diseases, no medical condition(s) or
medication(s) known to affect urination and ability to collect 24-
h urine. While, the exclusion criteria at screening were those with
chronic diseases (i.e., heart disease, hypertension on medications,
renal failure, liver disease), pregnant and lactating women, those
on diuretics, and women who had their menstrual cycle during
the time of urine collection and those who had a positive COVID-
19 test. Exclusion criteria after urine collection included those
that were unable to collect adequate urine within the 24-h period
(i.e., volume < 500ml). In addition to that, creatinine level of
the reference range 500 to 2,000 mg/day was used in the current
study, which is equivalent to 9-26 mg/kg of body mass for female
participants and 13-29 mg/kg of body mass for male participants
(4, 16, 17).

Anthropometric Measurements

Body weight and height were measured for each participant
and their body mass index (BMI) was calculated as weight (kg)
divided by height (m) squared (kg/m?®). Height was recorded to
the nearest 1 cm using a stadiometer (Seca Stadiometer, Seca Ltd.,
Birmingham, UK) and weight was recorded using a balance (Seca
Stadiometer, Seca Ltd., Birmingham, UK) to the nearest 0.1 kg
(18). All the precaution requirements implemented by UAEU
and by Federal Government of UAE were performed on the

participants, which included checking body temperature prior to
entering nutrition clinics, physical distancing and space capacity.
In addition, a valid negative test for COVID-19 for 30 days.

Knowledge, Attitude, and Practice (KAP)

Questionnaire

Participants asked to complete the self-reported
questionnaire on two occasions, one at baseline and second time
after 10-weeks (including 6-weeks of educational intervention).
The questionnaire assessed knowledge related to salt and health
outcomes, frequency of consumption and their perceived salt
consumption. The Validated KAP questionnaire was obtained
from WHO/PAHO protocol for the assessment of population
sodium intake and behaviors (13). The development and
performance of the specific questionnaire has been described
elsewhere (4, 12). The KAP questionnaire was used to in two
cross sectional studies in UAE population (4) and among
University students (12).

were

Educational Materials

In the intervention stage, educational materials were shared with
the two-intervention groups, aimed to improve the knowledge
of the participants to reduce salt intake, highlight the health
hazards of high salt intake, importance of checking food labels,
and alternatives for salt.

Educational materials were developed using information
from Weqaya program—Health Authority of Abu Dhabi—
HAAD-UAE, https://weqaya.doh.gov.ae/, Central for Disease
and Control Prevention (CDC—Salt https://www.cdc.gov/salt/
indexhtm. In addition, the information obtained from the
outcome of the cross-sectional study conducted in UAE (4). For
the WhatsApp group, every 7-days a new message was delivered
for 6 weeks, with a new topic every week. Every 3-days the same
message was repeated. While for the electronic brochure group,
every 2 weeks a new electronic brochure with a new topic was
sent to the participants by email.

24-h Urine Collections and Analysis

A single timed 24-h urine collection was obtained for the
estimation of sodium excretion. Participants were given written
and verbal instructions for the 24-h urine collection procedure.
A 3-L coded plastic bottle was given to each participant for urine
collection. Participants were asked to discard the first urine of the
day and to collect all urine in the plastic bottle provided over the
following 24-h. Participants were also asked to write on a separate
sheet the time and date at the start and end of the urine collection,
indicating occasions they missed urination. Urine analysis for
sodium, potassium, and creatinine levels were conducted in
the College of Agriculture & Veterinary Medicine (CAVM)
laboratories at United Arab Emirates University (UAEU). For the
measurement of sodium and potassium levels in the urine, 50 mL
of the urine sample was mixed with 200 WL of 1% nitric acid.
Analytical solutions were introduced to a Varian ICP-OES model
710-ES spectrometer for sodium and potassium measurements
(19). 24-h urinary creatinine was measured using ab204537
Creatinine Assay Kit based on colorimetric Assay (20), with
UV-Visible spectrophotometer (Multiscan Go, Thermo-Fisher
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Scientific, MA, USA). The assay relies on Jaffe reaction (20). The
measurements were taken on two occasions at baseline and after
10 weeks (including 6-weeks of educational materials).

Statistical Analysis

Data were recorded and analyzed using the Statistical Package
for Social Sciences (SPSS) software, version 25 (SPSS, Chicago,
IL, USA). Normality of data across combination of independent
variables was tested using Shapiro Wilks. Homogeneity of
data was tested using Leven’s test. Continuous variables were
presented as mean = standard deviation and categorical variables
were expressed as numbers and percentages. Descriptive statistics
were used to summarize the baseline characteristics of the
study participants.

Mixed repeated measures ANOVA test was performed
to assess the main effects of time (baseline vs. endpoint)
and intervention groups (Control, WhatsApp, and Electronic
Brochures) on 24-h wurinary sodium and potassium, and
creatinine excretions. For interaction analysis, One-way ANOVA,
followed by Bonferroni post-hoc test, and dependent ¢-test were
used to compare dependent variables according to time and
intervention groups. One-sample ¢-test was used to compare the
mean urinary sodium, salt, and potassium excretions with the
recommended dietary allowance, and assessment was carried out
based on gender using independent ¢-test. The effect size was
calculated as Cohen d for t-test and partial eta-squared (npz) for
ANOVA. P-values < 0.05 were considered statistically significant.

RESULTS

Sample Characteristics

A total of 148 participants agreed to participate in the study, out
of which 12 participants didn’t answer the phones or messages,
and 15 participants were excluded due to 24-h urinary creatinine
levels below 9-mg/kg body weight for females and < 13 mg/kg
body weight for males (4, 16, 17), as shown in Figure 1. At
the end of the study, 121 participants completed the study and
fulfilled the creatinine inclusion criteria—39 participants were in
the control group with female to male ratio (0.95:1.05), while
in WhatsApp group, 41 participants completed the study with
a female to male ratio of 0.95:1.05 and for in the Electronic
brochures group, 41 participants completed the study with a
female to male ratio of 1.05:0.95 as shown in Figure 1.

Most of the study population were Emirati (67.8 %). Almost
half of the study population were singles and around 75.0% of
them were with university degree -educational status. Moreover,
more than 50% of them were employed (Table 1).

Mean 24-h Urinary Sodium, Potassium,

and Creatinine

The mean urinary sodium, salt, and potassium excretion per
24-h for the study population were 3,040.8 &+ 665.3, 7,601.9 £+
1,635.7 and 1,984.4 &+ 654.3 mg, respectively (Table 1). Moreover,
mean urinary excretion for creatinine was 1,379.7 &+ 339 mg/day,
with significant differences between gender (p = 0.001, Table 1).
In addition to that, 24-h urinary sodium excretion for total
sample and according to gender (p = 0.001; Table1), were

significantly higher than WHO recommendation for sodium
intake. Moreover, 24-h urinary potassium excretion for total
sample and according to gender (p = 0.001; Table 1), were lower
than WHO recommendation for potassium intake.

In the Control group, there were no significant differences
between baseline and endpoint of 10-weeks (6-weeks of
educational intervention) for urinary sodium and salt (p = 0.055;
Table 2). While, participants in the WhatsApp group showed a
significant reduction in 24-h urinary sodium and salt after 10-
weeks (6 weeks of educational intervention) (3,019.5 & 593.0 mg
vs. 2,741.5 £ 636.0 mg, for sodium; 7,548.7 £+ 1,482.5mg vs.
6,853.6 + 1,591.0 mg, for salt) (p = 0.001; Table 2). In addition
to that, participants in the electronic brochures group showed
also a significant difference in 24-h urinary sodium excretion and
salt between baseline readings and endpoint (p = 0.018; Table 2).
With respect to 24-h urinary excretion for potassium, WhatsApp
group showed a significant improvement in potassium intake
compared with baseline readings (p = 0.033; Table 3), while
the control and Electronic Brochures groups did not show
any differences.

Moreover, a 2 x 3 Mixed repeated measures ANOVA (time vs.
group) revealed a significant main effect for time on 24-h urinary
sodium excretion [F(; 117y = 11.812; p= 0.001; npz =0.092], and
for interaction between time and group [F(;,117) = 10.093; p <
0.001; 7% = 0.147], No significant effect was detected for group
[F2,117) = 0.590; p = 0.556; n,* = 0.010].

There were no significant differences between baseline and
endpoint after 6-weeks of education for 24-h urinary excretion
for creatinine and creatinine as mg/kg body weight for the
Control group and the two intervention groups (Table 2).

The percentage of participants exceeding WHO
recommendation of Sodium intake for total population
was 77.7% at baseline and became 71.1% at the end of the
intervention period, with a significant reduction (p = 0.004,
Table 2). In the WhatsApp group, the percentage of participants
exceeding WHO recommendation of sodium intake was
significantly lower after intervention (p = 0.023). While for the
electronic brochure, there was no significant change (p = 0.160,
Table 2).

Salt-Related Knowledge, Attitudes and

Practices

Although 77.7% of the study population exceeded WHO
recommendation of sodium intake according to 24-h urinary
excretion, around 60.0% of the study population thought they
just consumed the right amount at baseline (Table 3). After 6-
weeks of intervention, 71.1% of the study population exceeded
WHO recommendation of sodium intake according to 24-h
urinary excretion, while around 65% believed that they just
consumed the right amount of salt according to the KAP
questionnaire response. This indicated that the study population
is not able to give the right judgment of correct estimation
of salt intake (Table 3). With respect to the attitude of the
study population, the WhatsApp group was significantly more
concerned (p = 0.028) about the amount of salt intake after
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FIGURE 1 | Study flow chart to facilitate salt reduction in UAE using educational materials. KAP, Knowledge, Attitude and Practice; IPAQ, International Physical
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TABLE 1 | Demographic data and 24-h urinary sodium, potassium and creatinine excretions.

Characteristics Total Female Male
(n=121) (n = 60) (n=61)
Mean + SD? Mean + SD Mean + SD

Age 285+ 5.7 28.3+5.9 28.7£5.5

BMI 26.0+ 4.6 2566 +4.2 26.4+4.8

BMI classification n (%) n (%) n (%)

Underweight (18.5) (n, %) 5(4.1) 3(5.0) 2 (3.3

Normal weight (18.5-24.9) 49 (40.5) 23 (38.3) 26 (42.6)
Overweight (25-29.9) 49 (40.5) 25 (41.7) 24 (39.9)
Obese 18 (14.9) 9 (15.0) 9(14.8)

Nationality n (%) n (%) n (%)
Emirati 82 (67.9) 42 (70.0) 40 (66.7)
Arabs 39 (32.2) 18 (30.0) 21 (34.4)

Marital status n (%) n (%) n (%)
Single 63 (52.1) 23 (38.3) 40 (85.7)
Married 51 (42.5) 33 (65.0) 19 (31.6)
Divorced 6.0 (5.0) 4(6.7) 2 (3.3

Educational level n (%) n (%) n (%)
Undergraduate university level 73 (60.3) 39 (65) 34 (55.7)
School level (Intermediate or lower) 31 (25.6) 14 (238.3) 17 (27.9)
Postgraduate level 17 (14.0) 7(11.7) 10 (16.4)

Employment status n (%) n (%) n (%)
Student 29 (24.0) 21 (35.0) 8(13.1)
Unemployed 24 (19.9) 18 (30.0) 6(9.8)
Employed 68 (56.2) 21(35.0) 47(77.0)

24-h urinary excretion Mean + SDa Mean + SD Mean + SD p-value®
Sodium excretion (mg) 3,040.8 + 665.3° 2,836.7 + 497.3° 3,244.8 + 721° 0.001
Salt (mg) 7,601.9 + 1,635.7° 7,091.7 & 1,243.3° 8,112.1 &+ 1,822.4° 0.001
Potassium excretion (mg) 1,984.4 + 654.3¢ 1,907.3 + 608.5¢ 2,061.4 4+ 701.5¢ 0.201
Creatinine (mg/day) 1,379.7 £+ 339 1,150.2 £ 270.7 1,609.2 + 226.7 0.001
Creatinine (mg/kg/day) 19.8 £ 4.0 18.1 £ 3.6 214+ 3.8 0.001

“Data presented as Mean =+ standard deviation. ?Significantly higher than, the WHO recommendations for sodium and salt, (One- Sample t-test used to compare mean with RDA,
Significance at « = 5%.). ®Independent-Samples t-test used to assessed Significance at « = 5% for variable according to gender. 4 Significantly lower than, the WHO recommendations
for potassium, (One- Sample t-test used to compare mean with RDA, Significance at « = 5%.).

10-weeks (6-weeks of educational intervention) compared with
baseline (Table 3).

After educational intervention, both WhatsApp and
Electronic Brochures groups showed a significant increase
in awareness on the importance of reducing salt intake compared
with baseline readings (p = 0.001), as shown in Table 3.
Moreover, there was a significant increase in the attitude
toward agreeing on the importance of reducing consumption of
processed foods and reducing sodium intake after educational
intervention for both WhatsApp and Electronic Brochures (p
< 0.05).

Salt-Related Practices Among Study

Population

After 10-weeks (6-weeks of educational intervention), the
intervention groups (WhatsApp and Electronic Brochures)
showed a significant increase (p < 0.05), in the percentage of
participants checking food labels often (Table 4). In addition to
that, there was a significant increase (p < 0.05) in checking labels

specifically for salt/sodium content (often) and more participants
reported that salt/sodium content on the label affects purchasing
decisions (often) (p < 0.05; Table 4). However, the WhatsApp
intervention group significantly improved the practice of buying
“low salt” foods (p = 0.002) as shown in Table 4.

Practices toward adding salt during cooking, at the table,
before tasting foods and using Stock Cubes during cooking
were significantly reduced with (p < 0.05), in both intervention
groups (WhatsApp and Electronic Brochures) after educational
intervention (Table 4). Moreover, there was a significant increase
in using spices, herbs and lemons as alternative of salt in both
intervention groups (WhatsApp and Electronic Brochures) after
6-weeks of educational intervention (Table 4).

Food and Health Related Knowledge
Among Study Population

Food related knowledge was significantly improved for both the
WhatsApp and Electronic Brochure intervention groups after
10-weeks (6-weeks of educational intervention) with values of
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TABLE 2 | 24-h urinary excretion for sodium, potassium, creatinine, and salt before and after the 6 weeks intervention.

Mean + SD'
Variables Stage Control WhatsApp Brochures Total
(n = 39) (n=41) (n=41) (n=121)
Urinary sodium excretion (mg) Baseline 3,008.7 £ 664.0a 3,019.5 £ 593.0a 3,094.0 + 605.0a 3,040.8 + 654.3a
End 3,112.5 & 609.0a 2,741.5 £+ 636.00 2,925.2 + 571.7a 2,926.4 + 664.3a
p-value® 0.055 0.001 0.018 0.189
Salt (mg/day) Baseline 7,5621.8 +£1,510.0 7,548.7 +1,482.5 7,735.0 +£1,513.6 7,601.9 +1,635.7
End 7,781 £1,622.5 6,853.6 + 1,591.0 7,313.1 £ 1,429.2 7,316.1 + 1,626.3
p-value® 0.055 0.001 0.018 0.189
Urinary potassium excretion (mg) Baseline 2,037.0 + 707° 1,868.7 + 591.2° 2,047.0 4+ 672.0° 1,984.8 + 658.5°
End 2,014.4 £ 663.0° 2,095 + 630.0° 2,063.2 + 522.4° 2,051.5 £ 602.0°
p-value® 0.867 0.033 0.987 0.409
Sodium to potassium ratio Baseline 1.56+0.6 1.6+0.8 1.56+0.6 1.56+07
End 1.6+0.7 1.3+05 1.4+05 1.4+0.6
p-value® 0.536 0.009 0.270 0.238
Exceeding WHO recommendation of Baseline 31 (79.5) 32 (78.0) 31 (75.6) 94 (77.7)
Sodium intake [ (%)] © End 30 (76.9) 27 (65.8) 29 (70.7) 86 (71.1)
p-value® 0.323 0.023 0.160 0.004
Urinary creatinine excretion (mg) Baseline 1,340.6 £ 327.0 1,424.9 £ 371.4 1,369.6 £ 319.0 1,378.4 £ 339
End 1,324.0 £ 356.0 1,437.7 £ 365.3 1,387.6 £ 304.8 1,383.1 £ 344
p-value® 0.369 0.768 0.711 0.902
Creatinine excretion (mg/kg body weight) Baseline 195+ 3.8 201 +4.4 19.7 £ 314 19.8+£4.0
End 19.0+ 3.6 20.7 £ 4.2 20.0+ 3.4 19.9+4.2
p-value® 0.651 0.780 0.635 0.908

' Data presented as Mean + standard deviation. *Significantly higher than, the WHO recommendations for sodium, (One- Sample t-test used to compare mean with RDA = 2,300

mg/day, Significance at « = 5%.).

bSignificantly lower than, the WHO recommendations for potassium, (One- Sample t-test used to compare mean with RDA = 3,510 mg/day, Significance at a = 5%.).

CPaired t-test according to time of measurements (Baseline vs. endpoint) within the same group.

9Data presented as number and frequency. ©Paired t-test according to time of measurements (Baseline vs. endpoint) within the same group, each reading above than WHO
recommendation earned 1, while the other zero, to estimate mean and perform paired t-test.

3.5 &+ 2.8 and 3.7 & 2.5 out of 10, respectively for both groups
at baseline. However, after 10-weeks (6-weeks of educational
intervention), food related knowledge become; 8.5 = 1.9 and 8.9
=+ 1.6 out of 10 for both the WhatsApp and Electronic Brochure,
respectively (p = 0.001) as shown in Table 5.

Health related knowledge for the study population
was significantly improved after 10-weeks (6-weeks of
educational intervention) for both WhatsApp and Electronic
Brochures groups with (p-value = 0.001), as shown in
Table 5.

Most of the study population failed to identify food rich in
sodium, about 20 to 26% were able to recognize Arabic and
Iranian bread as high sodium sources at baseline (Table 6).
However, after 6-weeks of educational intervention, 80-95%
of participants in the WhatsApp and Electronic Brochures
groups were able to recognize Arabic and Iranian bread as high
sodium sources (p = 0.001) as shown in Table 6. About 40
to 70% of study population at baseline were able to recognize
canned vegetables, cheddar cheese, pickles, salad dressing oil,
Ketchup, tomato paste, chicken cubes, and Instant noodle
as rich food sources of sodium (Table6). This percentage
increased significantly up to 95% and above for intervention

group after educational intervention as shown in Table 6
(p = 0.001).

After 6-weeks of educational intervention using WhatsApp
and Electronic Brochures, the majority of the study population
were able to recognize corn takes as a rich source of sodium (p
= 0.001) (Table 6). At the end of Intervention, the WhatsApp
group showed a significant difference compared with baseline
for 19 food items out of 19 with 100% improvement compared
with baseline. Similarly, the Electronic Brochures group showed
a significant difference compared with baseline for 18 food items
out of 19 with 94.7% improvement. The Control group also
showed a significant improvement in recognizing pickle foods
as a high salt food at the endpoint after 6-weeks (p < 0.05)
(Table 6). The Control group showed improvement in 1 food
item compared with 19, with 5.3% improvement at the end
of intervention.

Physical Activity of the Study Population

Before and After Intervention
Physical activity of the study population was measured using 7-
days self-reported short IPAQ for the three groups at baseline and
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TABLE 3 | Salt-related attitudes among study population by intervention groups before and after the 6 weeks intervention.

Variable' Stage Control WhatsApp Brochure
(n, %) n (n, %) (n, %)
How much salt do you think you Baseline n (%)a 24 (61.5) 27 (65.8) 24 (58.5)
consume (Just the right amount) Mean & SD° 0.62 + 0.51 0.66 + 0.43 0.59 & 0.40
Endpoint n (%) 25 (64.1) 31 (70.6) 27 (65.8)
Mean + SD 0.64 +0.42 0.71 £0.35 0.66 + 0.33
p-value® 0.323 0.133 0.099
Are you concerned about the Baseline n (%) 6(15.4) 4(9.7) 5(12.2)
amount of salt/sodium in the
diet (Yes) Mean + SD 0.15+£0.49 0.01 £0.45 0.12+0.48
Endpoint n (%) 6(15.4) 9 (22.0) 7(17.1)
Mean + SD 0.15+£0.49 0.22 +£0.32 0.17 £ 0.46
p-value 1.00 0.012 0.160
Reducing added salt to foods is Baseline n (%) 10 (25.6) 9 (22.0) 10 (24.4)
important to you (Agree) Mean & SD 0.26 +0.35 0.22 +£0.30 0.24 4 0.31
Endpoint n (%) 11(28.2) 22 (53.7) 29 (70.7)
Mean + SD 0.28 +0.32 0.54 +£0.42 0.71+0.33
p-value 0.323 0.001 0.001
Reducing consumption of Baseline n (%) 15 (38.5) 10 (24.4) 13(31.7)
processed foods is important to
you (Agree) Mean + SD 0.39 + 0.47 0.24 + 0.31 0.32 + 0.41
Endpoint n (%) 14 (35.9) 28 (68.3) 30 (73.1)
Mean + SD 0.36 + 0.49 0.68 + 0.48 0.73 +0.36
p-value 0.802 0.001 0.001
Reducing your sodium intake is Baseline n (%) 12 (30.8) 10 (24.4) 14 (34.1)
important to you (Agree) Mean & SD 0.31 4+ 0.36 0.24 4+ 0.31 0.34 4 0.39
Endpoint n (%) 14 (35.9) 25 (61.0) 19 (46.3)
Mean + SD 0.36 + 0.30 0.61 +£0.38 0.46 + 0.42
p-value 0.785 0.001 0.012

1 Attitude was assessed based on a three-point Likert scale but only answers of “agree” are presented, each agree answer earned 1 score, while the other zero, to estimate mean
and perform paired t-test. *Data presented as number and frequency. ° Data presented as Mean + standard deviation. ©Paired t-test according to time of measurements (Baseline vs.

endpoint) within the same group.

intervention, showed no significant differences at baseline and
after 10-weeks (6-weeks of educational intervention), as shown
in Table 7.

DISCUSSION

To our knowledge, this is the first study in the UAE, GCC,
and Arab Countries, aimed to measure the effectiveness of
educational materials using social media approaches such as
WhatsApp and Electronic Brochures for 6-weeks with 24-h
urinary sodium excretion levels to facilitate salt reduction. Out of
148 participants, 121 participants completed the study according
to urine volume and creatinine levels based on the following
studies (4, 15, 16, 21-25).

The urinary sodium excretion in the current study was
significantly higher than the WHO recommendations, which
is (2,300 mg/day) and significantly lower for potassium (3,150
mg/day). The result of the current study showed an increase
in salt consumption by 12% in a sample of UAE population
compared with the study conducted in 2015, which showed level
of salt intake around 6,783.5mg (4). It is worth noting that

the age group in the current study is up to 40 years, while
Jarrar et al. study was up to 60 years old. The highest urinary
sodium excretion was reported in age groups 20-29.9 and 30—
39.9 years old compared with age groups 40-49.9 years and
above and 50 years old and above (4). Therefore, the difference
in the age group may explain the differences in salt intake
between the current study compared with the previous study.
Nevertheless, the common result between the three studies is
that the mean urinary sodium excretion indicates higher than the
WHO recommendation for salt intake.

There are several salt reduction strategies or approaches all
over the world, these strategies were implemented as one strategy
or a combination of two or more strategies or as comprehensive
strategies (2, 26, 27). These reduction strategies or approaches for
salt intakes may include one or more of the following such as
educational approaches (individual/ group). Generally, most of
the intervention’s strategies are based on education or counseling
lasting for 2 weeks to < 12 months (26, 28-30). The duration of
the intervention varies according to the aim of the study, some
interventions lasted for 2 weeks (28), or 6-weeks as reported by
(30). Others have used smartphone apps as tools for educational
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TABLE 4 | Salt-related practices among study population by intervention groups (n = 121) before and after the 6 weeks intervention, check supplementary.

Variable? Stage Control (Mean) WhatsApp Brochure
(n, %) (n, %)
Check food labels (Often) Baseline n (%) 7(17.9) 9(22.0) 10 (24.4)
Mean =+ SDP 0.18 £0.33 0.22 £ 0.42 0.24 +0.43
Endpoint n (%) 8 (20.0) 20 (48.8) 14 (34.1)
Mean + SD 0.20 + 0.36 0.49 + 0.51 0.34+£0.38
p-value® 0.323 0.003 0.044
Information on food labels affects purchasing decisions (Often) Baseline n (%) 5(12.8) 7(17.5) 7(17.5)
Mean + SD 0.13+0.35 0.18 £0.37 0.18 £ 0.37
Endpoint n (%) 5(12.8) 17 (41.5) 14 (34.1)
Mean + SD 0.13+0.35 0.42 +0.50 0.38 + 0.48
p-value 1.00 0.001 0.006
Check labels specifically for salt/sodium content (Often) Baseline n (%) 2(5.1) 4(9.8) 2 (4.9
Mean + SD 0.05+0.22 0.1+£0.28 0.05 £0.22
Endpoint n (%) 3(7.0) 18 (45.0) 18(45.0)
Mean + SD 0.08 + 0.26 0.45 + 0.50 0.45 £ 0.50
p-value 0.323 0.001 0.001
Salt/sodium content on label affects purchasing decisions (Often) Baseline n (%) 3(7.5) 3(7.3) 2(5.0)
Mean + SD 0.08 &+ 0.26 0.07 +£0.26 0.05 + 0.22
Endpoint n (%) 3(7.5) 13(31.7) 9 (22.5)
Mean + SD 0.08 &+ 0.26 0.32 £ 0.47 0.23 + 0.40
p-value 1.00 0.001 0.012
Try to buy “low salt” foods (Often) Baseline n (%) 1(2.6) 1(2.4) 2 (4.9
Mean + SD 0.03+0.16 0.02 +0.16 0.05 + 0.02
Endpoint n (%) 1(2.6) 10 (24.4) 4(9.8)
Mean + SD 0.08 +0.16 0.24 £0.42 0.10+0.30
p-value 1.00 0.002 0.160
Add salt to food during cooking (Often) Baseline n (%) 31 (79.5) 28 (68.3) 30 (73.1)
Mean + SD 0.80 & 0.40 0.68 + 0.46 0.73 £ 0.44
Endpoint n (%) 32 (82.1) 15 (36.6) 18 (43.9)
Mean + SD 0.82 +0.43 0.36 + 0.49 0.44 +£0.50
p-value 0.323 0.001 0.001
Use Stock Cubes during cooking (Often) Baseline n (%) 16 (41.0) 14 (34.1) 11 (26.8)
Mean + SD 041 £ 0.50 0.34 £ 0.48 0.27 £0.45
Endpoint n (%) 17 (43.6) 5(12.2) 5(12.2)
Mean + SD 0.44 £+ 0.50 0.12 +£0.33 0.12+0.33
p-value 0.323 0.002 0.012
Add salt to food at the table (Often) Baseline n (%) 9(238.1) 7(17.1) 7(17.5)
Mean + SD 0.23 +0.42 0.17 £0.38 0.17 £0.38
Endpoint n (%) 11(27.5) 1(2.4) 1(2.4)
Mean + SD 0.28 + 0.45 0.02 +£0.15 0.02 +0.15
p-value 0.160 0.012 0.012
Add salt before tasting the food (Often) Baseline n (%) 13(38.3) 8(19.5) 9 (22.0)
Mean + SD 0.33+£0.47 0.20 +0.40 0.22 +£0.42
Endpoint n (%) 11 (27.5) 0(0.0 124
Mean + SD 0.28 +0.45 0.00 + 0.00 0.02 +0.15
p-value 0.160 0.003 0.003
Did you try to use spices to reduce salt (Yes) Baseline n (%) 14 (35.9) 12 (29.9) 16 (39.0)
Mean + SD 0.36 + 0.48 0.29 £ 0.46 0.39 + 0.46
Endpoint n (%) 13(33.3) 31 (75.6) 29 (70.7)
Mean + SD 0.33 + 0.47 0.76 £ 0.42 0.71+0.45
p-value 0.323 0.001 0.001

1 Answer options for practice questions included often, sometimes, and never. Only answers of often are presented, each often answer earn 1 score. aData presented as number and
frequency. P Data presented as Mean + standard deviation. ©Paired t-test according to time of measurements (Baseline vs. endpoint) within the same group.
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TABLE 5 | Food and Health related knowledge for the study population (n = 121), before and after the 6 weeks intervention.

Variables Control Classification® WhatsApp (n =41) Classification Brochures (n = 41) Classification
(n = 39) Mean + Mean + SD Mean + SD
SD~
Food related knowledge Baseline 3.8+18 Poor 35+28 Poor 3.7+25 Poor
Endpoint 44+15 Poor 85+19 Good 89+ 16 Good
p-value® 0.142 0.001 0.001
Medical related knowledge  Baseline 6.9+19 Fair 6.4+ 3.0 Fair 6.7 £ 2.7 Fair
Endpoint 7.0+£20 Fair 93+13 Good 89+14 Good
p-value 0.604 0.001 0.001

“Data presented as Mean =+ standard deviation. Ppaired t-test according to time of measurements (Baseline vs. endpoint) within the same group.
¢Score percentage for Knowledge < 60 classified as “Poor”, 60-70 classified as “Fair”, >70 classified as “Good” (20).

intervention and behavioral change for 4-weeks (29, 31, 32).
Some studies have also used short SMS messages and pamphlets
as tools to deliver educational materials for 30-days (33, 34), or 3
months (30).

In the current study, after 10-weeks (6-weeks of educational
intervention), the intervention groups (WhatsApp and
Electronic Brochure) showed a significant reduction in salt
intake compared with baseline. In the WhatsApp Intervention
group, the reduction was 695.1mg (~0.7g) with —9.2%
compared with baseline, and the reduction in salt intake
for Electronic Brochure group was 421.9mg (~0.4g) with
(—5.4%). Many other studies that used educational approach
as intervention tool showed similar results. Eyles et al. used
smartphone application (app) as an intervention tool for 4
weeks. The app tool, resulted in a significant reduction in salt
(~0.7 g) compared with baseline (29).

Another study conducted using Smartphone technology
showed a significant reduction in salt intake after 4-weeks of
intervention with (~0.8 g) (31).

Anderson et al. (10) reported a reduction of 1.2 g/day
in 24-h urinary sodium excretion for Intervention group
using multicomponent-behavioral interventions for 6 months.
Moreover, He et al. conducted a cluster randomized clinical
trial to determine whether an education program delivered
to primary school children as part of the usual curriculum
could lower salt intake in children and their families (35).
The mean salt intake reduction as measured by urinary
excretion in children was 1.9 g/day while for families it was
—2.9 g/day.

Many studies using education/counseling approach reported
a reduction in salt intake with range various from 0.4 to 2.9
g/day (10, 31, 35-37). However, many studies reported the
commitment toward salt reduction rely mainly on the educations
of the participants and updating or maintaining education to
maintain good salt reduction intake (31, 35).

Moreover, Intervention approaches/ strategies using three
approaches such as education, reformulation and taxes showed
a significant reduction in salt intakes of ~4 g/day as reported
in Finland and Japan, 3 g/day in Turkey and 1.3 g/day in the
UK (26).

In the current study, the reduction in salt intake in the
intervention groups was associated with improvement in food
and health related knowledge. In food related knowledge, the
WhatsApp group showed 2.4 times improvements in scores
compared with baseline after 10-weeks (6-weeks of educational
intervention), while the Electronic Brochure group showed 2
times improvement compared with baseline.

The health-related knowledge improved by 1.4 times in the
intervention groups compared with baseline. Moreover, this
improvement in food and health related knowledge reflected
in an improvement in the attitudes and practices toward the
selection and purchasing of low salt foods. Although this
improvement increased the recognition of bread as a high source
of salt, the intake of Arabic bread was reduced only by 4% which
is the lowest compared with other food items that reached 10
to 30% reduction. Pickled foods showed the highest reduction
after 10-weeks (6-weeks of educational intervention) with almost
32% reduction, followed by chicken cubes with 22% reduction.
Moreover, Instant Indomi (Instant noodles) showed a reduction
of 20%, cheeses intake was reduced by 10-20% while Tomato
paste showed only 8% reduction after 10-weeks (6-weeks of
educational intervention).

Several studies conducted in Arab Gulf Countries such as
UAE, Qatar and Kuwait (4, 37), showed that bread and bakery
products are considered as staple food in UAE, Arab Gulf
Countries, Arab World and most of the Middle East countries
(4, 38, 39). It is not easy to reduce the intake of bread and other
baked products even if it is one of the main sources of salt in
the diet. However, reduction of salt content in bread may can
contribute to reduce salt intake (38).

A study conducted in Jordan aimed to measure salt contents
of Arabic bread. Sixty-eight bread samples were collected from
13 different bakeries from Amman, mean salt content was 1.19
=+ 0.21g /100 g bread, while other local bread “Shrak” was 2.06
£ 0.19 1.19 £ 0.21g /100g (39). Therefore, one of the best
approaches to reduce salt intake is to provide low salt bread or
place a regulation standard to control salt in the bread. Emirates
Authority for Standardization & Metrology (ESMA), initiative
for voluntary salt reduction in bread began in February 2020
and it will be obligatory on 2022 (40), this aimed to reduce
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TABLE 6 | The number and percentage of participants who correctly answered food related knowledge, before and after the 6 weeks intervention, check supplementary.

Sodium content in the Stage Control WhatsApp Brochure
following foods is? (n = 39) (n=41) (n=41)
Arabic bread (High) Baseline n (%)a 10 (25.6) 10(24.3)0.24 £ 8(19.5)

Mean =+ SDP 0.26 + 0.43 0.43 0.20 £+ 0.40

Endpoint n (%) 11 (28.2) 34 (82.9) 38 (95.0)

Mean + SD 0.28 + 0.45 0.83 + 0.46 0.95 +0.22

p-value® 0.323 0.001 0.001
Iranian bread (High) Baseline n (%) 12 (30.8) 13(31.7) 14 (34.1)

Mean + SD 0.31+0.36 0.32 + 0.47 0.34 +£0.48

Endpoint n (%) 13(33.3) 37 (92.5) 36 (90.0)

Mean + SD 0.33 + 0.47 0.93 +0.27 0.90 + 0.26

p-value 0.323 0.001 0.001
Rice- Egyptian (Low) Baseline n (%) 21 (53.8) 20 (48.8) 22 (563.7)

Mean + SD 0.54 + 0.49 0.49 + 0.50 0.54 £ 0.50

Endpoint n (%) 23 (0.59) 24 (58.5) 35 (85.4)

Mean + SD 0.59 + 0.50 0.59 + 0.49 0.85 £+ 0.33

p-value 0.160 0.044 0.001
Rice-Basmati (Low) Baseline n (%) 19 (48.7) 22 (63.7) 20 (48.8)

Mean + SD 0.49 £+ 0.50 0.54 £+ 0.50 0.49 £+ 0.50

Endpoint n (%) 21 (53.8) 31 (75.6) 21(51.2)

Mean + SD 0.54 + 0.50 0.76 £ 0.42 0.51 £0.40

p-value 0.160 0.002 0.323
Milk/yogurt (Low) Baseline n (%) 19 (48.7) 18 (43.9) 17 (41.4)

Mean + SD 0.49 £+ 0.50 0.44 + 0.50 0.41 +£0.50

Endpoint n (%) 18 (43.9) 30 (73.1) 35 (85.4)

Mean + SD 0.44 £+ 0.50 0.73+0.43 0.85 +0.33

p-value 0.323 0.001 0.001
Fresh red meat (Low) Baseline n (%) 13 (33.9) 11 (26.8) 13 (31.7)

Mean + SD 0.33 +0.47 0.27 £ 0.45 0.32 £ 0.47

Endpoint n (%) 15 (38.5) 21(51.2) 33 (80.5)

Mean + SD 0.39 + 0.49 0.51 4+ 0.50 0.85 +0.38

p-value 0.160 0.001 0.001
Fresh poultry (Low) Baseline n (%) 15 (38.5) 11 (26.8) 12 (29.3)

Mean + SD 0.39 &+ 0.49 0.27 £ 0.45 0.29 + 0.46

Endpoint n (%) 14 (35.8) 21(51.2) 20 (48.8)

Mean + SD 0.36 +0.38 0.51 +0.50 0.49 £+ 0.50

p-value 0.3232 0.001 0.003
Fruits (Low) Baseline n (%) 25 (64.1) 23 (57.5) 24 (58.5)

Mean + SD 0.64 4+ 0.49 0.58 + 0.50 0.59 + 0.49

Endpoint n (%) 22 (53.7) 37 (92.5) 38 (95.0)

Mean + SD 0.54 £+ 0.50 0.93 +£0.27 0.95 +0.22

p-value 0.083 0.001 0.001
Fresh vegetables (Low) Baseline n (%) 26 (66.6) 28 (68.3) 26 (63.4)

Mean + SD 0.67 &+ 0.49 0.68 &+ 0.46 0.63 +0.48

Endpoint n (%) 24 (61.5) 41 (100) 39 (95.1)

Mean + SD 0.62 + 0.48 100 + 0.00 0.95 +0.16

p-value 0.160 0.001 0.001
Canned vegetables (High) Baseline n (%) 28 (71.8) 24 (58.5) 28 (68.3)

Mean + SD 0.72 £0.46 0.59 &+ 0.50 0.68 + 0.46

Endpoint n (%) 27 (69.2) 37 (92.5) 39 (95.1)

Mean + SD 0.69 + 0.47 0.93 +£0.27 0.95 +0.16

p-value 0.323 0.001 0.001
Cheddar cheese (High) Baseline n (%) 29 (74.4) 27 (65.9) 28 (68.3)

Mean + SD 0.74 £ 0.45 0.66 &+ 0.47 0.68 + 0.46

Endpoint n (%) 28 (71.8) 39 (95.1) 39 (95.1)

Mean + SD 0.72 £0.46 0.95+0.16 0.95 +0.16

p-value 0.323 0.001 0.001

(Continued)
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TABLE 6 | Continued

Sodium content in the Stage Control WhatsApp Brochure
following foods is? (n =39) (n=41) (n=41)
Pickles (High) Baseline n (%) 28 (71.8) 30 (73.1) 28 (68.3)

Mean + SD 0.72 £0.46 0.73+£0.43 0.68 + 0.46

Endpoint n (%) 33 (84.6) 39 (95.1) 38 (95.0)

Mean + SD 0.85 +0.38 0.95+0.16 0.95 £ 0.22

p-value 0.023 0.002 0.001
Olive oil (Low) Baseline n (%) 18 (43.9) 20 (48.8) 16 (39.0)

Mean + SD 0.44 £ 0.50 0.49 £ 0.50 0.39 £ 0.49

Endpoint n (%) 22 (53.7) 35 (85.4) 24 (58.5)

Mean + SD 0.54 &+ 0.50 0.85 4+ 0.33 0.59 + 0.49

p-value 0.044 0.001 0.003
Salad dressing oil (High) Baseline n (%) 25 (64.1) 24 (58.5) 22 (63.7)

Mean + SD 0.64 £ 0.49 0.59 £ 0.49 0.54 £ 0.50

Endpoint n (%) 26 (66.6) 38 (95.0) 37 (92.5)

Mean + SD 0.67 £0.49 0.95+0.22 0.93 £ 0.27

p-value 0.323 0.001 0.001
Ketchup (High) Baseline n (%) 21 (563.8) 20 (48.8) 22 (53.7)

Mean + SD 0.54 4+ 0.49 0.49 £+ 0.50 0.54 £+ 0.50

Endpoint n (%) 23 (0.59) 39 (95.1) 39 (95.1)

Mean + SD 0.59 + 0.50 0.95+0.16 0.95 +0.16

p-value 0.160 0.001 0.001
Tomato paste (High) Baseline n (%) 21 (53.8) 22 (63.7) 21(51.2)

Mean + SD 0.54 +£0.49 0.54 £ 0.50 0.51 £0.50

Endpoint n (%) 22 (53.7) 39 (95.1) 38 (95.0)

Mean + SD 0.54 £ 0.50 0.95+0.16 0.95 +£0.22

p-value 0.323 0.001 0.001
Corn flakes (High) Baseline n (%) 8 (20.5) 8(19.5) 10(24.4)

Mean + SD 0.21 £ 0.40 0.20 +0.40 0.24 £ 0.43

Endpoint n (%) 7(17.9) 33 (80.5) 35 (85.4)

Mean + SD 0.18 £0.38 0.81 £0.38 0.85 +£0.33

p-value 0.323 0.001 0.001
Chicken cubes (High) Baseline n (%) 29 (74.4) 26 (63.4) 28 (68.3)

Mean + SD 0.74 £ 0.45 0.63 +£0.48 0.68 £ 0.46

Endpoint n (%) Mean 31(79.5) 39 (95.1) 0.95 + 40 (97.6)

+SD 0.80 + 0.42 0.16 0.98 +£0.14

p-value 0.160 0.001 0.001
Instant noodle (High) Baseline n (%) Mean 27 (69.2) 29 (70.7)0.71 = 28 (68.3)

+ 8D 0.69 + 0.47 0.45 0.68 + 0.46

Endpoint n (%) 26 (66.6) 38 (95.0) 39 (95.1)

Mean + SD 0.67 £ 0.49 0.95+0.22 0.95+0.16

p-value 0.323 0.002 0.001

The correct answers are provided in brackets next to each variable. Each correct answer earned 1 score. “Data presented as number and percentage. °Data presented as Mean =+

standard deviation.

CPaired t-test according to time of measurements (Baseline vs. endpoint) within the same group.

50% of salt content in the bread “Arabic” to be 500 g salt/100 g
of bread.

Thus, make bread among main contributing sources of high
salt intake in UAE similar to Kuwait, Jordan and Qatar (38, 39).

Educational intervention improved significantly the
identification of foods with low sodium contents such as
fresh fruits and vegetables, rice, yogurt, and fresh meat. The
improvement was also reported significantly in the attitude of the
intervention group. Reducing added salt and low consumption
of processed foods become significantly important for the

intervention groups compared with the control group after
6-weeks of educational intervention.

The improvement in knowledge and attitude contributed
to improvement in practice of the intervention groups. The
intervention group showed significant improvement in the
practice part of the KAP questionnaire. Checking food labels
specifically for salt/sodium content affected purchasing decisions.
In addition to that, an increased percentage of participants tried
to buy “low salt” and “no added salt” foods in the intervention
groups compared with the control group.
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TABLE 7 | Physical activity for study population before and after the 6 weeks intervention using IPAQ questionnaire.

Control (n = 39)

WhatsApp (n = 41) Brochures (n = 41)

Mean + SE« Mean + SE Mean + SE
Baseline Endpoint Baseline Endpoint Baseline Endpoint
Low intensity (min/week) 205.8 £ 25.4 195.6 + 26.6 198.0 £20.3 176.5 £17.1 181.4 £ 16.4 191.8 £ 20.2
p-value® 0.692 0.482 0.398
Moderate intensity (min/week) 87.7 +£13.1 79.0 £ 16.0 90.0 +16.5 103.7 £17.3 86.7 £ 9.5 82.3 +9.1
p-value® 0.679 0.476 0.743
High intensity (min/week) 541 +125 411 +7.3 549 £7.1 48.8 £ 6.4 433 +6.3 471 +£6.6
p-valueP 0.369 0.414 0.415

“Data presented as Mean + Standard error.

bindependent-Samples t-test used to assessed Significance at p < 0.05 according to gender.

Moreover, addition of salt during cooking reduced
significantly in the intervention groups and the use of chicken
cubes reduced whilst the use of salt alternatives increased
significantly, in addition to significant reduction in adding table
salt and adding salt before tasting foods. This improvement in
the KAP components in the intervention group was translated
into reduction in salt intake by the intervention groups in the
food frequency questionnaire, which reported a significant
reduction in using Table salt by 13% and chicken cubes by almost
20% compared with baseline.

The intervention showed an increase in the use of spices
and herbs as alternatives for salt. Therefore, the current study
showed a positive relationship between KAP toward salt intake
and reducing salt intake. Haron et al. (41) reported a positive
correlation between high knowledge scores with more controlled
blood pressure compared to those who scored less.

Multiple approach was applied in countries as a multi-
component programs (consumer awareness campaign, increased
availability of low-sodium foods at school, worksite and
restaurants, voluntary reformulation of processed foods to lower
the sodium content) (7, 32). This approach showed a positive
effect in salt reduction by 15% in UK (6) and 24% reduction in
South Korean (7).

The 24-h urinary potassium excretion is correlated with
dietary potassium intake (23, 42). In the current study all
participants failed to achieve WHO recommendations for
potassium intake. In addition to that, high urinary sodium to
potassium ratio can be an indicator of the need for reducing
sodium intake and increasing potassium intake (14). Therefore,
WHO has suggested sodium: potassium ratio of ~1.00, which
will be associated with low risk for development of CVDs
(43). Although the WhatsApp group showed a significant
improvement in the sodium to potassium ratio, the ratio was still
above one and participants failed to achieve the recommended
intake of potassium. This means promoting, the intake of foods
rich in potassium is just as important as reducing the intake of
foods rich in sodium/salt.

The current study proved that improving KAP through
providing educational materials was associated with lowering salt
intake in a sample of UAE population. Moreover, the digital
platform approach such as WhatsApp and Electronic Brochure
were effective in terms of salt reduction. This is considered the
first step or one single element of a comprehensive approach

starting with educational materials, which aimed to facilitate
consumer awareness regarding low and high salt foods. In
addition to reformulation of staple foods (particularly bread) to
reduce salt content, building a good environment for the food
industry to be part of this initiative to reduce salt intake is
important in UAE and in Arab Gulf Countries, and middle east
region. In addition to that, including the study population in
proper decision making regarding best approaches and tools to
reduce salt intake is also important to make the process of salt
reduction more visible and applicable.

Despite the significant findings of this study, it could be of a
better value if there is more than one follow-up to the study to
measure the study population’s responses toward salt reduction
for longer period. Moreover, measuring salt reduction along with
blood pressure will give better responses toward blood pressure in
UAE. In addition to that, for the KAP part of the study, including
more participants in term of age groups and number will be give
more useful results.

CONCLUSION

This study proven that the UAE population respond positively
to salt reduction initiative using digital platform (WhatsApp
and Electronic brochures) to deliver educational materials for 6-
weeks. WhatsApp group showed a significant reduction in salt
intake after intervention, compared with Electronic brochures
and Control groups. Moreover, this reduction in salt intake was
associated with significant reduction with 10% of the participants
who exceeds WHO recommendation for sodium intake for
WhatsApp group. KAP toward salt intake was improved for
intervention group at the end of the study. In addition to that,
there was a significant reduction in the practice toward adding
salt during cooking, use of table salt, and adding salt before
tasting. These results indicate the study population of UAE is
ready to change the consumption and practice toward salt intake.
In order, to make it more durable it is requiring the industry
and the policy makers in UAE to provide low salt foods/products
and encourage reformulation of some staple foods such as bakery
products particularly bread.

This is the first intervention study conducted in UAE,
that used digital platform to reduce salt intake using KAP
questionnaire, and 24-h urinary sodium, potassium and
creatinine excretion as a tool for measurement.
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Dietary supplements (DS) are used by about 30-50% of adults in developed countries.
However, only a few studies have compared the characteristics of DS users in different
nations. This study aimed to identify and compare selected health-related behaviors of
DS users from three European countries. A total of 3,588 adults (32.08 + 8.04 years)
from Poland (1,030 females, 287 males), Germany (994 females, 190 males), and the
United Kingdom (911 females, 176 males) were included in the analysis. The study
was based on a self-administered survey consisting of 70 questions regarding baseline
characteristics, lifestyle, eating, and health habits. The associations of the obtained
results were compared using the Kruskal-Wallis test, Pearson Chi-Square test, and
Cramer’s V value. The highest percentage of DS users (56.98%, n = 2,044) had a correct
body weight, while higher body weight values were observed in 39.19% (n = 1,406). In
terms of lifestyle, statistically significant differences (o < 0.05) were noted for alcohol
consumption and the level of physical activity. Fruit and vegetables were most often
consumed a few times a weeks (34.67%, n = 1,244). A similar result was observed
for the consumption of whole grain (37.76%, n = 1,355), dairy (39.99%, n = 1,435),
€9gs (49.67%, n = 1,782), and meat (51.45%, n = 1,846). Most DS users did not have a
chronic disease (66.72%, n = 2,394). Among the other conditions, a frequent occurrence
(afew times a weeks) of gastrointestinal problems (28.29%, n = 1,015) and concentration
disorders (29.15%, n = 1,046) was noted. Cramer’s V values (<0.3) indicated a weak
(but significant p < 0.05) relationship between the country of residence and most of the
analyzed variables. In conclusion, DS users were characterized by a healthy lifestyle with
appropriate behaviors but not healthy eating habits.
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INTRODUCTION

According to the European Food Safety Authority (EFSA),
dietary supplements (DS) can be defined as foodstuffs that are
consumed for improving the standard diet. DS contain one or
more concentrated ingredients such as minerals, vitamins, amino
acids, herbal extracts, dietary fiber, and/or other substances with
a nutritional or physiological effect. These can be easily taken
orally, and are most often available in the form of capsules,
tablets, pills, powders, and liquid (1). Studies indicate that
at present, nearly half of the adult population in developed
countries, such as the United States and Denmark, use DS (2, 3).
While in other high-income countries such as Australia, South
Korea, and United Arab Emirates, the proportion of DS users is
around 30% (4-6). A rapid increase in the use of DS has been
observed in most regions of the world over the last 35 years
(7). Moreover, it has been documented that the Coronavirus
pandemic has contributed to developing the DS market (8).

Following the definition, DS cannot replace a balanced healthy
diet, and their consumption should depend on the nutritional
status and nutrition type of individuals and populations. Results
from analyzing the intake of 17 basic micronutrients in adults
diets across different European countries (including Poland,
the United Kingdom, and Germany), revealed an extremely
low intake of vitamin Ds3. Moreover, zinc, iron in women of
childbearing age, vitamin A, and folic acid was consumed at
an insufficient level (9). For this reason in some countries,
recommendations regarding vitamin D supplementation have
been published. National Health Service England (NHS)
recommends that adults require an average of 10 g of vitamin
D3 per day and should consider taking a daily supplement
during the autumn and winter months (10). The Polish expert
panel represents a similar position (11). Better understanding
the scope of nutrient intake adequacy across Europe is still a
significant challenge.

DS are used not only to correct nutritional deficiencies
but also to improve cognitive performance and overall health,
prevent diseases, increase the body’s efficiency, or even to
extend the expected lifetime (12-14). The effectiveness of
dietary supplementation in the treatment of chronic diseases
is still under debate. Evidence supporting the use of vitamin
and mineral supplements for the treatment or prevention of
non-communicable diseases, such as cardiovascular disorders
or cancer, is inadequate (15, 16). However, supplementation
has been shown to be beneficial in the treatment of various
commonly occurring diseases such as diabetes, obesity, and
mental illness (17-19). The effect of DS can be determined by
several factors, such as the type, dose, and chemical composition
of the preparation, usage period, and regularity.

An important issue that gives rise to doubts both among
specialists and patients regarding the use of DS is their safety.
Due to the lack of a universal regulatory system, these products
may contain components that are not declared on the nutrition
label, such as contaminants, illegal substances, or other active
ingredients capable of interacting with prescription medications
or food (20, 21). Moreover, DS may affect the metabolic or
physiological functions of the body. Therefore, the decision to
use them should be well-considered, justified, and discussed with

a health care professional. The users should routinely check the
chosen products to avoid potential threats associated with their
intake (20, 21).

Previous surveys on the determinants of DS have compared
participants using DS and non-users (22, 23) and indicated that
supplement users are more likely to be women, non-smokers,
older, and have higher educational levels and incomes than
people who do not use DS. Studies have shown that supplement
users are typically characterized by a more healthy lifestyle, with
proper eating habits, a high level of physical activity (PA), greater
consumption of fruit and vegetables, and limited consumption of
alcoholic beverages (24-27).

The use of DS is of interest to scientists, clinicians, and patients
because these easily accessible products have a huge influence on
human health. Researchers have been emphasizing the need for
studies on large groups of people to understand the impact of DS
on health (22). Unfortunately, the comparison of DS users within
diverse populations is challenging due to the varying definitions
of DS, periods of DS use, or methods of data collection (28, 29).
Thus far, studies analyzing the characteristics of DS users have
mostly focused on only one population (e.g., from the same
country) (5,30-33). An exception is the SENECA project (34, 35),
and studies conducted by Skeie (36) and Foote (37). However,
due to the rapid development of the DS market in recent years,
more than 20-year-old research results need to be updated.
Knowledge about the characteristics of DS users from different
European countries can help to develop effective public health
interventions and universal protocols for the administration of
supplements (38). This study aimed to identify and compare
selected health-related behaviors among the population of DS
users from three European countries.

MATERIALS AND METHODS
Study Design and Participants

This survey-based research was conducted among 3,588 DS users.
A self-administered questionnaire, which was available online,
was used for the study. The participants were asked to fill in
the questionnaire only once. Employees of Sundose sp. z o.0.
participated in the data collection and encryption.

The data for the study were collected between January 2021
and November 2021. Women and men who were using DS and
filled in the survey questionnaire were eligible for the study.
Additional inclusion criteria were as follows: age >18 years,
lack of mental disorders, and willingness to provide informed
consent for participation and personal data. Incomplete, unreal,
or conflicting responses were rejected during the data cleaning
stage (n = 1,728). The assumption of the data collection stage was
to obtain a minimum of 1,000 results from each country. These
sample size was sufficient to perform a reliable statistical analysis.

Research Instrument
The self-administrated questionnaire consisted of 70 questions,
divided into four categories:

a. Baseline information: gender (female, male); age group (18-
30, 31-45, 46-60, 61-75, or >75 years); weight, height, body
mass index (BMI); city population (<10.000, 10.000-50.000,
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TABLE 1 | Characteristics of the study group.

Overall (%)

All participants

Poland (n = 1,317)

Germany (n = 1,184)

United Kingdom (n = 1,087)

Female Male Female Male Female Male

n=3,588 1,030 (78.21)8 287 (21.7972 994 (83.95)* 190 (16.05)° 911 (83.81)A 176 (16.19)°
Age + SD (years) 32.08 + 8.04 30.998 +8.17 33.33° + 8.68 32.41A £ 855 34.44% +8.35 31.67A +£6.96 34.202 + 6.69
18-30 1,778 (49.55) 580 (56.31)A 132 (45.99)2 482 (48.49)8 70 (36.84)2 456 (50.05)8 58 (32.95)2
31-45 1,595 (44.45) 393 (38.16)B 129 (44.95) 441 (44.37)A 97 (51.05)% 425 (46.65)A 110 (62.50)2
46-60 183 (5.10) 46 (4.47° 22 (7.67)2 61 (6.14)~ 22 (11.58)2 24 (2.63)A 8 (4.55)2
61-75 29 (0.81) 10 (0.97A 4(1.39)2 8 (0.80 1(0.59)2 6 (0.66/* 0 (0.00)2
>75 3(0.08) 1(0.10A 0(0.00)2 2 (0.20* 0 (0.00)2 0 (0.00)A 0 (0.00)2
Weight + SD (kg) 71.75 £ 16.99 66.50C + 14.09  85.09% +13.62  70.84" + 17.27  87.35% + 15.61 68.508 + 16.07  85.772 + 13.27
High + SD (cm) 169.32 + 8.14 166.97A +£590  180.482 +£6.49  167.62" +£6.38  181.022 + 6.41 166.138 + 6.12 179.592 + 7.28
BMI value + SD (kg/m?) 2491 +5.24 23.808 + 4.59 26.112 £ 3.97 25.21A +5.96 26.642 + 4.41 24.80" + 5.56 26.572 + 3.68
<18.5 138 (3.84) 58 (5.63* 2(0.70)2 37 (38.7247 2 (1.05)2 38 (4.17° 1(0.57)2
18.5-24.9 20,44 (56.98) 663 (64.37)A 127 (44.25)2 573 (57.65)8 6 (40.00)2 545 (59.82)B 0 (34.09)2
25.0-29.9 899 (25.06) 199 (19.32 118 (41.11) 204 (20.52)* 75 (39.47) 216 (23.71)A 87 (49.43)
>30.0 507 (14.13) 110 (10.68)8 40 (13.94)2 180 (18.11)A 7 (19.47) 112 (12.29/"8 8 (15.91)72
City population (thous.)
<10 692 (19.29) 238 (23.11)A 8 (20.21)2 271 (27.26)A 51 (26.84)2 63 (6.92)8 1(6.25)°
10-50 673 (18.76) 185 (17.96)"8 9 (13.59)° 230 (23.14)* 51 (26.84)2 144 (15.81)8 24 (13.64)%
51-200 841 (23.44) 198 (19.22)8 61 (21.2572 206 (20.72)B 37 (19.47)2 281 (30.85)A 58 (32.952
201-500 498 (13.88) 122 (11.84)8 6 (12.54)2 88 (8.85)B 16 (8.42)2 199 (21.84A 37 (21.022
>500 884 (24.64) 287 (27.86)* 3 (32.40)2 199 (20.02)8 35 (18.42)° 224 (24.59)"8 46 (26.14)20
Supplementation purpose
Health improvement 1,563 (43.56) 387 (37.57)8 95 (33.10)° 463 (46.58)A 96 (50.53)2 443 (48.63)A 79 (44.89)%
Improvement of wellbeing 1,774 (49.44) 576 (55.92)A 150 (52.26)2 461 (46.38)5 76 (40.00)° 434 (47.64)B 77 (43.75)%
Maintaining current state 53 (1.48) 2 (11477 4(1.39)72 9 (1.91)A 7 (3.68)2 5(0.55A 6 (3.41)2
Treatment support 65 (1.81) 33 (3.20~ 2(0.70) 5(1.51)A (0 00)2 15 (1.65)A 0 (0.00)2
Better results in sport 133 (8.71) 22 (2.14)A 36 (12.54)2 36 (3.624 1(6.792 14 (1.54)A 14 (7.957

ABC\sajues with different letters in the same row are significantly different at p < 0.05 in the female group (Kruskal-Wallis test). @°Values with different letters in the same row are

significantly different at p < 0.05 in the male group (Kruskal-Wallis test).
BMI, body mass index.

51.000-200.000, 201.000-500.000, or >500.000 people); and
the purpose of supplementation (improvement of health,
improvement of wellbeing, maintaining the current health
state, treatment support, or better outcomes in sports).

b. Lifestyle: activity (from a few times a year to 6+ times during
the week) and sport level; sleep problems and duration (from
<5 to >10h); work hours (from I don’t work to >12h); and
use of drugs and stimulants.

c. Eating habits: meals quantity; snacks; most popular food
categories (fruit and vegetables, whole grain, dairy, eggs, fish,
meat, etc.); and food products rich in specific nutrients (e.g.,
avocado, fermented foods, legumes). The options provided for
every question were daily, a few times a week, a few times a
month, a few times a year, or no.

d. Health: use of antibiotics and medicaments; presence
of skin, hair, and nail problems; diagnosis of immune
disorders; diagnosis of gastrointestinal problems; and
diagnosis of the most common chronic diseases such as
diabetes, hypertension, anemia, osteoporosis, thyroid disease,
and others.

Most of the questions required a single selection, while
questions regarding age, weight, height, and stimulants
required a numeric value. The survey was accessible
online directly before the purchase of DS. The participants
were aware that their answers define the composition of
the purchased product, which made it difficult to obtain
reliable data.

Other Covariates

BMI was determined based on the World Health Organization
(WHO) classification for adults (39). The value was calculated
using the body weight (kg) and height (m) declared by the
respondents. Based on the BMI value, the participants were
categorized into the following groups: underweight, <18.50
kg/m?; healthy weight, 18.51-24.99 kg/m?; overweight, 25.00-
29.99 kg/m?; and obese, >30.00 kg/m?.

Ethical Considerations

The research protocol was approved by the Ethics Committee of
Medical University of Lublin, Poland (no. KE-0254/273/2021).
All subjects provided informed consent for participation in
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TABLE 2 | Lifestyle characteristics of DS users.

Overall (%) All participants Poland (n = 1,317) Germany (n = 1,184) United Kingdom (n = 1,087)
Female Male Female Male Female Male
n = 3,588 1,030 (78.21)B 287 (21.79)2 994 (83.95)A 190 (16.05)° 911 (83.81)A 176 (16.19)°

Activity amount

< 1x/week 1,070 (29.82) 355 (34.47)A 4 (25.78)2 274 (27.57)B 43 (22.63)2 268 (29.42)A8 56 (31.82)2
1x/week 623 (17.36) 196 (19.03)AB 56 (19.51) 209 (21.03)A 29 (15.26)2b 120 (13.17)B 13 (7.39)°
2-3x/week 1,087 (30.29) 307 (29.81)A 74 (25.78) 313 (31.49A 61(32.11) 279 (30.63)A 53 (30.11)2
4-5x/week 626 (17.45) 126 (12.23)B 2 (21.60)2 158 (15.89)AB 38 (20.00)2 199 (21.84 43 (24.43)2
6+/week 182 (5.07) 46 (4.47° 21 (7.327 40 (4.02A 19 (10.00)2 45 (4.94A 11 (6.25)2
Training sport

VYes 1,957 (54.54) 518 (50.29)A 178 (62.02)2 539 (54.23)* 120 (63.16)2 507 (55.65)* 95 (53.98)2
No 1631 (45.46) 512 (49.71)A 109 (37.98)2 455 (45.77)% 70 (36.84) 404 (44.35)A 81 (46.02)2
Sport level

Amateur 851 (23.72) 208 (22.14)A 87 (30.31)2 202 (20.32)A 55 (28.95)2 242 (26.56)* 37 (21.02)2
Recreational 1,023 (28.51) 275 (26.70)A 77 (26.83) 319 (32.09A 55 (28.95)2 249 (27.33)A 48 (27.27)2
Competitive 83 (2.31) 15 (1.56/A 14 (4.8 18 (1.81)° 10 (5.26)2 16 (1.76)~ 10 (5.68)
Sleep problems

Daily 431 (12.01) 120 (11.65A 2 (11.15)2 125 (12.58)A 17 (8.95)2 120 (13.17)A 17 (9.66)2
A few/week 914 (25.47) 252 (24.47)A 69 (24.04)2 240 (24.14)A 41 (21.58)2 263 (28.87)A 49 (27.84)2
A few/month 710 (19.79) 209 (20.29)A 48 (16.72)2 207 (20.82)* 38 (20.00)2 181 (19.87)A 27 (15.342
A few/year 56 (1.56) 4(1.36 7 (2.44)2 51517 1(0.532 8(1.98A 1(0.57)2
No 1,477 (41.16) 435 (42.23)A 131 (45.64)2 407 (40.95)A 93 (48.95)2 329 (36.11)A 82 (46.59)2
Sleep hours

<5h 81 (2.26) 20 (1.94)A 7 (2.44)2 22 221" 3(1.58) 5 (2.74)A 4 (2.277
5-6h 1,107 (30.85) 299 (29.03)A 96 (33.45)2 293 (29.48)A 60 (31.58) 287 (31.50A 72 (40.91)
7-8h 2,161 (60.23) 634 (61.55)° 167 (58.19)2 612 (61.57)* 121 (63.68)2 534 (58.62)" 93 (52.84)2
9-10h 223 (6.22) 74 (7187 14 (4.88)2 62 (6.24)% 5 (2.63)2 61 (6.70* 7 (3.98)2
>10h 16 (0.45) 3(0.29A 3 (1.05)2 5(0.50” 1(0.53)2 4(0.447 0(0.00)
Work hours

| don’t work 361 (10.06) 142 (13.797 10 (3.48)2 115 (11.57)AB 1(0.53)2 90 (9.88)B 3(1.7012
<8 585 (16.30) 167 (16.21)7 1(10.80)2 202 (20.32)A 16 (8.42)2 154 (16.90)A 15 (8.52)
8 1,271 (35.42) 429 (41.65)A 88 (30.66)2 341 (34.31)8 65 (34.21)2 300 (32.93)8 48 (27.27)2
9-10 877 (24.44) 188 (18.25)B 99 (34.49)2 238 (23.94)°B 70 (36.84)2 205 (24.70)A 57 (32.39)2
11-12 354 (9.87) 79 (7.67A 7 (12.89)2 75 (7.55)A 27 (14.21)8 98 (10.76) 38 (21.59)2
124 140 (3.90) 25 (2,43~ 22 (7.67)2 23 (2.31A 11 (5.79)2 44 (4.83° 15 (8.52)2
Daily cigarettes intake

No 2,848 (79.37) 848 (82.33)A 203 (70.73)2 798 (80.28)A 130 (68.42)2 740 (81.23A 129 (73.302
<5 280 (7.80) 81(7.86/* 32 (11.15)2 65 (6.54)" 3 (6.84) 78 (8.56)" 11 (6.2572
5-10 250 (6.97) 65 (6.31A 18 (6.27)2 74 (7448 7 (8.95)2 57 (6.26)* 19 (10.80)2
11-20 174 (4.85) 32 @11 29 (10.10)2 46 (4.63)* 6 (8.42) (3.84A 16 (9.09)2
20+ 36 (1.00) 4(0.39)A 5(1.74)7 11 (111A 4(7.37)2 10117 1(0.57)2
Alcohol consumption

VYes 2,254 (62.82) 632 (61.36)" 230 (80.14)2 556 (55.94)B 135 (71.05)2 575 (63.12)~ 126 (71.59)2
No 1,334 (37.18) 308 (38.64)°8 57 (19.86)2 438 (44.06)" 55 (28.95) 336 (36.88)8 50 (28.41)2
Weekly alcohol intake*

Beer (bottle 500 ml) 1.58 + 2.80 0.65" + 1.53 2.212 +3.03 0.438 +1.29 2,902 4+ 4.77 0.69% + 1.62 2.802 + 4.80
Wine (glass 175ml) 1.06 + 2.38 1.20A +2.21 1122 +2.64 1.13A +£2.26 11580 4+ 3,12 1.06A +2.18 0.57° + 1.40
Vodka (glass 50 ml) 1.20+2.93 0.58" + 2.09 2.602 + 4.84 0.31B +1.31 1.52° +3.93 0.53A + 1.74 1.30° +2.55
Daily coffeecups intake

No 608 (16.95) 169 (16.41)~ 51 (17.77)8 182 (18.314 27 (14.21)2 153 (16.79~ 26 (14.77)2
Occasionally 281 (7.83) 82 (7.96)* 25 (8.71)2 73 (7.34° 13 (6.84)2 71 (7.797 17 (9.66)2
1 814 (22.69) 253 (24.56)" 52 (18.12)2 217 (21.83)4 29 (15.26) 216 (23.71)A 47 (26.70)2
2-3 1,603 (44.68) 466 (45.24)° 121 (42.16)2 35 (43.76)" 86 (45.26)2 3 (46.43)° 72 (40.91)
4-5 236 (6.58) 56 (5.44)°B 32 (11.15)2 70 (7.04)% 30 (15.79)2 34 (3.73)B 14 (7.952
5+ 46 (1.28) 4(0.397 6 (2.09)2 7 (1T 5 (2.63)2 4(1.54° 0 (0.00)2

ABCValues with different letters in the same row are significantly different at p < 0.05 in the female group (Kruskal-Wallis test). abe\iajues with different letters in the same row are
significantly different at p < 0.05 in the male group (Kruskal-Wallis test).
*Amount of alcohol per portion.
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the study and collecting personal data. The analyzed data did
not contain any information that could reveal the identity of
the participants.

The manuscript was written following the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines for cross-sectional studies (40).

Statistical Analysis

The obtained results were analyzed using Statistica 13.3 software
(StatSoft, Inc., Tulsa, OK, United States). Categorical variables
were presented as numbers and percentages, or as mean =+
standard deviation if numerical. The normal distribution of
numerical data was verified using the Shapiro-Wilk test. The
average values from the same gender within different countries
were compared using the Kruskal-Wallis test. The association
between the analyzed behaviors and the inhabited country was
determined using the Pearson Chi-Square test of independence.
The strength of association was analyzed by calculating Cramer’s
V value (41). In order to indicate predictors affecting a single DS
purchase cost, a generalized linear regression model analysis was
performed (GRM). Significance was set at p < 0.05. The random
allocation of participants was performed using the Mersenne
Twister algorithm.

RESULTS

A total of 2,935 women and 653 men participated in the study
(Table 1). Most of the participants were from Poland (36.71%).
The percentage of women was higher compared to men for each
analyzed country.

Most DS users were in the 18-30 and 31-45-year age group,
and the average age of the participants was 32.08 + 8.04
years. Women and men from Poland were characterized by a
significantly lower age than the participants of other countries.
The analysis of BMI revealed that the highest percentage of
respondents (56.98%, n = 2,044) had a correct body weight, while
39.19% (n = 1,406) of participants had an excessive body weight,
of which 14.13% (n = 507) were obese and 25.06% (n = 899) were
overweight. The Polish women had a statistically significantly
lower body weight and BMI than the German and British
women. A similar trend was observed for the men group. The
data presented in Table 1 proved that most of the participants
were from medium-sized (with 201.000-500.000 people) or large
cities (with >500.000 people). The largest agglomerations were
mostly inhabited by Polish and British than German DS users.
Improvement of wellbeing (49.44%, n = 177) and health (43.56%,
n = 1,563) were the primary purposes of supplementation, while
only 1.48% (n = 53) of the study group declared that they used
DS for maintaining the current health state. Table 2 presents the
results of the analysis of lifestyle behaviors in the study group.

Analysis of selected lifestyle elements was also carried out. No
significant differences in gender and country of residence were
observed among participants in terms of playing a sport. Among
DS users who were involved in sports training (54.54%, n =
1,957), the largest percentage declared recreational level (28.51%,
n = 1,023). Additional PA was rarely performed (<1 time a
week, 29.32%), or the frequency was average (2-3 times a week,

30.29%). The responses showed that the number of sleep hours
and sleep problems did not differ among the participants. Most
participants (60.23%, n = 2,161) indicated that they slept 7-8 h
a day and did not declare sleep problems (41.16%, n = 1,477).
The analysis of differences with respect to country revealed no
statistically significant differences in cigarette smoking and daily
coffee intake among participants. On the other hand, significant
differences were observed for alcohol consumption. In the group
of women, the largest percentage of abstainers (44.06%, n =
438) were from Germany, who also consumed a significantly less
amount of beer and vodka than their counterparts. Similarly,
British male participants consumed significantly less wine and
vodka than Poles and Germans. Compared to British and
German participants, Polish men and women consumed the most
considerable amounts of high-percent alcohol. Table 3 shows
eating habits of the study group.

Among dietary factors, significant differences were observed
in the number of meals consumed during the day. The DS users
from Poland consumed statistically significantly more number
of meals than others. Furthermore, participants from Germany
and the United Kingdom more often consumed snacks every day.
Fruit and vegetables were most often consumed a few times a
week (34.67%, n = 1,244). Similarly, whole grain (37.76%, n =
1,355), dairy (39.99%, n = 1,435), eggs (49.67%, n=1782), and
meat (51.45%, n = 1,846). Avocado (34.56%, n = 1,240), legumes
(36.62%, n = 1,314), fish (56.44%, n = 2,025), nuts (38.55%, n =
1,383), and fermented food (43.16%, n = 1,547) were consumed
only a few times a month. The Kruskal-Wallis test revealed
single statistically significant differences within the study group
for the consumption of whole grain, dairy, eggs, and nuts. Table 4
presents the results of the analysis of health behaviors in the
study group.

The results indicated that most of the DS users did not have
any diagnosed chronic disease, while the remaining suffered from
hypothyroidism (8.39%, n = 309) or anemia (2.81%, n = 101).
The amount and type of medications used by these participants
corresponded with these diagnosed conditions. A considerable
number of participants declared frequent occurrence (a few times
a week) of gastrointestinal problems (28.29%, n = 1,015) and
concentration disorders (29.15%, n = 1,046), while headaches
(40.61%, n = 1,457), and muscle tremors (29.40%, n = 1,055)
were reported slightly less frequently (a few times a month).
Immune disorders were relatively rare (39.13% (n = 1,404) did
not have them in the last year), and the frequency of antibiotic
use was also very less. The most frequently reported skin, hair,
and nail conditions were, respectively, dry/rough (48.08%, n =
1,725), loss (55.21%, n = 1,981), and fragile/brittle (40.38%, n =
1,449). Regarding health characteristics, the men group was more
homogeneous than females.

Table 5 presents the association between the analyzed
behaviors and the country of residence in the study group.

In consonance with the Pearson Chi-Square test requirement
for independence, in at least 80% of cells, the expected value
should be 5 or greater (42). Accordingly, medicaments and
diagnosed diseases were excluded from the analysis.

The strength of association between variables was determined
through Cramer’s V tests. The values of V can range from 0 to
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TABLE 3 | Eating habits of the study group.

Overall (%) All participants Poland (n = 1,317) Germany (n = 1,184) United Kingdom (n = 1,087)
Female Male Female Male Female Male

n = 3,588 1,030 (78.21)8 287 (21.7972 994 (83.95)A 190 (16.05)° 911 (83.81)A 176 (16.19)°
Meal frequency
1-2 530 (14.77) 74 (7.18)B 35 (12.20)° 253 (25.45)A 49 (25.79) 95 (10.43)B 24 (13.64)20
3 1,570 (43.76) 374 (36.31)B 123 (42.86)2 473 (47 .59 90 (47.372 434 (47.64)A 76 (43.18)2
4 1,030 (28.71) 383 (37.18)A 81 (28.22)% 201 (20.22)8 34 (17.89)° 271 (29.75)° 60 (34.092
5 438 (12.21) 194 (18.83* 43 (14.98) 63 (6.34)8 14 (7.37)2 108 (11.86)8 16 (9.092
>6 20 (0.51) 5 (0.49/* 5(1.74) 4 (0.400* 3(1.58)2 3(0.33)A 0(0.00)
Snacks between meals
Daily 1,277 (35.59) 329 (31.94)8 68 (23.96)° 407 (40.95)A 50 (26.32)° 346 (37.98)A 77 (43.75)2
A few/weeks 1,115 (31.08) 343 (33.03)* 96 (33.45)% 294 (29.58)A 70 (36.84)2 273 (29.97)A 39 (22.16)°
A few/months 345 (9.62) 117 (11.36)~ 32 (11.15)2 83 (8.35 14 (7.37)2 86 (9.44 13(7.397
A few/years 21 (0.59) 4 (0.39 0 (0.00)2 1(111)A 0(0.53)2 4(0.447 0(0.57)2
No 830 (23.13) 237 (23.01)A 91 (31.71) 199 (20.02 55 (28.952 202 (22.17)A 46 (26.14)2
Fruits and vegetables
| don’t eat 36 (1.00) 4(0.39* 3 (1.05)2 11 (1.11° 7(3.68)2 8 (0.88)* 3(1.702
A few/months 285 (7.94) 87 (8.45)A 42 (14.63) 69 (6.94)A 32 (16.84)2 46 (5.05 9(5.11)
A few/weeks 1,244 (34.67) 380 (36.89)* 112 (39.02)2 340 (34.21)"B 76 (40.00) 277 (30.41)B 59 (33.52)
1x/days 1,093 (30.46) 281 (27.28)B 74 (25.78) 376 (37.83)* 47 (24.74) 261 (28.65)8 54 (30.68)
A few/days 930 (25.92) 278 (26.99)B 56 (19.51)% 198 (19.92)¢ 28 (14.74)° 319 (35.02A 52 (28.98)
Avocado
Daily 67 (1.87) 5 (0.49 2(0.70)2 17 (1,717 3(1.58)2 38 (4.17° 2 (1.14)2
A few/weeks 470 (13.10) 85 (8.25)B 16 (5.57)2 137 (13.78)B 1(5.79)2 198 (21.73A 23 (13.07)
A few/months 1,240 (34.56) 326 (31.65)8 74 (25.78)2 366 (36.82)°8 54 (28.42)2 370 (40.61)A 50 (28.41)2
A few/years 782 (21.79) 282 (27.38)A 87 (30.31)2 215 (21.63)A 36 (18.95)° 128 (14.05)B 34 (19.32)°
No 1,029 (28.60) 332 (32.23)A 108 (37.63)2 259 (26.06)B 86 (45.26) 177 (19.43)° 67 (38.07)2
Legumes
Daily 80 (2.23) 8 (2.72)A 4(1.39)2 12 (1.21)° 5 (2.63)2 29 (3.18A 2(1.14)
A few/weeks 527 (14.69) 127 (12.33)B 35 (12.20) 137 (13.78)"B 24 (12.63) 174 (19.10A 30 (17.05)
A few/months 1,314 (36.62) 351 (34.08)8 108 (37.63)2 402 (40.44)A 70(36.842 322 (35.35/"B 61 (34.66)
A few/years 980 (27.31) 324 (31.46)~ 80 (27.87)2 262 (26.36)"B 45 (23.68) 216 (23.71)B 53 (30.11)2
No 687 (19.15) 200 (19.42)A 60 (20.91)2 181 (18.21° 46 (24.21)2 170 (18.66)* 30 (17.05)
Whole grain
Daily 889 (24.78) 266 (25.83)A 63 (21.957 249 (25.05)* 54 (28.42) 215 (23.60)A 42 (23.86)
A few/weeks 1,355 (37.76) 378 (36.70)* 97 (33.80)2 390 (39.24)A 65 (34.21)2 360 (39.52)A 65 (36.93)
A few/months 907 (25.28) 276 (26.80)A 78 (27.18)2 240 (24.14)A 42 (22.11)2 228 (25.03)A 43 (24.43)2
A few/years 273 (7.61) (7 B7)” 28 (9.76) (7 04)A 13 (6.84)2 (7 357 16 (9.09)2
No 164 (4.57) 1(3.01)A 21 (7.32) 5 (4.53)A 16 (8.42)2 1 (4.50A 10 (5.68)2
Dairy
Daily 1,400 (39.02) 381 (36.99)8 93 (32.40)2 449 (4517 3 (33.16) 339 (37.21)8 75 (42.61)2
A few/weeks 1,435 (39.99) 434 (42147 129 (44.95)2 372 (37.42° 9 (46.84)2 341 (37.43)A 0(39.77)2
A few/months 504 (14.05) 150 (14.56)* 50 (17.42) 107 (10.76A 26 (13.68) 148 (16.25)A 23 (13.07)2
A few/years 51 (1.42) 1(1.07A° 3 (1.05) 5(1.51)A 6(3.16)2 5(1.65)7 1(0.57)2
No 198 (5.52) 54 (5.24)A 12 (4.18)2 51 (5.13)A 6(3.16) 68 (7.46)7 7 (3.98)2
Eggs (two pieces)
Daily 269 (7.50) 69 (6.70A 22 (7.67)2 51 (5.13A 8 (4.21)2 99 (10.87)A 20 (11.36)
A few/weeks 1,782 (49.67) 530 (51.46)A 153 (53.31)2 443 (44.57)A 89 (46.84)2 467 (51.26)A 100 (56.82)2
A few/months 1,230 (34.28) 360 (34.95)A 102 (35.54)2 393 (39.54)A 71 (37.37)2 258 (28.32)8 46 (26.14)
A few/years 140 (3.90) 2 (3.11)° 6 (2.09) 2 (6.24)A 13 (6.48)7 3 (2.52)A 4 (2.27)2
No 167 (4.65) (3 794 4(1.39)2 (4 53A 9 (4.74) (7 03 6 (3.41)2
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TABLE 3 | Continued

Overall (%) All participants Poland (n = 1,317)

Germany (n = 1,184) United Kingdom (n = 1,087)

Female Male Female Male Female Male
Fish
Daily 17 (0.47) 3(0.29* 1(0.35)2 6 (0.60/* 1(0.53)2 6 (0.66) 0 (0.00)2
A few/weeks 503 (14.02) 93 (9.03)8 25 (8.71) 154 (15.49)A 24 (12.63) 180 (19.76)A 27 (15.34)2
A few/months 2,025 (56.44) 607 (58.93)* 171 (61.67) 534 (53.72)A 110 (57.89)2 495 (54.34)A 102 (57.95)
A few/years 648 (18.06) 238 (23.11)A 56 (19.51)2 177 (17.81)A8 30 (15.79) 114 (12.51)B 33 (18.75)
No 395 (11.01) 89 (8.64) 28 (9.76)2 123 (12.37)A 25 (13.16)2 116 (12.73A 14 (7.95)2
Meat
Daily 790 (22.02) 202 (19.61)A 125 (43.55)2 118 (11.87)8 63 (33.16)° 196 (21.51A 86 (48.86)
A few/weeks 1,846 (51.45) 558 (54.17) 119 (41.46)2 532 (53.52)A 95 (50.002 473 (51.92A 69 (39.20)
A few/months 510 (14.21) 142 <13.79)B 25 (8.71) 206 (20.72)A 14 (7.37)2 111 (12.18)8 12 (6.82)2
A few/years 80 (2.23) 9 (1.84 4(1.39)2 32 (3.224 5(2.63)2 9 (2.09A 1(0.57)
No 362 (10.09) 109 (10.58)A 14 (4.88) 106 (10.66)A 13 (6.84) 112 (12.29A 8 (4.55)2
Nuts
Daily 174 (4.85) 34 (3.30" 15 (5.23) 59 (5.94 9 (4.7472 51 (5.60/* 6 (3.41)
A few/weeks 615 (17.14) 151 (14.66)* 45 (15.68) 166 (16.70A 25 (13.16) 188 (20.64)A 40 (22.73)
A few/months 1,383 (38.55) 411 (39.90A 102 (35.54) 389 (39.13)A 70(36.842 347 (38.09" 64 (36.36)
A few/years 894 (24.92) 275 (26.70)* 76 (26.48)2 251 (25.25)A 45 (23.682 207 (22.72A 40 (22.73)2
No 522 (14.55) 159 (15.44)A 49 (17.09)2 129 (12.98)A 41 (21.58) 118 (12.95A 26 (14.77)
Fermented food
Daily 55 (1.53) 2(1.47A 2(0.7012 24 (2.414 5(2.63)2 1(1.21A 1(0.57)
A few/weeks 375 (10.45) 131 (12.72)A 35 (12.20)2 61 (6.14)8 15 (7.89)2 119 (13.06A 14 (7.95)2
A few/months 1,547 (43.16) 532 (51.65)* 148 (51.57) 330 (33.20)8 65 (34.21)> 388 (42.59)° 84 (47.73)%
A few/years 927 (25.84) 257 (24.95)A 71 (24.74)2 305 (30.68)"B 54 (28.42) 197 (21.62)B 43 (24.43)
No 684 (19.06) 98 (9.51)8 31 (10.80)° 274 (27.57)A 51 (26.84) 196 (21.51)A 34 (19.32)%

ABCValues with different letters in the same row are significantly different at p < 0.05 in the female group (Kruskal-Wallis test). @°Values with different letters in the same row are

significantly different at p < 0.05 in the male group (Kruskal-Wallis test).

1. A value of 1 or 0 indicates a strong or lack of a relationship,
respectively, while values <0.3 indicate a weak relationship
between the analyzed variables. The results obtained in this study
showed an association between most of the analyzed behaviors
and the country of residence (p < 0.05), whereas no association
was found for sports training, sport level, sleep problems, sleep
hours, and whole-grain consumption (p > 0.05).

A tendency to invest in DS may indirectly influence the
determination to use supplementation. An average single cost of
a purchased DS in a study group was 15.6 €. In order to indicate
predictors affecting this value, a generalized linear regression
model analysis was performed. The significant (p < 0.05) effects
and their interactions are specified in Table 6. The results indicate
that the cost of single DS purchase variability depends on diverse
factors—related to health characteristics, eating habits, lifestyle or
demographic parameters.

The SS-test for the presented complete model in relation to SS-
test for the residues indicates that the model describes medium-
well the dependent variable, as it is evidenced by a value of the
determination coefficient. The R? of 0.518 indicates that 51.8%
of the variance of the dependent variable cost is explained by
this model. Therefore, the remaining 48.2% of the variation is
explained by other unidentified factors.

DISCUSSION

A rapid increase in the use of DS in recent years prompted
us to compare selected health-related behaviors in DS users.
Furthermore, only a few studies have been conducted so far
among DS users from different nationalities (34-37). Thus,
the present study is the first to provide detailed information
on personalized DS users from Poland, Germany, and the
United Kingdom.

Several research teams have compared the users and non-
users of DS (5, 23, 24, 43-48). In terms of gender, the results
obtained in this study are consistent with most scientific reports,
in which it has been shown that DS are more often used
by women. Some reports (5, 24, 44, 45, 49) suggest women
predominance in the range of 5-10 percentage points, while
other studies (22, 23, 34, 47, 49), including ours, indicate more
significant gender discrepancy. Few studies have shown more
frequent consumption of DS by men (47). The average age of
the participants in the present study was 32.08 =+ 8.04 years, and
the largest percentage of DS users were in the age group of 18-
30 years (49.55%). The obtained values are lower compared to
those presented in most of the earlier studies. This may be due
to the fact that in our study, the purchase of DS was mainly via
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TABLE 4 | Health characteristics of the study group.

Overall (%)

All participants

Poland (n = 1,317)

Germany (n = 1,184)

United Kingdom (n = 1,087)

Female Male Female Male Female Male

n = 3,588 1,030 (78.21)8 287 (21.792 994 (83.95)A 190 (16.05)° 911 (83.81)A 176 (16.19)°
Diagnosed disease
No 2,394 (66.72) 637 (61.84)8 201 (70.03)2 653 (65.69)"8 135 (71.052 633 (69.48)" 135 (76.70)2
Anemia 101 (2.81) 26 (2.52)~ 1(0.357 30 (3.024 2 (1.05)2 42 (4.614° 0 (0.00)
Atherosclerosis 4(0.11) 3(0.29 0 (0.002 1(0.104 0 (0.00)2 0 (0.00)A 0(0.002
Diabetes 23 (0.64) 5 (0.49° 2(0.7012 9 (0.91° 2(1.05)2 3(0.33° 2 (1.14)2
Hypertension 59 (1.64) 10 (0.97)A 12 (4.182 13 (1.31)° 13 (6.84)2 6 (0.66)* 5(2.84)2
Hyperthyroidism 10 (0.28) 3(0.29 0 (0.00) 3(0.30* 1(0.532 3(0.33)A 0(0.00)2
Hypothyroidism 301 (8.39) 118 (11.46° 5(1.74)32 103 (10.36)"8 8 (4.21)2 65 (7.14)8 2(1.1432
Liver disease 15 (0.42) 1(0.10A 4 (1.39)2 0 (0.00/* 421172 4(0.447 2(1.14p2
Osteoporosis 7 (0.20) 1(0.10A 2 (0.7012 2 (0.20* 0(0.00)2 2 (0.22~ 0(0.00)2
Rheumatism 30 (0.84) 1(1.07° 1(0.357 10 (1.01)° 1(0.53 6 (0.66)* 1(0.577
Other 644 (17.95) 215 (20.87)A 59 (20.56)2 170 (17.10/ 24 (12.632 147 (16.14)A 29 (16.48)2
Bowel disease
No 3,227 (89.94) 903 (87.67)A 262 (91.29)2 905 (91.05)A 177 (93.16) 812 (89.13)A 168 (95.45)2
Coeliac disease 24 (0.67) 7 (0.68* 2(0.7012 10 (1.01A 0 (0.00) 5 (0.55 0 (0.00)
Crohn’s disease 15 (0.42) 3(0.29 0 (0.00)2 8 (0.80)* 0(0.00)2 4(0.44)A 0(0.00)2
Intestinal ulcers 21(0.59) 4(0.39A 2(0.7012 4 (0.400° 2(1.05)2 5 (0.55)A 4 (2.27)2
SIBO/IBS 128 (3.57) 46 (4.47° 9(3.14)2 10 (1.01)° 2(1.05)2 58 (6.73/* 3(1.7012
Other 173 (4.82) 67 (6.50 12 (4.18)2 57 (5.73* 9 (4.74)2 27 (2.96/* 1(0.57)2
Gastrointestinal problems (flatulence; bloating; rumbling in intestines)
daily 510 (14.21) 153 (14.85)A 43 (14.98) 145 (14.59/ 22 (11.58) 121 (13.28)A 6 (14.77)2
a few/weeks 1,015 (28.29) 301 (29.22)A 73 (25.44)2 282 (28.37)A 55(28.952 261 (28.65)* 3 (24.43)
a few/months 1,004 (27.98) 322 (31.26)A 91 (81.71)2 260 (26.16)A 38 (20.00)° 258 (28.32)A 35 (19.89)°
a few/years 195 (5.43) 58 (5.63)* 19 (6.62)2 43 (4.33° 10 (5.26)2 57 (6.26)* 8 (4.558
No 864 (24.08) 196 (19.03)8 61 (21.25)P° 264 (26.56)A 65 (34.21)2 214 (23.49)"8 64 (36.36)?
Vomit/diarrhea
Daily 31(0.86) 10 (0.97)A 2(0.7012 9 (0.91° 2(1.05)2 7077 1(0.572
a few/weeks 163 (4.54) 42 (4.08)A 13 (4.53)2 54 (5.43* 10 (56.26)2 37 (4.08/* 7 (3.98)2
a few/months 567 (15.80) 173 (16.80 42 (14.63)2 161 (16.20~ 32 (16.84)2 141 (15.84)A 8(10.23)2
a few/years 498 (13.88) 155 (15.05/"8 42 (14.63)2 101 (10.16)8 13 (6.84)2 168 (18.44)~ 9(10.80)2
No 2,329 (64.91) 650 (63.11)A 188 (65.51)2 669 (67.30)* 133 (70.002 558 (61.25)* 131 (74.43)2
Immune disorders (throat infection;sinusitis; flu) in the last years
No 1,404 (39.13) 306 (29.71)¢ 94 (32.75)° 496 (49.90)* 105 (55.26)2 331 (36.33)8 72 (40.91)%
1x/season 1,162 (32.39) 367 (35.63)A 91 (31.71)2 248 (24.95)B 55 (28.95) 337 (36.99A 64 (36.36)
1x/quarter 758 (21.13) 259 (25.15)A 80 (27.87)2 186 (18.71)B 3 (12.11)° 179 (19.65/A8 31 (17.61)%
1x/months 200 (5.57) 8 (7.57 14 (4.88)2 7 (4.737 7 (3.68)2 47 (5.16/A 7 (3.98)2
> 2x/months 64 (1.78) 0 (1.94A 8 (2.79)2 7 (1710 0(0.00)2 17 (1.87)4 2(1.1432
Headaches
Daily 103 (2.87) 30 (2.91° 4 (1.39)2 31(3.1247 421172 27 (2.96/* 7 (3.98)2
a few/weeks 640 (17.84) 189 (18.35 30 (10.45)2 214 (21.53)A 20 (10.53)2 161 (17.67)A 26 (14.77)2
a few/months 1,457 (40.61) 481 (46.70A 88 (30.33)2 394 (39.64)8 52 (27.37)2 3098 (43.69)"8 44 (25.00)
a few/years 415 (11.57) 128 (12.43A 47 (16.38) 97 9.76 22 (11.58) 100 (10.98)A 21 (11.93)2
No 973 (27.12) 202 (19.61)B 118 (41.11) 258 (25.96) 92 (48.422 225 (24.70/"B 78 (44.32)2
Concentration problems
Daily 591 (16.47) 170 (16.50/* 54 (18.82)2 153 (15.39)4 19 (10.00)2 166 (18.227 29 (16.48)2
a few/weeks 1,046 (29.15) 323 (31.36)" 85 (29.62)2 285 (28.67) 47 (24.74)2 265 (28.10)A 50 (28.41)2
a few/months 801 (22.32) 242 (23.50)A 54 (18.82)2 235 (23.64)* 39 (20.53)2 206 (22.61)A 25 (14.202
a few/years 121 (3.37) 6 (2.52)A 7 (2.44) 35 (3.52* 6 (3.16) 41 (4.50 6 (3.41)2
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TABLE 4 | Continued

Overall (%)

All participants

Poland (n = 1,317)

Germany (n = 1,184)

United Kingdom (n = 1,087)

Female Male Female Male Female Male
No 1,029 (28.68) 269 (26.12)" 87 (30.31)2 286 (28.77) 79 (41.58)2 242 (26.56)* 66 (37.50)
Muscle tremors
Daily 134 (3.73) 37 (3.59A 17 (5.92) 6 (2.62) 5 (2.63)2 38 (417~ 1(6.25)
a few/weeks 457 (12.74) 140 (13.59 1 (14.29)2 106 (10.66)A 24 (12.63) 123 (13.50 23 (13.07)
a few/months 1,055 (29.40) 364 (35.34)A 89 (31.01)2 259 (26.06)8 40 (21.05) 257 (28.21)B 46 (26.14)
a few/years 464 (12.93) 154 (14.95 5 (15.68)2 103 (10.36)" 9 (10.00) 125 (18.724 18 (10.23)2
No 1,478 (41.19) 335 (32.52)¢ 95 (33.10)° 500 (50.30)* 102 (53.68)° 368 (40.40)8 78 (44.32)%
Skin problems(multiple choice)
No 821 (22.88) 161 (15.63* 105 (36.59)° 192 (19.324 93 (48.95) 185 (20.31)A 85 (48.30)2°
Acne 1,321 (36.82) 425 (41.26)A 72 (25.09)2 379 (38.13)A 37 (19.47)2 379 (41.60)A 9 (16.48)
Discoloration 1,098 (30.60) 424 (41 A7)A 46 (16.03) 257 (25.86)B 19 (10.00)2 321 (35.24)A 1(17.61)
Dry and rough 1,725 (48.08) 571 (55.44)A 110 (38.33) 524 (52.72)A 66 (34.74)2 391 (42.92)B 63 (35.80)
Flaking 428 (11.93) 124(12.04)A 45 (15.68)2 119 (11.97)~ 23 (12.11)2 87 (9.55/A 0 (17.05)2
Perleche 312 (8.70) 111 (10.78)A 28 (9.76)2 105 (10.56)A 7 (3.68)2 52 (5.71)8 9(5.11)
Slow wound healing 504 (14.05) 163 (15.83)* 17 (5.922 147 (14.7947 14 (7.37)2 146 (1 6.03)A 17 (9.66)2
Keratosis 474 (13.21) 140 (13.59/"8 47 (16.38)2 184 (18.51)A 14 (7.37)2 8 (8.56)8 11 (6.257
Other 422 (11.76) 104 (10.10 21 (7.32)2 130 (13.08)A 18 (9.47)2 136 (14.93)A 13 (7.3972
Hair problems (multiple choice)
No 1,082 (30.16) 211 (20.49)B 167 (58.19)2 284 (28.57)* 111 (58.4272 210 (23.05)"8 9 (56.25)
Dandruff 642 (17.89) 194 (18.83* 41 (14.292 190 (19.11)A 23 (12.11)2 169 (18.55)A 5 (14.20)
Dry and brittle 1,641 (45.74) 568 (55.15)* 32 (11.152 511 (51.41)° 26 (13.68)2 485 (53.24)A 9(10.80)2
Loss 1,981 (55.21) 677 (65.73)8 89 (31.01)2 526 (52.92)A 58 (30.53)2 580 (63.67)B 1(28.9872
Matt 1,013 (28.23) 361 (35.05)A 25 (8.71)2 295 (29.68)A 16 (8.42)2 299 (32.82)A 17 (9.66)2
Other 337 (9.39) 94 (9.13 19 (6.62)2 103 (10.36 14 (7.37)2 92 (10.10A 15 (8.52)2
Nail problems (multiple choice)
No 1,700 (47.38) 393 (38.16)A 214 (74.56)2 476 (47.89)8 146 (76.84)2 349 (38.31)A 122 (69.32)2
Fragile and brittle 1,449 (40.38) 549 (53.30)A 45 (15.68)7 371 (37.32)8 25 (13.16) 433 (47.53)A 6 (14.77)
Grow slowly 520 (14.49) 155 (15.05/ 6 (2.09)2 168 (16.90)A 11 (5.7972 172 (18.88)~ (4 55)2
Inflammations 122 (3.40) 20 (1.94A 8 (2.792 49 (4.937 7(3.68)2 32 (3.514 6 (3.41)2
Splitting 1,066 (29.71) 343 (33.30A 27 (9.41)2 314 (31.59)* 17 (8.952 343 (37.65)A 22 (12.50)
White spots 562 (15.66) 0 (16.50 27 (9.41)2 154 (15.49° 13 (6.84)2 0(18.66)* 8 (15.91)
Other 148 (4.12) 26 (2.52)A 12 (4.18) 51 (5.13A 7 (3.68)2 40 (4.39/ 12 (6.82)
Medicaments (multiple choice)
No 2,443 (68.09) 636 (61.75)8 227 (79.09)2 650 (65.39)"8 147 (77.372 643 (70.58)* 140 (79.54)2
Anticancer 5(0.14) 0 (0.00 0 (0.00) 4 (0.40° 0 (0.00)2 1(0.11)A 0 (0.00)
Antiepileptic 10 (0.28) 5 (0.49/* 0 (0.00)2 5 (0.50/* 0 (0.00)2 0 (0.00)A 0 (0.00)
Contraceptives 367 (10.23) 135 (13.11)A 0 (0.00)2 128 (12.88)A 0 (0.00)2 104 (11.424 0 (0.00)
Diuretics 6 (0.45) 7 (0.68A 4 (1.39)2 5 (0.50)* 0 (0.00)2 0 (0.00) 0 (0.00
For stomach acidity 62 (1.73) 17 (1.65)A 7 (2.44) 18 (1.81)° 5 (2.63)2 9 (0.99 6 (3.41)2
Metformin 42 (1.17) 23 (2.23A 1(0.3572 9 (0.91° 2 (1.05)2 5(0.55/* 2 (1,142
Salicylates 8(0.22) 3(0.29 1(0.357 3(0.30* 0 (0.00)2 1(0.11)A 0(0.002
Steroids 40 (1.11) 20 (1.94)A 4 (1.39)2 4 (0.400° 3(1.58)2 6 (0.66)* 3(1.70
Chelation therapy 1(0.03) 0 (0.00/* 0 (0.002 1(0.10A 0 (0.00)2 0 (0.00)A 0(0.002
Other 773 (21.54) 254 (24.66)* 51 (17.77) 231 (23.24)A 35 (18.42)7 175 (19.21)4 27 (15.34)
Antibiotics in the last 4 years
No 1,306 (36.40) 285 (27.67)B 92 (32.06)° 367 (36.92)A 93 (48.95) 373 (40.94)A 96 (54.55)
1-2x 1,434 (39.97) 441 (42.82)7 117 (40.77)2 390 (39.24)A 75 (39.47)2 354 (38.86)* 57 (32.39)
3-4x 575 (16.03) 199 (19.324 47 (16.38)7 158 (15.90)A 13 (6.84)2 139 (15.26)* 19 (10.80)2
5+ 273 (7.61) 105 (10.19A 31 (10.80)2 79 (7.95° 9 (4.74) 45 (4.49 4(2.27)

ABCValues with different letters in the same row are significantly different at p < 0.05 in the female group (Kruskal-Wallis test). @°Values with different letters in the same row are

significantly different at p < 0.05 in the male group (Kruskal-Wallis test).
SIBO, small intestinal bacterial overgrowth; IBS, irritable bowel syndrome.
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TABLE 5 | Association between the analyzed behaviors and the country of
residence in the study group.

TABLE 6 | Generalized linear regression model (GRM) for an average cost of a
purchased DS.

Variables Pearson p-Value Cramer’s V value
Chi-Square(X?)
BMI 34.22 0.00001 0.07
City population 291.82 0.00000 0.20
Supplementation purpose 57.46 0.00000 0.09
Activity level 55.09 0.00000 0.09
Training sport 2.43 0.29668 0.26
Sport level 11.16 0.08325 0.04
Sleep problems 12.75 0.12073 0.04
Sleep hours 6.67 0.57218 0.03
Work hours 46.91 0.00000 0.08
Daily cigarettes intake 29.06 0.00031 0.06
Alcohol consumption 156.28 0.00048 0.07
Daily coffeeintake 23.78 0.00250 0.06
Meals amount 281.88 0.00000 0.20
Snacks between meals 37.33 0.00001 0.10
Fruits and vegetables 96.90 0.00000 0.12
Avocado 189.85 0.00000 0.16
Legumes 38.42 0.00001 0.07
Whole grain 7.99 0.43438 0.33
Dairy 30.64 0.00016 0.07
Eggs 97.01 0.00000 0.12
Fish 83.87 0.00000 0.11
Meat 70.33 0.00000 0.10
Nuts 26.32 0.00093 0.06
Fermented food 206.69 0.00000 0.17
Bowel disease 58.84 0.00000 0.09
Gastrointestinal problems 32.15 0.00009 0.07
Vomit/diarrhea 31.93 0.00010 0.07
Immune disorders 124.93 0.00000 0.13
Headaches 21.76 0.00539 0.06
Concentration problems 16.76 0.03270 0.05
Muscle tremors 90.77 0.00000 0.11
Skin problems 51.88 0.00001 0.09
Hair problem 39.53 0.00002 0.07
Nail problem 107.64 0.00000 0.12
Antibiotics 76.44 0.00000 0.10

BMI, body mass index.

the Internet, which is more often practiced by young people (50—
52). A relationship between the use of DS and the correct BMI
has been demonstrated in previous studies (5, 22, 23, 43, 49).
Our study showed a normal BMI in most of the participants.
However, significant differences were observed in terms of gender
and country of residence. The average BMI of men and women
from Germany indicated overweight (BMI > 25 kg/m?). Similar
results have been reported for DS users from Greece (30) and
Belgium (31). It is worth emphasizing that in this study the DS
users group included a low percentage of obese people (14.13%),
compared to domestic populations, as around 24% in Poland (53)
or Germany (54) and 28% in the United Kingdom are obese (55).

Variables SS df MS F-Value p-Value
Antibiotics 1.25 3 125 5.94 0.01482
Avocado 3.79 4 0.95 4.50 0.00127
City population (thous.) 3.80 4 0.63 3.00 0.00628
Concentration problems 2.52 4 0.63 2.99 0.01784
Diagnosed disease 2.88 10 2.88 13.68 0.00022
Fermented food 4.43 4 111 5.26 0.00032
Fish 3.12 4 0.78 3.70 0.00520
Immune disorders 2.27 4 057 2.69 0.02946
Medicaments 567.62 10 567.62  2,694.40 0.00000
Muscle tremors 1.38 4 1.38 6.57 0.01044
Snacks between meals 1.36 4 1.36 6.45 0.01112
Work hours 2.63 5 0.53 2.50 0.02899

SS-test results for the full Multiple R Multiple R?
model

Adjusted R? p-Value

0.71999 0.51838  0.51008 0.00000

SS, sum of squares; MS, mean square; df, degrees of freedom; R, correlation coefficient;
R2, coefficient of determination.

The results of our investigation showed that the main
purposes for DS use are improvement of health and wellbeing.
Previous studies have shown that the most frequently reported
reasons for DS use are “solving or overcoming health
problems”(22), “health” (43), “injury or illness” (56), or “medical
need/deficiency”(47). These outcomes are in contrast with the
reported overall health. The findings of the present study
indicated that 66.72% of participants were not diagnosed with
any chronic disease. Other studies had also well-documented
that most DS users are characterized by appropriate health
status. Burnett et al. (5) showed a lack of chronic disease
in 91.36% of participants. Similarly, Radwan et al. (47) and
Rontogianni et al. (30) revealed that the majority of DS users
do not suffer from persistent illnesses. On the other hand,
some reports indicated a lower percentage (around 20%) of
healthy adults in the studied population (44, 45). Skin, hair,
and nail problems were the most common in the group
analyzed in the present study. A literature search suggested
that this is the first study to report numerous dermatological
disorders among DS users. Previous studies have shown that
“beauty” or “skin, hair, nails” is one of the primary purposes of
supplementation (14, 22, 25, 43). Taking all these into account,
the results of the present study confirm the expectations that
the global beauty supplement market will reach $7 billion
by 2024 (57). Regarding medications, our results showed that
contraceptives were the most frequently used drug among
the participants (10.23%). As revealed by numerous studies,
the main ingredient of DS that may reduce the effectiveness
of oral contraceptives and increase the risk of breakthrough
bleeding is St. John’s wort (58-60). Therefore, women taking
oral contraceptives should pay attention to the composition of
herbal supplements.
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According to the WHO (61), regular PA (at least five times a
week) can contribute to an improvement in biomedical markers.
Our results showed that only 25.92% of DS users followed regular
PA. The highest percentage of British DS users were involved in
PA for 4-5 times a week, with statistically significant differences
observed among women. Additionally, 10.00% of German men
and 4.94% of British women were active, involving in PA >6
times a week. These results are in line with the study of Kim
etal. (44), who reported that 27.79% of DS users declared a “high”
level of PA. Among Australian adults, 43.00% of DS users met
the national recommendations (5). Similar results were indicated
by Pouchieu et al. (22) (42.50%) and Guo et al. (32) (47.90%).
Another study (33) showed that only 15.30% of male and 21.30%
of female DS users in Japan undertook physical exercise for 3-7
times a week. On the other hand, as much as 57.6% of Belgium
army men declared a high level of PA (31).

The recommended sleep duration for adults is 7 h/day or more
(62). The obtained results proved that more than 60% of DS users
met this recommendation. No statistically significant differences
were observed between participants in terms of country and
gender. Furthermore, most of the participants (61.16%) did not
have any sleep problems. Our results confirmed those reported
by Dickinson et al. (14), who showed that DS users significantly
more often “had a good nights sleep” compared to non-users
(70 vs. 63%). Several studies concerning lifestyle characteristics
have analyzed behaviors such as cigarette smoking, alcohol use,
or coffee consumption among DS users. In the current study,
79.37% of participants declared no smoking (p > 0.05 for country
and gender). This value agrees with most of the previous works,
in which 75.9-88.24% of DS users have been described as ex-
smokers and/or non-smokers (5, 22, 31, 32, 37, 44, 47, 63).
Former studies have indicated a significant, positive association
between alcohol absence and DS use (24, 63, 64). Moreover, the
association with different types of alcohol separately has been
widely investigated. In contrast to beer consumption, a positive
relationship has been found for wine consumption (65, 66).
Scientific reports mention different percentages of abstainers
among DS users. For example, Rautiainen et al. (23) showed
16.4% of the study group were non-drinkers, and Rontogianni
etal. (30) reported 12.21%. On the other hand, Kim et al. (44) and
Guo etal. (32) showed a higher percentage of non-drinkers (41.62
and 40.9%, respectively). Our results demonstrated that 37.18%
were abstainers, of which the largest (p < 0.05) percentage were
German females (44.06%). Few works regarding coffee intake
among DS users have shown an inverse relationship between
supplement use and coffee consumption in the women group
(66). Our research indicated that the highest percentage of DS
users (44.68%) consumed reasonable amounts of coffee (about
2-3 cups a day) in each studied country.

According to previous studies (25, 37), participants practicing
correct dietary habits used DS more often than those who had
not been following a proper diet. The most frequently analyzed
eating habit was the consumption of fruit and vegetables. Some
reports proved that more than 46.00% of DS users eat >5
servings of fruit and vegetables daily (32, 43). Reedy et al.
(45) and Beitz et al. (66) indicated that DS users consumed
adequate portions of fruit and vegetables per days (5.63 and 6.71,

respectively). In contrast, only 7.49% of Australian DS users met
daily guidelines (67) recommending five servings of vegetables
and two servings of fruit (5). Our results revealed that 25.92%
of respondents consumed a sufficient amount of vegetables and
fruit (a few times a days). Significant differences were observed
with respect to gender and country (the most favorable results
were obtained for British DS users). The other plant-based foods
(legumes, nuts, avocado) were most often consumed several
times a months. It is recommended that legumes should be
consumed 2-3 times a week (68) and unsalted nuts should be
consumed four times a week (or 30 g daily) (69). However, our
study showed that only 14.69% (for legumes) and 17.14% (for
nuts) of the participants met these guidelines. Similarly, less
than one-fourth of the study group (24.78%) consumed whole
grain daily, as per the recommendations (70). Animal products
(dairy, eggs, meat) were most often consumed a few times a week
which is also in line with the guidelines (71-73). In contrast, the
frequency of fish consumption by most of the studied DS users
was insufficient (74).

Our results indicated that the number of meals consumed
during the day significantly differed in the study group. Female
DS users from Poland often consumed significantly more
number [4 (37.18%) or 5 (18.83%)] of meals compared to
Germans and British women. On the other hand, no differences
were observed based on nationalities in the group of men.
The largest percentage (over 40.00%) consumed three meals
a day, which is less than the current Polish or German
recommendations (4-5 meals) (75, 76) but in accordance with
the British guidelines (at least three meals) (77).

The study has several strengths. First, the analysis of data
from different countries allowed for a more comprehensive
consideration of dietary supplementation issues. Second,
all participants acquired DS from the same source and
in a similar form. This enabled eliminating variations in
the definition of supplement users, which was an issue
in several previous studies (28, 29, 43, 66). A wide range
of data was analyzed, contributing to a comprehensive
assessment of the most common health behaviors. Furthermore,
this research was conducted by an interdisciplinary team
consisting of dietitians (KL, MM., TS.), biotechnologists
(AK., MC., AP.), and pharmacists (WK.), by applying a
multidimensional approach.

Although further studies on a larger number of participants
are needed, the sample of DS users analyzed in this study is
similar to those investigated in some previous studies on this
topic (5, 30, 31, 48, 49). A limitation of the study is the use of
a self-administered questionnaire, which might cause errors in
data collection. Moreover, the study could not collect detailed
information on the size of food portions, components of applied
supplements, or health measures. However, similar results have
been obtained in several previous works.

CONCLUSIONS

In summary, the obtained results demonstrate that DS users
had a proper health state associated with healthy lifestyle
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behaviors. Most participants were characterized by a correct
BMI, limited smoking and alcohol consumption, a rare
occurrence of diseases, and sufficient sleep. However, the
consumption of fruit and vegetables, nuts, legumes, and fish
was low and meal frequency was inadequate in the study
group. Most of the analyzed behaviors showed an association
with nationality.
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Background: Involving consumers in the development and assessment of
mass media campaigns has been advocated, though research is still lacking.
This study aimed to explore opinions and attitudes of citizens, health
professionals, communication professionals, and digital influencers regarding
the development and implementation of healthy eating promotion mass
media campaigns.

Methods: We conducted five semi-structured focus groups, where
participants were exposed to the first nationwide mass media campaign
promoting healthy eating in Portugal. Through criteria-based purposive
sampling, 19 citizens, five health professionals, two communication
professionals, and four digital influencers were included. Transcripts were
analyzed using Charmaz'’s line-to-line open coding process.

Results: Main identified themes were: considerations about
informative-centered campaigns, health/nutritional issues to address,
campaign formulation, target audiences, dissemination channels, and
influencers’ involvement. Participants favored campaigns focused on
practical, transformative, and useful information with simple, innovative,
activating, and exciting messages instead of strictly informative campaigns.
Health and communication professionals mentioned the importance of
adapting the message and dissemination channels to the target audience,
addressing the most vulnerable and hard-to-reach individuals, and highlighted
the importance of short video format.

Conclusions: Active involvement of the health promotion target audience is
crucial for the development and effectiveness of health campaigns. Campaigns
need to convey health messages on simple though exciting communication
materials, targeted to the most vulnerable subgroups, including deprived, less
educated, younger, and older generations.

KEYWORDS

health promotion, feeding behavior, mass media campaigns, public health, qualitative
research
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Introduction

Dietary risk factors, including low consumption of fruits,
vegetables, and legumes, and high consumption of red
and processed meats, sugar, and salt, are associated with
the development of non-communicable diseases, increasing
disability-adjusted life years (DALYs) and mortality. In Portugal,
unhealthy eating behaviors were responsible for 7.3% of total
DALYs and 11.4% of total deaths in 2019 (1).

Due to the harmful effects of unbalanced diets, improving
dietary habits is a clinical and policy priority, at both individual
and community levels. Individual-level and health care system-
based behavioral change interventions are partly effective (2, 3).
However, policy changes at organizational, community, and
government levels (in addition to individual-based initiatives)
can have a broader, more equitable, and sustainable impact
(4). Population-based strategies for healthy eating promotion
embrace a media and education domain, including mass media
campaigns (4).

Mass media campaigns are being used to increase awareness
about different health issues, such as smoking cessation
(5), physical activity (6), and healthy eating (7, 8). These
interventions may even influence behavior change, as campaigns
promoting the use of healthcare services and lifestyle change
have been effective in influencing the use of health care
interventions (9). Indeed, the World Health Organization
recommends campaigns about healthy diets as a strategy to
prevent and control non-communicable diseases (10).

In general, to increase the relevance and quality of
health care and research, “consumers” involvement is strongly
recommended (11, 12). However, little attention has been
paid to the potential contributions from diverse groups of
stakeholders, such as citizens and health professionals, to
the development and evaluation of health campaigns (13),
especially regarding healthy eating promotion campaigns.
Thus, this study aimed to explore opinions and attitudes of
citizens, health professionals, communication professionals, and
digital influencers regarding the development of healthy eating
promotion mass media campaigns.

Methods
Design

This study followed a qualitative design. Data were collected
by semi-structured focus groups (FG). Five FG were conducted:
three with citizens, one with health professionals and health
communication professionals, and one with digital influencers.
The FG aimed to understand the perceptions about health
promotion campaigns and how to develop effective healthy
eating promotion mass media campaigns while discussing the
specific case of the “Eat Better” campaign, developed by the
Portuguese Directorate General of Health.
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The COnsolidated criteria for REporting Qualitative
research (COREQ) guidelines were followed (14).

The “Eat Better” campaign

The “Eat Better” campaign (15) was the first governmental
initiative promoting healthy eating at the national level,
created and implemented by the National Programme for the
Promotion of Healthy Eating, of the Portuguese Directorate-
General of Health. Dissemination occurred between November
and December 2019. The development, dissemination, and
evaluation of the campaign were completely independent,
financed by public funds, without the involvement of the
food industry and conflicts of interest. The target audience
was people living in Portugal aged between 18 and 65 years,
with special attention to younger adults as they are at higher
risk for low consumption of fruit, vegetables, and legumes,
and high consumption of sugary drinks. It was a multi-
platform initiative, disseminated on television, radio, social
media (through digital influencers), advertising outdoors, public
transport, and regional media.

The general aims of the campaign were to: (a) raise
awareness of the importance of healthy eating, focusing on
health gains from small changes in diet, (b) increase motivation
for healthy eating, by demonstrating how easy is to implement
small eating changes, and (¢) increase competence, by describing
how the nutritional recommendations can be achieved, focusing
on water, fruits, vegetables, and legumes.

Participants’ inclusion criteria and
recruitment

A purposive, criteria-based sampling approach was used.
The sampling frame included key factors thought to influence
people’s perceptions and enhance group dynamics; for the FG
with citizens, inclusion criteria (aiming heterogeneity) were:
gender, age (between 16 to 34 and 54+ years), educational
level (higher or no higher education), living in different
regions of Portugal (rural and urban settings), and having
being exposed or not to the “Eat Better” campaign; for the
FG with professionals: academic background and professional
activity (medical doctors, nutritionists, psychologists, nurses,
and professionals working in health communication and mass
media campaigns); and for the FG with digital influencers:
digital platform presence, health domain (nursing, nutrition),
and having or not been involved in the “Eat Better” campaign.

For the recruitment process, invitations by e-mail were sent
to members of different organized groups of citizens, individuals
who had already participated in other FG (for different research
projects), and acquaintances to members of the research team.
Regarding digital influencers, potential participants (content
creators with >20 thousand followers, addressing topics related
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to healthy eating, physical activity, health, and lifestyle) were
identified by searching on different social media platforms and
were contacted via e-mail. The e-mail contacts included the
informed consent form with general information about the topic
of the FG (not providing the FG script).

Focus groups description

The five FG were carried out between February and April
2020. Two FG were conducted at the Lisbon School of Medicine
campus (with citizens), two at the Portuguese Directorate-
General of Health headquarters (with ®professionals and digital
influencers), and one online via Zoom ~ platform (with citizens)
due to restrictions related to the COVID-19 pandemic, which
allowed participants from different regions of the country to be
included. All FG were audio-recorded and the mean discussion
time was 92 min.

A total of 30 individuals participated in the FG, including
19 citizens, five health professionals, two communication
professionals, and four digital influencers (three nutritionists
and one nurse). The number of participants by FG varied
between four and seven. The characteristics of citizens are
described
professionals and digital influencers in Table 2.

in Table1 and of health and communication

The FG were conducted by a moderator, a male health
psychologist (MSc) with extensive training in qualitative
research, together with a co-moderator (male nutritionist or
female health psychologist, varying with the FG). A note-taker
(female nutritionists) was always present in the room to capture
the main themes discussed, as well as the non-verbal behaviors
of the participants. The FG started with a brief presentation of

10.3389/fpubh.2022.931116

the FG structure and aims. The moderator and co-moderator
conducted the FGs according to semi-structured scripts (which
differed according to the FG participants and considered
previous FG emergent items and dimensions). The final FG
scripts can be found in Supplementary Figure S1. The moderator
disclosed that any of the elements of the research team involved
in the data collection and posterior content analysis were neither
involved in the development nor the implementation of the
“Eat Better” campaign. In each FG, only the participants, the
moderator, the co-moderator, and the note taker were present
in the room.

To introduce the discussion regarding the “Eat Better”
campaign, participants were exposed to the promotional
materials (video, poster, and social media posts) about 20-
30 min after the beginning of the FG.

Data analysis

Audio recordings were fully transcribed by an experienced
researcher and writer (with extensive experience in FG
transcriptions), according to a pre-defined transcription set
of guidelines. The complete set of transcriptions formed the
corpus and was read by two researchers independently to get
familiar with and identify the main dimensions emerging from
the corpus (intuitive reading). For completing the open coding
process, the same authors analyzed the transcripts, line by
line, using a constant comparison approach (between units
of meaning—each participant occurrence—and the complete
corpus: Charmaz’s open coding process) (16). After this
independent coding, the two researchers reached interpretative

TABLE 1 Characteristics of the study participants included in the focus groups with citizens conducted to explore opinions and attitudes regarding

the development of healthy eating promotion mass media campaigns.

Focus group n Age (years), median (range) School years completed, mean Female, % Setting, location
Citizens 1 6 47 (21-63) 17.8 50.0 Face-to-face, Lisbon
Citizens 2 6 31 (16-53) 14.7 50.0 Face-to-face, Lisbon
Citizens 3 7 37 (21-65) 14.3 28.6 Video conference

TABLE 2 Characteristics of the study participants included in the focus groups with health and communication professionals and digital influencers
conducted to explore opinions and attitudes regarding the development of healthy eating promotion mass media campaigns.

Focus Group n  Profession ParticipantID  Female, %  Setting, location
Professionals 1 Medical doctor A 57.1 Face-to-face, Lisbon

1 Biologist specialized in science communication B

1 Specialist in strategic communication applied to science, culture, and art C

2 Nurses D,G

2 Nutritionists E, F
Influencers 3 Nutritionists A,CD 100.0 Face-to-face, Lisbon

1 Nurse B
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consensus (triangulating also with the FG moderator) and built
up the code system (available in the Supplementary Material).
Subsequently, the codes were grouped into themes and
subthemes, according to the similarity between the identified
codes (axial coding), using the constant comparison method.
The relationships between themes were reviewed, by re-reading
the transcripts already analyzed, to compare and develop
new dimensions, from a hermeneutic perspective. Finally, the
relationships between themes and subthemes were examined to
define the central theme of the study and, in turn, to elaborate
a conceptual framework (conceptual coding). The codes and
themes that emerged were reviewed by the FG moderator
and one of the co-moderators, ensuring triangulation in data
interpretation. The analysis was performed in MAXQDA,
version 18.0.

After participants
again and asked to provide additional feedback on the

content analysis, were contacted
findings for validating meaning and the researchers’ analysis

and interpretations.

Human participant compliance statement

The study protocol was reviewed and approved by the
Ethical Committee of the Lisbon Academic Medical Centre
and the study was conducted according to the principles

10.3389/fpubh.2022.931116

of the Declaration of Helsinki (17). Before the FG, all
participants were informed that the sessions would be recorded
for later transcription and that the data analysis would be
carried out in a grouped manner, maintaining anonymity. All
participants were asked to read and sign informed consent
forms. Commuting costs were covered with a 10€ gift card
delivered to each participant.

Results

During the FG, health mass media campaigns and healthy
eating promotion campaigns were discussed. The main themes
derived from the data are described below. Table 3 shows some
of the supporting verbatim related to each main theme and the
full list is presented in Supplementary Table S2.

Considerations about
informative-centered campaigns

Some participants perceived most health mass media
campaigns as impersonal and uninteresting. Campaigns
were recognized, typically, as an ineffective strategy to
promote behavioral changes, as they were considered a mere

information vehicle, lacking narratives evoking emotions.

TABLE 3 Supporting verbatim exemplifying the six main themes emerging from the narratives of the focus groups conducted with citizens, health
and communication professionals, and digital influencers to explore opinions and attitudes regarding the development of healthy eating promotion

mass media campaigns.

Main theme Supporting verbatim

Informative campaigns

“If we are thinking about informative campaigns... mass media, right?..., if this is where we are focusing on... (...) these actions

should be combined with other punctual interventions (...) of more proximity...” [Professionals FG, E; Line/s 252 - 256]

Health/nutritional issues to address

“Making things maybe less. .., that people like less. .., into something pleasant to the palate and the sight, (...) And to associate

with good experiences” [Professionals FG, G; Line/s 1119 - 1122]

Campaign formulation

“What the brand has to say, or the project has to say must be relevant, it has to be exciting, it has to be clear, true, and original.

(...) The quality of the insight is measured by these five elements.” [FG professionals, C; Line/s 1134 - 1161]

“There’s another level that is relevance by identification, which is where the influencers come in... It is the relevance that is

like: <Eh, if Cristiano Ronaldo wears, I also want to wear>>. This is relevance by identification. And the other is relevance by

improvement. That is < What you are saying to me will improve my life>>. What you told me today, I will implement it right

away [?] at breakfast...” [FG professionals, C; Line/s 1136-1140]

“But this is important (...) to simplify the message. This is... I think it is super-important to have an effect. (...) focusing only on

one behavior rather than trying to change everything simultaneously.” [Professionals FG, F; Line/s 243 - 247]

Targeted audiences

“Children will be the vehicle for that information, and it focuses on behavioral change that carries the message to families and,

in some way, is a source of contagion.” [FG professionals, E; Line/s 115 - 117]

Dissemination channels

Influencers” involvement

“I think that television [to reach less urbanized areas] continues to make a lot of sense.” [Citizens FG3, A; Line/s 842 - 842]

“People identify with us; people see themselves in our place and that is what makes them follow our work. Of course (... ), we

take this to promote health and well-being... But thats it..., that is why people identify with us, people... <T've also been in this

position where she’s talking... I also do what she does... So, I also want to eat what she eats>>” [Influencers

FG, C; Line/s 376 - 381]

FG, focus group.
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To overcome this issue, one health professional suggested
that campaigns should be complemented with proximity
interventions (e.g., initiatives in which health professionals,
as well as public figures, from sports or science, would work
out the key messages of the campaigns together with citizens).
Notwithstanding, nutritional (informative content-based)
literacy was understood as an essential element for healthy
eating choices, even though personalized information about
food habits (suited to target audiences) was deemed essential,

due to interindividual differences.

Health/nutritional issues to address

In all FG, participants identified barriers to healthy eating,
such as the unpleasantness associated with some healthy foods
and the emotional connection that influences food choices and
often compromises the adherence to a healthy food pattern.

Participants suggested that healthy eating campaigns should
aim to modify the perception of what is (un)pleasant, for
example, by providing recipes that do not sacrifice the taste or
pleasure associated with food. In parallel, the focus on emotions
and feelings associated with healthy eating behaviors was also
proposed as a key point to promote changes.

Campaign formulation

In the FG with health and communication professionals, it
was highlighted that health campaigns need to communicate
a central message—a message that creates the need to adopt a
different behavior. This message should convey an insight that
is based on at least four out of five key elements: relevance
of the message (to the target audience), truthiness, simplicity,
originality, and excitement.

It was referred that the message can be made relevant
by identification or perceived improvement. The first can be
present when public figures/influencers are involved in the
campaign (which was advocated in all FG). It exists when
the audience identifies themselves with the public figures
(participating in the campaign) that they consciously or
unconsciously want to follow (or even be like). For this to
happen successfully, the message should absorb the acclaimed
characteristics of the public figure, so that the relationship
between both parties is more easily recognized and remembered.
The second is present when the target public identifies a clear
benefit associated with the transmitted message and recognizes
that the promoted behavior can be implemented in their lives.

The insight’s key element of truthiness entails interpreting
statistics and facts to turn them into compelling and emotional
insights that are effective at promoting behavior change, instead
of just presenting them.
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To clearly transmit the campaign’s message, it should be
simple to interpret and practical. Whenever possible, campaigns
should challenge the public with concrete tasks/behaviors,
and eating behavior changes ought to be addressed in a
phased manner, to avoid the feeling of being overwhelmed.
Campaigns should present new information to increase interest
and excitement. The message also needs to be adapted to the
target population, which implies a segmentation of the audience
according to their values and interests.

When discussing communication formats, the use of
storytelling videos conveying individuals was perceived to be the
most effective approach.

The communication strategy should aim to create an
identity over time, making it recognizable by the audience
and perceived as trustworthy, which implies regularity and
coherence in the messages transmitted.

Targeted audiences

Nutritional literacy promotion was believed to be most
effective when targeted to younger audiences, when many habits
are more easily formed, also considering the intergenerational
influence on behavior (from youngsters to adults). Moreover, it
was identified the need for healthy eating campaigns to target
less urbanized areas, as participants perceived that these regions
are underprovided of nutritional literacy programs.

Dissemination channels

Along with other communication channels (e.g., public
transportation, clinic waiting rooms, and university campuses),
television was pointed out as an advantageous channel to
reach less urbanized areas. However, it was noted that
this format is falling into disuse, as the preference and
availability for streaming services or internet entertainment

are increasing.

Influencers' involvement

Influencers’  (e.g., celebrities, digital influencers)
involvement was recognized as a valuable element of a
health campaign, because of their wider audience reach. Digital
influencers’ communication channels (social media platforms)
were regarded as highly personal, promoting identification
and empathy with the source of the information. Nonetheless,
digital influencers were also recognized as responsible for the
dissemination of “eating trends”.

The digital influencers participating in the FG revealed

that they welcome partnerships with public health promotion
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campaigns if the message conveyed is aligned with their
digital influencer professional project. A preference for
active partnerships, where the creator is responsible for the
materials, instead of just sharing a preformatted message,
was also expressed. This was reinforced as essential to the
influencers’ involvement success, as it is a key determinant
for influencers’ followers to ascertain the authenticity of
the message.

Discussion

Our findings contribute to the understanding of how to
develop healthy eating promotion mass media campaigns,
from the perspective of citizens, health and communication
professionals, and digital influencers.

Across the five FG, it was discussed that mass media
health campaigns should be complemented with multi-agent
proximity-based initiatives, address barriers to healthy eating,
and aim to modify the target audience’s perceptions through a
message based on relevance, excitement, simplicity, truthiness,
and originality. Campaigns targeting younger audiences,
investing in dissemination channels that target more difficult-to-
reach segments of the population, and involving familiar faces,
such as digital influencers, were also highlighted.

Information-centered health mass media campaigns were
considered an ineffective strategy to change health behavior.
Although mass media health campaigns are expected to have
small-to-moderate effects on individuals’ health knowledge,
attitudes, and behaviors, by reaching large proportions of a
target population, it could translate into major population
impacts (18). This type of public health strategy has been
effective in improving dietary intake (19). Nevertheless,
success is mainly observed when the campaign is part of
a multicomponent program or comprehensive strategy (20),
where health professionals play an essential role.

Indeed, health professionals (from different areas and
backgrounds) should be part of the development of healthy
eating promotion campaigns, following a participatory approach
(11). Besides being involved in complementary actions in
different contexts, as mentioned (e.g., in schools), health
professionals can help define needs and priorities based on
their clinical/field experience/background and develop more
practical messages and activities to increase the effectiveness of
the behavior change promotion (e.g., by developing recipes as
suggested in the FG).

As a general consideration, health policies should promote
the development of personal values that guide individuals to
the healthiest possible decision-making. For this to happen, the
promoted health behaviors have to be considered relevant for
the short term, which is even more important for young people
[who tend to have less capacity for long-term self-regulation
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(21)]. This can be achieved if campaigns’ messages convey
relevance, excitement, simplicity, truthiness, and originality, as
mentioned by a communication professional in the FG. It was
also stated that messages should be formulated in a simple
language and should make the audience feel challenged, to
improve engagement.

Participants in this study recognized that adherence to a
healthy food pattern is challenging. The main barriers identified
were the unpleasantness often associated with healthy foods
and the emotional connection that influences food choices.
Other barriers have been identified, such as the time needed
to prepare healthy food, the perceived cost of healthy eating,
and social influences (22). When promoting eating behavior
change, it was stressed that a stepped approach is necessary
and that the health campaign should create an identity over
time, which entails regularity and coherence related to the
messages transmitted. In fact, broad and limited-duration health
campaigns targeting the adoption of multiple behaviors are not
thought to be successful (4). The campaign’s identity needs to
communicate who the campaign promoter is, what it stands for
(regarding values and goals), how it works, and the intended
relationship with the subject and the audience; it should also
include the perceptions people hold about the issue of the
campaign (23), which reinforces the need for formative research
to adequately segment the target population before campaign
development, identifying the most appropriate communication
strategies (24).

Amidst other dissemination channels, television was
regarded as advantageous, in particular, to reach less urbanized
areas. Television has been considered the most effective media
channel to reach most people (13) and the most recalled
delivery channel in health campaign assessments (7, 25). One
of the main reasons is that television content is consumed
passively and easily, implying little effort from the audience
to receive the message (13). Additionally, healthy eating has
been negatively linked to watching television, meaning that
it could effectively reach audiences in need of campaigns
promoting healthy eating (26). Regarding difficult-to-reach
population strata, and in line with participants’ opinions,
television is effective in reaching audiences with basic education
and lower income, which could be attributed to higher
consumption of television (7). These considerations are
relevant when aiming to reduce health inequities. Health
inequities are caused by a complex set of interrelated factors
at the environmental, societal, socioeconomic, individual,
and behavioral levels (27). The causes include, but are not
limited to, differential exposure to environmental health agents
(27) and deliberate efforts to reach underserved populations,
namely when defining mass media campaigns dissemination,
are necessary.

Nutritional literacy promotion was believed to be more
effective when targeted to younger audiences. It has been
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recognized by health professionals that social media provides
a pivotal opportunity to reach and engage with young adults
that may not otherwise seek out health professionals in
more traditional settings (28). However, despite its growing
popularity, public and non-profit sectors are underusing social
media in a way that maximizes their capacity to engage with
their followers (29). Social media can act as a platform to
deliver and increase exposure to evidence-based key messages of
health promotion campaigns and to encourage young adults to
participate and engage (30). Young adults are interested in using
social media for learning about nutrition-related information
and recognize the usefulness of social media channels to learn
about recipes and healthy eating (30). In our study, digital
influencers were available to be involved in health promotion
campaigns if the messages are aligned and tailored to narratives
fitting their professional project.

In the present study, we sought out perspectives from
different backgrounds and professional occupations that could
influence the way that participants would look at the subject
under study. Although this study was conducted with a
diversified sample of Portuguese participants, the collected
perspectives are surely not limited to Portuguese reality. As
discussed, many opinions expressed in the FG agree with current
literature, highlighting priorities that should be considered when
dealing with communities, even outside Portugal. Nevertheless,
data saturation may have not been reached due to the relatively
small number of FG per type of participant, mainly with
health and communication professionals and digital influencers.
Additional research is needed to clarify and expand the
obtained results. Nonetheless, these findings contribute to
the overall knowledge in this field of research and provide
valuable and useful information for informing the development
of health campaigns. Despite efforts to create a comfortable
environment, some opinions and attitudes perceived as rare
or unpopular may not have been shared and participants may
have expressed the opinions that they thought the researchers
wanted to hear and future studies would benefit from a data
collection methods triangulation (namely, with individual in-
depth interviews).

Conclusion

The involvement of citizens, health and communication
professionals, and digital influencers allowed us to understand
different and complementary perspectives on how healthy eating
promotion campaigns should be developed, regarding goals,
messages content and formulation, means of dissemination,
and the usage of social media platforms. Our findings provide
relevant insights that should be considered when developing
health mass media campaigns. Actively involving the public at
the different stages of public health campaigns can be a relevant
determinant of success.
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Background: Unhealthy lifestyles have been linked to increased cardiovascular
disease, diabetes, and other non-communicable diseases. University
students have been reported to adopt unhealthy lifestyles and undesirable
eating choices.

Objectives: The study aimed to estimate the prevalence of healthy eating
habits; determine the prevalence of physical activity habits; to estimate the
smoking habits among male health sciences college students at Najran
University, Najran, Saudi Arabia.

Methods: The present questionnaire-based descriptive cross-sectional study
(convenient sample) was carried out among undergraduate male students
enrolled in the health sciences colleges at Najran University, Najran, Saudi
Arabia, from 1st May to 31st May, 2019. Around 500 students were recruited
and were requested to answer a self-administered questionnaire about eating
habits, physical activity, and tobacco smoking habits. Descriptive results were
summarized in percentage and frequency. Cross tabulation using chi-square
test was performed to measure the impact of demographic variable on eating
pattern, physical activity and smoking behavior. Pearson’s correlation was done
using two tailed tests to determine the type of relationship between different
variables. The SPSS (version 26) was used to perform statistical analysis.

Results: A total of 454 complete responses from the male students from
Najran University were obtained. The majority (74%) were aged 21 years and
above, unmarried (94.9%), had healthy BMI (47.4%), and suffered mild (41.4%)
to moderate (32.4%) levels of stress during the previous month. The study
findings showed a low daily frequency of consumption of vegetables and fruits.
There was a low prevalence of daily consumption of vegetables (16%) and
fruits (9%). More than 10% of all students reported no consumption of fruits
and vegetables. Students who felt severely stressed during the previous month
were significantly not eating any vegetables (p = 0.022) and fruits (p < 0.001),
and had high salt intake (p = 0.045). Married participants had a significantly (p =
0.03) higher servings of vegetables per day. Furthermore, 32.15% of participants
were not practicing 30 min of physical activity 5 days per week. The study
showed a low prevalence (47.57%) of physical activity among the participants.
However, none of the participants’ variables were significantly associated
with routine physical activity. In addition, the study showed a relatively high
prevalence of smoking (25.77%) among Najran university male students. The
participants’ age (p 0.01), overall health (p = 0.02) and level of stress (p =
0.001) experienced during the last month were significantly associated with
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the length of exposure to secondhand smoke. Whereas, smoking any kind
of tobacco daily (25.77%) was significantly (p = 0.005) related to the age of
participants. A high number of participants aged 21 years and above (52.72%)
were significantly (p = 0.019) exposed to secondhand smoke.

Conclusion: To conclude, the study findings showed a low daily frequency
of consumption of vegetables and fruits, a relatively high prevalence of
smoking and a low level of awareness regarding the health risks of smoking;
and a large number of participants were physically inactive among male
university students. Intervention programs in university students should
concentrate on improving nutrition attitudes and knowledge toward good diet,
tobacco-smoking cessation strategies, and structured intervention programs
to encourage physical activity. However, these interventions should be pilot-
tested for feasibility and acceptability before implementation.

university students, dietary habits, smoking behaviors, physical activity, Saudi Arabia

Previous research in Saudi Arabia found that

In light of significant lifestyle changes, young individuals
are prepared to negatively modify their eating habits regarding
diversity, consumption of fruits and vegetables, and frequency
and timing of intake. University years are a crucial period that
can influence both the quality of lifestyle and food habits of
subsequent adults and, in the long run, the health of individuals.
A students health can significantly impact high school and
college academic performance. As a result, increasing the health
and wellbeing of all students and faculty at a university or
college requires supporting healthy eating habits and lifestyle
behaviors (1-4). Overweight and obesity are common in Saudi
Arabia, with prevalence rates as high as 37 and 41%, respectively.
As a result, there has been an increase in nutrition-related
health issues and other linked disorders because of a significant
shift in dietary intake, lower physical activity levels, and a
hastened nutrition transition. The Western-style diet, with its
high consumption of calorie-dense foods, fats and sugars, and
low fiber intake, has replaced the traditional healthy balanced
diet, which included dates, milk, vegetables, fruits, fish, and
whole wheat grains. Obesity is rising, especially in Saudi Arabia,
because of a sedentary lifestyle and cheap and readily available
junk food. These factors and dietary shifts have contributed to
the problem (5).

Obesity is not just a problem for adults but also a concern for
children and adolescents. Obesity and adult diseases are more
likely to occur in those who are overweight or obese as children
or teenagers. Obesity is most commonly seen in childhood,
but university students also experience a vital period in which
their behaviors are receptive to change, often increasing weight.
Overweight and obese students comprise 72 of the 240 clinical
students at Malaysias International Medical University clinical
students (6).
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university students have adopted a sedentary lifestyle, a
cigarette-smoking behavior, and other unhealthy eating
habits (7-9).

Students at universities make up a sizable proportion
of the young adult population (10). They tend to enter
an evolving transition phase of new liberation from their
families, which is characterized by increased, interconnected
effects on the body, mind, and social relationships (11)
and discover a new atmosphere with more significant work
overload, as well as altered life patterns, all of which
contribute to unhealthy lifestyles. The short-term benefits of
a balanced diet can boost a student’s energy levels, support
a healthy immune system, enhance stress management skills,
and improve concentration and academic performance. The
advantages of maintaining a regularly healthy diet really pile
up over the course of one’s life. Cancer, arthritis, memory
loss, dementia, and macular degeneration are less likely to
happen. There is a lower risk of developing diabetes, heart
attacks, blood clots, falls and fractures, obtaining diabetes,
and nutritional deficiencies that would otherwise get harder
to manage as one ages. In comparison to others who
have had a less healthier diet, people with a healthy diet
pattern are likely to live longer, be happier, and be more
active (12). A healthy eating strategy that includes more
plant-based foods appears to be essential in preventing
long-term diseases such as cancer, CVD, diabetes, stroke,
cataracts, Alzheimer’s disease, and age-related function loss
(13, 14). This indicates that diet and lifestyle changes, such
as boosting vegetable and fruit consumption and ensuring a
much more balanced consumption of plant foods and meat,
are a viable and effective strategy for reducing chronic
disease incidence in the general population, especially among
young students.
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Physical inactivity has increased risk of cardiovascular
disease, cancer, obesity, and other illnesses (15, 16). Physical
activity has been shown to have numerous health benefits.
Physical activity is essential to many countries” health promotion
plans and international initiatives aimed at both developed and
developing countries (17, 18). Previous surveys have found that
adequate physical activity is comparatively higher in children
and teenagers (19, 20), but considerably lower in adults,
suggesting that late adolescence and early adulthood may be
a critical transitional phase (21, 22). As a result, it’s critical
to track young adults’ physical activity trends and understand
characteristics like attitudes and health advantages linked to
physical activity levels.

Furthermore, research indicates that students, preteens, and
teenagers increasingly use many media sites and platforms.
People spending more screen time are significantly associated
with obesity, lesser physical activity, and health issues (23).

Smoking is a primary behavioral public health concern that
affects people worldwide. It has a high yearly mortality rate,
with many millions of deaths recorded yearly, and it is expected
to reach ten million by 2030 (24). Like other Middle Eastern
countries, Saudi Arabia is not immune to this practice, and
smoking is widespread among the Saudi people. Saudi Arabia
ranked eighth in an international list of countries based on
their smoking prevalence (25). The number of studies on Saudi
smoking behavior is limited. There is a pressing need to learn
more about this phenomenon in a typical Muslim country where
most residents/citizens are Muslim, and Islam forbids smoking.

Since 2005, Saudi Arabia has been a signatory to the
Framework Convention on Tobacco Control (FCTC) initiative
of the World Health Organization, with strict prohibitions on
all forms of tobacco advertising in the national media (26).
Other measures, such as prohibiting cigarette companies from
sponsoring sporting events and raising tobacco taxes, were also
implemented (27).

Smoking is prohibited in the kingdom’s workplaces,
governmental institutions, public transportation, cultural
institutions, and banks (28). There are no research results
available in Saudi Arabia that illustrate the legal measures’
influence on the Saudi people’s smoking behavior. The existing
smoking research results were based on descriptive studies
that focused on smoking prevalence without any follow-up
on smoking practices or an emphasis on quitting (29). The
demographic and social situation can significantly influence
college students in the kingdom to start smoking. Students
are transitioning from a more conservative parental setting
with stricter controls to a more open social atmosphere at
university. To better restrict the spread of smoking among
the Saudi populace, governmental authorities established
legislation prohibiting smoking in all public places, including
educational institutions.

The Saudi Arabian National Education Policy recognizes the
connection between academic achievement and student health.
The following are some of its directives: (1) Students should
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begin school with the healthy psychological, physical, and
mental alertness required for learning; (2) A safe and disciplined
school environment is required to ensure students’ psychological
and physical well-being; (3) A chance for all students to
learn healthy living skills and receive health education. (4)
In the school setting, the student’s development and growth
“psychosocially, mentally, and physically” should be maintained
in conditions similar to those governed by Islamic teachings at
home. (5) All students should have access to free health care
(both preventative and curative) (30).

Today’s students are the future citizens of a nation. As a
result, their protection, survival, and development are essential
for developing the country’s future. National development
should prioritize providing knowledge and resources to the
younger generation to meet their fundamental imperatives and
pursue excellence. Children’s health, nutrition, and education
are critical for national development because their individual
growth and social contributions will shape the country’s future
and assist in achieving the Saudi Vision-2030’s primary goals.

Thus, the objectives of this study were as follows: (1) to
estimate the prevalence of plant based eating habits (fruits and
vegetables); (2) to determine the prevalence of routine physical
activity; (3) to estimate the smoking habits among male health
sciences students at Najran University, Najran, Saudi Arabia.
The findings of this study will aid policymakers in making
decisions and encouraging schools to embrace and maintain
proper healthcare programs, and addressing problems that
may occur during the implementation of education and health
programs at the national and regional levels.

Methodology
Study design and participants

The present questionnaire-based descriptive cross-sectional
study was carried out among undergraduate male students
enrolled in the health sciences colleges at Najran University,
Najran, Saudi Arabia, from 1st May to 31st May, 2019. Male
students who were free of diet-related health problems, did
not follow any special diet, and consumed the usual mixed
diet were included. Students from other universities, graduated
and students from non-health sciences programs were excluded
from the participation. Study purpose and informed consent
were obtained from all participants before filling of paper-
based questionnaires. Participation in this study was completely
voluntary. The study was approved by the ethical committee of
Najran University (NU/2019/12/3).

Sample size and sampling technique

A total of 500 male students (Approx.) are enrolled in the
health sciences colleges in Najran University. Sample size was
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calculated using Raosoft sample size (http://www.raosoft.com/
samplesize.html) calculator by presuming a 95% confidence
level, 5% margin of error, and response distribution of 50%,
yielding a sample size of 218. We adopted convenience sampling
techniques to collect the data. However, to represent the better
response rate, and assuming few incomplete and inconsistent

responses, the total samples collected were 454.

Study tool and validation

The detailed review of relevant literature was carried out
to develop the initial questionnaire draft (31-40). Study tool
was validated for its content from experts in the field of
community health, dieticians, and pharmacist. Some of the items
from questionnaire were removed from the initial draft based
on recommendations from these experts. These questionnaires
were tested for the face validity among 25 male undergraduate
students of Najran University. The reliability of found to be
satisfactory upon calculating alpha Cronbach factor (0.76). The
final questionnaires were categorized into following sections:
section one noted participants’ demographic details such as age,
marital status, BMI, presence of chronic disease, perceived level
of stress experienced in last month (No, mild, moderate and
severe) and self-declared overall health status. We collected the
Height (cm) and weight (kg) from students to calculate the
BMI. The BMI was categorized to underweight (<18.5), healthy
(18.5 to <25), overweight (25.0 to <30) and obese (30.0 or
higher) using BMI index chart from CDC (The Centers for
Disease Control and Prevention). Second section was designed
to record the pattern (Do you eat fruits daily) and frequency
(how many pieces of fruits you eat per day) of consumption
of vegetables, fruits and addition of salt to regular food among
study participants. Third section explored the engagement of
students in routine physical activity of 30 mins or above at
least 5 days per week, followed by perception about benefits
of performing routine physical activity and factor preventing
them from exercising. The last section noted students smoking
pattern (do you smoke daily), exposure to secondhand smoke,
diseases caused by active and passive smoking and opinion about
harmful effects of smoking.

Data collection

The paper-based questionnaire was distributed to all the
participants at the entrance of university campus. The study
purpose, eligibility criteria was briefed to every participant.
Students were ensured about the confidentiality of their identity.
A designated area with sitting arrangement and writing material
was arranged for the participants to complete the questionnaire
without any disturbances. Participants were encouraged to
complete all the items of survey. The liker scale (Strongly
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agree to strongly disagree) was used to explore the students
perception about benefits of daily routine exercise. Awareness
about negative impact of active and passive smoking was
documented using yes, no and don’t options.

Statistical analysis

All the collected responses were checked for their
completeness and consistency. Pilot study, incomplete and
repeat responses were excluded from the final data analysis.
Then responses were entered into Microsoft excel sheets and
coded before subjecting them for analysis. The SPSS (version
26) was used to perform statistical analysis. Results were
summarized in percentage, frequency, tabular and graphical
forms. Cross tabulation using chi-square test was performed to
measure the impact of demographic variable on eating pattern,
physical activity and smoking behavior. Pearson’s correlation
was executed (using two tailed p value tests at a significance of
<0.05 and 0.01) to determine the type of relationship between
addition of salt to regular meal, physical activity, smoking of
tobacco with opinions about harmful effects of smoking.

Results

Participants’ details

A total of 454 male students from Najran University
participated in this study. Majority (74%) of respondents were
aged 21 years and above, unmarried (94.9%), having healthy
BMI (47.4%). More than half of students have suffered mild
(41.4%) to moderate (32.4%) level of stress during last month.
About half of students have self-reported their overall health
condition as good (21.8%) and very good (38.1%) as depicted
in Table 1.

Vegetable, fruits eating pattern and
adding salt to food among male students
of Najran University

Addition of salt, consumption of vegetables and fruits
weekly was not significantly associated with the participants’
age, marital status, BMI, presence of chronic disease and self-
declared overall health status. However, the stress felt during the
last month had significantly affected addition of salt to food (p =
0.045), vegetable consumption per week (p = 0.022) and fruits
consumption per week (p < 0.001). The participants with severe
(76.2%) and moderate (69.4%) stress have significantly added
salt to their food always compared to participants with no or
mild stress. Similarly, consumption of vegetables and fruits was
significantly low among participants who felt stressed during last
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TABLE 1 Socio-demographic characteristics of the study participants
(n = 454).

Demographic Frequency Percentage (%)
variables
Age 20 years and below 118 26.0
21 years and above 336 74.0
Marital Status Single 431 94.9
Married 22 4.8
Divorced/separated 1 0.2
BMI Underweight 47 10.4
Healthy 215 47.4
Overweight 115 25.3
Obese 77 17.0
Do you suffer Yes 61 134
from chronic
disease
No 393 86.6
Did you feel No 77 17.0
stressed last
month
(Percieved level
of stress)?
Mild 188 41.4
Moderate 147 324
Severe 42 9.3
How to yourate  Very bad 7 1.5
your overall
health
Bad 28 6.2
Average 89 19.6
Good 99 21.8
Very good 173 38.1
Excellent 58 12.8

month. About 21.4 and 23.8% of participants who felt severely
stressed during last month were significantly not eating any
vegetables and fruits respectively compared to the students who
were not stressed and mildly stressed (Table 2).

Pattern of consumption of fruits and
vegetables per day among male students
of Najran University

In this section, we evaluated the students pattern and
frequency of consumption of vegetables and fruits per day.
Eating pattern of fruits and vegetables was not significantly
associated with any of the participants’ variable except level
of stress felt during last month. Participants who experienced
severe stress in last month were significantly (p = 0.002) higher

Frontiersin Public Health

100

10.3389/fpubh.2022.938062

(31%) in not eating any fruit pieces per day compared to the ones
who didn’t experience ay stress or felt mild stress (Table 3).

Engagement of daily 30 mins’ physical
activity among male students of Najran
University

This section evaluated the duration of student’s engagement
in performing routine physical activity of 30 mins or above for
at least 5 days a week. We observed that nearly half of students
(47.5%) were performing daily 30 mins physical activity. None
of the participants’ variables were significantly associated with
routine physical activity. However, overweight students were
non-significantly higher (31%) in performing routine physical
activity of 30 mins per day for since more than 6 months
compared to underweight, healthy ad obese students. Likewise,
students who were planning to start routine physical activity
were higher number (26%) from obese category. Students who
felt severely stressed ding last month, were non-significant
higher (14.3%) in not performing any physical activity compared
to their counterparts (Table 4).

Perception about the benefits of
performing 30 mins of regular physical
activity or exercise for 5 days/week

This domain assessed the student’s perception about the
benefits of performing routine physical activity. More than 80%
of students believe (strongly agree and agree) that performing
30 mins of regular physical activity or exercise for 5 days/week,
would improve health and protect from diseases (87.7%),
improve physical fitness (87.7%), develop body muscles (82.1%)
and helps in doing better job (80.6%). Impact of physical activity
on psychological health was noted using two statements. About
77.5% and 68.7% of students believe (strongly agree and agree)
that performing routine physical activity of 30 mins will make
the person feel less stressed and depressed respectively. However,
8.5% of students disagree that routine physical activity was not
impact on losing body weight (Figure 1).

Factors preventing exercising among
students

Students mentioned some of the important factors which
discourage them from performing routine physical activity or
exercise. Nearly, half of students (46.03%) of students stated
weak health as most common discouraging factor, followed by
lack of interest and entertainment (21.36%), busy with social
and family life (20.92%) and feeling of tiredness (15.63%). The
other (work requirement, fear of harm, obese and pain) reasons
preventing from regular exercise accounted for 15.52%. The least
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TABLE 2 Vegetable, fruits eating pattern and adding salt to food among male students of Najran University.

Demographic Do you add salt to your food Usually how many days a week do you eat Usually how many days a week do you eat
variables vegetables fruits
Always Sometimes No p value No 1-3days 4-6days Everyday p value No 1-3 days 4-6days Everyday p value

Age 20 years and below 88 (74.6%) 26 (22%) 4(3.4%) 0.115 15 (12.7%) 55 (46.6%) 33 (28%) 15 (12.7%) 0581 11(9.3) 67 (56.8%) 27 (22.9%) 13 (11%) 0.520
21yearsand above 217 (64.6%) 108 (32.1%) 11 (3.3%) 33 (9.8%) 158 (47%) 87 (25.9%) 58 (17.3%) 35 (10.4%) 176 (52.4%) 97 (28.9%) 28 (8.3%)

Marital status ~~ Single 287 (66.6%) 131 (30.4%) 13 (3%) 0270 46 (10.7%) 201 (46.6%) 117 (27.1%) 67 (15.5%) 0563 44 (10.2%) 228 (52.9%) 120 (27.8%) 39 (9%) 0.867
Married 17 (77.3%) 3 (13.6%) 2(9.1%) 2(9.1%) 11 (50%) 3(13.6%) 6 (27.2%) 2(9.1%) 14 (63.6%) 4(18.2%) 2(9.1%)
Divorced/separated 1 (100%) Zero Zero Zero 1 (100%) Zero Zero Zero 1 (100%) Zero Zero

BMI Underweight 30 (63.8%) 15 (31.9%) 2(4.3%) 0.747 5 (10.6%) 21 (447%) 12 (25.5%) 9(19.1%) 0.978 2(4.3%) 31 (66%) 11 (23.4%) 3 (6.4%) 0.100
Healthy 147 (68.4%) 61 (28.4%) 7 (3.3%) 23 (10.7%) 102 (47.4%) 56 (26.1%) 34 (15.8%) 20(9.3) 114 (53%) 58 (27%) 23 (10.7%)

Overweight 72 (62.6%) 40 (34.8%) 3(2.6%) 11 (9.6%) 58 (50.4%) 31 (27%) 15 (13%) 16 (13.9%) 55(47.8%) 39 (33.9%) 5 (4.4%)
Obese 56 (72.7%) 18 (23.4%) 3(3.9%) 9 (11.7%) 32 (41.6%) 21 (27.3%) 15 (19.5%) 8 (10.4%) 43 (55.8%) 16 (20.8%) 10 (13%)

Doyousuffer  Yes 41 (67.2%) 19 (31.2%) 1(1.6%) 0.681 4(6.6%) 27 (44.3%) 16 (26.2%) 14 (23%) 0363 4(6.6%) 34 (55.7%) 13 (21.3%) 10 (16.4%) 0.133

from Chronic

disease
No 264 (67.2%) 115 (29.3%) 14 (3.6%) 44 (11.2%) 186 (47.3%) 104 (26.5%) 59 (15%) 42 (10.7%) 209 (532%) 111 (28.2%) 31 (7.9%)

Did you feel No 48 (62.3%) 26 (33.8%) 3(3.9%) 0.045* 6(7.8%) 26 (33.8%) 30 (39%) 15 (19.5%) 0.022* 6 (7.8%) 30 (39%) 30 (39%) 11 (14.3%) <0.001*

stressed last

month?

Mild 123 (65.4%) 54 (28.7%) 11 (5.9%) 19 (10.1%) 91 (48.4%) 45 (23.9%) 33 (17.6%) 10 (5.3%) 108 (57.5%) 52 (27.7%) 18 (9.6%)
Moderate 102 (69.4%) 44.(29.9%) 1(0.7%) 14 (9.5%) 80 (54.4%) 36 (24.5%) 17 (11.6%) 20 (13.6%) 88 (59.9%) 32 (21.8%) 7 (4.8%)
Severe 32 (76.2%) 10 (23.8%) Zero 9 (21.4%) 16 (38.1%) 9 (21.4%) 8 (19.1%) 10 (23.8%) 17 (40.5%) 10 (23.8%) 5 (11.9%)

How to yourate  Very bad 7 (100%) Zero Zero 0.199 4 (57.1%) 3 (42.9%) Zero Zero 0.039 2(28.6%) 2(28.6%) 3 (42.9%) Zero 0.144

your overall health
Bad 21 (75%) 7 (25%) Zero 5 (17.9%) 14 (50%) 6 (21.4%) 3(10.7%) 4(14.3%) 16 (57.1%) 6 (21.4%) 2(7.1%)
Average 56 (62.9%) 29 (32.6%) 4(4.5%) 7(7.9%) 42 (47.2%) 22 (24.7%) 18 (20.2%) 8 (9%) 46 (51.7%) 24 (27%) 11 (12.4%)
Good 62 (62.6%) 31 (31.3%) 6(6.1%) 12 (12.1%) 42 (42.4%) 35 (35.4%) 10 (10.1%) 9(9.1%) 62 (62.6%) 26 (26.3%) 2 (2%)
Very good 117 (67.6%) 53 (30.6%) 3(1.7%) 15 (8.7%) 81 (46.8%) 46 (26.6%) 31 (17.9%) 19 (11%) 85 (49.1%) 52 (30.1%) 17 (9.8%)
Excellent 42 (72.4%) 14 (24.1%) 2(3.5%) 5(8.6%) 31 (53.5%) 11 (19%) 11 (19%) 4(6.9%) 32 (55.2%) 13 (22.4%) 9 (15.5%)

* p value < 0.05.
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TABLE 3 Pattern of consumption of fruits and vegetables per day among male students of Najran University.

Demographic How many pieces of fruit do youeat  p value Usually how many servings of p value
variables per day vegetables do you eat per day
Don’teat  1-4 pieces 5 and more Don’teat 1-4serving 5 and more
pieces serving
Age 20 years and 17 (14.4%) 94 (79.7%) 7 (5.9%) 0.751 15 (12.7%) 92 (78%) 11 (9.3%) 0.16
below
21 years and 40 (11.9%) 273 (81.3%) 23 (6.9%) 25 (7.4%) 269 (80.1%) 42 (12.5%)
above
Marital status Single 54 (12.5%) 349 (81%) 28 (6.5%) 0.229 40 (9.3%) 344 (79.8%) 47 (10.9%) 0.03
Married 3 (13.6%) 18 (81.8%) 1 (4.6%) Zeto 17 (77.3%) 5 (22.7%)
Divorced/ Zero Zero 1 (100%) Zero Zero 1(100%)
separated
BMI Underweight 6 (12.8%) 39 (83%) 2 (4.3%) 0.620 5 (10.6%) 41 (87.2%) 1(2.1%) 0.10
Healthy 21 (9.8%) 178 (82.8%) 16 (7.4%) 16 (7.4%) 177 (82.3%) 22 (10.2%)
Overweight 19 (16.5%) 90 (78.3%) 6 (5.2%) 11 (9.6%) 87 (75.7%) 17 (14.8%)
Obese 11 (14.3%) 60 (77.9%) 6 (7.8%) 8(10.4%) 56 (72.7%) 13 (16.9%)
Do you suffer Yes 7 (11.5%) 48 (78.7%) 6 (9.8%) 0.544 5(8.2%) 44 (72.1%) 12 (19.7%) 0.11
from chronic
disease
No 50 (12.7%) 319 (81.2%) 24 (6.1%) 35 (8.9%) 317 (80.7%) 41 (10.4%)
Did you feel No 8 (10.4%) 63 (81.8%) 6 (7.8%) 0.002* 5(6.5%) 63 (81.8%) 9 (11.7%) 0.25
stressed last
month?
Mild 13 (6.9%) 166 (88.3%) 9 (4.8%) 15 (8%) 150 (79.8%) 23 (12.2%)
Moderate 23 (15.7%) 113 (76.9%) 11 (7.5%) 11 (7.5%) 118 (80.3%) 18 (12.2%)
Severe 13 (31%) 25 (59.5%) 4(9.5%) 9 (21.4%) 30 (71.4%) 3(7.1%)
How to yourate  Very bad 2 (28.6%) 4 (57.1%) 1(14.3%) 0.667 1(14.3%) 6 (85.7%) Zero 0.76
your overall
health
Bad 6(21.4%) 21 (75%) 1(3.6%) 4(14.3%) 22 (78.6%) 2(7.1%)
Average 12 (13.5%) 71 (79.8%) 6 (6.7%) 9 (10.1%) 70 (78.7%) 10 (11.2%)
Good 10 (10.1%) 84 (84.9%) 5(5.1%) 8(8.1%) 81 (81.8%) 10 (10.1%)
Very good 20 (11.6%) 138 (79.8%) 15 (8.7%) 11 (6.4%) 139 (80.4%) 23 (13.3%)
Excellent 7 (12.1%) 49 (84.5%) 2(3.5%) 7 (12.1%) 43 (74.1%) 8 (13.8%)

*P value < 0.05.

common factor mentioned were shortage of time (7.95%), lack of
money (11%) and believing that exercise is hard work (12.77%)
(Figure 2).

Tobacco smoking and exposure to
secondhand smoke among male
students of Najran University

The nature of smoking and exposure to secondhand
smoke was noted in this section. The participants’ age, overall
health and level of stress experienced during last month
was significantly associated with the length of exposure to
secondhand smoke. Whereas smoking any kind of tobacco
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on daily basis was significantly related to age of participants.
High number of participants aged 21 years and above were
significantly (p = 0.019) exposed to secondhand smoke.
Exposure to secondhand smoke daily for 1-20 mins (11.9%)
and 21-60 mins (15.2%) was higher among students aged 21
years and above, which is twice the students aged below 20
years (6.8% and 8.5%). Students aged 21 years and above were
significantly (p = 0.005) higher (29.2%) in smoking any kind
of tobacco compared to younger students (16.1). Moreover,
older students were significantly (p = 0.031) high (25.9%) in
daily smoking compared to their younger counterparts (16.1%).
Participants wo experienced severe stress durn last month were
significantly (p < 0.001) highly exposed to secondhand smoke
for 1-20 mins (23.8%) and 21-60 mins (23.8%). Students who
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TABLE 4 Engagement into daily 30 mins physical activity 5 days/week among male students of Najran University.

Demographic Duration of daily 30 mins physical activity 5 days/week p value
variables
Never Notinlast6  I'm planning  Yes, but less Yes, more
months to involve than 6 than 6
months months
Age 20 years and 9 (7.6%) 35 (29.7%) 23 (19.5%) 33 (28%) 18 (15.3%) 0.52
below
21 years and 29 (8.6%) 73 (21.7%) 69 (20.5%) 103 (30.7%) 62 (18.5%)
above
Marital status Single 36 (8.4%) 103 (23.9%) 86 (20%) 128 (29.7%) 78 (18.1%) 0.84
Married 2(9.1%) 5(22.7%) 6(27.3%) 7 (31.8%) 2(9.1%)
Divorced/separated Zero Zero Zero 1 (100%) Zero
BMI Underweight 6(12.8%) 10 (21.3%) 12 (25.5%) 14 (29.8%) 5(10.6%) 0.10
Healthy 16 (7.4%) 45 (20.9%) 32 (14.9%) 73 (34%) 49 (22.8%)
Overweight 10 (8.7%) 31 (27%) 28 (24.4%) 31 (27%) 15 (31%)
Obese 6 (7.8%) 22 (28.6%) 20 (26%) 18 (23.4%) 11 (14.3%)
Do you suffer Yes 8(13.1%) 14 (23%) 12 (19.7%) 18 (29.5%) 9 (14.8%) 0.68
from Chronic
disease
No 30 (7.6%) 94 (23.9%) 80 (20.4%) 118 (30%) 71 (18.1%)
Did you feel No 7 (9.1%) 23 (29.9%) 12 (15.6%) 21 (27.3%) 14 (18.2%) 0.54
stressed last
month?
Mild 14 (7.5%) 37 (19.7%) 35(18.6%) 66 (35.1%) 36 (19.2%)
Moderate 11 (7.5%) 38 (25.9%) 35(23.8%) 39 (26.5%) 24 (16.3%)
Severe 6 (14.3%) 10 (23.8%) 10 (23.8%) 10 (23.8%) 6 (14.3%)
How to you rate Very bad Zero 5(71.4%) Zero 2 (28.6%) Zero 0.43
your overall
health
Bad 5 (17.9%) 7 (25%) 5(17.9%) 8 (28.6%) 3(10.7%)
Average 7 (7.9%) 16 (18%) 21 (23.6%) 27 (30.3%) 18 (20.2%)
Good 8 (8.1%) 23 (23.2%) 21 (21.2%) 34 (34.3%) 13 (13.1%)
Very good 15 (8.7%) 42 (24.3%) 34 (19.7%) 47 (27.2%) 35 (20.2%)
Excellent 3(5.2%) 15 (25.9%) 11 (19%) 18 (31%) 11 (19%)

stated their health as very bad (42.9%) and bad (21.4%) were
significantly (p = 0.029) highly exposed to secondhand smoke
for 1-20 and 21-60 mins respectively. Other variables didn’t
affect the smoking pattern and exposure to secondhand smoke
significantly (Table 5).

Student’s belief about the diseases
caused by active and passive smoking

More than 90% of students believe that active smoking
causes lung cancer (94.3%) and heart attack (90.3%) followed
by abortion (79.3%) and low birth weight (77.3%) in pregnant
females and stroke (72.2%). Whereas, about 61.5% students
mentioned active smoking could also lead to cataract. Likewise,
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participants stated their agreement with the diseases caused by
passive smoking. Majority of participants believe that passive
smoking causes lung cancer (82.4%) and heart attack (81.7%)
in elderly people followed by respiratory distress in children
(86.3%) and sudden death in infants (67.4%) as depicted in
Figure 3.

Correlation between opinions with
smoking, physical activity, and salt
addition to food

Bivariate Pearson analysis was performed to find out the

correlation and its nature among various variables (Table 6).
The analysis revealed significant (p = 0.039) positive correlation
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FIGURE 2
Factors preventing from exercising.

(r = 0.097) between addition of salt to food with 30 mins
or more of physical activity or exercise 5 days per week,
indicating that those who add salt to their food are most likely
performing routine physical activity. Likewise, tobacco smoking
was significantly positively associated with daily smoking (r
= 0.865, p < 0.001), opinion 2 (smoking is addictive, r
0.163, p < 0.001) and opinion 3 (smoking shisha is harmful
to health, r = 0.133, p = 0.005). This indicates that those who
smoke any form of tobacco (cigarette, cigar, hookah, pipe) are

more likely to smoke daily and agree with the opinion 2 and
3. A significant positive correlation was observed among the
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opinions. Whereas opinion 1 (light cigarettes are less harmful
than regular cigarettes) was non-significantly negatively related
to addition of salt to food, routine physical activity, tobacco
smoking and daily smoking.

Opinion regarding the harmful effects of
smoking

Three statements were used to record the participants’
opinion toward harmful effects of smoking. We noted a
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TABLE 5 Tobacco smoking and exposure to secondhand smoke among male students of Najran University.

Demographic variables On a typical day, how long are you exposed to p value Currently, do you p value Do you currently p value
secondhand smoke smoke any type of smoke daily
tobacco
No 1-20 min ~ 21-60 min  More than Yes No Yes No
60 min
Age 20 years and 94 (79.7%) 8 (6.8%) 10 (8.5%) 6 (5.1%) 0.01% 19 (16.1%) 99 (83.9%) 0.005* 19 (16.1%) 99 (83.9%) 0.03*
below
21 years and 220 (65.5%) 40 (11.9%) 51 (15.2%) 25 (7.4%) 98 (29.2%) 238 (70.8%) 87 (25.9%) 249 (74.1%)
above
Marital status Single 300 (69.6%) 47 (10.9%) 58 (13.5%) 26 (6%) 0.44 108 (25.1%) 323 (74.9%) 0212 98 (22.7%) 333 (77.3%) 0.28
Married 13 (59.1%) 1(4.6%) 3 (13.6%) 5 (22.7%) 9 (40.9%) 13 (59.1%) 8 (36.4%) 14 (63.6%)
Divorced/separated 1 (100%) 0 0 0 0 1 (100%) 0 1(100%)
BMI Underweight 31 (66%) 9 (19.2%) 3 (6.4%) 4(8.5%) 0.24 15 (31.9%) 32 (68.1%) 0.402 12 (25.5%) 35 (74.5%) 045
Healthy 158 (73.5%) 19 (8.8%) 28 (13%) 10 (4.7%) 50 (23.3%) 165 (76.7%) 47 (21.9%) 168 (78.1%)
Overweight 79 (68.7%) 10 (8.7%) 15 (13%) 11 (9.6%) 28 (24.4%) 87 (75.7%) 24 (20.9%) 91 (79.1%)
Obese 46 (59.7%) 10 (13%) 15 (19.5%) 6 (7.8%) 24 (31.2%) 53 (68.8%) 23 (29.9%) 54 (70.1%)
Do you suffer Yes 42 (68.9%) 5(8.2%) 8 (13.1%) 6 (9.8%) 0.79 15 (24.6%) 46 (75.4%) 0.821 14 (23%) 47 (77.1%) 0.93
from chronic
disease
No 272 (69.2%) 43 (10.9%) 53 (13.5%) 24 (6.1%) 102 (26%) 291 (74.1%) 92 (23.4%) 301 (76.6%)
Did you feel No 62 (80.5%) 1(1.3%) 11 (14.3%) 3 (3.9%) 0.001% 15 (19.5%) 62 (80.5%) 0.155 16 (20.8%) 61 (79.2%) 0.69
stressed last
month?
Mild 147 (78.2%) 17 (9%) 14 (7.5%) 10 (5.3%) 44 (23.4%) 144 (76.6%) 41 (21.8%) 147 (78.2%)
Moderate 87 (59.2%) 20 (13.6%) 26 (17.7%) 14 (9.5%) 43 (29.3%) 104 (70.8%) 37 (25.2%) 110 (74.8%)
Severe 18 (42.9%) 10 (23.8%) 10 (23.8%) 4(9.5%) 15 (35.7%) 27 (64.3%) 12 (28.6%) 30 (71.4%)
Howtoyourate  Verybad 3 (42.9%) 3 (42.9%) 1(14.3%) Zero 0.029* 2 (28.6%) 5 (71.4%) 0.887 1(14.3%) 6 (85.7%) 0.91
your overall
health
Bad 14 (50%) 5 (17.9%) 6 (21.4%) 3(10.7%) 9 (32.1%) 19 (67.9%) 8 (28.6%) 20 (71.4%)
Average 68 (76.4%) 7 (7.9%) 8 (9%) 6 (6.7%) 23 (25.8%) 66 (74.2%) 21 (23.6%) 68 (76.4%)
Good 65 (65.7%) 16 (16.2%) 10 (10.1%) 8(9.1%) 24 (24.2%) 75 (75.8%) 24 (24.2%) 75 (75.8%)
Very good 114 (65.9%) 15 (8.7%) 33 (19.1%) 11 (6.4%) 47 (27.2%) 126 (72.8%) 41 (23.7%) 132 (76.3%)
Excellent 50 (86.2%) 2 (3.5%) 3(5.2%) 3(5.2%) 12 (20.7%) 46 (79.3%) 11 (19%) 47 (81%)

* p value < 0.05.
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FIGURE 3
Student’s belief about the diseases caused by active and passive smoking.
TABLE 6 Pearson correlation between opinions with smoking, physical activity, and salt addition to food.
Variable Adding salt to  Physical Smoking Daily smoking Opinion 1 Opinion 2 Opinion 3
food activity 5 days tobacco
a week
r pvalue r pvalue r  pvalue r pvalue r  pvalue r pvalue r pvalue
Adding salt to - - 0.097* 0.039 0.030 0.521 0.041 0.383 —0.017 0.715 0.037 0.435 0.002 0.973
food
Physical activity - - 0.049 0.302 0.085 0.070 —0.022 0.647 0.007 0.879 0.019 0.688
5 days a week
Smoking - - 0.865** <0.001 —0.014 0.771 0.163** <0.001 0.133**  0.005
tobacco
Daily smoking - - —0.034 0.464 0.159** 0.001 0.130**  0.006
Opinion 1 - - 0.162** 0.001 0.108*  0.021
Opinion 2 - - 0.642**  <0.001

r = correlation coefficient.

*Significant correlation at the 0.05 level (2-tailed).

**Significant correlation at the 0.01 level (2-tailed).

Opinion 1: Light cigarettes are less harmful than regular cigarettes.
Opinion 2: Smoking is addictive.

Opinion 3: Smoking shisha is harmful to health.
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significant (p = 0.036) impact of marital status toward harmful
effect of light cigarette compared to regular cigarettes. Unlike
unmarried students, married students (40.9%) disagree that
“Light cigarettes are less harmful than regular cigarettes.”
Conversely, more than 80% of students agree that smoking is
addictive and smoking shisha is harmful to health. No significant
impact of marital status was observed on the addictive nature
of smoking and harmful effects of shisha smoking (Table 7).
We noted significant (p = 0.05) impact of health status
on the harmful effect of light cigarette compared to regular
cigarettes. About 40% of students with bad health status disagree
that “Light cigarettes are less harmful than regular cigarettes,”
whereas, students with good and excellent health agree with this.
No significant impact of health status was noted on addictive
nature of smoking and harmful effects of shisha smoking.

Discussion

A healthy lifestyle is incomplete without good eating habits.
Vitamin A deficiency, iron deficiency anemia, and excess body
weight are just a few of the health problems that young people
face that can be avoided with proper nutrition. Eating habits,
physical activity and smoking can also have a long-term impact
on ones health. Unhealthy eating patterns, such as skipping
breakfast and snacking foods high in carbohydrate and fat,
are the leading causes of nutritional deficiencies. Heart disease,
obesity, atherosclerosis, osteoporosis, and malignancies are all
chronic diseases that can be aggravated by poor nutrition (31).

The current study findings showed a low daily frequency
consumption of vegetables and fruits. It's varied from 16.07%
of daily vegetable consumption to 11.23% of daily fruits
consumption. More than 10% of all students reported no
consumption of fruits and vegetables. A low prevalence of
regular consumption of fruits and vegetables by undergraduates
was reported in several studies conducted in various countries
(33-38). Only 14% of 863 students in a recent study conducted
at the University of Acre in Brazil’s northern region consumed
fruits and vegetables on a regular basis (38). The prevalence
of inadequate fruit and vegetable intake among Turkish college
students was 66.1 percent for men and 63.1% for women (36).
Greek students’ eating habits were also found to be particularly
poor in terms of fruit and vegetable consumption, with 68.1%
of men and 53.9% of women consuming fiber at levels below
international guidelines (36). In addition, the current study
revealed that when compared to students who were not stressed
or mildly stressed during the previous month, those who were
severely stressed did not eat any vegetables or fruits. Thus
stress can act as factor which can influence the eating behaviors
and negatively impact the students’ health. These findings are
consistent with the another study conducted in Saudi Arabia by
Aljaber et al. (39), who reported that students with high levels
of stress eat unhealthier foods than students with low levels
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of stress. A previous study conducted among Saudi Medical
Students at University of Dammam, Saudi Arabia revealed that
majority of the students (91.3%) were consuming fast foods, and
were aware of the advantages of fruits and vegetables and the
drawbacks of soft drinks, but they nevertheless tend to drink
more soft drinks and consume less vegetables and fruits. And
65% of the male medical students did not routinely engage in
physical activity (9). Similarly, another study conducted among
Mutah University students in Jordan revealed a high prevalence
of unhealthy eating behaviors with 59% of participants engaged
in fast-food consumption >2 times per week (40).

The results of our study will serve as a basic documentation
for regional health authorities and university managers to
implement an intervention program to improve healthy eating
habits and healthy lifestyle among students at Najran University.
The benefits of such kind of nutrition interventions were
shown elsewhere. For example, according to a Brazilian
study, nutrition education initiatives on fruit and vegetable
consumption that combined information and motivation were
successful in impoverished environments (41). The actions
included spreading awareness about the benefits of eating
fruits and vegetables for good health and improving skills for
incorporating them into daily eating. It implies that students
would benefit from nutritional education programs.

Another important finding of the study showed a relatively
high prevalence of smoking 25.77% among Najran university
male students. This result was based on the self-reporting
of students without any invasive investigation to identify
objectively the smoking status. Otherwise, to overcome this
limitation more precautions were taken during the study by
using anonymous questionnaires and informing the students
about the confidentiality of the results.

Similar range of prevalence (37%) were observed in Jeddah,
in a study conducted among secondary school male students
(42). Palestine (52.7%), Jordan (56.9%), and Egypt (61.2%)
had the highest male smoking rates, according to a systemic
review conducted in Arab countries (43). A prospective cohort
multi-center international study of university students showed a
high smoking prevalence among both male (34%) and female
(27%) students. The highest prevalence was found in south
European countries reaching 44% among male students, a lower
prevalence was reported in Western Europe University male
students about 31% (44).

Our study also showed a low level of awareness regarding
health risks of smoking among Saudi male university students.
Similar findings also revealed in another study conducted in
Eastern Saudi secondary school adolescents, which showed that
the prevalence of current smokers was 21.7% (45). Similarly,
a research conducted in Botswana, South Africa, revealed
that 10% of students were active tobacco smokers, with
29% of respondents having tried smoking (46). Another study
conducted in Jordan revealed that the students started smoking
to cope with course and exam stress. Students appreciated the
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TABLE 7 Opinion regarding the harmful effects of smoking.

Statement Opinions Marital Status p value How do you rate your overall health (Health status) p value
Single Married  Widowed/ Very bad Bad Average Good Very good  Excellent
Separated

Light cigarettes are ~ Strongly agree 134 (31.1%) 2(9.1%) 1(100%) 0.036% Zero 8 (28.6%) 18 (20.2%) 33 (33.3%) 51 (29.5%) 27 (46.6%) 0.005*
less harmful than
regular cigarettes

Agree 152 (35.3%) 5(22.7%) Zero 6 (85.7%) 5(17.9%) 40 (44.9%) 29 (29.3%) 64 (37%) 13 (22.4%)

Neutral 42.(9.7%) 6 (27.3%) Zero Zero 4(14.3%) 11 (12.4%) 11 (11.1%) 18 (10.4%) 4(6.9%)

Disagree 25 (5.8%) 1 (4.5%) Zero Zero 1 (3.6%) 6 (6.7%) 2(2%) 12 (6.9%) 5(8.6%)

Strongly 78 (18.1%) 8 (36.4%) Zero 1(14.3%) 10 (35.7%) 14 (15.7%) 24 (24.2%) 28 (16.2%) 9 (15.5%)

Disagree
Smoking is Strongly agree 205 (47.6%) 13(59.1%) 1 (100%) 0.427 2 (28.6%) 15 (53.6%) 40 (44.9%) 49 (49.5%) 77 (44.5%) 36 (62.1%) 0.33
addictive

Agree 172 (39.9%) 7 (31.8%) Zero 5(71.4%) 7 (25%) 39 (43.8%) 40 (40.4%) 71 (41%) 17 (29.3%)

Neutral 24 (5.6%) Zero Zero Zero 3(10.7%) 3(3.4%) 5(5.1%) 12 (6.9%) 1(1.7%)

Disagree 13 (3%) 2(9.1%) Zero Zero Zero 3(3.4%) 2 (2%) 7 (4%) 3(5.2%)

Strongly 17 (3.9%) Zero Zero Zero 3(10.7%) 4 (4.5%) 3 (3%) 6(3.5%) 1(1.7%)

Disagree
Smoking shisha is Strongly agree 269 (62.4%) 13 (59.1%) 1 (100%) 0.691 3 (42.9%) 17 (60.7%) 56 (62.9%) 65 (65.7%) 100 (57.8%) 42 (72.4%) 0.08
harmful to health

Agree 127 (29.5%) 5 (22.7%) Zero 3 (42.9%) 5(17.9%) 28 (31.5%) 27 (27.3%) 56 (32.4%) 13 (22.4%)

Neutral 17 (3.9%) 3(13.6%) Zero 1(14.2%) 3 (10.7%) 2(2.2%) 6 (6.1%) 8 (4.6%) Zero

Disagree 9 (2.1%) Zero Zero Zero Zero 1(1.1%) 1(1%) 6 (3.5%) 1(1.7%)

Strongly 9(2.1%) 1 (4.5%) Zero Zero 3(10.7%) 2(2.2%) Zero 3(1.7%) 2 (3.4%)

disagree

*p value < 0.05.
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feeling and flavor of cigarettes, especially with friends, and
reported daily smoking of 10-40 cigarettes (47).

Anti-smoking education that does not include a discussion
of mortality linked to smoking habits is ineffective. In fact, many
international studies have shown that people who are aware of
the mortality risks associated with smoking habits smoke less
than those who believe smoking has reversible consequences
(48). It was reported in other studies that students had personal
justification and compensatory behavior to continue their
smoking and to be protected from blame from themselves or
from others (49). More behavioral studies are needed in the
future to investigate these complex aspects.

Another important aspect of this study was determining
the students’ physical activity levels. This study revealed that
32.15% of participants were not practicing a 30 min of physical
activity during 5 days per week, which is a little lower than
the 45.8% of college students in a Saudi Arabian study (50).
Our findings are consistent with previous research, which found
that ~26.4% of university students in a Lebanese study engaged
in physical activity (51). Physical inactivity was observed
in approximately one-third of Chinese and Brazilian college
students (52, 53). According to Makrides et al. (54), nearly half
of Canadian university students exercise three or more times
each week. A prior study in the United States (55) discovered
that just 39% of students exercised three or more times per
week. According to another American research, 47% of college
students do not participate in intense exercise, and 17% were
not physically active (56). According to the National College
Health Risk Behavior Survey (NCHRBS) in the United States,
42% of the participants engaged in strenuous physical activity
at least three times per week, whereas an additional 20%
engaged in moderate—intensity activity (57). According to
Staten et al., 41 and 39% of college students were moderately
and vigorously physically active, respectively (58). Government
statistics indicate that in many regions of the world, at least a
quarter of all youths are physically inactive (59). The incidence
of lack of activity in recreational time among college students
in 23 countries varied with economic development and cultural
factors, averaging 30% (central and eastern Europe), 23%
(northwestern Europe and the United States), 42% (Pacific Asia),
39% (Mediterranean), and 44% (emerging economies) (60).
This variation in physical inactivity levels between countries
tends to reflect economic and social development, urbanization,
and technological excellence. In the current study, 47.57% of
students were physically active, of which 17.62% were engaged
in daily 30 mins’ physical activity for more than 6 months, which
reflects the consistency and focus of the students on maintaining
their physical fitness and wellbeing.

Also, the students’ perceptions and beliefs about the benefits
of performing 30 mins of regular physical activity was assessed in
this study. Majority of students stated that physical activity has
one or more benefits, particularly in terms of health promotion
and maintenance. These findings were in contrast to the findings
of Haase et al. (60), who found that awareness about activity and
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health was lacking, with only 40-60% of people knowing that
physical activity was linked to the risk of cardiovascular disease.
Physical activity at the university should be encouraged as
a preventive measure against chronic diseases and to improve
quality of life in adult and elderly life, given the importance of
the college years as a transition from adolescence to adulthood.
University students require explicit, practical guidelines for
participating in physical activity and staying fit and healthy.

Conclusion

To conclude, the study findings showed a low daily
frequency consumption of vegetables and fruits. More than 10%
of the students did not consume vegetables and fruits at all.
Another important finding of the study showed a relatively
high prevalence of smoking and a low level of awareness
regarding health risks of smoking among Saudi male university
students. In addition, a large number of male university students
were physically inactive, and could benefit from a structured
intervention program, motivating the college students to engage
in more vigorous exercise programs.

Recommendations

University years is a time when the large majority of college
students are entirely liable for their own eating patterns. Healthy
eating habits developed during this time of transition may persist
into adulthood, reducing the risk of many chronic diseases
later down the line. Long-term nutrition intervention strategies
should target enhancing nutrition attitudes and knowledge
toward healthy eating amongst university students. In addition
to this, there is a pressing need to enforce a tobacco-smoking-
reduction strategies among students. As part of these strategies,
medical schools and residency training programs could include
training, lectures, and educational materials about smoking
health risks. Urgent interventions such as setting boundaries
and limits on technology and gadgets at school and home and
encouraging healthy eating and physical activity are required.
Officials at the university should also consider giving students
free time slots to engage in physical activities. Students may
benefit from mandatory physical activity classes at least three
times per week.

Limitations of the study

There are a few limitations worth mentioning for this
study. It was a single centered, observational study involving
solely male students from the health sciences colleges of Najran
University, Saudi Arabia. Hence the results from this study
cannot be generalized to other colleges in Saudi Arabia. Apart
from that, the participants’ self-reporting was used to measure
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the lifestyle behaviors. Hence, data could be skewed due to
over-reporting or under-reporting.
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Background: Obesity and dental caries are public health problems in Egypt.
Factors such as unhealthy diet, poor oral hygiene, and physical inactivity can
play a major role in both problems. This study was carried out to illuminate
the mutual unhealthy dietary risk factors associated with the incidence of both
health conditions.

Methods: Between 1 October 2020 and 1 July 2021, 369 Egyptian
children (5-10 years) were examined. Dental status was assessed using
decayed, missing/extracted, and filled tooth indices (dmft, deft, and DMFT)
for deciduous, mixed, and permanent dentitions, respectively. Moreover, the
lifestyle, food habits, and body mass index (BMI) were recorded.

Results: A total of 342 (93.7%) of the included subjects suffered from
caries, and only 27(7.3%) were caries-free. Based on BMI percentiles, 247
(66.9%) of the youngsters were overweight/obese, while 122 (33.1%) had
normal weight. The mean dmft was 6.9 (+4.6), deft 4.2 (+3.3), and DMFT 0.1
(£1.7). In the primary dentition, a significant positive correlation was detected
between dmft and BMI, legumes, sweetened milk and juice, soft drinks,
and desserts, while a significant negative correlation was detected between
dmft/deft, meat/poultry/fish, fresh fruits, and vegetables. A significant positive
correlation was detected between deft and BMI, sweetened milk and juice, ice
cream, candies, and crackers. In the permanent dentition, a significant positive
correlation was detected between age, soft drinks, sweetened juice, desserts,
and DMFT, while a significant negative correlation was detected with fresh
fruits and vegetables. BMI was significantly negatively correlated with a healthy
lifestyle, meat/poultry/fish consumption, and fresh fruits and vegetables while
positively correlated with legumes, ice cream, soft drinks, granulated sugars,
desserts, fast food, and caffeinated drinks.
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Conclusion:

10.3389/fpubh.2022.953545

Overweight/obesity was positively correlated with primary

dentition dental caries. Desserts (sweetened snacks) and soft drinks could be
the common risk factors associated with high caries and overweight/obesity
incidence among Egyptian school children; conversely, consumption of fruits
and vegetables could hinder both health conditions. Moreover, sweetened
juices were associated with primary and permanent dental caries.

unhealthy diet, dental caries, school children, overweight, obesity

Introduction

Dental caries and obesity are considered worldwide growing
public health problems that significantly impact children’s lives
and impose an enormous cost on society (1, 2). The Global
Burden of Disease Study 2017 revealed that oral diseases
affect 3.5 billion people around the world (3). Dental caries
is considered the most common chronic disease affecting 2.43
billion people globally (4). Caries in deciduous teeth affects
more than 530 million children worldwide (3). Despite the
global spread of the disease, its incidence exhibits geographical
diversity across developing and developed countries. It has been
asserted that dental caries is decreasing in most industrialized
nations due to enhanced prevention programs and expanded
access to dental health services. Even so, contradictory
results suggest that dental caries is still prevalent among
underprivileged communities in many of these nations (5-7). In
most developing countries, dental caries levels were low until
recent years. An increase was observed due to rising sugar
consumption, inadequate fluoride exposure, and limited access
to oral healthcare services (5, 6, 8). The Egyptian Ministry of
Health and the World Health Organization (WHO) in 2014
conducted an oral health survey in Egypt and revealed that
approximately 70% of children had untreated caries (9). In 2022,
the comparison between different governorates showed that the
highest dental caries prevalence was in children living in Cairo
(85%), while for those living in upper Egypt and Deltas was lower
(82% and 83.5, respectively) (10).

Children with dental caries have significantly impaired social
and psychological functioning. Pain in the teeth, mouth, or jaws,
irritation or frustration, difficulty in eating, and sleeping are
the most common effects reported by parents in the literature
(11-15). Poor dental hygiene greatly impacts the child’s growth
and cognitive development over time by interfering with the
child’s nutrition which results in reduced body mass and stature
(16-20). Subsequently, the impacts include school absences,
inability to concentrate in school, decreased self-esteem, poor
social relations, impaired speech development, sleep problems,
and inadequate nutrition (21). Family members also suffer when
a child has untreated dental caries, including the caretaker’s
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inability to get enough rest, the caretaker missing time at work,
and the caretaker’s stress and financial hardship due to the time
and money required to get the child to the dentist (11, 12, 14, 15).

The WHO in 2003 established global goals for oral health
to guide health planners and policymakers in improving the
oral health status of their populations (22). Subsequently, the
WHO published its global action plan for preventing and
controlling non-communicable diseases (NCDs) 2013-2020
(23). The action plan has two goals; the first is to start reducing
risk factors for NCDs and underlying social determining factors
through developing health-promoting environments; second, to
strengthen and direct health systems to prevent and control
NCDs and the social factors that cause them through people-
centered primary healthcare and universal health coverage.
The WHO resolution on Oral Health in 2021 reinforces these
goals regarding oral diseases and dental caries. This occurs
by encouraging countries to abandon the traditional curative
approach in favor of a “preventive promotional approach with
risk identification for timely, comprehensive, and inclusive care,
taking into account all stakeholders in contributing to the
improvement of the population’s oral health with a positive
impact on overall health” (24, 25).

Obesity is a major public health concern affecting over 650
million people globally (26). According to WHO, Egypt ranks
18th globally in the prevalence of obesity (27). The prevalence
of overweight among children and adolescents aged 5-19 has
significantly risen in Egypt from 22.6% in 2000 to 36.7% in
2016. Among EMR countries that suffer from a high incidence
of overweight among children, Egypt has been ranked third after
Kuwait and Qatar. In addition, the prevalence of obesity among
children and adolescents aged 5-19 in Egypt has nearly doubled
between 2000 and 2016 from 9 to 17.6% (28). The WHO in 2016
reported that more than 340 million children and adolescents
between the ages of 5 and 19 are classified overweight or obese
(26). Moreover, a report by WHO in 2018 revealed that the
worldwide prevalence of obesity in children and adolescents had
increased more than 10-fold in the last four decades (29). Despite
the WHO efforts, the expanded utilization of unhealthy diets
led to an increased prevalence of dental caries and childhood
overweight/obesity worldwide in the past decades (30-32).
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Dietary sugar specifically becomes a significant public health
issue with concerns regarding its contribution to increased
obesity prevalence and its negative impact on oral health (33,
34). Sweetened foods and soft drinks are the first choice of
children as snacks between meals (35). These food items are rich
in carbohydrates and thus result in an increased risk for caries
development (36).

Both dental
characteristics

caries and obesity possess common

of being chronic and highly prevalent
conditions (5, 37, 38). They are also thought to have the
same contributing factors, including genetic, biological, dietary,
socioeconomic, cultural, and lifestyle predisposing factors
(39, 40). Diet plays an essential role in the development
of dental caries and obesity where a high consumption of
sugar-sweetened beverages, junk foods, and fermentable
carbohydrates influences their incidence (41, 42). Moreover,
lifestyle may contribute to the development of obesity
and dental caries also by increasing the time spent on
social media and watching TV while consuming unhealthy
snacks, which can lead to a reduction in physical activity
time (43, 44).

Furthermore, both conditions are more prevalent in specific
communities with low socioeconomic status in association
with the low education level of the parents, unhealthy
diet consumption, and the difficulty in acquiring adequate
healthcare and services (41, 45, 46). The results of our
previous study emphasize this assumption as SES, parental
educational, and oral hygiene measures were significantly
inversely correlated with primary teeth dental caries, whereas
permanent teeth caries revealed non-significant correlations
(47). Conversely, low and high socioeconomic status were
demonstrated to increase the risk of dental caries, while a
middle socioeconomic status had a 20% lesser chance in low-
and middle-income countries. It was reported that 44% of the
children had access to dental care services, which implies the
role of numerous socioeconomic constraints in addition to
geographical restrictions (48). Moreover, the relation between
obesity and socioeconomic status depends on the stage of
the nutrition transition (49). In nutrition, the concept of
“transitions” has been used to describe trends in significant
population health parameters to provide insight into underlying
determinants, positive deviations, and future directions (50).
Analysis of Egypt's Demographic and Health Survey data
between 1992-1995 and 2005-2008 revealed that the greatest
relative increases in the prevalence of obesity occurred among
women with no/primary education and in the lowest income
quintile (25).

The correlation between dental caries and obesity is
a controversial issue. In literature, being overweight has
been linked to an increased incidence of dental caries
(51) due to the upregulated intake frequency of sugary
foods and snacks (52). This correlation was supported by
a systematic review that reported a significant relationship
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between childhood obesity and dental caries (53). On the
contrary, being underweight has also been associated with high
caries prevalence (54, 55), as the pain resulting from dental
56). Other
studies reported that dental caries was not correlated with
obesity (57, 58).

Estimating the burden of the unhealthy diet that could
contribute to the incidence of dental caries and obesity is

caries could make the child eat less food (17,

crucial in determining the public health intervention priorities.
It also helps educate the public about the negative effects of
dental caries and obesity and provides health policy decision
makers with information about the scope of health problems.
The impact of unhealthy diets in correlation to dental caries
and obesity among the Egyptian population is not well-
established. Therefore, this study aims to evaluate the impact of
unhealthy dietary habits on the incidence of dental caries and
overweight/obesity among children aged 5 to 10 years to guide
parents to be more conscious of their role in preventing these
related health problems. Moreover, the need for high-quality and
comparable data is a key component for the healthcare ministry
to take essential actions regarding major health problems.

Subjects and methods

The research was conducted following the Research
Ethics Committee of Cairo University’s Faculty of Dentistry’s
requirements (Approval: 24,920). The parents or guardians of
the children gave their written informed consent to participate
in the study. From 1 October 2020 to 1 July 2021, individuals
were recruited from the Pedodontic outpatient clinics of Cairo
University’s Faculty of Dentistry. The criteria for the included
children were as follows: age: ranges from 5 to 10 years old;
Gender: males and females; Ethnicity: Egyptians. Children with
visible disorders, physical or mental abnormalities, diabetes, or
other systemic ailments or having orthodontic treatment were
not included in the study. Children and parents who refused to
participate were also excluded.

The sample size was calculated to be 369 using the basic
formula (59). For dental caries, the prevalence in Egypt was
estimated at 60% according to the WHO Regional Office for
the Eastern Mediterranean (WHO EMRO) report in 2014 (9).
Abbass et al. reported 74 % among children aged 3-18 years
while reported 93.2 % among children aged 5-10 years (47).
In EMR, caries was estimated by 66% (59-73%) for children
aged 6-15 years (60). Moreover, 51.6% was reported among
different Australian refugees (61). The average of the previously
mentioned percentages was utilized in calculations; accordingly,
the estimated sample size was 330. For overweight/obesity,
Egypt’s population of children aged (5-10) years was estimated
at 30,000,000 (62), and the prevalence of overweight and obesity
in this population was estimated at 40.2 % according to WHO
data (63), and the estimated sample size was 369.
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TABLE 1 Description of investigated dietary elements.

Dietary item Full description

Protein food Meats/poultry and fish

Carbohydrates Bread, rice, macaroni, mahshi, potatoes and
sweet potatoes

Fruits/Vegetables Fresh

Legumes Favabeans, homos, wheat and peas

Sweetened cereals Sweetened belyla, sweetened oats

Dairy products Unsweetened milk, yogurt and cheese (all
types) (butter is not included)
Sweetened milk With or without flavors

Diary based ice cream —

Soft drinks pespsi, coke, fanta, 7up, sprite, etc.....
Fruits/Vegetables Fresh
Sweetened juices fresh/canned

Sugar Sugar added to drinks (hot or cold), eaten
sugar granules.
Candies Hard, Sticky, lollipops

Jam, molasses and honey Jam, molasses, honey and halawa

Crackers Biscuits and chips
Desserts (sweetened snacks) Cakes, doughnuts, sweetened pies, baklawa,

basbosa, konafa

Junk food Any of the following food items prepared
outside home (ready to eat food): burgers,
pizza, fried (potatoes, chicken, falafal),
favabeans, koshary, shawarma sandwiches.

Chocolate Bars, chocolate cakes

Soda Sweetened carbonated drinks

Juices Fresh, canned and citric,

Caffeinated drinks Tea, coffee, Nescafe sachets (commonly

known in Egypt as 3 in 1)

Data collection and grouping

Name, age, gender, address, and type of education
(government, experimental, or private) were among the
sociodemographic data obtained from children’s guardians.
The children’s lifestyle habits were documented, and the
dietary habits were thoroughly reported using a food frequency
questionnaire. The first two parts of the questionnaire that
included the sociodemographic data and the dentition status
were validated in WHO-oral health surveys (64), while the third
part that included the lifestyle habits was validated in (65, 66).
Finally, the part of the dietary habits was validated by Abbass et
al. and the diet history questionnaire (47, 67-69). The assessed
18 dietary elements are included in Table 1.

The authors filled out the questionnaire according to
parents’ answers on behalf of their children. The frequencies
used in the questionnaire were once per month; 1-2 times per
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week; 3-4 times per week; 5-6 times per week; once per day;
2-3 times per day; 4-5 times per day; and 6 or more times per
day. To facilitate the comparison and statistical analysis, these
frequencies were merged into the three frequencies displayed:
< 2 times/week; 3-6 times/week; 1-6 times/day. According to
WHO (1995) (70), body weights were measured using a Beurer
scale (Ulm, Germany) with the participants wearing clothes but
without shoes. Standing heights were measured to the nearest
0.1cm utilizing a stadiometer. Body mass index (BMI) was
calculated from the measured heights and weights. The obtained
BMI values were plotted on the WHO percentile body mass
index (BMI/age) charts for boys and girls (71). The children
were divided into four categories based on their BMI percentiles:
the underweight group (<5th percentile); the normal group (>
5th_< 85t percentile); the overweight group (> 85th_< gsth
percentile); and the obese group (> 95th percentile). Moreover,
children were divided into three groups based on their age:
group I (5-<7 years old), group II (7-<9 years old), and group
111 (9, 10).

Furthermore, participants’ responses to questions regarding
lifestyle habits were marked, and a total score was calculated for
each participant as previously described (72-75). Participants
with a cumulative score of (0-3) were categorized into unhealthy
lifestyle habits, while those with a cumulative score of (4-5) were
categorized into moderate lifestyle habits, while participants
with a cumulative score of (6-7) were categorized into healthy
lifestyle habits.

Oral examination

Examiners were trained and calibrated over 3 days in 3
sessions, with disparities in observations discussed among the
examiners for reassessment and consensus (76, 77). Following
the WHO guidelines, oral examination was performed on a
dental chair in artificial light using a plain mouth mirror and
a dental probe (78). During the clinical examination, all of the
teeth that were present were considered (77).

Any lesion with a detectably softened floor, undermined
enamel, or softened wall in a pit or fissure or on a smooth tooth
surface, tooth surface containing a temporary filling requiring
further treatment, and tooth surface containing a permanent
restoration with an area of decay were all considered carious
(either primary or secondary caries). The DMFT index, which
measures the number of D (decayed tooth), M (missing tooth),
and F (filled tooth), was used to determine the severity of
caries in permanent teeth. The dmft index was employed for
primary teeth: d (decayed teeth), m (missing teeth), and f (filled
tooth). The deft index was employed for mixed dentition: d
(decayed tooth indicated for filling), e (decayed tooth advised for
extraction), and f (filled tooth) (64). The DMFT, dmft, and deft
indices were divided into three categories: caries index zero (no
carious teeth), caries index 1-3 (number of carious teeth 1-3),
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and caries index >4 (number of carious teeth > 4) for statistical
analysis (79).

Statistical analysis

Data were statistically described as frequencies (number of
cases) and percentages. Since data were non-parametric, the
Kruskal-Wallis test was used for comparing more than two
groups, while the Mann-Whitney test was used for comparing
two groups. Spearman’s rank correlation was used for the
detection of correlation between different variables. Multivariate
logistic regression analysis was used to test for the preferential
effect of each food item on caries index and obesity after
adjusting the effect of age and gender. P-values of < 0.05 were
considered statistically significant. All statistical calculations
were done using the computer program IBM SPSS (Statistical
Package for the Social Science; IBM Corp, Armonk, NY,
United States), release 22 for Microsoft Windows.

Results

Population profile

The study included 180 (48.8%) boys and 189 (51.2%) girls.
About 172(46.6%) participants fell into the first age group Al
(5-6.9 years), 97(26.3%) fell into the second age group AII (7-
8.9 years), while 100 (27.1%) fell into the third age group AIII
(9-10 years). The majority of participants 162 (43.9%) attended
governmental schools. A total of 122 (33.1%) of the participants
had normal weight, while 247 (67.0%) were overweight or obese.
No underweight participants have been reported in this work;
therefore, this category is not presented in the result section.
About 342 (93.7%) of the included subjects suffered from dental
caries, and only 27 (7.3%) individuals were caries-free (Table 2).

Lifestyle habits

Most of the parents stated that their children had breakfast
meal most of the time. In addition, 162 (43.9%) of the parents
mentioned that their child would watch TV while eating, 159
(43.1%) of the parents stated that their children sometimes
eat outside their home, and 131 (35.5%) of the participants
would have their dinner 1 h before bedtime. Most of the parents
286 (77.5%) mentioned that the whole family had their meals
together, and 227 (61.5%) acknowledged that their child does not
perform any sort of physical exercise. A total of 175 (47.4%) of
the participating children used the internet more than 2h per
day, while 178 (48.2%) did not. The majority of the participants
190 (51.5%) were categorized as moderate regarding lifestyle
habits (Table 2).
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Dietary habits

Most of the participants consumed meat, legumes (fava
beans/ hommos), sweetened cereals/ belela, sweetened milk,
ice cream, soft drinks, sweetened juice, granulated sugars,
desserts (cakes/ doughnuts/ sweetened pies/ baklawa/ basbosa/
konafa), fast food, chocolate, and caffeinated drinks (coffee,
tea) less than or equal to 2 times/week, while the majority
consumed carbohydrates, fresh fruits, and vegetables, dairy
products (unsweetened milk/ cheese/ yogurt), candies, and
crackers (biscuits/ chips), 1 to 6 times per day (Table 2).

Mean decayed, missing/extracted, filled
teeth (Dmft, deft, and DMFT)

The mean dmft recorded for the participants was 6.8 (£4.5),
the mean deft was 4.2 (43.3), while the mean DMFT was 0.9
(£1.7). The highest mean DMFT 1.8 (4:2.0) was detected within
AITIT age group. In contrast, Al age group showed the highest
mean dmft and deft of 6.9 (£4.5) and 5.5 (£3.9), respectively
(Table 3).

Correlation between caries indices and
different risk factors

Correlation between dmft index and different
risk factors

The majority of participants had dmft more than 4. The
highest percentage of participants with dmft more than 4 were
overweight or obese. The highest percentage of participants with
dmft more than 4 were males. Most of the participants with dmft
more than 4 had unhealthy life habits. No significant correlation
was detected between dmft and gender or age, a statistically
significant positive correlation was detected between dmft and
BMI, while a statistically significant negative correlation was
detected between dmft and healthy lifestyle habits (Table 4).

The highest percentage of participants with dmft more
than 4 consumed meat, sweetened cereals/ belela, sweetened
milk, dairy ice cream, soft drinks, granulated sugar, halawa/
honey, desserts (cakes/ doughnuts/ sweetened pies/ baklawa/
basbosa/ konafa), fast food, and caffeinated drinks (coffee, tea),
less than or equal to 2 times/week, while carbohydrates, fresh
fruits and vegetables, legumes (fava beans/ hommos), dairy
products unsweetened milk/ cheese/ yogurt, candies (sticky or
not), crackers (biscuits/ chips), and chocolate were consumed
1-6 times/day by the majority of participants with dmft more
than 4.

A
detected between dmft and legumes, sweetened milk, soft

statistically ~ significant positive correlation was

drinks, sweetened juice, and desserts (cakes/ doughnuts/
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TABLE 2 Demographics, lifestyle habits and dietary habits.

Parameter

Categories number (%)

10.3389/fpubh.2022.953545

1- Age (years)

2- Gender

3-Children education

4- Body Mass Index

5- Dental status

6- Lifestyle habits

a. Breakfast meal

b. Watching TV while eating

c. Eating outside home

d. Eating before bedtime

e. Family meals

f. Exercise /physical activity

g. Using internet more than 2

hours per day

7- Food consumption

a. Meat/poultry/fish

b. Carbohydrates

c. Fresh fruits and vegetables

d. Legumes (fava beans/ hommos)
e. Sweetened cereals/ belela

f. Dairy products (unsweetened
milk/ cheese/ yogurt

g. Sweetened milk

h. Dairy ice cream

i. Soft drinks

j. Sweetened juice

k. Granulated sugars

1. Candies (sticky or not)

m. Halawa/ honey

n. Crackers (biscuits/ chips)

o. Cakes/ doughnuts/ sweetened
pies/ baklawa/ basbosa/ konafa
p. Fast food

q. Chocolate

r. Caffeinated drinks (coffee, tea)

Al (5-6.9 years)
172 (46.6%)
Boys
180 (48.8%)
Governmental
162 (43.9%)
Normal (>5-<85)
122 (33.1%)
Caries free
342 (93.7%)
Unhealthy habits
152 (41.2%)
No
34(9.2%)

133 (36.0%)
Don’t eat at night
17 (4.6%)
Alone
36 (9.8%)

No
227 (61.5%)
Yes

175 (47.4%)
< 2 times/week
130 (35.2%)
26 (7.1%)

96 (26.0%)
164 (44.4%)
229 (62.1%)
85 (23.0%)

183 (49.6%)
234 (63.5%)
243 (65.9%)
175 (47.4%)
270 (73.2%)
123 (33.3%)
202(54.7%)
80 (21.7%)
250 (67.8%)

244 (66.1%)
163 (44.1%)
268 (72.6%)

AII (7-8.9 years)
97 (26.3%)
Girls
189 (51.2%)
Private

100 (27.1%)

Overweight (>85-<95) and Obese (> 95)

247 (66.9%)
Caries
27 (7.3%)
Moderate
190 (51.5%)
Sometimes
105 (28.5%)
Sometimes
133 (36.0 %)
Sometimes
159 (43.1%)
One hour
131 (35.5%)
All/some family
286 (77.5%)
Yes
122 (33.1%)
No

178 (48.3%)
3-6 times/week
127 (34.4%)
73 (19.8%)
80 (21.7%)
72 (19.5%)
44 (11.9%)
66 (17.9%)

54 (14.68%)
71 (19.2%)
50 (13.6%)
86 (23.3%)
28 (7.6%)
67 (18.2%)
60(16.3%)
62
66

(
(16.8%
(17.9%

)
)
67 (18.2%)

70 (19.0 %)
31 (8.4%)

AIII (9-10 years)
100 (27.1%)

Experimental

36 (9.8%)

Healthy habits
27 (7.3%)
Most of the times
207 (56.1%)
Most of the times
162 (43.9%)
Most of the times
29 (7.9%)

2 hours
97 (26.3%)
Other
30 (8.1%)
Unknown
20 (5.4%)
Unknown

16 (4.3%)
1-6 times/day
112 (30.4%)
270 (73.2%)
193 (52.3%)
133 (36.1%)
96 (26.0%)

218 (59.1%)

132 (35.8%)
64 (17.3%)
76 (20.6%)
108 (29.3%)
71 (19.2%)
179 (48.5%)
107 (29.0%)
227 (61.5%)
53 (14.3%)

58 (15.7%)
136 (36.9%)
70 (19.0 %)

Others
71(19.2%)

Rare
21(5.7%)
Rare
9(2.4%)
Rare
46(12.5%)
3 hours
52(14.1%)
Unknown
17 (4.6%)

Unknown
2(0.5%)
Unknown
3(0.8%)
Unknown
2(0.5%)

Just before bed time

72(19.5%)
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TABLE 3 Mean (+SD) of dmft, deft, and DMFT indices.

Variable AGE N Mean Variable
mean (£SD) (£SD) mean (£SD)
dmft 6.829 (+4.541) AI 105 6.9 (+4.6) deft4.2 (+£3.3)
AIT 0
AIIT 0

sweetened pies/ baklawa/ basbosa/ konafa), while a statistically
significant negative correlation was detected between dmft
and meat/poultry/fish, fresh fruits and vegetables, and dairy
products (unsweetened milk/ cheese/ yogurt).

After adjusting the effect of age and gender, the following
items were found to be significantly associated with high
dmft: legumes, sweetened milk, soft drinks, sweetened juice,
granulated sugars, and desserts (cakes/ doughnuts/ sweetened
pies/ baklawa/ basbosa/ konafa). Conversely, meat/poultry/fish,
fresh fruits and vegetables, and dairy products, including
unsweetened milk/ cheese/ yogurt, were significantly associated
with low dmft (Table 5).

Correlation between deft index and different
risk factors

Most of the studied population 145 (54.9%) had a deft index
of more than 4. The highest percentage of participants with
deft index of more than 4 fell into the AII age group. The
highest percentage of participants with deft index of more than
4 were females. The highest percentage of participants with deft
index of more than 4 were overweight or obese. A statistically
significant negative correlation was detected between age and
deft also between deft and healthy lifestyle habits. A statistically
significant positive correlation was detected between deft and
BMI (Table 6).

The highest percentage of participants with deft index of
more than 4 consumed meat/poultry/fish, sweetened cereals/
belela, dairy ice cream, soft drinks, sweetened juice, granulated
sugars, halawa/ honey, desserts (cakes/ doughnuts/ sweetened
pies/ baklawa/ basbosa/ konafa), fast food, chocolate, and
caffeinated drinks less than or equal to 2 times/week, while
carbohydrates, fresh fruits and vegetables, dairy products,
sweetened milk, candies, and crackers were consumed 1 to 6
times daily.

A statistically significant positive correlation was detected
between deft and sweetened milk, dairy ice cream, sweetened
juice, candies, and crackers. In contrast, a statistically
significant negative correlation was detected between deft
and meat/poultry/fish, fresh fruits, and vegetables.

After adjusting the effect of age and gender, the following
items were found to be significantly associated with high deft,
sweetened milk, dairy ice cream, soft drinks, candies, and
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N Mean Variable AGE N Mean
(£SD) mean (£SD) (£SD)
67 55(+3.9)  DMFT 0.1 (+1.7) AI 67  0.09(£0.4)
97 47(£3.1) ATl 97 0.8 (+1.4)
100 2.8 (42.5) AIIT 100 1.8 (+2.1)

crackers. On the contrary, meat/poultry/fish, fresh fruits, and
vegetables were associated with low deft (Table 7).

Correlation between dmft index and different
risk factors

The majority of participants 173 (65.5%) had DMFT = 0.
The highest percentage of participants with DMFT index of
more than 4 fell into the AIII age group. The highest percentage
of participants with DMFT index of more than 4 were females.
The highest percentage of participants with DMFT index of
more than 4 were overweight or obese. A statistically significant
positive correlation was detected between age and DMFT, while
a non-significant positive correlation was detected between
gender, BMI, and DMFT (Table 8).

The highest percentage of participants with DMFT more
than 4 consumed meat/poultry/fish, legumes, sweetened cereals,
dairy ice cream, soft drinks, granulated sugars, desserts (cakes/
doughnuts/ sweetened pies/ baklawa/ basbosa/ konafa), fast
food, and caffeinated drinks less than or equal to 2 times/week,
while carbohydrates, fresh fruits and vegetables, dairy products,
sweetened juice, candies, halawa/ honey, crackers, and chocolate
were consumed 1-6 times/day.

A statistically significant positive correlation was detected
between DMFT and soft drinks, sweetened juice, and desserts
(cakes/ doughnuts/ sweetened pies/ baklawa/ basbosa/ konafa),
while a statistically significant negative correlation was detected
between DMFT and fresh fruits and vegetables.

After adjusting the effect of age and gender, the following
items were found to be significantly associated with high DMFT:
soft drinks, sweetened juice, and desserts (cakes/ doughnuts/
sweetened pies/ baklawa/ basbosa/ konafa). In contrast, fresh
fruits and vegetables were significantly associated with low
DMFT (Table 9).

Correlation between BMI and different
risk factors

Most of the studied population 247 (66.9%) were overweight
(> 85-< 95) and obese (> 95), while 122(33.1%) of the
participants had normal BMI (> 5-< 85). The highest
percentage of overweight/obese participants fell into AIl age
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AIIL O

AIITL 0

0.071

—0.177

<0.05*

45 (80.4%)
32 (65.3%)
14 (41.1%)

9 (16.1%)

2 (3.6%)
5(10.2%)

Boys 56 (53.3%)
Girls 49 (46.6%)

Gender

12 (24.5%)

<0.05*

0.523

0.576

13 (38.2%)

7 (20.5%)

Normal (>5-<85) 34 (32.38%)

BMI

63 (88.7%)

8(11.3%)

Overweight (>85-<95)

and Obese (> 95) 71 (67.61%) Lifestyle habits

Unhealthy habits 44(41. 9%)
Moderate 50(47.6%)

0.005*

—0.273

<0.05*

37 (48%)
35 (45.5%)
5(6.5%)

7 (33.33%)

Lifestyle habits

11 (52.4%)
3 (14.3%)

4(57.1%)

3 (42.8%)

Healthy habits 11(10.5%)

*Statistically significant.
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group. The highest percentage of overweight/obese participants
were males. Overweight/obese participants had the highest
percentages of unhealthy lifestyle habits.

A non-statistically positive correlation was detected between
BMI and age. Moreover, a non-statistically negative correlation
was detected between BMI and gender. On the contrary,
a statistically significant negative correlation was detected
between BMI and healthy lifestyle habits (Table 10).

The highest percentage of overweight/obese participants
consumed meat/poultry/fish, carbohydrates, fresh fruits and
vegetables, dairy products, and chocolate less than or equal to 2
times/week and consumed sweetened milk 3 to 6 times per week.
Legumes, sweetened cereals/ belela, dairy ice cream, soft drinks,
sweetened juice, granulated sugars, halawa/honey, crackers,
desserts (cakes/ doughnuts/ sweetened pies/ baklawa/ basbosa/
konafa), fast food, and caffeinated drinks were consumed 1
to 6 times per day within overweight/obese participants, while
candies were nearly equally consumed less than or equal to 2
times/week and 1-6 times/day.

A statistically significant positive correlation was detected
between BMI and legumes, dairy ice cream, soft drinks,
granulated sugars, desserts (cakes/ doughnuts/ sweetened pies/
baklawa/ basbosa/ konafa), fast food, and caffeinated drinks,
while a statistically significant negative correlation was detected
between BMI and meat/poultry/fish, fresh fruits, and vegetables.

After adjusting the effect of age and gender, the following
items were found to be associated with high BMI: legumes,
dairy ice cream, soft drinks, granulated sugars, desserts (cakes/
doughnuts/ sweetened pies/ baklawa/ basbosa/ konafa), fast
food, and caffeinated drinks. While meat/poultry/fish, fresh
fruits, and vegetables were significantly associated with low BMI
(Table 11).

Discussion

Dental caries is considered the most prevalent non-
communicable chronic disease worldwide, affecting all ages,
from infants to old adults. It is a biofilm-mediated, sugar-
induced, multifactorial, dynamic disease that leads to a cyclic
demineralization and remineralization of dental hard tissues
(80). This study examined the correlation between caries
prevalence and malnutrition (overweight/obesity) in association
with unhealthy food consumption patterns.

The strengths of our study include the collection of data
representative to the whole nation since the patients come to
the clinics of the Faculty of Dentistry, Cairo University from all
the Egyptian governorates, and the high-quality outcome data.
An additional strength is the use of a questionnaire validated by
the WHO. Despite these strengths, the exposure measurement
used in our study has several weaknesses including the sampling
technique, where a non-random sampling technique was used as
all the participants were recruited from the outpatient clinics of
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TABLE 5 Correlation between dmft index and frequency of intake of different food items (Total number 105).

Dietary habits
Parameter and categories Number (%) M-W test Correlation Logistic regression
dmft =0 dmft=1-3  dmft>4 p-value rho p-value p-value OR 95%CI for OR
7 (6.7%) 21 (20 %) 77 (73.3%) Lower Upper
a. Meat/poultry/fish < 2 times/week 37 (35.2%) 0 3(8.1%) 34 (91.9%) <0.05* —0.415 <0.05* <0.05* 0.269 0.141 0.515
3-6 times/week 33 (31.4%) 1 (3.07%) 6 (18.2%) 26 (78.8%)
1-6 times/day 35 (33.3%) 6 (17.1%) 12 (343%) 17 (48.6%)
b. Carbohydrates < 2 times/week 4 (3.8%) 0 1(25%) 3 (75%) 0.094 —0.110 0.264 0.359 0.623 0.227 1.713
3-6 times/week 14 (13.3%) 0 2 (14.3%) 12 (85.7%)
1-6 times/day 87 (82.8%) 7 (8.1%) 18 (20.7%) 62 (71.3%)
c. Fresh fruits and vegetables < 2 times/week 19 (18%) 0 1(5.3%) 18 (94.7%) 0.010* —0.378 <0.05* 0.001* 0.197 0.073 0.536
3-6 times/week 25 (23.8%) 0 2 (8%) 23 (92%)
1-6 times/day 61 (58.1%) 7 (11.5%) 18 (29.5%) 36 (59.0%)
d. Legumes (fava beans/ hommos) < 2 times/week 47 (44.8%) 5(10.6%) 12 (25.5%) 30 (63.8%) <0.05* 0.219 0.025* 0.029% 1.775 1.062 2.966
3-6 times/week 20 (19%) 2 (10%) 3 (15%) 15 (75%)
1-6 times/day 38 (36.2%) 0 6 (15.79%) 32 (84.2%)
e. Sweetened cereals/ belela < 2 times/week 62 (59%) 2(3.2%) 11 (17.7%) 49 (79.0%) <0.05* —0.145 0.140 0.180 0.714 0.436 1.168
3-6 times/week 17 (16.2%) 2 (11.8%) 5 (29.4%) 10 (58.8%)
1-6 times/day 26 (24.8%) 3 (11.5%) 5(19.2%) 18 (69.2%)
f. Dairy products un sweetened milk/ <2 times/week 23 (21.9%) 1 (4.3%) 2 (8.7%) 20 (87%) 0.006* —0.236 0.015* 0.025* 0.475 0.247 0911
cheese/ yoghurt
3-6 times/week 21 (20%) 1 (4.7%) 2 (9.5%) 18 (85.7%)
1-6 times/day 61(58.1%) 5(8.19%) 17 (27.86%) 39 (63.93%)
g. Sweetened milk < 2 times/week 58 (55.2%) 7 (12.1%) 16 (27.6%) 35 (60.3%) <0.05* 0.326 0.001* 0.003* 2.775 1.422 5.417
3-6 times/week 18 (17.1%) 0 2(11.1%) 16 (88.8%)
1-6 times/day 29 (27.6%) 0 3(10.3%) 26 (89.7%)
h. Dairy ice cream < 2 times/week 76 (72.4%) 6 (7.9%) 15 (19.7%) 55 (72.4%) <0.05* 0.059 0.547 0.434 1.299 0.674 2.506
3-6 times/week 16 (15.2%) 1(6.3%) 4(25%) 11 (68.7%)
1-6 times/day 13 (12.4%) 0 2 (15.4%) 11 (84.6%)
i. Soft drinks <2 times/week 67 (63.8%) 7 (10.5%) 18 (26.9%)  42(62.7%)  <0.05* 0.330 0.001* 0.004* 3.770 1.531 9.285
3-6 times/week 15 (14.3%) 0 2(13.3%) 13 (86.7%)
1-6 times/day 23 (21.9%) 0 1 (4.4%) 22 (95.6%)
j. Sweetened juice < 2 times/week 46 (43.8%) 3 (6.5%) 14 (30.4%) 29 (63.0%) <0.05* 0.237 0.015* 0.016* 2.029 1.142 3.606
3-6 times/week 27 (25.7%) 2 (7.4%) 6 (22.2%) 19 (70.4%)
1-6 times/day 32 (30.5%) 2 (6.3%) 1(3.1%) 29 (90.6%)
(Continued)
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TABLE 5 Continued

Dietary habits
Parameter and categories Number (%) M-W test Correlation Logistic regression
dmft=0 dmft=1-3  dmft >4 p-value rho p-value p-value OR 95%CI for OR
7 (6.7%) 21 (20 %) 77 (73.3%) Lower Upper
k. Granulated sugars <2 times/week 72 (68.6%) 5(6.9%) 18 (25%) 49 (68.1%) <0.05* 0.188 0.055 0.047* 1.943 1.008 3.744
3-6 times/week 10(9.5%) 2 (20%) 1(10%) 7 (70%)
1-6 times/day 23 (21.9%) 0 2 (8.70%) 21 (91.30%)
1. Candies (sticky or not) < 2 times/week 25 (23.8%) 1 (4%) 8(32%) 16 (64%) 0.003* 0.162 0.099 0.125 1.470 0.899 2.404
3-6 times/week 20 (19%) 3 (15%) 4(20%) 13 (65%)
1-6 times/day 60 (57.1%) 3 (5%) 9 (15%) 48 (80%)
m. Halawa/ honey <2 times/week 54 (51.4%) 4 (7.4%) 11 (20.4%) 39 (72.2%) <0.05* 0.098 0.320 0.239 1.368 0.812 2.304
3-6 times/week 21 (20%) 2(9.5%) 7 (33.3%) 12 (57.2%)
1-6 times/day 30 (28.6%) 1(3.3%) 3 (10%) 26 (86.7%)
n. Crackers (biscuits/ chips) < 2 times/week 24 (22.9%) 1(4.2%) 4(16.7%) 19 (79.2%) 0.023% 0.020 0.839 0.972 0.991 0.593 1.657
3-6 times/week 16 (15.2%) 2 (12.5%) 5(31.3%) 9 (56.3%)
1-6 times/day 65 (61.9%) 4(6.2%) 12 (18.5%) 49 (75.4%)
o. Cakes/ doughnuts/ sweetened pies/ <2 times/week 70 (66.7%) 6 (8.6%) 19 (27.1%) 45 (64.3%) <0.05* 0.290 0.003* 0.009* 3.299 1.346 8.085
baklawa/ basbosa/ konafa
3-6 times/week 15 (14.3%) 1(6.7%) 1(6.6%) 13 (86.7%)
1-6 times/day 20 (19%) 0 1 (5.0%) 19 (95.0%)
p. Fast food <2 times/week 76 (72.4%) 7 (9.2%) 16 (21.1%) 53 (69.7%) <0.05* 0.158 0.108 0.100 1.940 .881 4.273
3-6 times/week 17 (16.2%) 0 4(23.5%) 13 (76.5%)
1-6 times/day 12 (11.4%) 0 1(8.3%) 11 (91.7%)
q. Chocolate <2 times/week 41 (39%) 1(2.4%) 8(19.5%) 32(78.1%) <0.05* —0.028 0.775 0.748 0.926 0.577 1.485
3-6 times/week 18 (171%) 2 (11.1%) 6(33.3%) 10 (55.6%)
1-6 times/day 46 (43.8%) 4 (8.7%) 7 (15.2%) 35(76.1%)
r. Caffeinated drinks (coffee, tea) < 2 times/week 72 (68.6%) 7(9.7%) 16 (22.2%) 49 (68.1%) <0.05* 0.180 0.066 0.095 1.669 0.914 3.048
3-6 times/week 10 (9.5%) 0 1(10%) 9(90.0%)
1-6 times/day 23 (21.9%) 0 4(17.4%) 19 (82.6%)

*Statistically significant.
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TABLE 6 Correlation between deft index and different risk factors (Total number 264).
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109 (61.9%)

50 (28.4%)

17 (9.7%)

Overweight (>85-<95) and

Obese (> 95) 176 (66.7%)

Lifestyle habits

0.005*

—0.173

<0.05*

65 (60.1%)

37 (34.3%)
42 (30%)
7 (43.7%)

6 (5.6%)

Unbhealthy habits 108 (40.9%)

Lifestyle habits

75 (53.1%)

23 (16.4%)
4(25%)

Moderate 140 (53%)

5(31.3%)

Healthy habits 16 (6.1%)

*Statistically significant.
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the Faculty of Dentistry, Cairo University. In addition, another
major limitation is the cross-sectional study design, as the
exposure and outcome are concurrently assessed. Finally, this
study did not include questions about participants’ oral hygiene
and socioeconomic status which can be justified by the inclusion
of such questions in a previous study among Egyptian adults (69)
and children (47) conducted by our group. As per our previous
study, poor oral hygiene was one of the risk factors significantly
associated with caries prevalence among Egyptian adults (69)
and children (47).

Study participants were recruited from the pediatrics dental
clinics, Faculty of Dentistry, Cairo University. Hence, the
majority of participants 342 (93.7%) suffered from dental caries,
while only 27(7.3%) were caries-free. The highest mean dmft
6.9(£ 4.6) and deft 5.5(F 3.9) were detected in an age group
ranging from 5 to 6.9 years. This result could be attributed
to lack of parental education, which affects their attitude
regarding dental healthcare, with subsequent negligence toward
maintaining a healthy primary dentition. Parents’ ignorance can
result in neglecting seeking dental treatment for their children
as they regard primary teeth as unimportant and replaceable by
permanent teeth (47, 81). On the contrary, the highest mean
DMFT 1.8 (£ 2.1) was detected in age group ranging from 9
to 10 years. A statistically significant positive correlation was
detected between age and DMFT. Early loss of primary teeth due
to a lack of parental education, with subsequent early eruption
of their permanent successors, subjects permanent teeth to poor
oral environment and to multiple caries-promoting factors (81).

The absence of dental services within the primary healthcare
centers in Egypt leads to limited or no access to effective dental
care (82). According to a WHO-sponsored epidemiological
study on the state of oral health in Egypt, dental services were
not being used to their full potential, and 40% of the included
individuals stated that they had dental problems at the time of
the study but chose not to seek dental care. According to the
subjects’ visitation patterns, roughly 20% had not seen a dentist
in more than 2 years, and another 20% had never visited a
dentist (9).

Diet and diet-related risks play a significant role in the
incidence of obesity and dental caries. These diet factors include
dietary habits frequencies, consumption of large amounts of
fermentable carbohydrates, junk foods, and highly cariogenic
diets (41).

Sugars are the most important and the most studied dietary
factor in developing dental caries. In this study, there was a
significant positive correlation between both dmft and DMFT
with the consumption of desserts (cakes/ doughnuts/ sweetened
pies/ baklawa/ basbosa/ konafa). Another significant positive
correlation was found between deft and the consumption of
dairy ice cream, candies, and crackers. The form (solid or
liquid) of the fermentable carbohydrate directly influences the
duration of exposure and retention of the food on the teeth.
Thereby, prolonged retention of cariogenic components on teeth
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TABLE 7 Correlation between deft index and frequency of intake of different food items (Total number 264).

Dietary habits
Number (%) M-W test Correlation Logistic regression
deft=0 deft=1-3 deft > 4 p-value rho p-value p-value OR 95%CI for OR
33 (12.5%) 86 145 Lower Upper
(32.57%) (54.92%)
a. Meat/poultry/fish < 2 times/week 93 (35.2%) 6 (6.4%) 29 (31.2%) 58 (62.4%) <0.05* —0.186 0.002* <0.05* 0.584 0.429 0.795
3-6 times/week 94 (35.6%) 11(11.7%) 28 (29.8%) 55 (58.5%)
1-6 times/day 77 (29.2%) 16 (20.8%) 29 (37.6%) 32 (41.6%)
b. Carbohydrates < 2 times/week 22 (8.3%) 6(27.3%) 6(27.3%) 10 (45.4%) 0.001* 0.002 0.973 0.983 0.996 0.680 1.458
3-6 times/week 59 (22.4%) 3(5.1%) 21 (35.6%) 35 (59.3%)
1-6 times/day 183 (69.3%) 24 (13.2%) 59 (32.2%) 100 (54.6%)
c. Fresh fruits and vegetables < 2 times/week 77 (29.2%) 7(9.1%) 21 (27.3%) 49 (63.7%) 0.010* —-0.172 0.005* 0.002* 0.632 0.472 0.846
3-6 times/week 55 (20.8%) 2 (3.6%) 19 (34.6%) 34 (61.8%)
1-6 times/day 132 (50%) 24 (18.2%) 46 (34.8%) 62 (47%)
d. Legumes (fava beans/ hommos) < 2 times/week 117 (44.3%) 18 (15.4%) 41 (35.0%) 58 (49.6%) <0.05* 0.110 0.073 0.081 1.274 0.971 1.672
3-6 times/week 52 (19.7%) 6 (11.5%) 17 (32.7%) 29 (55.8%)
1-6 times/day 95 (36%) 9(9.5%) 28 (29.5%) 58 (61.0%)
e. Sweetened cereals/ belela < 2 times/week 167 (63.3%) 21 (12.6%) 55 (32.9%) 91 (54.5%) <0.05* 0.022 0.726 0.485 1.103 0.837 1.453
3-6 times/week 27 (10.3%) 4(14.8%) 10 (37.0%) 13 (48.2%)
1-6 times/day 70 (26.5%) 8 (11.4%) 21(30.0%) 41 (58.6%)
f. Dairy products un sweetened milk/ < 2 times/week 62 (23.4%) 4 (6.5%) 23 (37.1%) 35 (56.5%) 0.828 —0.073 0.237 0.105 0.786 0.588 1.051
cheese/ yogurt
3-6 times/week 45 (17.1%) 4 (8.9%) 14 (31.1%) 27 (60.0 %)
1-6 times/day 157 (59.5%) 25 (15.9%) 49 (31.2%) 83 (52.9%)
g. Sweetened milk < 2 times/week 125 (47.4%) 24 (19.2%) 43 (34.4%) 58 (46.4%) <0.05* 0.185 0.003* 0.005* 1.468 1.126 1.913
3-6 times/week 36 (13.6%) 4(11.1%) 9 (25.0%) 23 (63.9%)
1-6 times/day 103 (39.0%) 5 (4.9%) 34 (33.0%) 64 (62.1%)
h. Dairy ice cream < 2 times/week 158 (59.9%) 24 (15.2%) 58 (36.7%) 76 (48.1%) <0.05* 0.182 0.003* 0.005* 1.586 1.149 2.191
3-6 times/week 55 (20.8%) 6 (10.9%) 6(29.1%) 33 (60.0%)
1-6 times/day 51 (19.39%) 3(5.9%) 2(23.5%) 36 (70.6%)
i. Soft drinks <2 times/week 176 (66.97%)  25(14.2%) 60 (34.1%)  91(51.7%)  <0.05* 0.118 0.055 0.003* 1.617 1.172 2232
3-6 times/week 35 (13.3%) 4(11.4%) 14 (40.0%) 17 (48.6%)
1-6 times/day 53 (20%) 4(7.6%) 12 (22.6%) 37 (69.8%)
j. Sweetened juice < 2 times/week 129 (48.9%) 21 (16.3%) 47 (36.4%) 61 (47.3%) <0.05* 0.122 0.048* 0.075 1.297 0.974 1.728
3-6 times/week 59 (22.4%) 3(5.1%) 16 (27.1%) 40 (67.8%)
1-6 times/day 76 (28.8%) 9 (11.8%) 23 (30.3%) 44 (57.9%)
(Continued)
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Number (%) M-W test Correlation Logistic regression
deft=0 deft=1-3 deft > 4 p-value rho p-value p-value OR 95%CI for OR
33 (12.5%) 86 145 Lower Upper
(32.57%) (54.92%)
k. Granulated sugars < 2 times/week 198 (75 %) 26 (13.1%) 69 (34.9%) 103 (52.0%) <0.05* 0.096 0.120 0.096 1.317 0.952 1.821
3-6 times/week 18 (6.8%) 2 (11.1%) 5(27.8%) 11 (61.1%)
1-6 times/day 48 (18.2%) 5(10.4%) 12 (25.0%) 31 (64.6%)
1. Candies (sticky or not) < 2 times/week 98 (37.1%) 13 (13.3%) 40 (40.8%) 45 (45.9%) <0.05* 0.141 0.021* 0.031* 1.340 1.027 1.750
3-6 times/week 47 (17.8%) 7 (14.9%) 5(31.2%) 25 (53.2%)
1-6 times/day 119 (45.1%) 13 (10.9%) 31 (26.1%) 75 (63.0 %)
m. Halawa/ honey < 2 times/week 148 (56.1%) 20 (13.5%) 48 (32.4%) 80 (54.1%) <0.05* 0.013 0.833 0.844 0.973 0.744 1.273
3-6 times/week 39 (14.8%) 6 (15.4%) 8 (20.5%) 25 (64.1%)
1-6 times/day 77 (29.1%) 7 (9.1%) 30 (39%) 40 (51.9%)
n. Crackers (biscuits/ chips) < 2 times/week 56 (21.2%) 7 (12.5%) 24 (42.9%) 25 (44.6%) 0.702 0.141 0.022% 0.035* 1.364 1.022 1.821
3-6 times/week 46 (17.4%) 8 (17.4%) 17 (37%) 21 (45.6%)
1-6 times/day 162 (61.4%) 18 (11.1%) 45 (27.8%) 99 (61.1%)
0. Cakes/ doughnuts/ sweetened pies/ < 2 times/week 180 (68.2%) 23 (12.8%) 60 (33.3%) 97 (53.9%) <0.05* 0.051 0.411 0.165 1.285 0.902 1.830
baklawa/ basbosa/ konafa
3-6 times/week 51 (19.3%) 6 (11.7%) 21 (41.2%) 24 (47.1%)
1-6 times/day 33 (12.5%) 4(12.1%) 5(15.2%) 24 (72.7%)
p. Fast food < 2 times/week 168 (63.6%) 20 (11.9%) 8 (34.5%) 90 (53.6%) <0.05* 0.026 0.670 0.315 1.178 0.856 1.622
3-6 times/week 50 (18.9%) 5 (10.0%) 8(36.0%) 27 (54.0%)
1-6 times/day 46 (17.4%) 8 (17.4%) 0(21.7%) 28 (60.9%)
q. Chocolate < 2 times/week 122 (46.2%) 14 (11.5%) 7 (38.5%) 61 (50.0%) <0.05* 0.063 0.308 0.531 1.092 0.829 1.438
3-6 times/week 52 (19.7%) 5(9.6%) 7 (32.7%) 30 (57.7%)
1-6 times/day 90 (34.1%) 14 (15.6%) 2(24.4%)  54(60.0%)
r. Caffeinated drinks (coffee, tea) < 2 times/week 196 (74.2%) 25 (12.8%) 68 (34.7%) 103 (52.5%)  <0.05* 0.084 0.175 0.069 1.348 0.978 1.858

3-6 times/week 21 (8%)
1-6 times/day 47 (17.8%)

5 (23.8%)
3 (6.4%)

5 (23.8%)
13 (27.7%)

11 (52.4%)
31 (65.9%)

*Statistically significant.
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TABLE 8 Correlation between DMFT index and different risk factors (Total number 264).

Mahmoud et al.
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(10.31%)
27 (27%)

10

(17.53%)
33 (33%)
24 (19.35%)
30 (21.43%)

17

70 (72.16%)

ATI 97 (36.7%)
ATIT 100 (37.9%)
Boys 124 (47%)
Girls 140 (53%)

40 (40%)
85 (68.55%)

0.307

0.063

0.012*

(12.10%)
22 (15.71%)

15

Gender

88 (62.86%)
62 (70.45%)

0.075 0.225

<0.05*

(11.36%)

10

(18.18%)

16

Normal (>5-<85) 88 (33.3%)

BMI

27 (15.34%)

38 (21.59%)

111 (63.07%)

Overweight (>85-<95) and

Obese (> 95) 176 (66.7%)

Lifestyle habits

0.883

—0.009

<0.05*

15 (13.9%) 20 (18.5%)

73 (67.6%)
88 (62.8%)

Unhealthy habits 108 (40.9%)

Lifestyle habits

15 (10.7%)

37 (26.4%)

Moderate 140 (53%)

2 (12.5%) 2 (12.5%)

12 (75%)

Healthy habits 16 (6.1%)

*Statistically significant.
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surfaces causes acid production with subsequent early teeth
demineralization and caries initiation and propagation (83).

Previous studies revealed that fluid consumption patterns
have changed over the past decade with rising consumption of
sugary drinks and less consumption of water and milk (84, 85).
In this study, the consumption of sweetened juices was found
to be associated with all caries indices: dmft, deft, and DMFT.
A recent systematic review (86) declared the need to control,
limit, and manage the intake of sweetened juices, as they could
degenerate not only an adults dental health but one’s overall
wellness. Furthermore, Kim et al. (87) recorded in their study
conducted in the United States, that among the studied subjects,
26% of young adults lost one or more teeth in association with
massive intake of sweetened juices. Interestingly, frequent and
prolonged bottle-feeding practices, as well as high consumption
of sweet drinks during weaning, could be associated with the
formation of early childhood caries (88). It is important to
increase the awareness among parents concerning bottle-feeding
practices and weaning diet contents and highlight the potential
implication for their children’s oral health.

In this study, there was a significant positive correlation
between dmft and DMFT with soft drinks. It was reported
that children with a high consumption rate of soft drinks have
undesirable eating patterns and eat high amounts of sugars from
other dietary sources. Such an unhealthy diet pattern affects both
the primary and permanent dentition (89-91). In contrast, this
disagrees with our previous work (47), which recorded a non-
significant correlation between soft drinks and dental caries.

A statistically significant negative correlation was detected
between dmft and dairy products (unsweetened milk/ cheese/
yogurt). These findings are in agreement with our previous work
(47). Egyptian children who consume milk more frequently
possessed lower caries index. Milk has low cariogenic potential
as it contains calcium, phosphorus, and casein, which are
considered caries protective factors (83, 90).

The inverse significant association between fruit/vegetable
consumption and caries in all age groups agrees with a study
that recorded that dental caries prevalence was higher in non-
vegetarians than vegetarians (92). This association could be
explained by a lower tendency to consume sweets between
meals in vegetarians than non-vegetarians (93). In addition, the
naturally occurring sugar within whole fruits, vegetables, some
grains, and dairy products is less likely to be overconsumed and
is counteracted by the wide range of bioactive health-enhancing
nutrients, antioxidants, fiber, and phytochemicals present in
fruits/vegetables that can reduce inflammation and improve
endothelial function (94).

It has been authorized that a lower risk for first permanent
molars caries was found in children consuming diet rich in red
meat, poultry, organs, eggs, and seafood (95). Moreover, there
was an inverse significant association between meat/poultry/fish
and dmft (p<0.05) in this study. These results are concomitant
with a study carried out in Zhejiang Province, exploring the
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TABLE 9 Correlation between DMFT index and frequency of intake of different food items (Total number 264).

Dietary habits
Parameter and categories Number (%) M-W test Correlation Logistic regression
DMFT =0 DMFT =1-3 DMFT > 4 p-value rho p-value p-value OR 95%CI for OR
173 (65.53%) 54 (20.45%) 37 (14.01%) Lower Upper
a. Meat/poultry/fish < 2 times/week 93 (35.2%) 55 (59.1%) 24 (25.8%) 4(15.1%) <0.05* —0.110 0.074 0.072 0.748 0.545 1.027
3-6 times/week 94 (35.6%) 61 (64.9%) 20 (21.3%) 3 (13.8%)
1-6 times/day 77 (29.2%) 57 (74%) 10 (13%) 10 (13%)
b. Carbohydrates < 2 times/week 22 (8.3%) 13 (59.1%) 6(27.3%) 3 (13.6%) <0.05* —0.058 0.349 0.368 0.841 0.577 1.226
3-6 times/week 59 (22.4%) 36 (61.0%) 5(25.4%) 8(13.6%)
1-6 times/day 183 (69.3%) 124 (67.8%) 3 (18.0%) 26 (14.2%)
c. Fresh fruits and vegetables < 2 times/week 77 (29.2%) 45 (58.4%) 8(23.4%) 14 (18.2%) <0.05* —0.128 0.038* 0.041* 0.741 0.557 0.987
3-6 times/week 55 20.8%) 33 (60.0%) 15 (27.3%) 7 (12.7%)
1-6 times/day 132 (50%) 95 (72%) 21 (15.9%) 16 (12.1%)
d. Legumes (fava beans/ hommos) < 2 times/week 117 (44.3%) 78 (66.7%) 2 (18.8%) 17 (14.5%) <0.05* —0.050 0.414 0.367 0.879 0.664 1.163
3-6 times/week 52 (19.7%) 26 (50.0%) 15 (28.9%) 1(21.1%)
1-6 times/day 95 (34.8%) 69 (72.6%) 17 (17.9%) 9 (9.5%)
e. Sweetened cereals/ belela < 2 times/week 167 (63.3%) 110 (65.9%) 39 (23.3%) 8(10.8%) 0.143 0.061 0.322 0.228 1.191 0.896 1.582
3-6 times/week 27 (10.2%) 21 (77.8%) 4(14.8%) 2 (7.4%)
1-6 times/day 70 (26.5 %) 42 (60.0%) 1 (15.7%) 17 (24.3%)
f. Dairy products un sweetened milk/ < 2 times/week 62 (23.5%) 41 (66.1%) 9 (14.5%) 2(19.4%) <0.05* —0.079 0.200 0.274 0.847 0.629 1.140
cheese/ yogurt
3-6 times/week 45 (17.1%) 23 (51.1%) 16 (35.6%) 6(13.3%)
1-6 times/day 157 (59.4%) 109 (69.4%) 29 (18.5%) 19 (12.1%)
g. Sweetened milk < 2 times/week 125 (47.4%) 84 (67.2%) 25 (20.0%) 16 (12.8%) <0.05* 0.062 0.316 0.301 1.151 0.881 1.504
3-6 times/week 36 (13.6%) 27 (75.0%) 4(11.1%) 5(13.9%)
1-6 times/day 103 (39.0%) 62 (60.2%) 25 (24.3%) 16 (15.5%)
h. Dairy ice cream < 2 times/week158 (59.9%) 103 (65.2%) 34 (21.2%) 21 (13.3%) 0.121 —0.017 0.783 0.668 0.933 0.680 1.281
3-6 times/week 55 (20.8%) 34 (61.8%) 1 (20.0%) 0(18.2%)
1-6 times/day 51 (19.3%) 36 (70.6%) 9 (17.7%) 6 (11.7%)
i. Soft drinks < 2 times/week 176 (66.7%) 122 (69.3%) 35 (19.9%) 9 (10.8%) 0.792 0.139 0.024* 0.018* 1.440 1.065 1.948
3-6 times/week 35 (13.2%) 22 (62.9%) 9 (25.7%) 4(11.4%)
1-6 times/day 53 (20.1%) 29 (54.7%) (18.9%) 14 (26.4%)
j. Sweetened juice < 2 times/week 129 (48.8%) 95 (73.6%) 23 (17.8%) 1 (8.5%) <0.05* 0.167 0.007* 0.008* 1.479 1.106 1.980
3-6 times/week 59 (22.4%) 33 (55.9%) 17 (28.8%) 9 (15.3%)
1-6 times/day 76 (28.8%) 45 (59.2%) 14 (18.4%) 17 (22.4%)
(Continued)
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Dietary habits
Parameter and categories Number (%) M-W test Correlation Logistic regression
DMFT =0 DMFT=1-3 DMFT > 4 p-value rho p-value p-value OR 95%CI for OR
173 (65.53%) 54 (20.45%) 37 (14.01%) Lower Upper
k. Granulated sugars < 2 times/week 198 (75%) 137 (69.2%) 35 (17.7%) 26 (13.1%) 0.097 0.101 0.103 0.261 1.193 0.877 1.622
3-6 times/week 18 (6.8%) 5(27.8%) 8 (44.4%) 5(27.8%)
1-6 times/day 48 (18.2%) 31 (64.6%) 11 (22.9%) 6 (12.5%)
1. Candies (sticky or not) < 2 times/week 98 (37.1%) 69 (70.4%) 6(16.3%) 13 (13.3%) <0.05* 0.091 0.139 0.138 1.237 0.934 1.639
3-6 times/week 47 (17.8%) 31 (65.9%) 4(29.8%) 2 (4.3%)
1-6 times/day 119 (45.1%) 73 (61.3%) 4 (20.2%) 22 (18.5%)
m. Halawa/ honey < 2 times/week 148 (56.1%) 101 (68.3%) 34 (22.9%) 3(8.8%) 0.002* 0.094 0.128 0.132 1.240 0.937 1.642
3-6 times/week 39 (14.8%) 24 (61.5%) 8(20.5%) 7 (18.0%)
1-6 times/day 77 (29.1%) 48 (62.3%) 2 (15.6%) 17 (22.1%)
n. Crackers (biscuits/ chips) < 2 times/week 56 (21.2%) 40 (71.4%) 10 (17.9%) 6 (10.7%) <0.05* 0.043 0.488 0.413 1.139 0.834 1.554
3-6 times/week 46 (17.4%) 28 (60.9%) 12 (26.1%) 6 (13.0%)
1-6 times/day 162 (61.4%) 105 (64.8%) 32 (19.8%) 25 (15.4%)
0. Cakes/ doughnuts/ sweetened pies/ < 2 times/week 180 (68.2%) 125 (69.5%) 40 (22.2%) 5(8.3%) 0.503 0.158 0.010* 0.015* 1.538 1.089 2.172
baklawa/ basbosa/ konafa
3-6 times/week 51 (19.3%) 29 (56.8%) 9 (17.7%) 13 (25.5%)
1-6 times/day 33 (12.5%) 19 (57.6%) 5(15.1%) 9 (27.3%)
p. Fast food < 2 times/week 168 (63.6%) 115 (68.45%) 36 (21.4%) 7 (10.1%) 0.511 0.102 0.097 0.114 1.291 0.941 1.772
3-6 times/week 50 (19%) 30 (60.0%) 10 (20.0%) 0(20.0%)
1-6 times/day 46 (17.4%) 28 (60.9%) 8(17.4%) 0(21.7%)
q. Chocolate < 2 times/week 122 (46.2%) 78 (63.9%) 29 (23.8%) 15 (12.3%) <0.05* —0.001 0.981 0.997 1.001 0.754 1.328
3-6 times/week 52 (19.7%) 35 (67.3%) 3 (25.0%) 4(7.8%)
1-6 times/day 90 (34.1%) 60 (66.7%) 12 (13.3%) 18 (20.0%)
r. Caffeinated drinks (coffee, tea) < 2 times/week 196 (74.2%) 130 (66.3%) 38(19.4%) 28 (14.3%) 0.128 0.014 0.826 0.943 1.012 0.737 1.388
3-6 times/week 21 (8%) 12 (57.1%) 5(23.8%) 4(19.1%)
1-6 times/day 47 (17.8%) 31 (66%) 11 (23.4%) 5 (10.6%)

*Statistically significant.
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Upper

95% CI for OR

Lower

Logistic regression
OR

p-value p-value

Correlation

rho

M-W test
p-value

Over weight (>85-<95) and Obese (> 95)

Number (%)

Normal (>5-<85)

TABLE 10 Correlation between BMI and different risk factors (Total number 369).
Parameter and categories
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0.033 0.524

<0.05*

111 (64.9%)

Al 60 (35.1%)

Age (years)

68 (69.4%)
68 (68%)
122 (67.8%)

30 (30.6%)

All

32 (32%)
58 (32.2%)
64 (33.9%)

AIlI

0.739

—0.017

<0.05*

Boys
Girls

Gender

125 (66.1%)

Lifestyle habits

0.005*

—0.146

<0.05*

112 (73.7%)
123 (64.7)

40 (26.32%)
67 (35.26%)
15 (55.56%)

Unhealthy habits

Lifestyle habits

Moderate

12 (44.4%)

Healthy habits

*Statistically significant.
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prevalence of dental caries in 6- to 8-year-old children, especially
their first permanent molars (95).

Obesity and dental caries are multifactorial in etiology
as multiple genetic and environmental factors may impact
them. Consequently, these confounding factors, including age,
gender, lifestyle, and oral hygiene habits, might control their
incidence (96).

Individual body weight relative to population norms was
evaluated by calculating BMI using the formula BMI = weight
in kilograms/height in meters squared (97). Our study found
a positive correlation between increased weight represented
through BMI and both dmft and deft. This finding contradicts
our previous findings, where no correlation between BMI and
all caries indices was reported (47). Overweight-obese children
have a higher risk of developing dental caries than normal-
weight children (98) as they tend to consume high levels of
cariogenic and obesogenic food and drinks (26). These findings
are confirmed by our results where a significant correlation
was recorded between overweight/obesity and the consumption
of soft drinks, fast foods, dairy ice cream, granulated sugars,
and desserts (cakes/ doughnuts/ sweetened pies/ baklawa/
basbosa/ konafa).

In this study, 66.9% of the studied population were
overweight/obese. This percentage is higher than what has been
reported in our previous work in 2020, as the percentage of
overweight/obese children in the same age group was 44.4%
(99). The small sample size for this age group (5-9 years) in the
previous work as well as the change in the dietary habits with
the time could explain this discrepancy. In this work, a higher
percentage of male participants were overweight/obesity than
females, and BMI was significantly positively correlated with
soft drinks. These findings support the results of our previous
work (99).

A statistically significant positive correlation was detected
between BMI and legumes. This result was in disagreement
with a cross-sectional study conducted by Papanikolaou et al.
(100), which concluded that legume consumption is related to
healthier body weights, as legumes are not considered energy-
dense food, they are low in dietary fat (101) and rich in dietary
fibers (102). Since bread is an important dietary constituent and
legumes are usually consumed with bread in the Egyptian diet,
this combination might explain the positive correlation between
BMI and legumes.

A statistically significant negative correlation was detected
between BMI and meat/poultry/fish, fresh fruits, and vegetable
consumption. This finding supports previous report that obese
children’s diet is usually low in fiber (103) and proteins,
with protein-deficient malnutrition, while their energy intake
comprises high carbohydrates and highly processed foods (104).

The literature reports on the association of dental caries
with BMI are conflicting, and three systematic reviews
(53, 105, 106) found inconclusive evidence regarding the
association between obesity and dental caries. The possible
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TABLE 11 Correlation between BMI and frequency of intake of different food items (Total number 369).

Dietary habits
Parameter and categories Number (%) M-W test Correlation Logistic regression
Normal Over weight p-value rho p-value p-value OR 95%CI for OR
(=5-<85) (>85-<95) and Lower Upper
Obese (> 95)
a. Meat/poultry/fish < 2 times/week 25(19.2%) 105 (80.8%) <0.05* —-0.270 <0.05* <0.05* 0.478 0.358 0.637
3-6 times/week 40 (31.5%) 87 (68.5%)
1-6 times/day 57 (50.9%) 55 (49.1%)
b. Carbohydrates < 2 times/week 7 (26.9%) 19 (73.1%) 0.251 0.046 0.383 0.548 1.116 779 1.600
3-6 times/week 30 (41.1%) 43 (58.9%)
1-6 times/day 85 (31.5%) 185 (68.5%)
c. Fresh fruits and vegetables < 2 times/week 6 (6.3%) 90 (93.7%) <0.05* —0.395 <0.05* <0.05* .280 195 403
3-6 times/week 20 (25%) 60 (75%)
1-6 times/day 96 (49.7%) 97 (50.3%)
d. Legumes (fava beans/ hommos) < 2 times/week 65 (39.6%) 99 (60.4%) <0.05* 0.164 0.002* 0.002* 1.502 1.167 1.931
3-6 times/week 28 (38.9%) 44 (61.1%)
1-6 times/day 29 (21.8%) 104 (78.2%)
e. Sweetened cereals/ belela < 2 times/week 80 (34.9%) 149 (65.1%) <0.05* 0.084 0.107 0.051 1.299 1998 1.689
3-6 times/week 21 (47.7%) 23 (52.3%)
1-6 times/day 21 (21.9%) 75 (78.1%)
f. Dairy products unsweetened milk/ < 2 times/week 26 (30.6%) 59 (69.4%) <0.05* —0.035 0.500 0.537 1920 706 1.199
cheese/ yoghurt
3-6 times/week 21(31.8%) 45 (68.2%)
1-6 times/day 75 (34.4%) 143 (65.6%)
g. Sweetened milk < 2 times/week 70 (38.3%) 113 (61.7%) <0.05* 0.092 0.076 0.094 1.231 0.966 1.568
3-6 times/week 13 (24.1%) 41 (75.9%)
1-6 times/day 39 (29.5%) 93 (70.5%)
h. Dairy ice cream < 2 times/week 88 (37.6%) 146 (62.4%) <0.05* 0.142 0.006* 0.005* 1.564 1.147 2.133
3-6 times/week 22(30.9%) 49 (69.0%)
1-6 times/day 12 (18.7%) 52 (81.3%)
i. Soft drinks < 2 times/week 67 98 (40.3%) 145 (59.7%) <0.05* 0.265 <0.05* <0.05* 2.700 1.862 3.916
(63.8%)
3-6 times/week 15 23 (46%) 27 (54%)
(14.3%)
1-6 times/day 1(1.3%) 75 (98.7%)
(Continued)
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TABLE 11 Continued

Dietary habits
Parameter and categories Number (%) M-W test Correlation Logistic regression
Normal Over weight p-value rho p-value p-value OR 95%ClI for OR
(>5-<85) (>85-<95) and Lower Upper
Obese (> 95)

j. Sweetened juice < 2 times/week 64 (36.6%) 111 (63.4%) <0.05* 0.079 0.129 0.594 1.306 0.944 1.583
3-6 times/week 28 (32.6%) 58 (67.4%)
1-6 times/day 30 (27.8%) 78 (72.2%)

h. Granulated sugars < 2 times/week 99 (36.7%) 171 (63.3%) <0.05* 0.148 0.004* 0.001* 1.675 1.221 2.299
3-6 times/week 13 (46.4%) 15 (53.6%)
1-6 times/day 10 (14.1%) 61 (85.9%)

i. Candies (sticky or not) < 2 times/week 39 (31.7%) 84 (68.3%) <0.05* 0.006 0.901 0.902 1.016 0.795 1.297
3-6 times/week 26 (38.8%) 41 (61.2%)
1-6 times/day 57 (31.8%) 122 (68.2%)

j. Halawa/ honey < 2 times/week 66 (32.7%) 136 (67.3%) <0.05* 0.021 0.690 0.544 1.080 0.842 1.386
3-6 times/week 26 (43.3%) 34 (56.7%)
1-6 times/day 30 (28.0%) 77 (72%)

k. Crackers (biscuits/ chips) < 2 times/week 26 (32.5%) 54 (67.5%) <0.05* 0.044 0.405 0.517 1.091 0.839 1.419
3-6 times/week 26 (41.9%) 36 (58.1%)
1-6 times/day 70 (30.8%) 157 (69.2%)

1. Doughnuts/ sweetened pies/ baklawa/ < 2 times/week 91 (36.4%) 159 (63.6%) <0.05* 0.108 0.038* 0.039* 1.399 1.017 1.925

basbosa/ konafa
3-6 times/week 19 (28.8%) 47 (71.2%)
1-6 times/day 12 (22.6%) 41 (77.4%)

m. Fast food < 2 times/week 94 (38.5%) 150 (61.5%) <0.05* 0.191 <0.05* <0.05* 2.008 1.411 2.856
3-6 times/week 23 (34.3%) 44 (65.7%)
1-6 times/day 5(8.6%) 53 (91.4%)

n. Chocolate < 2 times/week 47 (28.8%) 116 (71.2%) <0.05* —0.035 0.502 0.587 935 733 1.192
3-6 times/week 32 (45.7%) 38 (54.3%)
1-6 times/day 43 (31.6%) 93 (68.4%)

o. Caffeinated drinks (coffee, tea) < 2 times/week 102 (38.1%) 166 (61.9%) <0.05* 0.178 0.001* <0.05* 1.726 1.252 2.381

3-6 times/week

1-6 times/day

8 (25.8%)
12 (17.1%)

23 (74.2%)
58 (82.9%)

*Statistically significant.
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reason (81) for the conflicting reports is that dental caries
and BMI are non-linearly related, with more dental caries
occurring in individuals with either higher or lower BMI.
Thereby, we suggest that methodological factors together with
sample demographics, dental examination accuracy, and data
analysis methodology affect whether or not the association
is detected.

There is a growing evidence that emphasizes the
role of physical inactivity in the development of obesity
among children and adults (26, 107, 108). This comes
in accordance with our results, a statistically significant
negative correlation was detected between BMI and healthy
lifestyle habits.

There are multiple social and environmental factors linked
to the purchase and consumption of sugar-sweetened beverages
and junk food. Policies aiming to reduce their consumption
should be addressed. First, regulating food advertising and
promotion since there is a growing evidence on the relation
between food advertising and increased intake of calorie-
dense products by adult populations (109) and children (110).
Second, labeling of sugar-sweetened beverages and raising
awareness about their health effects. A systematic review on the
impact of front-of-package labeling on consumption suggested
that consumers identify healthier foods more easily from
nutrient-specific schemes (111). Third, school interventions
and nutrition policies to restrict the availability of sugar-
sweetened beverages and provide healthier food in schools
(112). Finally, imposing taxes on sugar-sweetened beverages.
Higher prices of sugar-sweetened beverages, food taxes, and
subsidies may affect their consumption rate and improve
health outcomes (113-116). Among EMR, 15 countries have
developed either a policy or prepared a draft to reduce
the impact of marketing of unhealthy foods and beverages
to children in educational facilities and on media. These
countries include all high-income countries (GCC), middle-
income countries (Egypt, Iran, Jordan, Lebanon, Morocco,
Pakistan, and Palestine), and a low-income country (Yemen)
(110, 117). Taxes on sugar-sweetened beverages have been
implemented in all high-income countries (GCC) and middle-
income countries including Egypt, Iran, Morocco, Palestine,
and Tunisia. Front-of-pack labeling has been applied in five
countries in EMR, Saudi Arabia, UAE, Iran, Morocco, and
Tunisia (117).

Taken with this findings, both overweight/obesity and dental
caries have mutual determinants and require an inclusive,
integrated management approach by multidisciplinary
BMI calculation should be
the standard dental evaluation of any pediatric patient,

medical teams. included in
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providing a screen for prevention, timely diagnosis, and
treatment of the children suffering from dental caries and
malnutrition (overweight/obesity). Soft drinks, sweetened
juices, and sweetened snacks, which are frequently available
at schools, are associated with overweight/obesity and
dental caries. Hence, health promotion activities should
highlight the importance of reducing the consumption of
these unhealthy food items and other sugary foods in homes

and schools.

Conclusion

Investigating the dietary habits of the Egyptian school
children revealed a positive correlation between desserts
(sweetened snacks), soft drinks, and the incidence of dental
caries and overweight/obesity; conversely, the consumption
of fruits and vegetables was negatively associated. Sweetened
juices were positively associated with the three caries indices.
Overweight/obesity was significantly positively correlated with
primary dentition caries; accordingly, BMI calculation should be
included in the routine examination in dental clinics. Despite
the forward step taken by the Egyptian government by applying
taxes on soft drinks, more taxes need to be applied on other
sweetened beverages, including juices and milk. Moreover,
legislation regulating the sale of these food items and prohibiting
the marketing of these unhealthy food items in school canteens
is mandatorily needed. In addition, the results of this study have
identified children as a target group of the population to apply
interventional and preventive strategies against dental caries
and obesity. The government should educate parents about
healthy dietary habits, dental health practices, and the benefits
of physical activity through different media approaches. Further
studies assessing the level of parents’ awareness in more detail
are needed.
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Background: Excessive salt consumption—associated with a range of adverse
health outcomes—is very high in Portugal, and bread is the second largest
source. Current Portuguese legislation sets a maximum limit of 1.4g salt
per 1009 bread, but imported and traditional breads are exempted. In 2017
the Ministry of Health proposed reducing the salt threshold to 1.0/100g by
2022, however the legislation was vetoed by the European Commission on
free-trade grounds.

Aims: To estimate the health impact of subjecting imported and traditional
breads to the current 1.4 g threshold, and to model the potential health impact
of implementing the proposed 1.0 g threshold.

Methods: We gathered bread sales, salt consumption, and epidemiological
data from robust publicly available data sources. We used the open source
WHO PRIME modeling tool to estimate the number of salt-related deaths
that would have been averted in 2016 (the latest year for which all data were
available) from; (1) Extending the 1.4 g threshold to all types of bread, and (2)
Applying the 1.0 g threshold to all bread sold in Portugal. We used Monte Carlo
simulations to generate confidence intervals.

Results: Applying the current 1.4 g threshold to imported and traditional bread
would have averted 107 deaths in 2016 (95% Cl: 43—-172). Lowering the current
threshold from 1.4 to 1.0g and applying it to all bread products would reduce
daily salt consumption by 3.6 tons per day, saving an estimated 286 lives a year
(95% Cl: 123-454).
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Conclusions: Salt is an important risk factor in Portugal and bread is a major
source. Lowering maximum permissible levels and removing exemptions
would save lives. The European Commission should revisit its decision on the
basis of this new evidence.

public health, salt, policy, NCD and risk factors, nutrition

Introduction

Cardiovascular diseases are the most common cause of death
globally and constitute an important public health challenge
(1). In Portugal, 29% of deaths are due to CVDs (2) and
the prevalence of hypertension is 42.2% (3). As shown by the
Global Burden of Disease study, poor diet is the risk factor that
contributes most to the loss of healthy life years among the
Portuguese population (4).

The average daily intake of salt per capita among the
Portuguese is 7.4g (5, 6), which is well above the WHO’s
recommended maximum (<5 g/day) (7). Portugal ranks the
highest in Western Europe for salt intake, with excessive intake
reported in 63.2% of women and 88.9% of men (5, 6). The
problem affects also younger groups with over half of all
children and adolescents exceeding daily recommendations (8-
10). The World Health Organization (WHO) specifically calls
for interventions to reduce salt intake as one of the most cost-
effective measures to improve health (7).

Data from the latest National Food, Nutrition and Physical
Activity Survey (5, 6) shows that after salt added to food (11),
bread is the second largest source of salt in the Portuguese
diet, constituting 18.2% of daily salt intake in Portugal. The
same survey showed that the mean daily consumption of bread
was 100.3 g/person/day, which is higher than the consumption
of cereals, cereal products and tubers (5, 6). Another study
also highlighted the high salt content of school meals which
commonly, in Portugal, include an added piece of bread. The
study showed that not only this bread serving portion was
double the recommended values (45 g instead of 25 g) but was
the major contributor of salt when compared with the main dish
and soup, adding a mean value of 0.48 g of salt/serving to the
school meal (11). Controlling salt consumption in bread plays
a central part in Portugal’s salt reduction strategy. Many other
countries have also considered using the reduction of salt in
bread, despite the hedonic (e.g., taste) and technical (e.g., dough
handling) challenges (12-14).

On 12th of August 2009 Portugal introduced legislation that
limited the salt content of bread to 1.4 g salt per 100 g bread (15).
However, the legislation did not cover imported or “traditional”
bread, defined as (16):

Frontiersin Public Health

e Bread products containing added meat preparations
and sausage-meat;

e Regionally produced bread classified as traditional and
with protected name, which has characteristics easily
recognizable by consumers;

e Special bread having very specific characteristics, for which
the use of other ingredients is allowed (as specified in point
5n° 7° of paragraph n° 425/98) and standardization of a
general salt limit is not suitable;

e Products which are similar and/or related to bread.

According to Nielsen data, ~90% of bread consumed in
Portugal is unpackaged bread from bakeries (17). The remaining
10% is packaged bread—of which just over half is imported
(6% of all bread). The National Association of Bread Producers
(AIPAN) estimate that 45% of all bread sold in Portugal is
“traditional” (18).

In 2017 the Portuguese Ministry of Health introduced non-
binding self-regulation agreements with bread producers and
distributors to meet a lower salt threshold. These agreements
established that bread should not have salt content exceeding
1.0 g per 100 g of bread. On the 13th of July 2018, the Ministry
of Health proposed a new bill to enshrine lower maximum
levels in law, applying to all forms of bread, including imported
products. The proposed bill was approved at the Government
Secretaries’ of State meeting and, therefore, notified to the
European Commission by the Portuguese authorities (19). The
proposed bill aimed to gradually reduce the threshold from
1.4/100 g to:

i) 1.3/100 g by the Ist of January 2019,

ii) 1.2/100 g by the 1st of January 2020,

iii) 1.1/100 g by the 1st of January 2021, and
iv) 1.0/100 g by the 1st of January 2022.

The European Commission rejected the proposed legislation on
the basis that it restricted the salt content of imported bread
and, consequently, restricted free-trade between member states.
In response to this decision a preliminary impact assessment
on mortality was developed by the WHO and shared with the
European Commission. This draft evidence was not considered
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sufficient to overturn the decision, and the internal market
rationale prevailed over public health protection and promotion.
This is despite the fact that the European Commission has
adopted The Strategy for Europe on Nutrition, Overweight
and Obesity Related Health Issues and launched the EU Salt
Reduction Framework which recognized salt reformulation as a
principal factor in achieving a reduction in salt intake among
the member states. The same framework recognizes bread as
one of the main sources of salt intake and an important target
for intervention.

Objectives

In this study we aimed to conduct a formal assessment of the
potential health gains of the proposed bill to lower the threshold
from 1.4 g to 1.0 g salt/100 g bread, and to apply these limits to
traditional and imported products.

Methods

Data sources

Bread consumption

Information about the daily bread consumption in Portugal
was obtained from the latest National Food, Nutrition and
Physical Activity Survey, which estimated the daily intake at
100.3g per capita (8). We multiplied this by the current
population size (10,300,000 people) (20) and multiplied the
product by 365.25 to obtain the annual intake of bread in
Portugal. Figure 1 illustrates all data sources used, formulas and
final estimated values.

In Portugal bread can be sold loose (in bakeries) or
pre-packaged—which includes all imported bread. Data from
Nielsen, a global information and measurement company, which
supplements sales data with in-store observations, was used to
obtain pre-packaged bread sales. Data provided by Nielsen (17)
showed that in 2016 40,040 tons of pre-packaged bread was
sold in Portugal. According to the National Institute of Statistics
(20), 21,764 tons of pre-packaged bread is imported. These two
data sources allowed us to calculate the amount of nationally
produced pre-packaged bread. Finally, the difference between
the total bread sold in the country and packaged bread was used
to calculate the amount of bread sold loose in bakeries.

As bread classified as traditional is exempt from current
legislation, we needed to know what proportion of bread falls
under this category. AIPAN (National Association of Bread
Producers) declared that 45% of all bread produced in Portugal
is classified as “traditional bread” (18).

Using the amount of imported and traditional bread allowed
us to calculate the amount of bread which is currently exempt
from legislation limiting salt contents.
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Salt in bread

Next, we proceeded to estimate the salt intake from bread
available on the Portuguese market. To calculate the amount of
salt coming from all bread sold in Portugal, we used data from
the National Food, Nutrition, and Physical Activity Survey of the
Portuguese General Population (2015-2016). This data shows
that 18.2% of salt intake in the population comes from bread
(5, 6). According to the same survey, average daily consumption
of salt per capita is 7.4 g. We multiplied the daily salt intake per
capita by the population size to estimate the total salt intake
per day.

Simulations

We estimated the total reduction in salt intake that would
be observed if all bread sold in Portugal (including imported,
domestic, and traditional bread) complied with legislation
establishing salt limits, using two simulations:

Counterfactual scenario 1

We calculated the total reduction in salt consumption if all
bread products (including imported and traditional) were to
comply with the pre-existing legislation of 1.4 g of salt per 100 g
of final product.

Counterfactual scenario 2

We calculated the total reduction in salt consumption that
would be observed if the maximum salt level of <1.0 g salt/100 g
bread was applied to all bread sold in Portugal (imported,
domestic, and traditional).

Modeling health gains

We used the open-source PRIME NCD mortality modeling
tool developed by researchers at Oxford University, and
endorsed by the WHO Regional Office for Europe, which
is described in detail elsewhere (21, 22) PRIME calculates
how many deaths would have occurred in the baseline
year if the distribution of risk factors—in our case daily
salt consumption—had been different, based on relative risk
figures from peer-reviewed meta-analyses. Causes included
cerebrovascular disease, ischaemic heart disease, heart failure,
aortic aneurism, pulmonary emboli, rheumatic heart disease
and hypertensive disease. We used Monte Carlo analysis to
generate confidence intervals; effectively compiling uncertainty
around a deterministic result. We used the established daily salt
consumption value of 7.4 g per person per day as the baseline,
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INPUT DATA WITH SOURCES

CALCULATIONS OF BREAD CONSUMPTION

Daily consumption of bread per capita
Value : 100g
Year : 2015-2016
Source : IAN-AF (8)

| Annual consumption of bread in population
Value : 376218.5t
Formula : A*C*365.25

B | Proportion of salt originating from bread
Value : 18.2%

Year : 2015/16

Source : IAN-AF (8)

C | Population size

Value : 10300300
Year : 2017
Source : INE (17)

D | Annual consumption of imported bread (pre-packaged)
Value : 21763.t

Year : 2016-2018

Source: INE (17)

E | Mean daily consumption of salt per capita
Value : 7.4g

Year : 2011-2012

Source : IAN-AF (8)

F | Annual pre-packaged bread consumption
Value :40040.0t

Year : 2016

Source : NIELSEN (18)

G Bakeries with salt content below 1g/100g of bread
Value : 76%

Year : 2007-2013

Source : ARSC (20)

H | Nationally produced bread classified as traditional
Value : 45%

Year : 2017

Source : AIPAN (19)

FIGURE 1
Data used in this study.

J | Annual consumption of national packaged bread
Value : 18275.9t
Formula : F-D

J, = Traditional = J*H = 8224.2t
J, = Non-traditional = J-J, = 10051.8t

Annual consumption of bread from bakeries
Value : 336178.6t
Formula : I-J-D

K, = Traditional = K*H = 151280.4t
K, = Non-traditional = K-K, = 184898.2t

taken from the National Food, Nutrition, and Physical Activity
Survey of the Portuguese General Population (5, 6). Appendix 1
presents the demographic and epidemiological data used, taken
from the National Institute for Statistics (INE) and the WHO
Global Health Estimates (23).

Sensitivity analyses
In order to account for potential biases on our calculations

we ran several sensitivity analyses.

Sensitivity analysis 1: Proportion of bakeries

with 1 g of salt per 100 g of final product
Sensitivity analysis 1a: According to the bakeries’ national

association, 76% of bakeries already use the 1.0g threshold.
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This is built into our main model. However, to hedge against
the possibility that all bakeries now comply with the 1.0g
threshold we ran a sensitivity analysis where compliance with
the voluntary target was 100%.

Sensitivity analysis 1b: A more likely situation is that 76% is
an overestimate. To hedge against this we performed a sensitivity
analysis where compliance was 50%.

Sensitivity analysis 2: Higher salt intake baseline

The PHYSA study from 2011 to 2012 estimated average
daily consumption of salt to be 10.7 g per capita using urinary
sodium—a very reliable method (3). We re-ran the analyses
using this higher baseline salt consumption (10.7 g/day/capita
rather than 7.4/day/capita):

Sensitivity analysis 2a: Baseline value of 10.7 g/day/capita,
with all products meeting the 1.4/100 g threshold.
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Sensitivity analysis 2b: Baseline value of 10.7 g/day/capita,
with all products meeting the 1.0/100 g threshold.

Sensitivity analysis 3: Proportion of salt coming
from bread

We performed two sets of sensitivity analyses where we
changed the proportion of salt consumption that comes from
bread by £1 percentage point. We did both analyses for each
of the two counterfactual scenarios i.e., CF1 - with all products
meeting the 1.4/100 g threshold (sensitivity analyses 3a CF1 and
3b CF1); and CF2 - with all products meeting the 1.0/100 g
threshold (sensitivity analysis 3a CF2 and 3b CF2).

Sensitivity analysis 3a CF1: Proportion of salt originating
from bread 1% higher with all products meeting the 1.4/100
g threshold.

Sensitivity analysis 3b CF1: Proportion of salt originating
from bread 1% lower with all products meeting the 1.4/100
g threshold.

Sensitivity analysis 3a CF2: Proportion of salt originating
from bread 1% higher with all products meeting the 1.0/100
g threshold.

Sensitivity analysis 3b CF2: Proportion of salt originating
from bread 1% lower with all products meeting the 1.0/100
g threshold.

Sensitivity analysis 4: Lower baseline of daily
salt intake

Our final set of sensitivity analyses used a 1% lower baseline
salt intake, applied to the 1.4 and 1.0 g thresholds, respectively.

Sensitivity analysis 4a: Baseline of daily salt intake 1% lower,
with all products meeting the 1.4/100 g threshold.

Sensitivity analysis 4b: Baseline of daily salt intake 1%
lower, with all products meeting the 1.0/100 g threshold.

Results

The Portuguese population consumes ~376, 218 tons of
bread annually. The amount of nationally produced pre-
packaged bread has been estimated to account for 4.86% of all
bread consumed (18,276 tons/year) and 89.36% of all bread is
baked fresh at national bakeries (336,179 tons/year).

We estimated that 48.18% (181,268 tons/year) of all
sold bread is currently exempt from legislation defining the
maximum value of salt in bread. Of this excluded bread, exactly
88% is exempt because it is traditional and the remaining 12% is
exempt because it is imported. See Figure 1 for other results.

If all bread complied with the current law (1.4g per
100 g bread salt maximum), we estimate that 1.4 fewer tons
of salt would be consumed daily in Portugal. This translates
to a decrease of 0.13g of salt per day per person. Using
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PRIME, we estimate that an 0.13 g/day/person reduction in
salt consumption would avert 107 deaths (95% CI: 43-172) per
year, holding all other variables constant (Table 1). Whilst men
consume more salt than women, there are many more older
women in Portugal, such that 46 averted deaths were among
men (95% CI: 19-74) and 61 were among women (95% CI: 25—
99). If we focus exclusively on deaths averted in those aged under
75 years, we find that 16 deaths were averted among males (95%
CI: 6-26) vs. 9 among women (3-14).

In our most conservative sensitivity analyses, where the
proportion of salt coming from bread falls by 1%, we estimate
that between 20 and 84 lives would be saved. In our analysis
that used the PHYSA salt consumption baseline we estimated
that 592 deaths would be averted (95% CI: 243-932)—this is five
times higher than our main estimate.

If all bread products met the proposed threshold of 1.0g
of salt per 100 g of bread we estimate that this would decrease
salt consumption by 3.6 tons/day, translating into a decrease
of 0.35g of salt per day per capita. Using PRIME, we estimate
that a 0.35 g/day/person reduction in salt consumption would
avert 286 deaths (95% CI: 123-454) per year, holding all other
variables constant (Table 2). In terms of sex-specific outcomes,
127 averted deaths were in males (95% CI: 54-200) and 159 in
women (95% CI: 69-254). Again, this reversed in the under-75s,
with 44 male deaths averted (95% CI: 19-70) vs. 22 female deaths
(95% CI: 10-35).

In our most conservative sensitivity analysis, with 1% less
salt coming from bread, the number of averted deaths dropped
to 221, however the confidence interval overlaps with the main
estimate (95% CI: 98-351). If the actual population baseline salt
consumption is 10.4 g—in line with the PHYSA study, then we
estimate that 768 deaths would be averted (95% CI: 328-1,212).

Discussion

Nearly half of all bread sold in Portugal is exempt from the
current legislation. Extending the existing 1.4/100 g threshold to
all bread products would reduce daily salt intake by around 2%
and save over 100 lives each year. Imposing the stricter 1.0/100 g
threshold would cut salt intake by around 5% and prevent over
250 deaths each year.

Our sensitivity analyses highlight the fact that the total
number of averted deaths is dependent on our assumptions
about baseline salt intake. However, even if the proportion of
salt coming from bread was 1% lower than survey data suggest,
we would still observe around 99 lives saved each year with
the extension of the current 1.4g threshold to imported and
traditional products, or 271 lives saved with the lower threshold.

Despite the fact that imported bread plays a relatively small
role in comparison with traditional bread, Portugal’s experience
with the European Commission highlights an important and
ubiquitous policy issue around the trade-off between health and
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TABLE 1 Deaths averted by applying the established 1.4 g salt/100 g bread threshold to all bread products sold in Portugal.

Description Baseline salt Absolute salt Counterfactual Deaths averted
consumption reduction (i.e., new) salt annually (95% CI)
(g/day/capita) (g/day/capita) consumption
(g/day/capita)
Counterfactual scenario 1 All products < 1.4 g salt/100 g 7.40 0.13 7.27 107 (43-172)
bread
Sensitivity analysis la Proportion of bakeries with <1 g 7.40 0.18 7.22 148 (59-235)
salt moves from 76 to 100%
Sensitivity analysis 1b Proportion of bakeries with <1g 7.40 0.08 7.32 67 (26-109)
salt moves from 76/24% to
50%/50%
Sensitivity analysis 2a Different baseline (10.7 g), all 10.70 0.73 9.97 592 (243-932)
products < 1.4 g salt/100 g bread
Sensitivity analysis 3a 1% more salt comes from bread, all 7.40 0.21 7.19 173 (71-273)
products < 1.4 salt/100 g bread
Sensitivity analysis 3b 1% less salt comes from bread, all 7.40 0.06 7.34 50 (20-84)
products < 1.4 salt/100 g bread
Sensitivity analysis 4a Different baseline (1% lower), all 7.33 0.12 7.21 99 (40-160)
products < 1.4 salt/100 g bread
TABLE 2 Deaths averted by applying the mooted 1.0 salt/100 g bread threshold to all bread products sold in Portugal.
Description Baseline salt Absolute salt Counterfactual Deaths averted
consumption reduction (i.e., new) salt annually (95%CI)
(g/day/capita) (g/day/capita) consumption
(g/day/capita)
Counterfactual scenario 2 All products < 1.0 g salt/100 g 7.40 0.35 7.05 286 (123-454)
bread
Sensitivity analysis 2b Different baseline (10.7 g), 10.70 0.95 9.75 768 (328-1,212)
Sensitivity analysis 3a 1% more salt comes from bread 7.40 0.42 6.98 343 (139-542)
Sensitivity analysis 3b 1% less salt comes from bread 7.40 0.27 7.13 221 (98-351)
Sensitivity analysis 4b Different baseline (1% lower) 7.33 0.33 6.99 271 (111-432)

market competition. The High Level Group on Nutrition and
Physical Activity of the European Commission recommends
that Member States implement national initiatives for the
reduction of salt. In particular, it encouraged Member States
to focus on food categories recognized as main sources of salt
intake, including bread (24). This builds on the EU framework
for salt reduction that was published in 2008 with the aim
of promoting salt reduction and meeting national and WHO
recommendations (7). This framework supports national plans,
while at the same time preserving the necessary flexibility for
State Members to formulate their own strategies toward salt
reduction. In their systematic review, Santos and colleagues
identified 57 countries that have established salt reformulation
targets, including many variations of regulated limits on salt
content in bread within European countries (25).

Frontiersin Public Health

140

The EC salt framework supports measurable actions and
assumes food groups representing the main source of salt intake
(i.e., bread) should be a priority. It was based on this premise that
the Portuguese Ministry of Health reached out to the European
Commission to request permission to extend the national law
and include imported bread.

In general, Member States are free to adopt whatever
rules on food composition they consider necessary to protect
public health in their territories, as long as these rules are
adopted consistently with the EU internal market law and
general principles of EU law as a whole (C-174/82 Sandoz).
The European Commission rejected the governments initial
proposal on the basis that it would restrict Portuguese access to
bread legally produced and sold in the other Member States. It
is important to note that the original estimates supplied were
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draft figures. This may have played a role in influencing the
Commission’s decision. In its ruling, the Commission recalled
case law on the regulation of salt content in bread, which
established that placing limits on salt content constituted a
measure with equivalent effect to a quantitative restriction,
which conflicts with Article 34 TFEU (C-17/93 Van der Veldt;
C-123/00, Bellamy).

A national rule that conflicts with Article 34 TFEU can be
justified (and allowed to stand) if it pursues a legitimate objective
of protecting public health (Article 36 TFEU; C-120/78 Cassis)
and is proportionate to that objective. A rule is proportionate if it
is appropriate to and necessary for achieving that objective, and a
measure is considered unnecessary “if human life and health can
be as effectively protected by measures that are less restrictive
of trade within the European Union” (C-333/14 Scotch Whisky
Association, para 41).

Member States are responsible for demonstrating that their
measure is necessary for the protection of public health using the
available scientific evidence (C-333/08 Commission v France).
A consistent line of case law has established that “specific
evidence” must be presented to justify trade restrictive public
health rules: Member States must prove that the new law
will contribute to the protection of public health (C-148/15
Deutsche Parkinson Vereinigung; C-456/10 ANETT; C-254/05
Commission v Belgium; C-319/05 Commission v Germany).

Our study provides evidence that lower maximums in bread
products are likely to save lives. This aligns with modeling
work from Trieu et al. who found that even small reductions
in salt intake from reformulation efforts are associated with
large reductions in mortality. They also used data from an
Australian national nutrition survey and sales data from Nielsen
(26). This work also builds on an allied review by Hyseni
et al. showing that mandatory reformulation is the most
effective measure for achieving population-level reduction in
consumption of trans fats, having an impact ~3.6 times larger
than labeling (27)—an alternative strategy that the CJEU has
suggested would be less trade restrictive (C-17/93 Van der
Veldt). A major advantage of reformulation over other types
of nutrition intervention is that success is not dependent on
personal willpower.

Given the success of the bread reformulation already
achieved by the Portuguese government, the reformulation of
traditional bread provides an opportunity to tackle a significant
source of salt intake and save hundreds of lives annually.
Registering products as “traditional” serves the purpose of
preserving an important element of identity and heritage
associated with traditional food. Whilst this is important, we
feel that it should not come at the price of poor health
and lost lives, especially considering its large representation
among the consumed bakery products. Revision of the decision
to protect these large group of breads from the current
legislation should be a priority if the salt reduction target is to
be achieved.
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Given the large number of deaths that can be averted
with bread reformulation, we recommend that the Portuguese
Ministry of Health look to other sources such as soups and
processed meats (the next largest contributors after bread and
salt added to food), using the recently published WHO global
sodium benchmarks (28).

Globalization and free-trade are linked to a shift toward
the consumption of more processed foods and foods high in
sugar, salt and fat (29). The “Health in All Policies” approach
to policymaking (30) is a response to this trend, and if
implemented effectively would help policymakers to recognize
where trade policy might compromise health protection, and
take steps to establish a better balance between these two public
goods. While some might suggest that EU free movement
rules favor the promotion of trade and prevent the adoption
of evidence-based public health policies—thus contradicting
the imperatives of Health in All Policies—EU internal market
law was always framed, and has continued to develop, to
accommodate the conflict between health and trade objectives.
Internal market law protects the prerogative of Member States
to prioritize the protection of public health objectives over
trade objectives. A balance between the two objectives is
struck through an examination of the evidence—a public health
measure that restricts free trade is acceptable as a matter of
EU law if evidence demonstrates that it secures real public
health benefits and that it is more effective at securing those
benefits than other less trade restrictive measures. Although
including traditional bread in the current legislation would
classify as such measure, we believe that these two interventions
should not be exclusive but applied alongside each other
to achieve an optimal public health gains and save lives of
Portuguese people.

Limitations

We were unable to obtain data for all of our inputs for
the same year, however most of our data years overlapped with
2015/2016. Some of our input data are already estimations such
as the fraction of bread classified as traditional by AIPAN (31)
and the percentage of salt intake coming from bread (5, 6).
Therefore, calculated values should be treated as estimations
and not as exact values. The values of the pre-packaged bread
provided by Nielsen includes all the data from retail stores
in Portugal where the vast majority of packed bread is sold.
However, the small proportion of pre-packaged bread sold
through other channels is not included which can cause an
underestimation of its sales values.

The ARSC sample used to calculate the percentage of
bakeries complying with 1.0/100g of bread limits refers to
the central region where projects such as pao.come worked
proactively to reduce the salt amount. We predict that on the
national level the fraction of bakeries following the 1 g limit may
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be lower. Thus, the impact of the new legislation may be higher
than the calculated in this study.

Another limitation is the lack of information about the
salt content of imported and traditional bread, which frustrates
estimates of the contribution of each of these groups to
salt intake.

The same source was used for the daily amount of bread
intake and the daily salt intake by the Portuguese population:
the National Dietary Survey IAN-AF. However, salt intake levels
are typically underreported by dietary surveys. This may lead
to an underestimation of the number of deaths averted, and
the higher baseline salt intake value from sensitivity analysis
2 may be a more accurate estimate for the impact of the
two thresholds.

Changing the salt content of bread may shift consumers
preferences toward other products that are high in salt. Our
study does not factor-in potential substitution effects. However,
while we cannot rule out this possibility, a recent meta-
analysis shows that salt reduction in bread of up to 40% does
not impact consumer acceptability or elasticity of demand
(32). We estimate that applying the 1.4 and 1.0g thresholds
leads to respective 9.9 and 25.7% falls in the salt content
of Portuguese bread, so these effects are unlikely to affect
our findings.

Finally, our model only permitted the estimation of deaths
averted from salt reformulation. By not including morbidity and
incidence of non-fatal diseases we significantly underestimate
the likely health impact of extending legislation to cover all
breads and tightening the maximum threshold.

Conclusions

Despite the proven effectiveness of the mandatory
reducing population salt intake, half
of the bread in the Portuguese market (traditional and

reformulation in
imported bread) is currently exempt from national legislation.
The proposed bill setting a maximum levels of 1.0g salt
per 100g of final product aimed to address this but was
initially rejected by the European Commission—partly on
the basis of the level of evidence available. Here we present
robust evidence that implementing this bill and extending
it to all forms of bread is likely to save hundreds of lives
each year.
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Background: Diarrhea leads the children to severe dehydration or death as
a result of the loss of water and electrolytes (namely, potassium, chloride,
sodium, and bicarbonate). To compensate for the losses, ORS is given to
children who experienced diarrhea.

Objective: To estimate the magnitude of ORS utilization in diarrhea
hotspot regions of Ethiopia and to assess its associated factors among
under-five children.

Methods: To conduct this study, we used the 2016 Ethiopian demographic and
health survey data. A total of 1,079 weighted sample children were selected.
Each sample was selected randomly. Then, to identify factors associated with
ORS utilization in diarrhea hotspot regions of Ethiopia, a multilevel analysis
based on the Bayesian approach was applied. Finally, the credible interval of
AOR that does not include 1 was considered statistically significant.

Results: The magnitude of ORS utilization for children in diarrhea hotspot
regions of Ethiopia was 28%. Being urban resident (AOR = 1.92; 95% Crl:
1.13-3.3), woman household head (AOR = 2.11; 95% Crl: 1.3-3.9), having
higher educational level (AOR = 1.52; 95% Crl: 1.04-2.22), member of health
insurance (AOR = 1.73; 95% Crl: 1.14-2.43), and being exposed for media (AOR
= 1.43; 95% Crl: 1.18-2.5) increases ORS utilization for diarrhea management.

Conclusion: Residence, educational level, health insurance, and media
exposure were the factors of ORS utilization. So, to increase the practice of
ORS utilization for diarrhea management in Ethiopia, the Ministry of Health and
the Government of Ethiopia should consider those factors when they design
diarrhea prevention and control strategies.

Ethiopia, Ethiopian demographic health survey, children, ORS, diarrhea
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Background

According to World Health Organization (WHO) passing
loose or watery stool three or more times during 24h
is considered Diarrhea (1). An individual who experiences
diarrhea has symptoms of vomiting, fever, severe watery
diarrhea, and abdominal pain. This is common in children and
all adults who experienced diarrhea. Those symptoms lead the
children to severe dehydration or death as a result of the loss
of water and electrolytes (namely, potassium, chloride, sodium,
and bicarbonate). Even though the death of children over time
due to diarrhea showed a significant reduction, still diarrhea
remains one of the top five causes of morbidity and mortality.
In Africa, it is responsible for an estimated 3,33,000 children’s
death and also accounts for one-fourth of all childhood deaths
annually across the globe (2-6). According to different studies,
lack of sanitation, poor hygiene practices, unsafe waste disposal,
inadequate and unsafe water, and not being vaccinated for
Rotavirus and Measles are accountable for diarrheal diseases
occurrence (7-9).

The combination of electrolyte and sugar solutions was
introduced in 1960 to treat water and electrolyte losses due to
diarrhea (10). This combination is known as Oral Rehydration
Salt (ORS). This salt is simple, affordable, and can be given
at home by mothers or caregivers when the child experiences
diarrhea (11, 12). Different studies showed that after the
introduction of ORS, morbidity and mortality of children over
time due to diarrhea have declined significantly (13-15). Even
though ORS is very crucial to replace the lost fluid due to
diarrhea, its utilization is still low in low- and middle-income
countries (16). In 2017, the overall ORS utilization coverage in
middle and low-income countries was below 50% (about 6.52
million children out of 13.34 million children with diarrhea,
were not taking ORS to treat dehydration) (16).

Despite the Ethiopian ministry of health and the government
collaboratively making an effort to increase the utilization of
ORS for diarrhea management, only 46% of children with
diarrhea received ORS (17). Also, according to the reports
of the International Vaccine Access Center (IVAC), despite
Ethiopia being one of the top countries in under-five children
death by diarrhea, they achieved only 30% of ORS treatment
targets from 90% of treatment targets in 2020 (18). According
to the study conducted in Ethiopia, among the nine regional
states and two city administrations, four regions (namely,
Ambhara, Oromia, SNNP, and Benishangul Gumuz) and one

Abbreviations: AOR, Adjusted Odds Ratio; Crl, Credible interval; DHS,
Demographic Health Survey; EA, Enumeration Area; EDHS, Ethiopian
Demographic and Health Survey; ICC, Intraclass Correlation Coefficient;
ORS, Oral Rehydration Salt; SNNP, South Nation Nationality and People;
WAIC, Widely Applicable Information Criteria; WHO, World Health

Organization.
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city administration (Addis Ababa) were the hotspot regions
for diarrhea (19). But there are no studies conducted at the
national level which show the magnitude of ORS utilization
to manage diarrhea and its associated factors in diarrhea
hotspot regions of Ethiopia. So, the identification of risk factors
is crucial to increase the utilization of ORS for diarrhea
management and to prevent and control diarrhea in diarrhea
hotspot regions of Ethiopia using an appropriate statistical
method of analysis. The Bayesian analysis approach is one
of the data analysis approaches independent of the classical
analysis approach and the parameters are estimated from
the posterior distribution which is the combination of the
prior information and the likelihood of the data. A prior
distribution of a parameter is the probability distribution
that represents our uncertainty about the parameter before
the current data are examined and the likelihood function
(often simply called the likelihood) expresses how probable
a given set of observations is for different values of the
statistical parameters. Therefore, this study aimed to estimate
the magnitude of ORS utilization and to identify its associated
factors among under-five children in diarrhea hotspot regions of
Ethiopia by considering the clustering effect using the Bayesian
analysis approach.

Methods

Data source and population

This study was performed based on the 2016 Ethiopian
Demographic and Health Survey (EDHS) data. To access
the data, we requested the Measure DHS center online by
explaining the objective of our study. Then, after permission
was granted, the data were accessed from the Measure DHS
website (http://www.dhs_program.com). In Ethiopia, the DHS
data are nationally representative and collected from 9 regions
and 2 city administrations in the country every 5 vyears
cross-sectionally. Before the data were collected, stratified
two-stage sampling of clusters was carried out in each of
the surveys. Each region of the country was stratified into
urban and rural areas. For the 2016 survey, a total of 645
enumeration areas (EA) were selected randomly proportional
to the EA size. In the second stage, on average 27-32
households per EA were selected (20-22). All under-five
children in diarrhea hotspot regions of Ethiopia were the
source population. In this region, all under-five children who
experienced diarrhea within 2 weeks before the survey in the
selected enumeration households were included in the study.
Finally, a total of 1,079 weighted samples under-five children
were used to conduct this study. The comprehensive procedure
for sampling and sample size determination technique, in
general, about the survey, is described in the complete EDHS
report (20-22).
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Variables

The dependent variable is the utilization of ORS for under-
five children who have diarrhea. The response was coded as “Yes
= 1” and “No = 0”. The EDHS asked respondents to answer
the question “Did you give ORS to your children who have
diarrhea?” So, the response is binary with possible values Y; =
Yes if i" child get ORS and Y; = No, if the i child had not
gotten ORS.

The independent variables were classified as community-
and individual-level variables. Region and place were considered
as community-level factors. The number of under-five children,
family size, educational level of the mother, working status of the
mother, wealth status, exposure to media, sex of household head,
health insurance, distance to the health facility, age and gender
of the child, being twin, and the weight of the child at birth were
considered as individual-level factors.

Data processing and analysis

After the data set was downloaded from the Measure DHS
website, the variables of the study were extracted from Ethiopian
Demographic and Health Survey kid record (KR) data set using
the software STATA version 14.2. The extracted data were
weighted using sampling weight before any statistical analysis
was performed to restore the representativeness of the survey
and get reliable statistical estimates. Then, based on the diarrhea
status (hot or cold spot) of the country, regions were categorized
into a hotspot and cold spot region for diarrhea. Cold spot
regions for diarrhea were excluded from the analysis. The data
(data from diarrhea hotspot regions) were exported to the R
software version 4.0 for further analysis. Then the data were
coded, edited, and cleaned for analysis.

A multilevel model based on the Bayesian statistical
approach was fitted to identify factors associated with not
utilizing ORS for under-five children who have diarrhea in
Ethiopia. In this study, two levels of data hierarchy were
Children in the
household were nested to the EA and were considered as level

considered to fit the multilevel models.

one units, whereas the EAs were considered as level two units.
The category of the dependent variable was dichotomous
and represented as follows:

Yes, if they utilized ORS for diarrhea

Y“ —
v No, if they didn't utilized ORS for diarrhea

So, this variable hass Bernoulli distribution with successes
when the child utilized ORS for diarrhea and the failure when
the child did not utilize ORS for diarrhea.
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The probability of utilizing ORS for diarrhea for ith children
in the j cluster is TTij

P(Xjj = x) = (:) PrA—p)" NI X =) Y

i=1

Let 7rj; be modeled using a logit link function. The two-level
model is given as follows:

h h
Logit(jj) = po + Z ﬂhJ'th + poj + Z K
h=1 h=1

Where,Boj = o + 1oj
Bij = B1 + nij
Bpj = Bn + 1y

Bo + ZZ:I ,thth, is called fixed part of the model

oj + ZZ:I Ihjs is called random effect of the model

Xij, are the covariates in the model

B, is the regression coefficient of the parameter

[4hj» is the estimate of random intercept.

We used the recently developed R package called
Brms (23) to fit multilevel models. This package uses
No-U-Turn Sampler (NUTS) to estimate the extent of
random variations between clusters and parameters of
the variable. No-U-Turn Sampler (NUTS) is an extension
of HMC and it uses a recursive algorithm to build a set
of likely candidate points that spans a wide swath of
the target distribution, stopping automatically when it
starts to double back and retrace its steps (23). When
multilevel models based on the Bayesian approach are fitted
using NUTS, they converge to high-dimensional target
distributions much more quickly as compared with the Gibbs
sampler (23).

Four models are fitted by considering flat prior with
beta distribution (1, 1) for regression coefficients and gamma
distribution (0.001, 0.001) for the variance, cores = 2, iteration
= 8,000, burn-in iterations = 1,000, number of chains = 2,
to control the divergent transition, alpha delta = 0.95, and
initials = 0.

The first model (fitted without covariate) is nested into
the second model (fitted with individual-level factors), the
third model (fitted with community-level factors), and the
fourth model (fitted with both individual- and community-
level factors). Again, the second and the third models are
also nested into the fourth model. A multicollinearity test was
conducted and there was no multicollinearity among variables
(all variables had no tolerance of <0.1 and variance inflation
factor (VIF) of >10, with a maximum VIF of 1.34). Those
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four models were compared based on their widely applicable
information criteria (WAIC). Finally, the fourth model was
selected since it has the smallest WAIC value as compared
with the rest three fitted models. Therefore, we made all
interpretations and inferences based on the fourth model.
The intraclass correlation coeflicient (ICC) value >5% was
considered to determine the variation of ORS utilization for
diarrhea among under-five children between the enumeration
areas of diarrhea hotspot regions. Also, to declare statistically
significant, we used the 95% posterior credible interval. The
credible interval of AOR that included 1 was not considered
statistically significant.

Finally, the convergence of the algorithms was checked using
Rhat value = 1, Bulk_ESS and Tail ESS >1,000, chains of the
time series plots mixed well and smooth density plot. Because
the estimates of the posterior distribution might not be reliable
unless the chain of distribution has reached its stationary (24).

Results

Study participant characteristics

Based on the sociodemographic characteristics, 91.4% of
participants were rural residents. Among the total, the majority
of the study participants were from Oromia regional state
(44.5%) followed by SNNP (27.9%) and Ambhara regional
(25%) state. Based on the birth interval, 20.2% of the children
were born with narrow birth intervals (<23 months interval).
Regarding the media exposure status of the respondents,
78.3% of the participants were not exposed to the media
(Table 1).

Magnitude of ORS utilization among
under-five children in diarrhea hotspot
regions of Ethiopia

The overall magnitude of ORS utilization for children
in diarrhea hotspot regions of Ethiopia was 28%. The
utilization of ORS for diarrhea management in diarrhea hotspot
regions of Ethiopia is almost comparable based on different
sociodemographic variables. Based on the residence, 35.5%
of the rural and 27.4% of the urban residents utilize ORS
for diarrhea management. Based on the regional state, Addis
Ababa city administration is the highest regional state (55.6%),
followed by B/Gumuz (54.5%), SNNP (33.2%), Amhara (28.5%),
and Oromia (22.9%), respectively among diarrhea hotspot
regions to utilize ORS for diarrhea. Regarding wealth status,
26.6%, 31.6%, and 27.5% of the households utilize ORS for
diarrhea management whose wealth status is poor, medium,
and rich, respectively. Similarly, based on educational level of
the mothers, 26.5% of mothers who had no formal education
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TABLE 1 Characteristic’s frequency and percentage distribution of
study participants in Ethiopia in 2016.

Variables Categories Frequency  Percent
Sex of child Male 566 525
Female 513 475
Twin Yes 28 2.6
No 1,051 97.4
Birth order First 220 20.4
2-3 337 31.2
4-5 265 24.6
>6 257 238
Birth interval <23 month 174 20.2
>24 month 686 79.8
Child weight at Normal 369 344
birth
Small 342 319
Big 363 33.8
Working status of Had work 740 68.6
mothers
Had no working 339 314
Wealth status Poor 455 422
Medium 250 23.1
Rich 375 34.7
Distance to health Not long 443 41.1
facility
Long 636 58.9
Health insurance Yes 33 3
No 1,047 97
Region Amhara 270 25
Oromia 481 44.5
B/Gumuz 10 0.9
SNNP 301 279
Addis Ababa 18 1.6
Residence Rural 986 914
Urban 93 8.6
Sex of household Male 972 90
head
Female 108 10
Number of U-5 <2 953 88.3
children
>3 126 11.7
Family members <5 534 49.5
>6 545 50.5
Mother’s No formal education 672 62.2
educational level
Primary 335 31
Secondary 56 5.2
Higher 17 1.6
Media exposure No 845 78.3
Yes 235 21.7
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level, 30.2% of mothers who had primary education level, 26.8%
of mothers who had secondary education level, and 47.1%
of mothers who had higher education level utilize ORS for
diarrhea management in diarrhea hotspot regions of Ethiopia
(Table 2).

Multilevel analysis

As shown in Table 3, the variance between enumeration
areas and the utilization of ORS for children who have
diarrhea in diarrhea hotspot regions of Ethiopia. Therefore,
the utilization of ORS across the cluster is different. In
addition, the ICC in this study is 12.1%. This means roughly
12.1% of the variability of the utilization of ORS for children
with diarrhea in diarrhea hotspot regions of Ethiopia was
attributable to the enumeration areas. The model fitted by using
community and individual variables has the smallest WAIC
(3,124) among the four fitted models. Since models which
have the smallest WAIC value are considered the best-fitted
model (25), we made a report and interpretation based on
this model.

Among the factors included in a model which contains
both community- and individual-level factors, residence, wealth
status, being a member of health insurance, gender of household
head, educational level, and media exposure status were
significantly associated with ORS utilization for children who
have diarrhea in diarrhea hotspot regions of Ethiopia (Table 2).
Being an urban resident, the odds of utilizing ORS is 1.92 times
(AOR = 1.92; 95% Crl: 1.13-3.3) more likely as compared with
rural residents. The odds of ORS utilization for children with
diarrhea among middle and rich wealth status households is
1.9 and 1.28 times (AOR = 1.9; 95% Crl: 1.4-2.1), and 1.28
(AOR = 1.28; 95% Crl: 1.12-1.92) more likely as compared
with poor wealth status households, respectively. Being a
woman household head, the utilization of ORS for children
with diarrhea is 2.11 times (AOR = 2.11; 95% Crl: 1.3-
3.9). Also, the odds of the utilization of ORS for children
with diarrhea among households who are exposed to the
media is 1.43 times (AOR = 1.43; 95% Crl: 1.18-2.5) more
likely as compared with households who are not exposed to
the media.

Discussion

Diarrhea leads an individual to many watery stools,
vomiting, fever, and abdominal pain. Finally, all those
manifestations may lead an individual to severe dehydration
or death depending on its severity. So, to replace
the lost body fluids, ORS is given to individuals who
experienced diarrhea (11, 12). Of the factors included

Frontiersin Public Health

10.3389/fpubh.2022.960627

TABLE 2 The magnitude of ORS utilization based on different
characteristics among under five children in diarrhea hotspot regions
of Ethiopia in 2016.

Variables Categories Percentage
Sex of child Male 29
Female 26.9
Twin Yes 17.9
No 28.3
Birth order First 26.8
2-3 29.9
4-5 27.2
>6 27.6
Birth interval <23 month 20.8
>24 month 30.2
Child weight at birth Normal 32.8
Small 24.5
Big 26.4
Working status of mothers Had work 324
Had no working 26
Wealth status Poor 26.6
Medium 31.6
Rich 27.5
Distance to health facility Not big problem 284
Big problem 27.8
Health insurance Yes 27.6
No 39.4
Region Ambhara 285
Oromia 22.9
B/Gumuz 54.5
SNNP 33.2
Addis Ababa 55.6
Residence Rural 355
Urban 274
Sex of household head Male 26.4
Female 42.6
Number of U-5 children <2 28.2
>3 26.2
Family members <5 27.9
>6 28.3
Mother’s educational level No formal education 26.5
Primary 30.2
Secondary 26.8
Higher 47.1
Media exposure No 27.7
Yes 28.9
Overall magnitude 28
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TABLE 3 Factors associated with ORS utilization among under-five children in diarrhea hotspot regions of Ethiopia in 2016.

Variables Categories AOR [95% CrI] Rhat Bulk_ESS Tail_ESS
B0 intercept* 0.14 [0.06, 0.32] 1 8,894 9,120
Sex of child Male
Female 0.83[0.61, 1.13] 1 7,867 8,567
Twin Yes 0.64 [0.22,1.84] 1 8,934 8,645
No
Birth order First
2-3 1.20 [0.80, 1.70] 1 9,234 9,345
4-5 1.02 [0.68, 1.52] 1 6,784 6,657
>6 1.04 [0.70, 1.50] 1 7,689 7,653
Birth interval <23 month 0.60 [0.39, 0.93] 1 7,856 7,980
>24 month
Child weight at birth Normal
Small 0.60 [0.41, 1.03] 1 9,745 10,123
Big 1.13[0.71, 1.78] 1 10,231 10,545
Working status of mothers Had work
Had no working 1.07 [0.76, 1.53] 1 11,234 11,543
Wealth status Poor
Medium* 1.90 [1.40, 2.10] 1 9,764 9,985
Rich * 1.28 [1.12, 1.92] 1 8,674 8,874
Distance to health facility Not big problem 1
Big problem 0.77 [0.54, 1.10] 1 6,575 6,789
Health insurance Yes* 1.73 [1.14, 2.43] 1 7,123 6,997
No
Residence Rural
Urban* 1.92 [1.13, 3.30] 1 8,892 9,012
Sex of household head Male
Female* 2.11 [1.30, 3.90] 1 9,177 9,457
Number of U-5 children <2
>3 1.06 [0.66, 1.71] 1 8,141 8,272
Family members <5
>6 1.40 [0.91, 2.22] 1 7,459 7,359
Mother’s educational level No formal education
Primary* 1.52 [1.04, 2.22] 1 5,989 5,747
Secondary 1.12 [0.52, 2.30] 1 6,852 6,743
Higher* 3.5 [1.30, 5.00] 1 7,457 7,792
Media exposure No
Yes* 1.43 [ 1.18,2.50] 1 8,932 9,089
0'50* 0.22 [0.05, 1.22] 1 4,896 5,231
ICC 12.1 [6.20, 18.74]
WAIC 3,124
* = Significant at 95% Crl.
in the selected model, residence, educational level of This study revealed that the odds of utilizing ORS among
mothers, wealth status, being a member of health urban residents are more likely as compared with rural

insurance, sex of household head, and media exposure
status were significantly associated with ORS utilization
for children who have diarrhea in diarrhea hotspot regions
of Ethiopia.

Frontiersin Public Health

149

residents. This finding is concurrent with a study conducted
in Ethiopia (26). This might be due to urban residents having
a better health care service access and good knowledge about
ORS in response to diarrhea as compared with Ethiopian rural
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residents. Since urban residents have more media exposure
(such as Television, Radio, Internet, Newspaper...) than
rural residents, they might have more information about ORS
utilization and seek healthcare services early when their child
experiences diarrhea.

The odds of utilizing ORS for children who experienced
diarrhea among the mothers who have primary and higher
education levels are more likely as compared with the mothers
who did not have formal education. This finding is evidenced
by studies conducted in Cameroon (27) and Kenya (28). This
might be due to educated mothers having good knowledge
about diarrhea and its complications (29-31). Therefore,
educated mothers might go to health facilities early and
obtain health education from healthcare professionals about
the appropriate treatment of their children, including the
importance, preparation, and utilization of ORS. Similarly,
households whose wealth status is rich and medium utilize
ORS more likely as compared with households whose wealth
status is poor for their children who experienced diarrhea. This
finding is concurrent to the findings of the studies conducted
in India (32, 33). This is the fact that in developing countries,
such as in Ethiopia, poor households cannot afford the costs
of healthcare services including ORS (34). So, children of
poor households might not get ORS when they experienced
diarrhea. Also, the odds of utilizing ORS for children who
experienced diarrhea among mothers who are member of health
insurance is more likely to utilize ORS as compared with
mothers who are not member of health insurance. This might
be due to the fact that households who are not member of
health insurance and who had no health facilities close to
their area of residence may not access health care services
easily. The utilization of ORS among women headed households
is more likely as compared with men headed households.
This finding is supported by the study conducted in Gondar
town (35). This might be due to women having more health
seeking behavior as compared with men (36). In addition to
the above, since women are close to children care (35), they
might see their child when he or she experiences diarrhea.
Therefore, women headed households might use ORS more
likely as compared with men headed households. The odds
of the utilization of ORS for children with diarrhea among
households who are exposed to media are more likely as
compared with households who are not exposed to media.
The finding is supported by the studies conducted in sub-
Saharan countries and Bangladesh (namely, Nigeria, Burkina
Faso, and Niger) (37-41). This might be due to individuals
who have media exposure might get more information about
the advantages of using ORS during diarrhea episode and
complications of diarrhea if they did not use ORS during
diarrhea episode as compared with individuals who are not
exposed to media.
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Strengths and limitations of the study

Conducting a study by considering the data of all
diarrhea hotspot regions of Ethiopia and fitting a multilevel
model using the Bayesian approach to get fine estimates
of the parameters was the strength of this study. Also, as
a limitation, we cannot get some variables (for example,
availability and accessibility of ORS, knowledge and attitude
of the participants toward ORS) to identify risk factors of
ORS utilization.

Conclusion and recommendations

The magnitude of ORS utilization for children in diarrhea
hotspot regions of Ethiopia is very low. Not utilizing ORS
for diarrhea management had been a major public health
problem if the problem continues in this way in the study
area. Therefore, all individuals whose children are experiencing
diarrhea should give priority attention to utilize ORS. Being
an urban resident, wealthy, educated, exposed to media, a
member of health insurance, and women headed household
increases the utilization of ORS for children who have diarrhea
in diarrhea hotspot regions of Ethiopia. Therefore, to increase
the utilization of ORS for diarrhea management in diarrhea
hotspot regions of Ethiopia, all the concerned bodies including
the Ethiopian Ministry of Health and Government should
consider those factors when they design diarrhea prevention
and control strategies specifically in diarrhea hotspot regions
of Ethiopia.
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